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A, PREPACE
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This report contsins review lectures a™d erigiml representstions of the
"Y-th Internationsl Symjesium on the Interactions of Past Heutrons with uslel”
organysed by the .uclesr Physics Greup of the Technical University Dresden.

The organized annusl Jeminsrs snd Symposiume have treditiosally the following
scientific programme:

- experimental investigations of fest neutron induced nuclesr resctions;
theories of nucleer reaction mechanisas, esnecially of precompound
processes;

nuclear level density;

neutron dets evalusation;

experimental techniques snd data processing.

The 1imited number of psrticipants as well as the excellent coanditions in the
recreation center of the Technical 'iniveraity Dresden in the Gaustsig-castle
permited much useful discussions between scientists stimulating furtier reaze—
srch work,

ie would like to t'ank all particinants, especially our lectures for their
active work durinz the Sessions, pansl discussions, versonsl cohsultstions

and Jociable events, They nade it a grest pleasure for the organizing Committee
to perform this 1975 meeting of t:e "Gaussig ileutron and Preequilibrium -2lud”,
Further we want to thenk ti e Rector and t:e Internstional Depertment of the
Technical University Dresden for t: e valusble sunport of this Cymrosium, .
eoeciel thanks is due to the steff of the Geussig recreation cenier. ¢ would
like to thenk the Central Institute for iuclear Resesrch of the ..cademy of
Science for making possible the publication of this report,

ind finally, we are much indepted to Ch. Gerlach, B. Zrause, i, Ludwig, R.Krau~
se, k. Fremgel, U. aisar and R. Richter for technlcul assiztance,

rof, Dr. sc, nat, D, ieeliger



LIST OP PARTICIPANTS

BULGARTA EGYP?

B. Dermendjiev N, Nohamped
N, Youssouff

CZECHOSLOVAKIA

B. Betak PFRANCE
J. Prebsut
N, Cindro

GERMAR DEMOCRATIC RREPUBLIK
~ Contral Institute of Buslear Research Rossendorf

D. Albdert B, Kihn
L. Punke I. Rotter
B, Hentschel B. Seifert
- Karl-larx-Univereity Leipsig
G, Otto
« Techpical University Dresden
R.D. Arlt A, Meister D, Seeliger
D, Hermsdorf G. Musiol K. Seidel
W, Hirsch g, Ortlepp H,U. Slebert
D, Boffmann W, Pilsz Th. Streil
J, Hshn R. Reif R. Teichner
N, Josch B. Richter 3. Unholsger
J. Kayaser S. Sassonov ¥, Wagner
3, Klo8 D, Schmidt P, Weidhase
P, Midler Th, Schweitzer B, WeiBbach
W, Melling J. Schine G, Zschornack
HUNGARY MEXICO
0. Petd H, Arriols
T, Sztericskai
MONGOLIA
ITALY B, Bassaragtecha
L. Colll
B. Gadiolil POLAND
J.S. Brzosko
B, Herrsann
Lewandowski
I, Turkiewics
UNiON OP SOVIET SOCIALIST REPUBLICS
M.%, Blinov V.D., Toneev
A, Ermjskov A, Tutubdelin
vV,N, Nevedov
xggg‘nn

2, Holud



SCIRNTIPIOC
WEDAY Bov,, 17, 1973
3338122 I: OChairmam: L, Colli

= Current problems in (n,2n)-rsactions
N. Cindro

- Neasurewent of (n,2n) and (n,3n)
oross sections at incident emergies between
8 snd 15 MeV
Jo Prehaut

SESSION II: Chairman: B, Kiuhn
~ The role of precompound processes in nuclear
reactions with multiple nucleon emission
K. Seidel

- Analysis of differential elastic and inelastic
soattering oross section by Hauser-FPeshbach-
theory
Th., Schweitzer

- Radioactive capture of fast neutrons
G. Petd

-~ Nonstatistical effects in the 1151n(n. r)"GIn
reaction induced by neutrons in the 0-2 MeV range
J.S. Brzosko

= Purther messuresent of ths probability of ol ~
Cluster preformation by mesns of (p, o )-reactions
in heavy elements
L, Colll

- (p,n)=reactions in medium heavy nuclei
D, Schmidt

TUESDAY, Nov, 18, 1975
SESSION I1IIs Chairmen: N, Cindro
= Complex-particle formation and preequilibdrium
decay
B, Betak

= KackazHo-3KCHTOHHAA MOMieNs AAEPHHX Deaxmui
B.1. Touees
= Investigations of the (n,2n)-resotion by the

statisticsl model
B, Holud

- Present status of the radiocactive neutron
capture mechanisms-nonstatistical effeots
J.8, Brsosko

25

39

47

51

72

79

87



SBSSION 1IV: Chairmans V.D. Toneev
- Direct inelastic nucleon scattering to higher
excited final states
Re. Reif

~ Determination of the effective range
parsaeters of the neutron-neutron interaction
B, Kiihn

- Pre-equilibrium model description of nuclear
de-excitation following the absorption of W~
at medium heavy nuclei
E. Gadiolil

~ The influence of the continuum on the widthe
and positions of resonance levels
I. Rotter

- Jriosme pacnpejenesse OCKOJNHCB Mpy JejeHui
pirg
€-°U yeiiTpoHaMu c JHepruel 24 KoB
Z. LepMesHfiEveB

- TpuMeHeHWe HEpaBHOBECHOTO CTAaTHCThYECKOTO onepaTopa
L.H. 3yOapesa sia onMcaH#e NpPEAPaBHOBECHHX NpPOLECCOB
B RAEPHHX peakiuuAx
1. Maanep

NEDNESLAY, Nov, 19, 1975

SESSION V: Chairman: J,.S3, Brzosko
- Coexistence of different nuclear shapes
in the isotopes of the lead-region
S. Prauendorf

- Search for f—-decay of the ghape isomer in
muonie 23
G, Ortlepp

- [louck waouepui ¢opun » u3oronax [lonoxua
T. Xoddmanu

- 0 nocTraMOBKe HOBHX DKCITEPUMEHTOB NO HMCCAENOBBHHUD
CBOACTB CRNORTaHHO AEAAMErocHA WaoMepa 24250 ya
MMNYABCHNX peaxTopax WEP-30 u WBEP-2 JH® OUAR
E. Jlepuennxues

- Knxernyecxkue 3HEPrHU OCKOAKOB ¥ AHHAMNHYECKHE

addexTy npy IneneHuu Pu pesoHaHCHHMH HeHTpOHAMH
E. llepuenzznes

- KuueTHyeckne aHEPriu® OCKOAKOR fAeNEHMA 235y 4
peaounance 8,8 28
E. Jlepuenaxsen

112

117

122

141

149

1,5

169

180

182



-5

- Noxuue cevennt B3ammoxelicTams CucTpux nelTpOHOB
C EOBCTPYXIMOMHMMN BSACMCHTAMN
A.R. TyryGasms

- [lpamie mamepennn aueggnm HeflypouoR 192
CNONTANHOTO AexemEs “ <ot
B.H. Hederon

- 0 KOHKypeHUEN SMNCCHE HelTPOHOD N rasmwa- 19
KBBATOP NPR CHONTAEHOM ACNEHEN TAKCEMX SACD
M.B. Bammo»

THURSDAY, .ov, 2G,, 1975
SESSICH VI: Zhairman: J. Frehsut
- liuclear data evaluation of the TU Dresden 199
-review and results
D, liermadorf

- Past reactor neutron exveriments on critical 208
sssemblies
De Albert

- The treatment of resonance cross sections 209
in reactor calculations
2. Jeifert

SE33105 VII: <Zhairman: E, Betak
- Stochastic filters for nuclesr measurerants 213
B.Hentschel

- Results and plans on the develonment of a 218
oulsed neutron generator
T, Sztaricsail

= 0 BO3NMOXHOCTH NpPHMEHEHMAi CMEKTPOCKONMAYECKNX 225
METOAOB AAR NCCACNOBAHNA BPEMEHMOrO Mpoiecca
MOHO3ALMN aTOMOP B JAEXTPOHOM CTYCTKE yCKOpDENTEAR
TAREXHX NOHOD
X.J. 3uGepr

- PaspaCorka moRyAell B craungapre KAMAK # mx 227
npruenenze B C3Aam ¢ mamoR IBM ko 4200 iobotron
B. Maltammrr



sssyom 1

Current Probless in (n,in)-Reasticas

5. Cindre X) and J. Predant
Serviee Physique Fusléaire Centre d'Etudes de Bruyeres-le-Ghatel
B.P. 61-92120 Nontrecge-Pranee

Predeninant around 14 NeV whers most meesurements of the total resctien erees
sections have beva performed, (the m,2n) reaction has been & leng otending fo-
vourite seuree of inspirstion for expsrimenters, evalmsters and systematisere,
Bvery aapect of these resctions was thoreughly analysed and effects like shell
closure, isotopic end isotonic effeects were repeatedly examined. It would thus
sppear that after twenty years of intensive studies, there would be little room
for further investigation of this reaction. We shall, eonsequently, sketeh in
this paper only very few problems that still carry some intereet. Portunately
for physieists, these are not miner onee, sinee they comprise:

- the understanding of tLe meckenism of (n,2n) reactions,
- the Ceikai-Petl effeat, vis., generslly speeking, the isetopio snd isotonic
offects in the systemstics of (n,2n) oroes sections.

Other probless, marginal for the glebsl understanding of (n,2a) reactions bmt
estill carrying scme irterest, will be discussed at the end of thie peper.

1. THB MECHANIBE OP (n,2n) REACTIONS

It wes known for many yesars that even the simplest olesed form evaporation
formulas esn ecocount for the total (n,2n) oross sections in a wide range eof
energies and nuclei within better then 20 to 30 ¥ of the experiment,

We are, thus, at present, interested in the differensce, whioh, in the light of
recent investigations (1,2) appears to be negetive (that 1s the compound nuo-
leus evaporation formules appear to overestimste the experimental values), Be-
versl meebanisms are yroposed to acoount for this differemce, some remsining in
the frase ef the statisticel model such as reestimating the relative values of
(; aod ['_ 1n the region of Uyg = 8 () , some adding new mechsnisms, such as
direct er preequilidrium contributions, The two kinds of meohanisas eot in dif-
ferent stages of the (n,2n) process end thus modify different components of the
(n,2n) oroas eeeticn, The ronor( I ~f;anm U.xa- l(n)) sesns essentially
ths sdbanden of the Veisskopf assumption. The latter mechanism, on the other
bhand, sets en the primery spectrus by hardening it; thus it reduces the frao-
tion of neutrens capadble of giving rise to the emission of secendary neutrons.

Vo ohall ezemane both ¢f these meehanisms with respect to the simple sompeund
nucleus evaperation medel as s basis, In this sense we should first define our
basis, 1,0, the eempound nucleus model to be need in the osloulatien.

%) Permanent address:) Institut "Rudjer Boskovie", Iagred, Yugoslevia
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1.1, Coupound Fusleus Nedel Calenlsticws

Bvery mmelear phyeies student is fasilier with the feet timt ender the ssewmp-
tiens that:

e) we neglest the emiselion of charged partieles

v) the emissien of & second neutron takes plese whenever it is emergeticslly
possible (the Veisskopf essumption) smd

e) the logarithm of the mmclesar level density w (U) st a given excitatien
energy U,

8 (U) = log w (U)

ean be setisfectorily expreesed in terws of & Taylor expensien by keeping only
the seve and first order terms, 1.e, that:

’(0)"("m)°(°—x'“’g Ve,

then the erces section for the emission of ome single (and no more then ons)
neutron sfter the muslieus is bomberded with a neutron of energy lll is given by
(3)

S(nn) = c”{1 o B = $(a) ] - I _h -‘sm} (1,1)

Here 0 ie defined as:

6*1!1‘ -%ﬂl (1.2)

which is the well inown thermodynemic relationship between the entropy end the
temperature; hence the denominetion of 6 a8 nuclear temperature (we note thst
hers O has the dimensions of energy, while KT rether than the tespersture 7,
hes the dimensions of energy in thermodynasics), The quantity G pe ®tende for
the reaction coross section of the nucleus with s neutrom of energy 'n' It 1o
vieible that when the energy differenss B, - 8(n) becomes much larger then 0,
G(n,n') will represent only a emsll fraction of G pee The rest is then (n,2n),
the eross section for the emission of two consecutive nsutrons given by the
obvious expression:

G (a,20) -G, { 1- 1. 3) up('—:;!)} (1.3)

where Up = B, - 8(n).

Stringent as they may seem ot firet sight, the sbove three sssumptions sppear
te be quite well sstisfied for neutron snergies Bu seversl NeV & .,ove the (n,2n)
threshold J3(n,2n) = 8(n) and below the threshold ef thrse particie esiseion.
This aeane thet for e wide range of nuclei (heavier nuclei in partioculsar) the
esimple closed form expression (1.3) gives the genersl trend of the (rn,2n) orose
sections quite well. An obvioue consequence, for instance, is that the essentisl
perameter governing (° (n,2n) is the excess energy l.ll (es%e insert fig, 1) and
thet meaningful comperieons of crose sactions cen be done only at comparsdle
values of U.. It hes taken stout 15 yesrs to nuclesr phLysicists to realize this
trivisl point,



1.2, Departures from Simple Compound Nuoleus Evaporation Predictions

In order to systematically study the departures from compound nucleus model eva-~
poration predictions, we present here the ocrose seotions caloulated systemsti-
cally for about 80 nuclei in the excese energy range Ul w 5-7 MeV [4]. The rea-
sons for this cholce of UR are twofold:

1) 3(n,2n) = S(n) being, in general, 8-9 MeV, the region of Up = 6 corresponds
roughly to 14-15 MeV incident energy, where a large number of experimental
data exist:

2) It oar be shown that the compound nucleus evaporation calculations of the
type described below are rather independent of the choice of two crucial pa-
rameters: the density parameter a and the neutron inverse cross sections
Grinv(“)‘ thles "flatness” (in a two parameter plane) of tke calculated (n,2n)
oross sections makes them very svitable for a systematic comparison,
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Pig, 1 Ratio of experimental and simple evaporation (n,2n) oross sections
(ref,[4) for values of the excess energy Ug centered around 6 MeV
(4Ug = % 1 MeV), Dotted is the unity 1ine; the full line io a
least square fit of the form ad + b,

Pigure 1 gives the results of the systematis caloulation whioh is presented in
more detail in the contribution by Holub et al, to this Conference [4]. We find
the above results rather gratifying, as they show that in t$his most frequently
encountered energy region (UR =611 MeV) & simple a priort compound nucleus
calculation renders the experimentsl values at least as well as any of the ad
hoo empirical, eemiempirical and quaaiphenomenological formules. The distribu-
tion of the relative differences between experimental and evaluated oross sec-
tions as given by the formulas of Paarlstein [3}. Adam and Jeki [6] and Chattor-
Jjee and Chatterjee [7] respectively and the oaloulation of Holub et al. is given
in fig. 2. Although the sample of experimentsl results is somewhat ligited, one
would be tempted to seriously question the usefulness of empirical expreseions



in view of the global sucoees of simple a priori (that is without adjustadle
parameters) com; “und nucleus calculation. It is clear, howsver, that this con-
olusion is limived to the above convenfent region of UR‘ We shall see that
right above the (n,2n) threshold the discrepancy with experiment becomes more
severe,
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Pig, 2 Distribution of relative diffsrences between experimental and evaluated
(n,2n) cross sections as given by the caloulatigns of Pearlstein (5]
Adam and Jeki [6], Chatterjee and Chatterjee [7] and Holub et a1 (4]
respectively,

A more thorough examination of fig, 1 reveals that the bulk of the data lies
below the unity line, This means that, except for the region sround 4 = 150
(which, let it be noted en passant, is the region of deformed nuclei) the
simple statistical model evaporation saloulations of ref. [A] overestimate sy~
stematically the experiment, This faot was observed earlier by Holudb and Cindro
[2] for the ratio pointe of experimentsl data vs, the Pearlstein estimates [5]

A least square fit analysis of the data points in fig., 1 gives a etraight line:
G',xp / G gtat * ~0-000061 A + 0,92

(the very low point for A = 58 corresponding te 58N1 was arbitrarily omitted).
A x‘-analylio gives a similar results, The pertinent question to be asked is
whether the above disorepancy between the sxperimentsl and calculated dats ie
significant, In other words, could a suitable ochange of parameters bring the
caloulated values in scoordance with the experiment or does one need sn exten-
sion of the model,

The first possibility is discussed in the contribution by Holub et al. [4]
While it is likely thet drestie and erratio changes of input parameters for
esch individual nuoleus eould bring the ratio pointe to or olose to unity, the



- 10 =

overall oenolusion of ref, [4] is that no systematioc variation of the parametere
applied in a smooth way to all the nuclei could shift the least square line up
to unity. The only exception, i.e. the only parameter capable of moving up the
bulk of the dats points would bde the reaction cross section an. around 14 MeV,
which was taken from Mani et al. [8]. Although s systematic uncertainty in the
optical model cross eections of ref, [8] is not unconoeivable, there is no
other independent evidence for the need of, say, a decrease of G?i. by 10 %,
Besides, this deorease would even worsen the disagreemsnt around A = 150, and,
moreover, its effect on the calculated cross sections may be more complex:

s consequent decrease eof Crin'(n) values used at neighbouring energies would
soften the primary neutron emiseion spectrum and thus tend to inoresse the totd
(n,2n) cross seetions. Thus explanations calling for an extension of the model
appear to be more likely.

1.3, Extensions ef the Simple Evaporstion Nodel

Straightforward extensions of the simple evaporstion medel ocan be cbtained Ly
dropping some of the simplifications used in the ealoulation, A ocommonly
employed extension counsists in dropping the Weisskopf sssumption, i.e. meking
f‘ competitive with f"n in the region of U.xﬂis(n) by, e.g., tresting expliocit-
1y the effects of the angular momentus in the model,

1.3.1, Competitivity ofl; s the decay of states near the neutron emission
threshold

In the evaporation caloulation of ref, [4] the assumption that s neusron is
enitted whenever energetically posesible was not strictly applied, r; was ocslou-
lated from the Welisskopf single particle formulas [9]:

1 'u J
r; c w(U = Bn ) { r " ¢ ¢

The symbole in the expression (1.4) are self-explanatory., The normalizing oco-
officient c, is calculated from the oxperimentally sstimated width at the ex-
eitation energy U = S(n).

It appears, however, that the above estimate cfr} is unsufficient to account
for the gamas decay of unbound states near the neutron emission thresho.d, Now
an underestimate of this probability would mean an overestimate of the very low
energy part of secondary emission spectrum and, consecutively, an inerease of
the (n,2n) cross seotion, It should, at the same time, produce s decresse in
the corresponding total (n,n') oross section, Hence, the same compound nucleus
theory which overeetimstes the (n,2n) process should, when applied to in-
elastic scattering, give (n,n') cross sections smaller than the experimerntal
ones, This faet was sheoked by Abboud et al, [jo] who found that experimental
(n,n') oross seotions for several nuclei measured sbove the neutron emission
thresheld were sotuslly lerger than the ones osleulated dy the compound nuce
leus eveporation model,
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In order %o scecunt for the disorepancy Desowski et al, [11] performsd s com~
plete ocompound nuoleus osloulation inoluding the effects of angular momentum,
The recent investigation of the spin distridution of states populated in a nuo-
lear resction st high exoitation energies snd the introduction of the conoept of
yrast levels msde this spprosch possidle, The underlying ides was that the sta-
tes where the gamms decsy compstes successfully with the particle emission are
states of relatively high angular momentum.

Let the incoming neutron, whioh brings in sevsrsl units ef angulsr momentum (up
to about 5-6 for s 14 MeV neutron on an A = 100 target) excite a stsie of high
anguler momentum, As the first emitted neutron carries away 1ittle anguler mo-
mentum on the average (low energy), the residusl state 13 1ikely to be @ high
spin state, Its spin cannot be ocarried sway by the (again iow energy) second
asutron; hense the possibility of the gamme decay eompetition. Por excitation
energies much abeve the nsutron emimsion threshold this effect will be smaller,
since the seeond neutron will have more energy available,

CROSS SECTION mb

Pig, 3 go,;;ruon of the sxperimental oross sections for the 113In(n.n') and
o4Pb(n,r’) croq Sootiono <o uslzric states of these nuclei (tri-
angles) and the 11 Ingn.i’n) and <04ph(n,2n) oross sections (oiroles)
with ocslculations, (a): compound nucleus formation oross sections;
(b)s (n,2n) oross seotions; (c): neutron total inelastic cross
seotions; (e) and (4) cross sections for the formetion of an iso-~
meric state with and without the gamma decay of unbound ststes,
respeatively, The shaded sress thus correspond to the integrated
t(:ro;- [“]c)utiona originating from the gamme decay of unbound states
ret, .

The results of the ealesulations ef ref, [1 1] for 113In and 204” are shown in
fig. 3. It appears that e.g. the inelastioc seattering to a given isomerie state
is eonsideradly inorsased, It is not possible however, to estimate the ocontri-
bution of the gamme decay of unbound ststes to the total inelsstic cross seo-~
tion from the curves on fig, 3, In sn sarlier calculation Decowski et al, [12
estimate this oontridution to 260 and 120 mb, for, respectivsly, 89! and ”51::
targst nuoclel at 16 MeV neut~on energy, These values are larger then the over-

nu-lot;- of the experimental values by the simpls evaperation cslenlations of
vof, [ 4
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It io clear thet erucial to the above interpretation is the behaviour of (n,n')
end (n,2n) crose sections sround the (n,2n) threshold (Bnﬂsa(n)). A point in
favour of the assumed competitivity of!;; and Pn is the experimentel obser-
vation that (n,2n) reactions appear at bombarding energies by 0.5-1 MeV higher
than the (n,2n) threshold [14. 15, 1@]. The sams is true for (n,3n) reactions,
which may explain the failure of simple evaporation csloulations of (n,2n) crom
sections juet abcve the (n,3n) threshold, These observations would then delimit
the range where ths r? s, f"n competitivity is effective to 0.,5-1 Me¥ above
the particle emiseion threehold,

1.4, The presence of nonequilibrium procesaes

As mentioned in the introduction nomequilibrium processes may sontribute to the
emission of primary and secondary nsutrone in the (n,2n) reactions. Their in-
fiusnce will be felt as a reduction in the wvalue of the cross section as compa-~
red to the one calculated from the simple evaporation model.

There are two formally different ways to treat the monequilib:zium processes:

the inciusion of direct transitions to colleotive states of the nucleus and the

1nclusion of preequilibrium nrocesses using one of the existing models, We shall
iscuss now some resulis otbtainsd by the two above approaches,

1.4,1, The role of direct emiesion

It is natural to include direct processes in the calculation of (n,2n) cross
sections, eince we know that they are present in the inelssetioc soattering of
redium energy neutrons, Enhance direct transitions to low lying levels of the
reesidusl nuclei will partially deplets the low energy part of the evaporation
speztra and thus reduce tne fraction of primary neutrons ospable of giving ries
to the emiesicn of eecondary neutrons., Typical values of sngle integrated cross
sectione for the inelastic scettering of medium energy neutrons on the first 2t
levels of some Se, Nd and 3m isotopes are shown in Table 1 [15]. The analyseis
showe that the scattering is largely due to direot processes, Hauser-Feshbaoh
type calculations for the above processes giving typically values of a few
r!llibarms, It appears thue that direct (non evaporative) soattering of, say,
1~ MeV neutrons to only the low lying collective states smounts to a few hund-
rsd millibarne, Thie number 1s by iteelf sufficient to account for the diffe-
rence between simple svaporation and experimentsl (n,2n) croes sections at this
energy,

Table 1: Angle integratsd cross sections for the inelsstio socattering of medium
energy neutrons to the first 2% state

Nucleus 7680 82, 142y, 14854 1485, 152sl
Energy (MeVY 6 8 6 8 7 7 ) 14 7 14

(2*) ab {204 [184 |254 |209 65 224 178 | 76(a)|286 [182(s)
{a) Eetimate based on parameters used to I1t absolule angular distributions a¥

7 MeV (Ch, Lagrenge, Priv, Comnm, )
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A schematic model Tor inelastic scattering based on direct transitions was de-
veloped recently by Lukjanov et al, [16] . The direct transition amplitude was
ecalculated under the simplifying assumption that its main contributions come
from the external region of nuclei, Using plane waves for the elastic scatiering
wave function and s simple ssymptotic form for the radial dependence of the
bound state muclear wave furictions, they obtained the direct part of the angle
integrated neutron emission spectrum under the parametrized foru:

O (€)= g o - By - ) (1.5)

where Bn and { otand for incident and outgoing neutron energies, respectively.
It was found that this expression fiis well the forward peaked part of the spec-
trum. The isotropic part of the spectrum was fitted by a Maxwellian snape:

X (e =ax Eoxp (-£678) (1.6)

f
|
b
| l !

E'\: - ["!IWV;JJE\{’,’U‘“?

. ~,
-z

JLN Juy-.'/!
}
N !

s
WRTETTA
A

Pig. 4 The angle integrated total neutron spgstrum and selected angular die-
sributicns from 14,4 MeV neutrons + Nbs experimental pointe, re-
sult of the oslcoulation (solid line), contridution of direct processes
(curve 1), (from ref, (17)).

The above decomposition of the spectra ie shown oa fig, 4 for the neutron spec~
tra of n + JONb at incident energies of 14,4 and 9,71 MeV reepsctively. Table 2
shows the numerical results of ref, [16] for a number of nuclei at 14,4 HeV, The
fraction n of direct inelastic emissions (col, 6) is given ass

_‘.Q'B’__
nNe

<0'D> 4 <e' >

The croes seotion § (n,2n) in column 7 of table 2 is the (n,2n) oross sesction
calculated in ref, [16 a8 ons half of the integrated experimental orose mec-
tion for the emission of all neutrons (dots in fig., 4) and the value of the en—
ergy integrated inelastic croes sections ( < cD > +<a"> Yo G (all neutyon
emission) = G'(n,n,) + G(n,nz) = (n,n') + 20(n,2n), where G (n,n') stends
for purely inelastio (no second neutron) emission, It would thus appear that
the above value of (¢G’D Y +¢ o" 3 ) 18 squel to & (n,n'), which does not ceme
out olsarly from ref, [16]. The comparison with experiment (0ol, 8) is ryther
waeatisfaotory, Column 9 gives the eimple eveporation results of ref, [4].
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Table 2:Direct + compound snalyeis of angle integrated specirs (refe. [16] and
[ st 14,4 Nev

r'“l’[r lb/govz -ev -b/:o'le ‘=: > [« i: ’ ,i ﬂg:§§3(16)ﬂn?§g;!?. 3(:%%3(4)
,

¥ | 72 1,17 0.3¢ | 235 | 1200 | 16 | 1120 860 (a) 995

Vi | 84 1.18) 0.28 | 193 | 1470 | 12 | 1040 1380 (b) 1596

52¢r | 51 1,21/ 0.49 | 338 | 940 | 26| 110 350 (o) 585

bpe | 31 1,43 0.50 | 35 | 790 | 30 | 480 a0 (a) | 837

Pdco | 52 [1.25/ 0.39 | 270 | 1010 | 21| 480 7% (o) | 814

() Ref, [14.

(b) Ret, 13}

(c) M, Bormann et al., Nucl, Phys, A115 (1968) 309

(d) Neutron Cross Sections, BNL-325 (1966)

(e} Average taken from values reported in Z. Bsdy, INDC(Hun)-10 (197))

The orudity of the cslculstion of ref, [16] and the absence of experimental in-
elastic spectra does not permit to conclude whether or not the inclusion of the
direct component distridbuted over the whole range of the spectrum corresponds
to reality. Thus we 8shall now discuss the other method of including noneq:ili-
briuz processes, that is the use of existing preequilibrium models,

1.4,2, Preequilidbrium processes in (n,2n) reactions

It is not our sim to discuss the preequilibrium processes in any detail since
they will be treated separately. We shall only show the role they may play in
sultiple pucleon emiseion at medium ineident energles ( E,~10-20 MeV),

Let us 1llustrate this role by the results on 14 MeV neutron bombardment of 93Nb
where both experimentsl dats and caleulstiens exist [17]. The underlying idea

is to assume that in the primary emission of nucleons both preequilibrium and
equilibriua processes are present; the secondary emission is also influenced

but in different wey. A decomposition of the total neutron spectrum from 14,6MeV
neutron bombardment of 2 Fp i,e. neutrons from (n,n'f). (n,2n), (n,pn) and
(n,np) is shown in fig, S5, The summed theoreticsl spectrum was obtained by ad-
ding & preequilidbrium term to the ususl Weisskopf-Ewing evaporation, This term
was obtained using the method desoribed by Cline and Blann [18] and with the
nucleon oollision rate parsmeters A * « A™/5 whore 1 ™ were given by the free
nucleon-nucleon eollision retes of Kikuchi and Kawsi [19]. This choies 1is equi-
valent to sosling the preequilibrium eontribution; 1t 1s significant that 1t
agrees with independent eetimates from the snslysis of proton spectrs [18].
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An important point stemming from
the analysis of ref.[17]1s that

the role of preequilibrium in the N

secondary emission is quite fw

negligible (et least for medium §

snergy incident partiocles, Thus X
™

its effect should be examined in
the primary eamission speotrua only.

A simples way of obtasining s rough

ides of the preequilidbrium part in

the totsl emission of neutrons ie x
to fit the emission speotrum with

an ansstz of the form:

7 M [3 ' - ) "«
Etmev]

. C ted t isaion spec-
G(£)=K1(E )f 6; (E)exp U/T 4-“8 > t:nu:“fro-n;sl?: :(::.g MeV) com-
" el ered with the experiment (dots);
eshed line: preequilibrium,

o U m-L dashed-dotted line: equilibrium
*KJ_(E,,) £ G, (£) 2_‘[-——-—] end full line: total npec;]n-.

E, +S(n) - mim -1) respactively (from ref,

™ (1.7)

where U and En + 8(n) stand for the exciiation energies of the residual and
compound system, respectively, The fitting using the above ansatz is perfor-
med for neutron energies £ higher than a given energy { 3¢S €tp = Bn - S(n)
(emission of secondary neutrons impossible), The varisble parameters in the fit
are K1, l'(2 and T; the range of T was neverthelese restricted to values compa-
tible with existing evaporation enalyses,

Thus the physical quantity obtained by adjusting T, K1 and K2 to £it the higher
energy part of the emiseion spectrum is the spectrum of the primary emitted
neutrons, G (n,ny; €). Let it be kept in mind that this quantity should not be
identified with the experimental angle integrated spectra shown in figs. S and
7, where all emitted neutrone (primary and secondary) ars present. The values
of T, K, and K2 obtained from the neutron spectra of 48'1‘1 at E = 14 MeV and
Dxp at E, = 14.6 MeV by using the ansatz (7.7) are shown on teble 3 [26]. A
comparison with values for 93Nb obtained in an earlier analysis [21] (same ex-
perimental data, same angatz) shows that the determination of T, K1 snd K2 is
far from being unsmbiguous, Thus the above described method of obtaining the
preequilibrium contribution hae to be taken with more than & grein of salt,

A byproduct of the abnve analysis are the values of the matrix element IHI2
extracted by the comparison of the energy integrated preequilibrium part of
(1.7) with the complete Oriffin formula [24]. These values are compared in
table 3 with values suggested from independent analyses of Gadioli [22] and
Kalbach 23]. As well as the values of T and K, the values of |M|2 obtained in
ref, [20] should also be taken as indicative,

Starting from the above numbers it is possible, under certain assumptiona, to



- 16 =

calculate the (n,2n) cross sections. We take the calculated integrated cross
section for the exission of prismary neutrons:

G (n,ny) = G(n,n') + G(n,2n) + G(n,np) + G(n,nX) ¢ ...
and the experiment cross section for the total neutron emission:
G(n,n,) =G(n,n') + 25{(n,2n) +G(n,np) +G(n,pn) +G(n,nx +Glopm) ¢ ...

the latter obtained from, e.g. integrating the experimental neutron spectrs
(17, 25). Their difference:

G'(n.nt) - G (n,ng) = G (n,2n)

zives G (n,2n) assuming that & (n,pn) mnd G (n,cxn) are negligible, The values
of G(n,2n) for 48’1‘1 and ”lb calculated using the sbove method and with fitted
values of T, K, and Kz obtained from table 3, are shown in table 4, The calcu-~
lated value for 93Nb at 14.5 MeV (1265 =b) somewhat underestimates the experi-
ment (1444 % 104 md). We remember that simple evaporstion calculations of ref,
[4] (1610 mb) overestimated the expsriment. The part of preequilibrium vs, com-
pound emission ie estizated in ref. [20] to 10 % vs. 90 % for b and to 8 %
ve, 92 % for 43Ti. TL986 numbers refer, of course, to primary emiseion; ae,
however, the szccraasry emlsasion proceeds essentiilly by evaporation only, these
numbers give an indication of the preequilibrium contribution to (n,2n) crosse
sections also,

A somewhat aifferent approcach in establishing the preejuilibrium contribution
ir the (n,2n) cross 2ectiona was adopted by Beyhurst et al, [14].

These suthors heve fitted excitation functions of (n,2n) reactione from three-
hkold to 28 MeV for several nuclei by adding a preequilibrium term to the eva-
poratior formula, Their evaporation calculation differ from the one in ref, [4]
in trhe values of G'inv(n) and o different estimate of[} . Moreover, a different
set of level densities was sdopted and the effects of angular momentum were ex~
plicitly taken inio account for outgoing (primary) neutrons leaving the (first)
residual nucleus with en excitation U 2 MeV, A sample of the results of ref.
F14] ie shown in fiz, 4, Tahls S5 c.mpares the valiues for cthe compound nucleus
(n,2n) croes sections given in ref, [14] with those of refs, [4] and [5] for

16 Tm at En = 10~18 MeV, Fven when taking into sccount the above mentioned 1if-
{erences in the calculations, the comparison 18 surprising, since the low va-

luea of G°(n,2n) quoted in ref, [14] are obtained without an apparent scaling
factor.

The absolute “alue of the preequilibrium contribution was calculated in ref,
L14] by using decay rates ) reduced by s factor of 4 as compared to the values
of X obtained from the free nucleon interaction matrix element of Kikuchi snd
Kawal [19]; the corresponding factor was 5 in the calculstione of Hermann et sal,
(ref,[1ﬂ). T-e calculations of ref, [14] show, in general, an increaeing contri-
bution of preequilibrium processes at higher incident energies, For 169’I‘m the

contributions of equilinrium and preequilibrium emissions become equal at En ~
19 MeV (Fig, 5),
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Table 31 Valuee of T, K, and K2 andll|2 obtained from fitting the expreasion
(1.7) to neutron emission spectrs (ref.[20%)

aclffers  Ceav |1 1w, { K, TN 2 2
Eq=3(0) yay |yev ! -2 -2 X oy
; ! MeV MeV Cale, Ged.(a) Kal. (s)

+

-4 2.4 3.4 1108 10.17.907% €.35.107213.5) 4.3°1079] 6.8.1072 | 6,3°107
|

—

Py 5.0 iﬂ.z 1.24/0.045-107%0.34-107  11,1-107%0.96-1077 | +.05-1077
1
Pup 5.8 s, 1.3 (0.058°107%0,38-1073 3.1] 1.2:107% 0,96+1077 | 1,054107°
s{b .10
.q'éb) c.a  |s5.811,24/0,03.1073 0.62°70
| —
*) Incldent neutron energies for 49?1 snd 93.‘!’:,, Er = 14 and 14,5 eV respectiv,
2 2 :
(2) 1217 382 = 37,3 vev® (rer.[22), 1|2 xal = 190/47E uev? (ret.[23)

[
i i
{o) re3aly fres ref, |21

zasle 4: Valizs & (a,n), G(n,1") an1G (n,2n) deduced from te fitted
valu2a 27 L, K5 anl T Tron tatle 3 (ref.[?d)

elews, . |T (%) [Glmng) 1Sfn,a) | G(a,20) G(n,2n)
* 2XD, cale, calz, cnlz, exXD,
€34, 14 157¢ () 259 955 Joa
Pdup, 14,6 | 2910 (8) 1255 412 1265  [1444 * 108 (®)

(a) ortained Trom the anzle intezrated 3pecira of refs, [-17] and [25]
. 1) ref, [13]
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Table 5: Compound nucleus cross sections

°(n,2n) for 169'1‘11: calculated from
refs. [14]. [4] and [5],
E, (MeV °(n,2n) mb
Ref (14) | Ref (4) |Ref (5)
10 1250 1523 1308
]
12 1650 2100 2006 s
:
14 1650 2200 2186 -
3
16 1500 2167 1385
18 1000 1336 813
Ab ovo preequilibrium calculations

#hile ordinarily the analysis of ) 12 16 20 2 2
aspectra and excitation functions is Neutron Energy (Mev)
performed by comparing an incoherent

sut of equilibrium and preequilibrium
~cmponents to the relevant physical
quantities, it is tempting to undertake
& comnplete preequilibrium calculatioa
2jaivalent to stating that the equili-
brium is the end of a long equlilibration

Fig., 6 Calculated apd experimental
c:%ns gections for ?g9Tn¥n,2n)1 STn,
The upper part of the figure ehows
the fits of an ejuilibrium plus pre-
equilibrium componsnt for three
different values of k, the scaling
factor for the transition rated . .,
in the preequilibrium model,
The lower part of the figure shows
vhe deocomposlition of the fit (full-

process, A complete calculation based
on, say, t e exciton model should thus
be able to account for both preequilli-

curve) into the equilibrium (short
dashed curve) and the preequ!librium
component with k = 4 (long dashed
curve) (ref. (14).

brium and equilibrium features of s

reaction., Without discusalng in detail

tne possidle difficulties of such an approach, we prasent Lere some prelioinary
results obtained by Bersillon and Faugére [27].

The crucial point of sich calculations is the represantation of the time evolu~
tion of the particle emission rate, In the exciton model, this quan*ity can be
ortained by molving the set of coupled equations known as "mester equations”
[24]. #e can, conveniently, rapresent theees ejusticns by a flow disgram, where
each considered configuration (no = (2p,1h) =3 ton =\fEE§;;;) ie represented
by & box, ¥ (p,h) represent the energy integrals of the particle emission pro-
banrilities w/p,h,£) for each particulsr box, The time evolution of a reaction
corresponds in this schematic model to the time evolution of the population of
the different boxes leading to emiseion rates characteristic nf each given in-
stant, At the time the emiseion of the particle(e) has taken place the popula~
tion of the boxes should be zero (100 % emission).
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lp( n,0) =1

A* : y ‘0 ~ U

e |a o e S IO

1 W lw 1 W W

This problem could be treated in two waye, The mester equations can be solved
numerically by taking finite time interwvals ADt. This wes done, for instance,
by Cline [ 28] and by Cline snd Blann [18] by teking time intervals At of the
order of one percent of the men transition time., The teaporsl evolution of a

typical reaction ehows a gradusl shift from the herder preejuilibrium to mofter
"Maxwelisn with a tail” emission spectra.

Fig. 7 The result of an abd ovo calzuletion ottained by solving the master
ejuations of pef, [24]. Tre p31ints 3nd crosses represent tre angle in-
tegrated total neutron spectre from the interactlion of 14,4 XeV neu-
trons with 93%b, Tre two lines (t; and ty) represent calculated primary
erission specira at insiants of time corresponding to 61 - 10~22g and
10C70 . 10-228, raspectively /raf.[20].

Recently 3erelllon and Fauzere [Zi] tave attempted to solve analytically tre
master ejuations. The exmsple shown In Pig, 7 is the emisnion of primsa.y neu-
trone followmsing the 14, MNeV neutron bomdardment of QJNb. Tre initial configu-
ration contnsined n_ s 1 axcitons, P(no.o) = 1, the Jecay rates ) where those of
Williarms [’0 with IMi2 = ‘l/A3 Hevz {22] ant the single particle lavel density
parameter g = A/11,% ser™t,

The spectrum of the primary emitted neutrons is shown at two instants:

- -
ty = £1,10 ‘?s and t2 = 10 060,10 22- correspondiing, respectively, to roughly
24 % and 100 ¥ emission, The evolution of the spectrum towards a "Maxwelllan witr
s tail” ehaps 18 julte vieible (notice the lug scale!l),



It is instructive to compsre, even pertisglly, these results with experiment,
The pointe and orosees on fig. 7 represent the experimental total eaaiseion
spectruz (8ll neutrcns), Only primery neutrons sre, however, present for en-
ergies € »5.8 MeV, The curvo tz fits this part of the spectrum quite well. The
equilibration time t, = 10~! s is not unressonable sither. A wore extended set
of analyses is, hcwever, nesded before & dsfinite judgeasnt could be rendered.

2. THE CS51KAI-PETY EFPECT REVISITED

In 1956 Ceikai and Petd [50] made the observation that a regularity existe in
the (X-Z) dependency of (n,2n) croes sections st s given excess energy Uy.
Taking the exieting late for Ul = 3 NeV and using the eimple Weissiopf formule
{(1.3) to adjust eome other data to Uy = ) NeV, Ceiksi eud Petd obeerved that
for constant values of the neatron number K ‘he (n,2n) cross sections for Up =
1 MoV plotied againat K-Z lie o1 straight lines spproximately persllel to eech
other (except for N = 23) and trLis irreepectively of Z being even or odd., Thus
s olmple empirical formuls was deduced giving:

GztAz, v s 62,0 7 n(up)Az (2.1)

with m = 231 for UR = ) gV and all values in millibarns. This sc called
Colkai-Tet™ effect was extensively used by evaluators snd recoamended values
of (n,2n) crose sections were given on the basis of the sbove expression.

The newly obteined values of (n,2n) crose sections for s wide range of incident
energies and in particular the measuresents on series of isotopes like the ones
presented st this Conference [13] permit, at present, a critical revalustion

of the originsl observa'®ions w:-ich led to the expression (2.1),

Let us first say that simple evaporstion formulas lixe the 7eisskopf one (e.g.
1.3) are unable to reproduce the Ceikei-Petd trend, ss they give the (n,2n)
cross section essentislly ass a function of only one paramter, the excess en-
ergy UR' 1t is nevertheless plausible that at residual excess energies UR mid-
way betvsen the (n,2n) threshold and ssturetion (the lstter roughly coinciding
with the (n,Ir) threshold) there should be a rising effect on (n,2n) cross sec-
tions as (¥-Z) increases: neutrons ure more likely emitted mhen their relative
fraction in the nucleus increases, Trends in cross sections for series of iso-
topes shown in ref. [13] exhibit this fact rather clearly.

Pigures A and 9 show what would be the Csikail-Pety effect “or s number of lso~
tonee around N = 50 and 82 respectively and for a set of values of the residusl
excitation Up. The (n,3n) threstold 1ies normally 7-8 MeV sbove the (n,2n)
threshold; UR = 3 MeV 19 thue midwey between the two., It appears that the cross
sectione for given values of N and UR havs a mounting tendency, but the latter
is rether irregular, the slopes varying with both UR and N, Besides, the scat-
ter of experimental points is such that substentisl variatione of the slope of
the 1linee passing through data pointe ere permitted,

The dets shown in the figures 8 and 9 ere from recent compilations of Bydy [31]
end Kondaish [32] and from s few recent messurements of (n,2n) cross sections.
#e have not included in the dats any sdjuetsd velues, i,e, we have not ecsled
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the (n,2n) croes sections at different velue: oi Uy by the use of the Welse-
kop? formuls (1.3).

din2n} A

0!}

N=&L2 wanb N=&6 N:z48 N=52 N=58
. ~2 i,

¢ o [ ] o w n v ° x s = ? 2 = 8

Pig. 8 T + (N-2) dependency of the (n,2n) crowe sections at wvarious velues of
the excess energy for eeversl isotones sround X = 50, Noties the
changee in the vertiesl scale,

ey NN v —r— r v
Fin
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Pig., 9 The (N-2) dependency of the (n,2n) croms sections et varioue velues of
the excess energy Up for sever?s sotonsa around § = 82, Notice the
changes in the vertical sosle.

Thus, 10 yeara later and with a larg.: iwumber of experimental desta evailable, we
cen say that while the original obeser\ “tion of Ceikal and Pet3 etill stmde in

the sense that (n,2n) crose sections for Up = 3 deV rise when plotted vs, (N-2)
the regularity of the riee ani tre generality of thie statement (hence its app-~

licablility for evalustior. purposes st "R # 3 MeV) 1o certainly not borne out by
exper iment,

3. CONCLUSIONS

#We have briefly discussed two kinde of problems relsted to (n,2n) resctions.
The first one reletes to the reaction mechanism, ¥e heve seen that the (r,2n)
cross eections are reproduced to whitin about 20 % by a eimple evaporation for-
mula, st least for energies well asbove the (n,2n) but still below the (n,3n)
thresholds, The difference can be sccounted for either by meking the model nore



sophisticated (effects of r} and'T2 ) or by adding nonequilibrium contridu-~
tions, It ie possible that, e,g. near the (n,2n) threshold, both of these me-
ohanisms are present and necessary, It is our feeling, however, that the in-
clusion of preequilibrium processes has the advantage of giving a unified view
of the process,

As to the observed (N-Z) regularities in (n,2n) cross seotions imown as the
Ceikai-Pets effest, it appears that a more extensive analysis of data do not
bear out their generality.

The authors are indebted t: 3, Mosinski for a number of numerical calculations
and constant aesistance in writing this paper,
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MEASUREMENT OP (n,2n) AND (n,)n) CROSS SECTIONS AT INCIDENT ENERGIES BETWEER
8 AND 15 MeV

Jo PREHAUT - G, M, MOSINSKI

Service Physique Nuclbaire Centre d'Btudes de Bruydres-le-Chatel
B.P. 61-92120-Montrouge-Prance

ABSTRACT

Cross seetions of (n,2n) and (n,3n) resctions were memsured for several nucli-
des between 8 and 15 MeV using a large ligquid socintillator to count the neu-
trons directly. Measurements were me’: relstive to the fission cross sestion
of 238y for the Nd isotopes 142-144-145-148-150, for the Sm isotopes 148-150-
152-154 and for the natural elements ?i, V, Cr, Cu, Ir, Mo and Pb,

The relative accuracy of the measurements was generally of the order of 5 to
10 %,

INTRODUCTION

The motivation technique generally used to measure (n,2n) end (n,3n) oross
sections 1s based on the determination of the activity produced in s semple
after neutron bombardment, and is therefore limited to nuclides which leave a
suitably active residual isotope. The large 1iquid scintillator method used in
the present experimsnt is based on the detection of the emitted neutrons and
thus can be used for any nuclide, provided that several grams of material are
available, This method is of particular interest for providing (n,2n) cross
sections for natural elements and for the different isotopes of a given element

EXPERIMENTAL METHOD

A description of the principle of the method and details of the experimental

set up and of corrections are given elsewhere [1, 2], The experiment relies on
two properties of the neutron detector, a large Gd-loaded 1liquid seintillator:
its high neutron efficiency and the relatively long 1ifetime in the scintilla-
tor for neutrone before capture, This gives identification of an (n,2n) event

by two separate pulses in the scintillator within the 30 /ul following the event

Detection of (n,2n) and (n,3n) events

About 10 to 15 grams of the sample to be measured are plsced at t .. center of
the scintillator and irradisted by s collimated neutron beem, Neutrons are pro-
duced by the D(d.n)BHe reaction, ueing a gaseous target and the 14 MeV tandenm
Van de Oraaff acoelerator puleed st & frequeney of 2,5 MHz (pulse width ~ 2 ne),
An elestrostatic beam ewseper in used to keep only trres bursts within each

60 Jue interval,
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After esach group of three bursta, a 30 /5. counting gate is epened at the out-
put of the 1ligquid scintiliator, The number of gates containing 0, 1, 2, ...
pulses are recerded during s run., These data are corrected for the two seurees
of background in the scintillator:

-~ The natursl background, measured for the same number of counting gates with
the accelerator beam off.

- The accelerator dependent background, measured with the beam on and the aamp-
le out for the same number of incident neutrons,

The data are rlso corrected for the detection dead time (120 ns), for the de-
tector efficiensy (~ 75 %), and for the possibility of two (n,n') or (n,n)
events occuring in the same counting gate, being then indistinguishable fror a
{(n,2n) event,

These corrections give the number of gates containing 2 or 3 neutrons, i.e, the
number of (n,2n) and (n,3n) events, for non fissionable materials,

In the case of fissionable materials, it 1is necessary to subtract the fission
events of neutron multiplicity 2 or 3. The total number of tissions can be cal~-
culated from the higher measured multiplicities ( > 4) using fission multiplici-
ty distributions previously determined with a fission chamber [3]. These dis-
tributions and the calculated number of fission thus enable one to deduce the
nurber of fisasion events of multiplicity 2 or 3.

(n,2n) and (n,3n) eross section determinations

A relative incident neutron flux measurement allows the (n,2n) and (n,3n) oroes
sections to be normalized on a reference cross section,

In the case of fissionable materials, (n,2n) and (n,3n) cross sections can be
directly obtained relative to their fiseion cross section, since the number of
fission events occuring during the measurement is also determined, Because of
the lack of accurately determined (n,2n) cross sections, a fiesion croes sec-
tion was also choosen &8 reference for non fissionable materisls, the fission
cross section of 238U.

Relative flux measurement

The flux monitor consists of a small liquid scintillator located 1,5 meter be-
hind the sample, in the collimated neutron beam, Monoenergetic incidnet neu-
trons in the energy range 6-15 MeV are produced using the D(d,n)3He reaction.
#ith the pulsing system adopted, it 1s possible, by the time-uf-flight techni-
que, to separate the monoenergetio neutrons, the only neutrons which induce
{n,2n) or (n,3n) reastions, from deuteron brcak-up neutrons ae well as from
neutrons induced by (d,n) reactions on the target meterials, This technique
provides very precise relative flux messurement for (n,2n) and (n,3n) reactions,

A relstive determination of the efficiency of the monitor versus neutron ener-
8y, using the results of a Monte-Carlo caloulation, allows, in the case of 238m
an acourate determination of the apparent fission cross section and of the fia-
sion neutron multiplities. This calibration is necessary since, in contrast to
(n,2n) or (n,3n) events, fission events may be induced by the secondary neutroos.
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RBSULTS

The large liquid scintillator efficiency was determined using s Cf source
aud assuming & value of V = 3,732 ¥ 0,000 for the average number of prompt neu-
trons emitted per spontsnecus fiesion,

252

The standard fission cross section of 2380 used for the normslization of the
results was taken from the evaluation of SOWERBY et al. [4].

Error derivation

The errors quoted are standard errore derived by quadratic addition of the sta-
tistical errors of the experimental data and the errors of the corrections, The
unrertainties of the standards, Yy for 2520¢ and the fission cross seotion of
2380, have rnot been inocluded,

(n,2n) and (n,3n) cross sections

The cross sections for 7 natural elements and for the measured Nd and Sm iso-~
topes are given in table 1 and 2 respectively togethar with the 238U fission
crose section used as a standard,

Enriched isotopes were used for the measurements on Neodymium and Samarium,
The contribution of the non measured isotopes present in small quantities in
the samples was subtracted using the respective calculated cross sections gi-
ven by PEARLSTEIN [5].

Earlier measurenents using the same technique for 16 other nuclei snd 3 natu-~
ral elemente have been reported elsewhere [6, 7].

DISCUSSION

The results for the seven measured natural elements are plotted in figures 1
and 2, Plote for Ti, Cr and Zr show an elbow in the rising slope of the (n,2n)
cross section at an energy juet above the threshold for the most abundant iso-
tope: 12 MeV for T4 (4%r1, 73,9 %), 12.5 MeV for Cr (2cr, 83,7 %) and 12.5 MeV
for Ir (9°Zr, 51,5 %).

In the case of vanadium, the contribution of the 0,24 % abupdont 5°V ie negli-
giblesnd the measured cross section is in fact that of the 51V isotope.

Results obtained for the Cu sample are in agreement with the values obtained
from the measurements published for the 3eu and 65Cu isotopes [8].

The large liquid secintillator method was also used by MATHER et al, for (n,2n)
cross section measurements on natursl elements 9 , Their results for Mo at
12,4 and 14,3 MeV are consistent with the values obtained in the present ex-~
periment; their results for Cu at 14,06 MeV and for Pb at 12,4 and 14,06 MeV
are however 10 % lower,

Figure ) presents the mesasured oroes sections for Sm and Nd plotted versue the
mass number A for different values of the excess energy Un above threshold,
which corresponds to the total kinetic energy available for the two emitted
neutrone,
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Table 1:

Experimental results for the (n,2n) cross section of T1, Vv, Cr, Cu, Zr, Mo and
Pb, Cross sections are normalized on the fission cross section of 2380 as eva-
luated by Sowerby et al, [4]

E, A8 [6F, m G(n,2n) , mb
eV 28| m v er cu | zr ¥o Pb

9,44%0,120 | 960 199214 | 199210 | 934% 44
9,93%0,110 | 952 290%14 | 366217 [1162% 54
10,19%0,100 [ 949 |13% 1 30t 2| 10% 2| 320215 | 458%21 |1275% 59
11,442,090 | 957 1412 3| 18t 2| 57t 3| est 5| 482t24 | 799%39 |1722% 83
11,88%0,090 | 965 |53t 3| 80t 4| 70t a| 160% 9| 516%26 | 895244 |1780% 88
12,36%0,080 | 978 j103t 7| 173212 | 75¢ 6| 260218 | €0otao | 1026268 | 19458129
12,85%0,080 | 999 [190%13| 288%19 | 143%10| 379219 | 705247 | 1115274 |2033%136
13,330,080 [ 1031 [279%19| a05t2s | 226%16 | 487233 | 848%58 | 1166279 [ 21112143
13,800,070 | 1086 396226 | 527%36 | 323%22| 582240 | 992%68 | 1245285 |2260%154
14,760,076 | 1216 (501235 | 629244 | 451232 | 677248 1058274 | 1252288 | 2235t156




TABLE 1

Exinoriental resalts tor the {n, n)and {(n, 3 n) cross sc(.-nuns,ol Neodymium and Samariung 18otapes
oo cectior s are normalized on Jhe fiegon crogs section of = 7U as ¢v o luated by Sowerlsy ot al, [fj
EENGEE RN e Mo | R
T, mb G (n, 2 n), mh
p— : i e

B,03 4 0,130 953 PO 346

8,18 1 0,150 "57 l-lst

B,44 + 0, 1100 962 MCE RN 110 ¢ 14

8,59 » 0,140) 963 | 332 4 163 - + 36+ 14

8,94 + 0,120 Yod , 645 + AR RR LN, 36’f + 316 + 17 | 506+ 2

9.44 0. 1n] 960 | 803 + +53]1288+ RIS ' 641 + 31 | 4i5 + 16

}

9,93 + 0,110 952 1186 + + 6511474 + 1032 + 4 1049 3 49 11219 r 61
10,42 + 0,100, 948 1276t +70)15254 7 1179 + t 1221 + 58 1446 :68
10,91 :0.10[} 952 l4l-li_> YBO 1635t 1279 + i ¢ 1-“51»158 1896 :7
11,83 + 0,090] 965 | 1565 + +U61ITH3 + 1669 ; i 1614 1108 1614 ¢ 11y
12,85 * 0,080} 999 ! 1727 j— + 12811809 t 1734 1764 i'll& 1942 : 129
13,80 > 0,070 1086 1727 + :137 1906 + 1835 1902 tl]?. 2C7! + 143
14,28 + 0,070 1136 1755: 1804 +
14,76 + 0,070} 1216 1850 + +15311834 + 1912 + 1985 +143]:131 + 156

g (n, I n), mb

12,85 + 0,080 999
13,80 + 0,0708 1080 28 +
1-1.2.8!0.070 1136 691’
l~i.76:0.07( 1216 32*_*5 143;& 10t4 16':5
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Fig, 1 Experimental (n,2n) cross sections for Ti, V, Cr and Cu in the neutron
energy renge S8~15 MeV: + Present experiment, Ref, | 9

CSTKAI and PETO [10] Lhave assumed 3 linear dependency o! .nhe (n.2n) cross sec-
tion versus A at constant excess energy UR and for Z ron tant, Strajgh- lines
can in fact be drawn through our experimental points, but the slope of the ob-
served dependency on A seems to vary with UR' Moreover, the slopes predicted by
ref, (10] sare larger ‘han the presen.ly observed ones,

The ADAM~JEXI phenomenolrgica! formulas [11] derived for UR 2 3 MeV ales exhi-
bita a too iarge dependancy of G (n,2n) vers:s A,

The values glven by PEARLSTEIN'a semi-empirical calculations are 10 to 15 % lar-
ger than the results of the present measuremen:, except for 149md, rre@ th o,
are shout 10 % lower, Nevertheless, the general srape of the deperdency of

G /n,2n) versus 1 for a given Z 18 fairly well reproduced in bolh cases, except
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Pig. 2 Experimental (n,2n) cross sections for 2r, Mo and Pb in_the neutron
energy range B-15 MeV: +, o Present experiment, o Ref, [9
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Pig, 3 Experimental croes sections for Sm and Nd isotopes plotted versus the
mass number A for different values of the excess energy UR
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for above UR = 3 MeV,

CONCLUSION

(n,2n) cross sections for structure materials are needed for the design of fu-
sion reactors. The present results are toc date the only ones to cover the entire
energy range from threshold to 15 MeV for seversl such materials,

Yeasurements of (1,2n) cross sections for series of isotopes give more funda-
mental inforration on the process itself and should help for a better under-
staniing of the mechanism of multiple neutron emission,
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TUE ROLE OF PRRCOMPOUND PROCESSES IN NUCLEAR REACTIONS WITH MULTIPLE NUCLEON
EMISSION

A. Meigter, D, Seeliger, K, Seidel
Tecknische Univeresitat Dresden, Sektion Physik, DDR 8027 Dresden,

Mommsenstrale 13, GDR

Abstract

The knowledge, that precompound processes play an increasing role in (n,n’)
and (n,p)-reactions with incident enercies = 10 eV and cen well described
with preequilibriua models, is used tc svaluste their influence on the follo-
wing nucleon emissions. Especially ike (n,2n), (n,pn) and (n,np) reactions
are studied around 14 MeV incidence enargy, Always cross sections, calculated
with inclusion of preequilibrium emissiins, are compared with such, where the
same parameters are used, but precompound emissions are neglected and so the
reactions are described only es successive compound nucleus evaporations -
the usually used prccedure in the past, The influence of precompound proces-
ses on the reactior cros9 sectlions is found to bte in dependence on the mess
nunber (SC®A®R1380) and incidence erergy (8‘60‘ 30 MeV) in the range of a
few percert up to some orders of magnitude.

After studies of the systematics of this effect evaluations for seversl nuclei
are carried out,

1, Introduction

The spectra of the (n,n') and (n,p) reactions after 14 MeV neutron bombard-
ment of nuclel show an aovpraciable contribution of precompound emissions E,z]_
The relations are illuminated in fig, 1, where for & mesn nuclear system with
0 [_,,, e mass number A = 100 calculated spectra
"\
\\

A ~ 100 Bre given, wrich represent the experimen-
€, = 14 Mev

tasl values, For comparision spectra cal-
culated with the same parameters but with
neglect of precompound processes are
inserted, Nucleons emitted in the energy
renze €20 ... 7 MeV may leave residual
nuclel with excitation energies to be
able to emit further nucleons, The number
of these residusl nuclei, their excita-
tion energy distribution and consequently

r

S

!

,e){mb Mev '}
s

<

G (e,

Pig, 1: Neutron and proton speetra from an

1
| j nuclear system (A = 100)+n at an excitation
(e N W energy £=27 MeV, taking into account pre-
. IMeV] comnpound emissions ( —) and not taking

into account (- - =)
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tte cross sections of reactions like (n,2n), (n,pn), (n,ap), «.. are infiuen-
ced by precoapound processes, as can be seen from fig. 1.

It cen be sssumed, that precocpound processes in (a,n') snd (n,p) reactions sre
descried by preejuili>rium nodels will an eccuracy [1. 2]. sllowing an juan-
titative estimate of their role in remctions with multiple nucleon emissions,

The used formalism coantains un to fcur possitle successive neutron and/or pro-
ton epissions from all exciton steps of "~e preejuilitrium stage and as well
as of the equilibriur stage, The oreequilibrium transitions are described with
Blann's H4ybrid model [3]. the comvound nucleus emissions with the Weisskop®-
Ewing formulas [4].

2, Systematic influence of orecompournd processes on the reactions (n,2n),(n,pn)
end (n.np)

In this ctapter model systems wilh mean perameters and clear relations emong
then are studied to isolate t-e dominart systemstic trends, By this way system
formation cross sections and inverse cross sections are taken from s genersli-
zed optical potential [5]. Single particle level densities follow from =

a - §ﬁrl with a = A/7.5 . Kev™! [A], the mean behaviour of the level density
parameter in the Fermi gae model, Mdostly, ejusl binding energies of neutrons
and protons of all deexcitation steps of the syatem are used and pairing en-
ergy s-ifts are negzlected, The used intranuclear transition rates betweern pre-
equilibrium states are for all calculations 1/k = 1/10 times the collision ra-
tes in nuclear matier, the extracted mean tehaviour from the interpretation

of 14 (n,n'} precompound scectra [7].

2,1, Rucleus with mass aumber A = 100

Piz, 2 shows the lJeexcitation of trnis system, consisting of 7 protons and N nenr
trons snd formated with a cross section of 1720 mb, by succesesive neutron and
proton emissions, The transition strengths of the decay are given in mb as sum
of preequilitrium plus ejuilidbrium decay, The corresponding valuees in the case,
if precompound processes are sot taken into mccount are quotet in parenth-esis.

It's to see, that precompound emissions,
7 X P Z ™

h . P LT causedi by the hardening of the spectra end
;t“* it ", ~ especially the changed shering between
o ,. . proton and neutron deexcitstion, lower the
’ s v”;’ . . (n,2n) cross section by about 15 7 and en-
e . ” - . hance the (n,np) and (n,pn) cross section
s v IS , by mabout 20 % and 100 % respectively., Also
; - . : the total neutron and proton emission
L e - i ecroma sectioas are influenced remariable.
Pig, 2: Deexcitation of a system The lowering of (n,?n) cross sections 1is
with Z protons and N neutrons []
(Z+N=100) st sn excitstion energy shown in Ref,|8] by a systematic compila-~
of 21 HeV by neutron and oroton tion of experimental vslues.
enissione, Further explanations
in the text, The portion of second neutrons emitted

otill in the preequilibrium etage of the



systea is in the case of the (n,2n) end the {n,pn) reaction in the order of
2 %, so that the spectrs of these neutrons can be parsseteriszed ss sveporstion
spectrs,

2,2, Exeitation energy dependence
At the ssme wodel nucleus the neutroa incidence energy is varied in the renge
from 8 to 30 NeV. Pig. ) shows the results. The (n,2n) cross section incresses
above the reaction threshold wary rspidly end drope down at higher energiee to
such @ degree ss the (n,in) chamnel is opened. The herd precompound spectrum
causes in contrsst to assumed multiple compound nucleus evaporstions s typical
high energy tail. The occurence of such

- high energy tails was instructively de-
monstrated with experimental (p,n),(n,p)
and (n,n') excitation functions in Refe.
[9] and with experimental (p,xn) and
( ,xn) excitation functions x = 3,4 end
Se eco in Refs, [9, 10]. So one haa & si-
tuation, that precompound emissions lower
the (n,2n) cross section in the region of
the resonance like maxisum, whereas, be-
gioning 2 ... ) MeV above the (n,ln)
threshold, an sppreciable incressed cross
section is obtained.

= ==,

-

Beceuse of the couloab wall, which hinders
e o A e s the emission of ctarged particles, the
(n,pn) and (n,np) cross sectioas rise only

sompe MeV above the threshold and precos-
:::& z;tE':::::::“pgzzg:;::;a ;:;_ pound procesaes enhance in medius sass
cessss ( ) and not taking into nuclei the cross sections incressingly
sccount (- - - ). with higher excitation energies. The in-
fluence on the (n,np) reaction is smeller
than on the (n,pn) reaction becsuse of the
lower mean excitation energy of the systea
before the proton eaission.

2,), Mass number dependence

To see the main trend of the influence of orecomoound processes in dependence

on the mass number, the mass nusber trends of the nucleon binding energies, of
tre level density parsmeter end of the optical model absorption croes section °
are taken into account, Values are indicated in fig. 4 together with the re-
sulte.

The (n,2n) cross section behaviour can be understood by the help of the excite-
tion function (fig, 3), The smaller nucleon binding energy with incressing mass
number cauges a compression of the resonance like function and s shift to lower
excitation energles, In the case of constant incidence energy ‘;o = 14 KeV
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Pig, 4: ¥Yass nuater dependence of the cross section, taking into account
precompound processes { —— ) and not taking into sccount ( ~ - ~ )

.fig. 4, left hand) one observed at heavy nuclei thet the high energy tsfl ac's
siready and precospound processes enkance the cross saction, z-eress at medtfum
mass end light nuclei one nas relstions, as discussed for the A = 170 system.

In the case of constant excess energy l'“. - 8 parameter, w ich is often used
in systematic complilations, to exclude binding energy sffects -~ one ca: see in
fig. 4, right hand, that the influence of precompound processes iecresses with
higher mess number., Thie occurs, becsuse the compound nucleus contribution to
the (n,n') cross section Incresses ~ A, but the precompound cortribution only
~uk1/3 1], or in other words more sani aore low energy neutrons ara emjtted,
because the level density parameter increases a~A,

The (n,pn) snd (n,np) cross sections decreass rapidly with A becaiwe of the
coulosd well, But the higher the coulomb barrier is, the more important is the



{nfluence of precompound emissione with hard spectra, so that at A = 180 by two

oriers of magnitude enhanced cross sections are obtained.

Ar neavy nuclei the cross sections, calculated with 60 = const. are largur
axc * corst, = éfo - B, because B and therefore

alao Eexc iecrease with A, That ie also the reason, why at e‘o = const, a lar-

ger influence by the precompound emission is observed.

than the corresponding with E

At A% 90 precompound processes ~iminish the (r,np) cross section, because com-
pound nucleus proton erissions are not too strong suppressed by the coulomb
well, and therefore like the (n,2n) reactions, the high energetic precompound
neutron emission reduces the proton emission probability, compared tn two suc~
cessive evaporations,

3, The influence of pyrecompound processes on the (n,2n), (n,pn) and (n,np) re-
action cross sections for several concrete nuclei

“al-ulations were carried out for nuclei in the msss range 58 £ AL 209, for
wh.igh neatron emission spectra were interpreted., Again cross sections, computed
taving into zccount sreequilibrium emissione are directly comrered with the
correaponding vel .es, whare precompound processes are neglected, to see the in-
fluerce of tie precompound mechanism,

tegider indivicual binding energies {taken from D1]) of ail possible residual
nuclei and level dungity parameters [taken from [14 ) also the pairing effect
is taken into nccount as well as in cthe compound nucleus and the precompound
Htage,

The superconductivity model of nuelei showed, trat for heavy nuclel a pairing
energy shift [Sin the preequilibrium state density does not depend on the com~
nlexity of the states, that means the exciton number [13]. Therefore [S-values
extracted fror nuclear masses [14] are used for the preequilibrium and the
equilibrium state densities, It may only be mentioned, that also a study of the
gystematic trenis of stell and pairing effects on the influence of precom-
pound processes was undertaken DS].

Tha role of all the mentioned values, effects and their interference find its
expression in fig, 5.

In tte case of the (n,2n) reaction the expected main mass number trend is con-
firmed, The croes eectlons are lowered between 14 % and 29 %, The influence of
precompound processes is smaller for heavy nuclei than for 1light and medium
mass nuclel, An entire inverted behaviour is obmerved at 58N1, where precom-
pound emissions enhance the (n,2n) crons section by a factor of two (from 0,67
to 1.55 wb in the frame of the used formalism), The origin is the very high
(n,p) cross section compared to the nevtror emission probability,

The (n,np) cross sections are generally enhanced by precompound processes, and
especially at high mass numbers a strong influence is indicated, These nuclei
emit also the second nucleon, the proton, still from preequilibrium statess the
compound nucleus emission is almost completely suppressed,

Also in the case of the (n,pn) reaction the expected trend of an enhancing in-
fluence of precompound processes at heavy nuclei is to see, The prime nucleon
in the emisslon, the proton, is to s very high percentage a preequilibrium pre-
ton, At lighter nuelei the sompound nucleus proton emission plays a role and
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one has a eempetitien between the reduc-~
*ion of the cempound nucleus formation

T T i [ probability by preeompound emissions and
1
. $ il{ ! relatively large low energy precompound
-t | d tndm) 1 emigsions in the neutron channel,
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N *). Larger symbols: A= 100 model system.
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4, Conclusiop

The presented evaluation show, that precompound processes must be taken iato
aescount not only for improved interpretations of neutron emission Spestra at
14 MeV inoidence energy, but also fer the interpretation of the cress seetions
of the (n,2n), (u,pn) and (n,mp) resetions, The main mass number and excita-
tien emergy trends ean be isolated, but the need of a careful consideratien at
each individusl nusleus is indieated,

References
[1] D. Seeliger, K, Seidel and D, Wohlfarth,
Conf, on Neutron Physics, Kiew (UdSSR) 1971, Proc. p. 243;

D, Hermsdorf, S. Saseonov, D, Seeliger and K. Seidel,
Conf, on Nuclear 3tructure Study with Neutrons, Budapest (Hungary) 1972;

[2] .M, Braga-Maroazzan, B, Gadioli-Erba, L, Milezzo-Colli and P.G, Sona,
Phys. Rev, C6 (1972) 1398;

G.M., Braga-Marcazzan and L., Milazzo-Collt,
Intern, Sem, on Interaosions of Past Neutrons with Nuclei,
Gaussig (GDR) 1973, Proc, p. 39:

[3] M, Blana, Phys, Rev, Lest, 27 (1971) 337;
[4] V.D. Weieskopf and D,H, Bwing, Phys, Rev. 57 (1940) 472;

[_5 P.G, Perey, Phys, Rev, 131 (1963) 745;
A. Lindner, IPK-17, BANDC 73 "U" (1966);

@] U. Peasoini and B, Saetta-Menishella, HSnergia Nucleare 15 (1968) 54

[7] A, Meister, D, Seeliger and K, Seidel,
Wiss, Zeitsche, d, PU Dresden 24 (1975) H, 5;

[8] 5. Hotub ana ¥, #indwo, Phys, Lett, 568 (1975) 143;



-38 -

[9] E. GCedioli, E, Gadioli-Erba and P,G, Sons,

[r0]

]
[12]

[3]

[14]
[5]

Nucl, Phys, A217 (1973) 589;

C. Birattera, F. Gedioli, E. Gedlioli-Erbs, A.,M, Grassi-Strini, 2, Strind
and G, Tagliaferri, Nucl, Phys, A201 (1973) 579;

P, Decowski, #, Grochulski and A. Maroinkowski,
Int, Sem, on Interactions of Fast Neutrons with Nuclei,
Geussig (GDR) 1973, Proc. p. 71%;

C., Birattari, E, Gadioll, A.M. Grassi-Strini, G, Strini, G. Tagliaferri
and L, Zetta, Nucl, Phya, A166 (1971) 605;

Jo. Bieplinghoff, J. Ernst, A. Hardt, R. LShr, H, Machner, T. Mayer-
Kuckuk and R, Schanz,
Int. Conf, on Nuclear Physics, Munich (PRG) 1973, Proc. p, 516;

K, Miyano, H, Sekikawa, T. Kaneko and M, Nomoto,
Nucl, Phys. A230 (1974) 98;

G, Maples, G,W, Goth and J, Cerny, Nucl. Data A2 (1966) 429;

U, Paccini and E. Saetta-Menichella,
Energia Nuclesre 15 (1968) 54; interpolations with: D, Seeliger and
K, Seidel, Wiss, Zeitschrift TU Dresden 21 (1972) T714;

A.V, Ignatjuk and Ju, V,Sokolov, Jadernsja Fisika 17 (1973) 723;

AV, Ignatjuk and Ju, V.Sokolov, Int, Sem. on Interactions of PFast
Neutrons with Nuclei, Geussig (GDR) 1973), Proec., ZfK-271, p. T;

P,E. Nemirowsky and Yu, V, Adamchuk, Nucl, Phys, 39 (1962) 551;

K, Seidel, D, Seeliger and A, Meister,
3rd Conf, on Reutron Physics, Kiev (USSR) 1975, Preprint TU Dresden
05-26-75,



-39 -

ANALYSIS OF DIFPERENTIAL ELASTIC AND IRELASTIC SCATTERING CROSS SECTIONS BY
HAUSER-FESHBACH-THEORIE

A,H, Mohamed, T. Schweitzer, D, Seeliger, K, Seidel, S, Unholzer
Technische Universitidt Dresden, Sektion Physik,
DDR 8027 Dresden, MommsenstrafSe 13, GDR

Abstract:

The differential elastic and inelasstic scattering cross sections of 3.4 MeV
neutrons for the elements Na, Mg, Al, Si, P, V, Mn, Fe, Co, Pb and Bl have been
determined experimentelly. Obtained anguler distributions are compared with
optical model and Hauser-Feshbach theory calculations by the program ELISA.

1, Introduction

We have measured the 8ngular distribution of the soattering of 3.4 MeV neutrons
for 11 elements {Na, Mg, Al, Si, P, Mn, Pe, Co, V, Pb, Bi) for investigations
of the reaction mechanism in the middle range of excitetion energy, to proof
the validity of the statistical theory in this energy region and not last to
find a consistent and asbsolut description of the neutron scattering dates over
a wide range of nuclear masses, Systematical measurements are also important
for the evaluation of more accurate neutron data,

The experimental distributions are compared with the results of optical model
calculations and predictions of the statistical theory with inclusion of level
width fluctuations for Mg, 28si, 7®re, 2091,

2, Experimental method and data presparation

The measurements were carried out at the 500-keV pulsed besam DD-neutron genera-
tor of the Technical University. Scattered neutrons were measured with the
time-of-f1ight method in the energy range from 1 - 3,4 leV between 15° and 150
A more detailed discription of the experimental method is given elsewhere [ﬂ_
The main part of data handling and analyeis was carried out with computer
techniques at the BESM-5 computer,

Corrections for the measured cross sections were carried out with the computer
code KOREKT,

ALGOL PROCEDURES:

KOREKT -~ main program

GEORK - corrections for geometrical effects, computation of integrated crose
sections,7< 2-fitt1ng of the angular distribution in a Legendre Po-
lynom reprasentation

AMEISE - corrsctions for flux attenuation and multiple scattering effects
for integrated and differentisl oroes sections

ZEICHN =~ graphical representation

For unfolding of the neutron time of flight spectra, computation of cross sec-
tione, estimation of the neutron energies we have written the program system



Pig., s

-8
)

L

L

"

120 ™M %0 50 M0 0 80 180 200 M 20

A J F U WD U VU ST WS T WUV W U |

1400

1300 +

g

1
W

T R E S 9 8 8 8

#0YuouDY

i |

Kona!

&
L
L)
R
8
IR
R
s x
o = R
o &
.w
®
2
2
s
R
{»
F IR U WA G VU UV NS U SN U G 1
R RRYIRBO § § R B B
HoyunouoN



- 41 =

PIRM, which consists of a row of self contained ALGOL-PROCEDURES and PORTRAN-
SUBROUTINES,

PIIOCEDURES:

PIRM - main program

PITGS - for)(z-fitting of dimcrete time-of-flight spectra with analytical or
experimental reference peaks

GAUSS - for computation of analytical and traneformation (in position and am-
plitude) of experimental reference peaks

GRAPH - for graphical representation

SUBROUTINES:

SICMA - for estimation of cross sections and neutron energies
PITPEL-
INVERS-

The main problem in dats preparation is to reduce streang overlapping neutron
peaks, The overlesp is naturally caused by the final energetical resolution of
the experimental system. The problem is enlarged with strong distinctions in
the amplitudes and also because of the dependence in the shape of the time-of-
flight peaks from parameters of the pulsing system, It is here not possible to

for oomputation of the experimental errors

give any general resolution function, which can act steadily on the experimen-
tal distributions,
What we can do in this principal matter from an physical poiut of view?

1. All the parameters of overlapping peaks are independent from each other. Ve
have in an analytical representation a lot of fitting parameters (number of
overlapping peaks %" in the case of nonsymmetrical Gauss curves), This gives
mostly a bad adaption to experiments

2, Partition in analytical groups (the shape of the curves 1s set parameter).
That gives a better representation of the experimental districution in the
case of comparable anplitudes (even if we cannot see any structure)

3. Partition in groups of experimental reference peaks, which contain the epe-
cial structure of the equipment., The last gives most possibilities to get a
best fit of the overlapping time-of-flight peaks even in cases of large dis-
tinctions in amplitudes. These facts are shown in fig., 1 and fig, 2, We have
uged analytical functions of the nonsymmetrical Gaussean type, which give a
sufficient representation of the time~-of-flight peaks,

EXPERIMENTAL ERRORS

Statistical errors of the peak arreas have been estimated to be less than 1 %
for elastic scatterine and better than 5 % for 4inelastic scatterinz, Systemati-
cal errors within the angular distributions are mostly affected by geometrical
uncertainties in the distence between target and scattering sample and by un-
certainties in the unfolding of time—of-flight peaks (between 1 and 30 %) which
in some cases overlapp strongly.

Such errors are stated in figures 3-6,



2y Theoretical snalysis

The experimentsl croes sections have dbeen compared with theoretical predictions,
which consist of calculetions of the shape elastic scattering cross sections by
the optical model and of the compound reaction components by Hauser-Feshbach
theory with Noldeuer fluctuetion corrections. Both type of calculations were
carried out by the ccomputer program ELISA [2]. which includes the following
possibilities:

- celculations in the framework of a usual spherical optical potential;

- calculations of compound nuclear processes in the framework of Hauser-Fesh-
bach statistical theory, eighter with or without Moldsuer fluctuation correc-
tions, In tkis calculstions besides the discrete levels of final nuclei a
continuous part of finsl states, with definite level density parameter a and
spin cut—off factor 6 , may be included.

- Calculations sre possible for spins G, 1/2 and 1 of incoming or outgoing per-
ticles,

in the present work optical potential parameters from Holmqvist [3] were used
for all calculations, eo that nn fitting procedure was needed, In the statisti-
cal theory calculations the open proton and alpha channeles have been taken irnto
account,

4, Results and discussion

Cn figs, 1-4 comparison between experiment and theory i¢ shown for eome typical
representatives of light, medium and heavy nuclei,

Altogether, the computed elastic differential cross sections are in good accor-
dance with experimental results, In all cases besides the shape elestic reac-
tion a considerable scompouni elastic part of the cross section must be added,
In t'e case of 2851 the compound elastic pert seems to be overestimated by the
‘statistical theory (see fig, 4), '

The calculated inelastic cross section is in good egreement with the experimen-
tal results for the firat 2?* —atste of 24Mg (see fig, 3). It seems, that no

essential contributions of other reaction mechanisms in this case are evident.

28

For ““31 (see fig. 4) there are striking deviatlions between celculetions end

experiment for both elastic and inelastic (2+ level at 1.77 MeV) cross sections.
If we asgsume, that the compound nucleus formation cross section is overestima-
tedl by an factor 2, than we get a satisfactory description of elestic scatte-~
ring. dut in thie cese the excisting discrepancies for inelastic scattering sre
in~reaged, leading to the assumotion, that for the excitation of the 2% state

an other (direct) reaction mechanism is resronsibdle, A reason for this behaviour
is prcbably due to the considerable deformation of the 2881 ground state, Pur~
ther inveatigations of this noint are needed,

The dlfferentiml elnstic scattering rross section for 56Fe (sse, fig, 5) 18 in
2 good sgreemsnt with calculations, whereas the experimental inelastic crose

gsection for the first 2% state at 0.R¢ NeV ig considerably higher than the re-
sults of cel-ulations by the ctatistical theory., We mssume that this is die-to
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Fig. 3: Differential elastic and inelastic scattering cross sections in the cen-

ter of mess syastem for 24Mg at 3,4 MeV incident energy.

Theoretical curves (full 1ines) are calculated with the program ELISA 2 inclu-

ding optical model and statistical Hauser-Feshbach calculations with Holmgqvist's

optical model parameter set 3 ,

ag elastic acattering; T - total elastic, S - shape elastic and C - compound
elastic contributions,

b) inelsstic scattering with excitation of the 1-st state,

direct 2xzitation processes,

Algo for th2 neavy nucleus 2OgBi (fig, 6 ) elastic scattering 1s well described

by the prograsm emoloyed, In the case of inelastic scattering the situstion is
different for the two excited levels: For tre first excited 7/27 state at

0,91 MeV both stape and magnitude of stetistical theory calculmtion are in aa-
tisfacrory sgreement with exneriment. A small, orobabtly direct, contribution is
ev{dent, The calculations, corresponding to t~e second state at 1,41 VeV are
bazed on tre spin-parity sssigument J'= 13/2% [4]. Tmeoretical predictions only
in t=is one case are righer than experimental cross gections, mnd the shape of
anzular distrib.tiens is also different. Further calculations are needasd, espe-
clally with other 71r -assignment,
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S, Summary

- It #as shown by some examples, that the differential elastic scattering croses
section at 3,4 MeV neutron energy may be well described by the computer pro-
gram ELISA, including both shape elastic and compound elastic contributions,
The Holmgvist's optical parameters have been found as a very useful parame-
ter set for this purpose,

- The experimental differential inelastic scattering cross sesctions in general
are not coampletely reproduced by the statistical Hsuser-Peshbach theory in-
cluding Holdauer fluctuation corrections, Ve assume, that additional direct
contributions must be taken into account, even in this comparatively low en-
ergy region around 3 MeV, Further theoretical investigations are needed to
confirm this assumption,
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IMPROVED CORRECTIONS FOR THE IMPROVED ACTIVATION TECENIQUE OF 14 MeV NEUTRON
CAPTURE CROSS SECTION KEASUREMERTS

G. Pet8, Institute of Experimental Physics, Kossuth University,
H - 4001 Dedrecen POB, 105, Hungary

Abstrect

A new way of corrections is described for the 14 MeV neutron capture croes sec-
tion determination by sctivation technique. The method is tested experimentally
by the "51n/n.'r /119814 reaction.

To explain the disagreement between the capture cross sections obtained by thre
epectrum method [1], [2] and by the sctivation technique [3] ’ [4] some [5—8]
more asccurete activation measurements have heen performed. These work using
proper and improper, overlapping or contradicting correctione were adble to pro-
duce capture cross sectiona as low ss the result of the spectrum method, Using,
only the more realistic correcting method of the above papers: target backing
thickneess dependence, sample thickness dependence end assuming a constent back-
ground 1t was not posesible [9 to get such low cross section for In and Au.
These high cross sections may arise [10] from the emission the distance depen-
dence of scattered neutron background, The aim of the present work is to in-
vestigate this effect,

According to the calculations of Bddy et al, [11] the target backing can proiu-
ce a distant dependent scattered neﬁtron background, In order to find this
background experimentally we have constructed e sample holder for irratiations
at different distances. The sample Lolder with the earlier [9] target head is
shown in Pig, 1, The sample is fixed by air pressure difference to a tube con-

A SAMPLE WOLDER

? ~
1 2
. v 1]
4 '
Al TARGET “urxmr_
HOLDER SAMRLE o J 10 e
. ? ] £ vacuim -
5 . B8R 1 PuMP
- s v P -
’ : Y (N}
. 50 q& v
0-RING Q515
ZZEEZD 4
Al COOLING -AR TUSE
'
- .. % -
7lz. 7: The *arget-sas-i:. .rrangement. The sanple 18 fixed to the Ui tube by
the press:re 1{fference proliced by a vacuum=-pump,
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Fig, 2: The szp=rent ectivation cross section for the "SIn/n.]' /"E"In resc—
t%0n i{n the function of distence froa the target., The formula 3hows that tre
extranolate? value to the :zero thickness still sontains the contribution from
the scatiere? neilron background.

necte? to & mcium-oumo, The cross section measured with - and without the
ssnple neller have not shown any effect from the holder, A tritium terget on an
Al sacking [12] #s3 used for neutron production. The other details of the ex-
neriiental technijue agree with the earler work [9].

The Figx, 2 shows the o~tained listance dependence, As we have remarqued before
[11_] we do not think to ge®! any reasonable correction by extranolation of this
curve to the zero distance, It was even impossible to fit the calculated depen~
lence [11] to the meaa-res? on2 because of thelr comrletly 4ifferent shape., Ho-
sever this effect still =ipght be imoortant in case of 2 conoer target backinz,

To Jdetermine tne origin of the obtained distance lepenfence the pocsisle simo-
lest rodel waz assumel:

1. A acatiore? nestro: hackzround exists arount thke target oroduciag sctivity

in =~e samnle according to the followinz ‘ormula:
Ko ny WG . §, /R

atere . is a con-tast lepending on the irradistios: time and 8o cn, n, the
narher of tne target atoms., "?" indlzates: it i3 rot sure trat the aétlv‘.ty
18 crorortional #fth n because of the self-skielding in the eomple.é,, /R?/
is thre scattere? naitron flux. Tt 1 alaso not aure t'at it depends on the
Aixtance /n/,

. Tn tre samnle the 14 UaY neutrsn flux / 6 14/ produce a scattered neutron

flux proso~tional with %%3 sample thickness d, so the contribution to the
artivity is e
...l‘: .n.d. ; ’4-
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3. 3411z to these tle sctivity nsroduced by the 14 XeV neutron beam, tre total
activity o’ the sample /‘n1'/ ca= be giver 1a the following fora:

Rep = Kn (64* Kd) § o+ Kn6y §u(R) (1)

.o 11
Iz the present case the 14 12V neutron Zlux is ~eesurel by the 5Inln.n'/
''5212 1mner montitor reaction so _ )
§o =K Lo
» n

w are 1 is the sctivity croduced in tte edove reaction. So we have

an’

Ang ~ KR (6n +Kd ) Arer' + KinGyudu (R) (2)

Clottiag ithe measurel An!’ sctivities at & glve- thiciness /d/ in tre func-
tion of an' e 3traight lines h=s been obtsined indepeniently from the place
of irradiastion. Camnles were frraliated in formerd direction at s distance
of C.3,2, 5, 10 and 20 mz, ot R iifferent sositions on the target daciking
an? Yackmard iirectiozs, tos. Tie result is stown in Fig, 3
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Fii. 3: The new corvrection method, The linear depen’ence of the A ‘¥ activities
on the A+ actirvities obtained by irradistion of thre samples at 2! ferent 4i-
rections proves that the gcattered neutron backgrouni 1s constant and one can

obtain it fron the A,nr = 0 /§14 = 0/ extravoletion, The thickness densendence
can be letermined from the slope difference of the lines,

ke linear dependence, at lesst in first anproximatilon, proves tre validity of
te assunntion that t-e geattered neutron background does not depend on the dis-
tance from the target, It also shows the negligiblebility of the scattered neu-
trons from the Al target backing. The two Aifferent thicknesses render it pos—~
sible %o determine the 1 - O corrected 1ine, In such a way, takinz into mccount
only the constant backgzround snd the thicknese depenidence one can zet a cross
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section of 1 mb, This value would be in good agreement with other results but it
might slso be an accidental agreement because of the different way of correc-
tions,

Our further plan to investigate the details of the thickness dependence, the DD
neutron background and so on, but now we think that the above simple correction
method can advantageously applied for the determination of the fast neutron cap-
ture cross section,
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NONSTATISTICAL EFPECTS IN THE @ ln (n.r)nsln REACTION INDUCED BY NEUTRONS IN
THE O - 2 MeV ENERGY RANGE

J. S. Brzosko, Institute of Experimental Physics, Warsaw University, 69 Hoza
street, Warsaw

E. Zukowski, Department of Physics, Bialystok Division of the Warsaw University,
41 Lipowa street, Bialystok, Poland

S. Zaremba, Institute of Nuclear Research, Swierk, Otwock, Poland

Abatract

The problem is discussed of the intermedlate structure existing within the fra-
mework of the compound nucleus including a resonance in the Y -Tey strength
function for Ety ¥ T MeV, The analysis i1s based on new experimental data as
well as on our earlier data so far not explored which are subjected to a new
treatment., The thermal and resonance data are take into account. The present
authors propose explanation of the anomalous maximum in the (n,y ) excitation
funotion for En T 1 MeV by the exlstence of the particle-core configuratione,

1, Introduction

In the recent years the radiative capture in the 1151:1 nuclei was investigated
by many authors, The analysis of nonstatistical effects based in the neutron
resonance region [1 reveals no deviations from the statistical model, A similer
conclusion results from Corvi and Stefanson's experimental date [2] concerning
the population of the low-energy states in the (n, y) process, On the other hand
the same dasta reveal important correlations(rfn; nlf}')and (ﬂn, rA’i,for Y-
transitions which do not play a significant role in the (n,z) reaction.

For fast neutrons, E, = 0-2 MeV, fluctuation of the low~energy states popula-
tion was observed [3 .

Especially interesting is the abnormal maximum observed in the excitation func-
tion see (fig, 2), It appears near the neutron energy of En = 1 MeV and for this
value 1t accounts for 30 % of the reaction cross section, When analysing the
nature of the mentioned maximum of the cross section for low-energy state popu-
lation against neutron energy account was taken ofs

- part of the earlier experimental data not explored as yet by our group (popu-
lation intensity of low-energy states measured in coincidency with gammas
Ep23.5 uev [3]),

~ emission intensity of the high enerquf ~pays against neutron energy [4].

- intensity of the direct 7’-transiticn- to low=energy states and its depopuls-
tion intensity for resonance [3] and thermal [5] neutrons,

2. Experigental
The measurements of ¥ -ray spectra were carried out in an enolosed neutron
source geometry (fig, 1 [ﬁ]). It deserves emphasis that less than 15 % the $o~



tal number of the 115In(n.a')
iaDun ST 116]n reactions were initiated
i \ by aslowing-down neutrons, and
'\ i this contribution was controlled
\ N v in every run by comparing the

PRAFE. S - a 116
8- — induced activities of In and

"W [5]).

The low-energy part of the ¥ -

s |

spectrum, determining the popu-
lztion of low-eneegy states,was
measured using a 17 cm3 Ge-L1i
detector,

PRAZFIN « fs

uar e The earlier data come from mea-~

surements in a coincidence re-

2 Ll S ISR S The g ra, B30 e,
(H’X) react ions, J’ T Yere registered using the

NaI(T1l) counter., These counters

were operated in a fast-slow co-
ircidence system, The x -gpectra were analysed by the SAMPO computer procedure,
tre atatistizal and peak extraction errors were of the order of 5-50 i, The oco-
incldence experiment eliminates the gtatistical part of the a’-spectrum

T8X e~

<El 2 leV), arnt makes it nosslible to observe the nonstatistical sffects,

3, snalysis of the data in terms of the compound nucleus model

"lculations of the total and partial exclitation furnctions and J’-ray spectre
were parformed bazing of tre modified method proposed by 3tarfeld [7] and con-

tinuatel by our group [9], [4], [9]. In this method the probability ofzr -ray
emission has tite form:

B «Ey 6y (Eg) S(E* J) a

wrere: Giris the absorption cross section and ¢ is the density of the final
nucleus levels, TheG}-incluies alongside trke gilant E1 resonance also the reso-
nance-like =mplification (ER) at energies 6-8 eV, The following analytical
form has been adopted:

Gy (Ef)=0.0133 82 E,. &Lﬂilb;ﬁzﬂ_a-b),ﬂaﬁﬂﬁlﬁx-_hllb (2)

EH[G; - Eu)z + % rﬂ] Een [(EEI- Ey ) % m

wi.ere: EE1' r'E1 5 EER) r‘ER are the characteristics of tie giant E1 and ER~re~
gmanced, b 18 a parameter defining the relative contribution of the ER-reso=-
rance with regard to the giant one, and d is the resonance shape-factor parame-
ter, In the calculations we assumed [ ER 7 MeV ard r‘ER T 1 eV, The predic-
tions were nerformed usins the DRABINKA programme quoted in refs, [4] and[9].

The ER-resonance parameters were fitted to obtain agreement of the theoreticel
preiictions w#itli the experimental data, In the calculations the level density
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parameters [10] and E1 giant resonance parameters were fixed, The transmission
coefficients were taken from ref, [rﬂ. It was foun? that the calculations are
strongly dependent on the b-parameter. Resonsble cianges 1n the normelly flxed
paremeters do not effect drastically the b-valuc when analysed against excita-
tion energy, and do not destroy the concistency between experiment and theory.
In result we obtain a fairly good agreement for the (n.)a) and (n,n" ) reac-
tions, i.e. of excitation curves, high-energy perts of y -spectrum and its neu-
tron energy dependences (fig. 2), isomeric cross sections for the (n.)’) pro-
cesses, and of the partial excita-
tion curves for the (n,n‘aa) pro-
cess, The b-parameter determined in

EXPERIMENTAL DATA
t'AU-'rU_L_ATIM— b=fi&n

= 04t this way wae used to oredict the
lé; Bt population intensity of the states
at v~ E¥= 273 keV (Ep = 273 keV) and
| 50.0005 E% = 313 keV (Ey = 186 keV) (fig.3),
¥ =
B ag well as the spin distribution
a4 + + e —_ of the low-energy states obtained

via a Y -ray cascade from tre com-
pound nucleus (fig. 4).

4, Population of the low-energy
states of 1

"91n and its reletion
4 to the nonstatistical effects

£, J.rsﬂev)/&r,,“,)

‘g Existence of the resonance-like
& * M structure in the y -ray strength
- 5t ) function 1s a well known experimen-
Ei 4 ) tal fact fairly well theoretically
“;- 3t . explained [12]. The ER-resonance
~ 41 1 may be treated as a general proper-
1k - ty of nuclei, It is the reason of
o A<J the bump appearance in the Y -spec-
04 08 12 44 As 8 [MeV] tra emitted from highly excited
Neufronfne/gy nuclei, This fact annot be treated
as a nonstatistical effect and is
Fig, 2: Comparison of the exoverimental data 1n sgreement with the statsstical
?2? ;;S ?ngigﬁgdlg::;egaggﬂgg ggefgizgizs theory of the comnound nucleus DB].

presents the energy dependence of the b~

parameter The Aenendence of the h-parameter

on energy discussed in Section 3

violates evidently the Arink hyoo-
thesis [14] (it is assumed that tre nuclear protoeffect 18 independent of tre
detailed struoture of the initial state, so that if it were possi-le to nerform
the photoeffect on an excited state, Gk would have the same energy dependence
a8 for the ground state) and cannot be exnlasined by the ER=~resonance, buv may
be ascribed to the existence of the intermediate configuration strongly couoled
to the exit channel, In the case discussed ahove we exclude the nosaibility of
the directlike process appesring because the general properties of the compound
nuckeus are realized (see Section 1), and this phenomenon acco.unts for nearly
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Fig, 3: Population intensity of the levels
E% = 273 keV (Eg = 273 xeV) and E¥* =
313 keV (E ¢ keV) measured when the
coincidence regime is ewitched off. The
golid 1ines refer to predictions obtained
as a result of the partial calculations
shown in fig, 2. The notation E1, M1 in-
forms us that the population of she low-
energy states whose spins differ by unity
with respect to the measured ones, has been
added.

30 % of total reaction oross
section.

To investigate the nature of
the intermediate configurations
close to the excitation energy
B = 7,8 MeV (E, 2 1 MeV) of
the n In nucleus we have ana-
lysed the population intensity
of the low-energy states, Fig.5
gives a comparison of the two
measurements, In the ratio of
the two strongest } -transi-
tions between low-energy states
is measured for all p -cascades
of the compound nucleus, in the
other the same quantity is mea-
sured in coincidency with high-
energy, E:§ 3 MeV, y -transi-
tions, The data differ both
quantitatively and qualitative~
ly, Pig, 5 additionaly shows
the difference between the abo~
ve mentioned data and those ob-
tained for thermal and resonan-~
ce neutrons [5],[2]. The struc-
ture observed in fig, 5 and 3
does not provide sufficient ex-
planation of the b-parameter
phenomenon,

Let us try to compare the co-
incidence experiment results
for many lines with the experi-
ment performed for thermal and
resonance neutrons, The data
are compared in fig, 6 and in
Table I for neutron energies of
= 230 ¥ 150, 1060 % 100,

1950 ¥ 130 keV. These neutron energies lie below, in and above the phenomenon
energy range, Fig, 6 and 4 show that the main portions of the population inten-
sities and spin distributions have the ssme cheracter for sll energies under
study, Since our first energy point of En = 230 and the thermal one are close to
the same excitation energy of the compound nucleus, it is possible to compare
the results for the coincidence regime switched on, As g result we find (see
Table I) that the population intensity decreassmes tovz 20,3, which 18 in a good
agreement with the role of the high-energy transition in the total (n.)’) cross

section (for E, = 230 keV we have R 0.4),

Let us consider the low-energy states or the }'-transitions which fulfil simul -
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Fige. 4: The spin distribution of the Fig. 5: Ratio of the two strongest
low-energy state fed via a y -ray ~transitions between low-energy
cascade from the gompound nucleus, states, @ and /\ measurements for
X-thermal data Tﬁj, - =230 keV, cagcades observed at switch off and
Q -E,=1060 keV, '©"-E;=1950 keV, The on regimes, respectively,

letter three data come from coinci-
dence measurements, The 80lid curves
preaent the predictions for the co-
incidence regime at EX = 0~2 MeV

. simple measurements at
By = th, end — — a8t E, = 2 leV,

taneously the following conditions (see Table I):

i) belong to the group which does not realise epin distribution predicted by
the compound nucleus model (i,e, to the group with spins I = 2 or 8, see
fig. 4),

11) have e high value of the spectroscopic factor Sdp,

111) ve directly ropulated from the compound nucleus decay,

iv) have a population intensity similar to the total (n,a)) cross section or
to the b-perameter energy dependence,

v) not be strongly switched off by applyinz the coincidence technique

Fizs, 7-13 present schemetically the pelected data and the realisation of the
mentioned conditions,

As it is seen only the cases shown in figg, 7-10 are interesting, All the pre-
sented levels have an importent single-particle component \)hthr jTg%h
coupled to the rest of the nucleus. Taking into account that the population of
the analysed states results from the high~energy ¥ -transitions, and the sing-
le-particle components are of high l-value tyne, we can assume tiat the com-~
pound nucleus decay proceeds *'- exit states |15), Its decays may be described
a8 single particle trane'ti .. 8 field of the core, the rest of nucleus in
the excited or ground : o riga, 11-13 show the crses when the ~tates under
congideration are not fed in the first step of the t’-cascade.

sunulating the sinzle particle data (Table 11), possible cores and charascteri-
gtice of inveatigated levels [16] it is nossible to suggest the configurations
of compound nucleus responsible for the population of low-energy states,
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4 Piga, 7-13 show our interpretation

of the data, Ve suggest the type
of single particle component in
the compound nucleus and in the
iz, “: The observed populatign inten~ low~energy states which plays a
sities memsired in t'e coincidence .
regine versus te population intensity domirating role in the high-energy

of the same states for trermal neutrons t’-tranaitions left~-hand part of
when coincidences are switched of?,

I’ (En"h)

the diagrame., Since only some of
tte diagrame have configurations
vith maximum for En = 1 eV, {1t

1a proposel to treat such configurations as the source of the nonstatistical
effect and the o-parameter phenomenon, It is imoossible to extend our knowledge
on the characteristics of the proposed configurationg, because the information
abou* the wave function of the low-eneryy states is limited,

24 Summary

As a rejult of the discusoion of the rick and variegated experimental msterial
the gross structure of the intermesdiate configurations existing in 116In et ex-
citatton energy E¥ % 7.8 MeV has been detected and explained, Of course, the
sugzestion presented in Section # should be veryflied on other paths because in
fast-neutron reactions many resonances and reaction channels with different
spins and parities take vart, The poor energy resolutlon of the neutron beam,
because of tre intensity problem, allowed to study the substructure with a width
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Table 1: Data concerning low-energy states (see Section IV - conditions i-v)

R, = th 22302150 keV xn=1oeoi1oo kovl ‘n=195°=15° keV
1.(E ta Iz(Ex)] o € ta Iy(Ev)] t o

2| o7 sw |5y | s, [PRRl1] 1y S| )] 5 M |G| 1, Bl 1y
019 47,57 53,6 | 1264 {0,18 [15 | 25,2 { 0.02|l 90 | c.6 | 0,10 35 | 2.5 |0.08 {35 | 1.4 |o.02
973 4:,5:,6: 36,0 | 749,6 | 0,06 {20 Bes | 0s27] 20 | 7.9 | 0,45 20 11,1 |]0.20 |30 | 3.6 (0,95
970.5|4 ,5 46 1,2 | 011 ]20 | 15.2 [ 0.13]| 15 | 3.8 | 0,19 15 | 4.7 [0.21 |15 | 4.9 |0.25
892.6] 4 68.1 | 384,5 | 0,11 {12 15,5 | 011| 9] 5,14 | c,08[10 | 2,0 |0.09 |30 | 1.6 |0.33
433,72 0,26 |20 | 35,4 | 0.26] 20| 7.8 | G,18]| 30 | 4.5 |0.21 |35 | 3.8 |0.22
a829.1| 4* 11,6 | 171.1 ] 0.13 |18 | 18 0.1} 40 | 3,3 | 0.35] 20 8,8 |0, 24| 5 | 4,4 0,18
556.1 | 0.07 110 | 10 0,06 15 | 1.9 | 0,19] 20| 4.9 |0,93]22 [ 2.5 |0.19
813.3| & 11,5 | 155.3 J0.11 |22 | 14.6 | 0.13) 25 | 3.8 | 0,24 24| 6.1 0,24 {40 | 4.4 0,26
789.3 7* 9.5 | 140.5 [0.10 |20 | 13,7 | 0.11] 15 | 3.4 | 0.17| 24 | 4.3 |0.25 |15 | 4.4 [0.25
7a5.8| 3* 2.1 | 471.8 |o0.18 |15 | 25.3 | 0.31[ 20 | 8.1 | 0.42] 6| 9.3 [0.39]12 | 3,9 [0.32
7235,7| a*,s* 7.7 | 608.3 | 0.1 |30 | 18.8 | 0.37] 14 {11.0 | O.44] 16 [11,1 |0.68 [ 30 [12,3 ]0.59
729 3= |0.81 2.7 | 173.8 | 0.18 |1 | 20 0.31] 6] 9.2 | O.42] 10 |10.4 |0.39]| 6 | 7.0 |O.40

665.6] 8% (0.5 315 0.03|10 | 4 0,18 70 | 4.5 {0,15 |45 | 2.0

375,9 [0.13 [15 | 17.6 0.16| 5| 4.0 [0.23]30 | 4.1
658,11 3* 7.7 | 385.1 {owel12 | 14,3 | 0.29] 9| 9,2 | 0.63] 10 |15.9 [0.52 {30 | 9.4 Jo.64
688.9| 6 0.66 10.6 | 335.4 | o.u435]10 | 59 0.33] 20 [10,0 | 0.26] 50 | 6.6 {O.48| B8 | 8.7 [0.17
$56.8| 2~ 20.0 | 556.8 | 0.15 |10 | 20 0,19 15 | %.5 | 0.05] 20| 1.2 |o.,12 |22 | 2.1 [0.2?
508.2] 3* [0.81 284,9 | 0,20 8 | 27 0. ) 30| 4.3 | o.s0] 8 |10.0(0.20]|30 | 3.7 |0.16
825,9| 4* |o.26 6.1 | 202.6 | 0.08| 6 | 10.6 [ 0.1 35| 4.3 [ 014 29| 3.5 [0.25] 5 | 445 |0.41
298,7 | o40| 9 | 55 0.72| 5|21.6 | 0.58| s |4s.5|0.45] 8| 8.1 |0.39
313,5| s* |0.57 12,1 | 18@6.2 | 1.00 | 12 [138 1.00| 51|30 1,00] s|25 |}1.00] 5 [18.0 [0.22
273 2t 2.4 ) 273 1,48 | 15 |197 1,66 5 |49.8 | 1,49] 7]37.311.14] 5 |20.6 |0.25

If - relative intensity per capture x ‘1()3 ! Iy (186) = I)’ (3?’ = 186 )oV)
sp =1/ 0 Fp) [107 wev 3]

‘= 1y (coinc, on) / Iy (coinec, oft)
n b g b ¢
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of the order of 102kev, only. This means that only 3imple configurations could
be observed,

Table 2: Possible single particle transitions for excitation energy of partic-
les clouse to 9 MeV

Single particle transitions r’ap (aV)
Vi 13/, — vhil, 226
wf T2 — Td 52 162
’l’f Trgg — Ty Yo 4
Th Vi, —> xg 9> 30
TY 772 — % °n 297
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FURTHER MEASUREMENTS OF THE PROBABILITY OP of ~CLUSTER PREPORMATION BY MEANS
OF (p, o) REACTIONS IN HEAVY ELEMERTS

1. ¥ilazzo-Colll, G.M. Brage-Marcszzan, M., ¥Milazzo, R. Bonetti
Instituto di Fisics dell'Universitd, Mileno

1, Introduction

It was shown in previous papers [], 2, j] that the domineting resction mecha-
nienm 1n(p.a£)rcactions on & number of heavy nuclei at v~ 20 MeV incident proton
energy is the pre-compound emissions of the L -particle, which ie sasumed to
be a preformed ol -1ike ocluster in the target nucleus. This mechanism i1s desori-
hed in detail in the above-mentioned papers on the basis of the "exciton model™,

in t-e formulation of the theory of of —-emission by pre-compound mechanism a
coefficient \P ie introduced that acts as s normalizstion coefficient, which
car -e interpreted as a preformation probability of the ol -like-clusters in the
target nucleus. The value of this coefficient i{s extracted by fitting the ex-
perimental results,

This paper reports new measuraments on (p,of) reactions on the nuclei 139La.
1400, 1505y 15604 171y zo;,zosn' 206,207,208y, 20933 4na 232p, gone under
experimental conditione sixzilar to those reported in previous papers [1 R 2].

It is also reported the anslysis of 197Au(p.,¢,) and 181Ta(p,oL) at incident pro-
ton energies varying bYetween 20 and 42 eV obtained in somewhat different ex-
perimental conditions by Iori et al. [4]. It is shown below that the precompound
enission mectanism as outlined above is the dominant one with the axception of
nuclel near the double shell closure Z = A2, % = 126, The of -cluster preforma-
tion coefficients are obtained from snalysis of these measurements,

2, Experimental apparatus and experimental results

The measurements wsere taken using the proton beam of the University of Milano's
A.V.P, Cyclotron, In our weasurements the of -particles were detected at four
angles, 30°, 60°, 90° and 120° with an angular aperture of ~ 5°; solid state
girface barrier detectors snd standard electronice were used; the detector
thickness was 400 /9 for the measurements taken at incident proton energiles of
20 and 22,89 ¥eV and 700 /u at 25 and 30 MeV,

Actually, the thickness of the detectors limits maximum energy loss to 7.2 MevV
for protons end to 9,5 MeV for deuterons in the measurements at 20 MeV, On the
otherhand, the positive J-value of (p,el) reactions on heavy nuclei and the pre-~
sence of the Coulomb barrier produce high energy of ~particle spectra which can-

not zontain contributions from other reactions,

At forward angles, however, two proton peaks are present in the spectra. They
are due to protons elastically scattered from the target in the detector snd
scattered again by the silicon nuclei of the dstector st 90° to the detector
axis so that the protons are completely etopped inside the detector lsyer. The
two peaks correspond to the elastic soattering snd to the inelastic lenttoilng
at the firet excited silicon nucleus level, Overall energy resolution was~150keV,
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preformed pre~compound emissione (dashed 1line) and evapo-
ration (oontinuous line), Vertical lines indicate the
known first sxoited levels of residual nuclei.

The ol -speotra obtained at an angle of 60%re ehown in figs, 1, 2, and 3, Pige.
4 and 5 ehow examples of the spectra at four anglee for 15031:: and 2°8Pb The
shape of angular dietribution for the other nuclei is very cimilar,

The energy spectra of emitted oL -particles in the nuclei from Ls to Yb show the
shape typical of pre-compound emission (the theoreticsl shape is slsoc shown in
the figure), 508- and 1400. show some low-energy oontribution from the evapo-
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535. 21 oL -particle spetrs from 203'1'1. 205'1'1, 20931 and
Th in the same conditiones se fig, 1 . In the low part
of the spectra peaks due to scattered protons are shown (P),

ration mectanism, At the high-energy end of the epectrs a few pesks are often
found, which reveal intenee transitions to some levele of the final nucleus evi-
dently due to a different effect, In the heavier nuclei (T1, Pb), the comtridbu-
tion to the spectrum due to precompound emission bacomes less and less import-
ant, and an « -emission producing & spectrum with higher average energy snd well
defined etructuree takes place, This effect, prastically the only one present in
2oal’b. is siziler to what would be expected from "direot intersotion®, It 1is
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Pig. 3: of-particle spectrs from Pb, 207pyp

snd 208Pb in the saze conditione as fig, 1,

probably the same as t..2 one giving rise to the high energy pesks in Semarium
and Cerium, which become the main effect in the lead region, Table 1 shows the
integrate! cross-section valuee for both ths effec’s ocontributing to the (p, )
resotions, Csloulation of the direot effect part 1s only spproximate, becsnse
tue experimentsl angular distridution is not detailed enough for a strongly
rngular dependent effect 1ike this ene.

Pig. & shews the detailed sngular distribution of two pesks which has the ususl
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dirsns pattern,

Another interesting fact to be observed in connection with the direct part of
the speotrum is that the number of pealo does not increase with proton energy
(fig, 7) this shows that only s 1imited number of low-lying final ststes con-
tributes to the direct effect, In other words, the end of the direct part at

the low energy side is not due to the Coulomb barrier,

Studies of th: (p,of) reaotion on 2°5Pb, corresponding to the first exoited le-
vels of the res.dual nucleus 20511. have been done by Hopkins et sl, [5] at
15 MeV and by C, Glashaureer et al, [6] at 35 MeV, The highly seleotive reac-
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As our measurements show, only a small number of these states contribute to the

direct reaction; proton-hole levels with an excitation energy of more than ~v

tion meohanism responsible for these transitions was found to be a triton pick-
4 MeV are not involved,

up, dominated by the proton-hole components in the shell-model states of the

residusl nucleus,
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¢’ ' Ep =20 MoV

ground state

80! (X} ..
40 *
'. .' pesk 8t <15 MeV
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)
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| 000.. e ,

LI

I Fig. 6: Angular distribu-

tions of the peaks corres-

l ‘ \ ponding to transitions to

’f)’.- T e - ;o' 1;0, 50 — ground state and to unresol-

ocm ved levels at 1.3 MeV exci-
tation energy in 29571,

3, Analysis of the results

The precompound mechanism was studied recently by Feshbach, who developed an
exact quantum mechanical calculation for this process [7. Q. The result was a
formula for emitted particle energy distribution which is just the same as the
one obtained in the perturbation theory [9, 10, 1f] which i3 widely used in the
interpretation of experiments,

As already pointed out, an important approximation in the descriotion of pre-
compound emission is the use of the equidistant spacing model in the calcula-
tion of level density., It is well known trhat tris model provides & good des-
cription of the level density of nuclei with proton and nautron numbers far
from magic numbers [12].

The level density parameter "a" in these cases has a well defined meaning and
1ts value, at an excitetion energy of ~ 8 !leV, is known with an accuracy of
tso, Recently, the experimental values of "a" were justified by theoretical

calculastions done by Huizenga et al, [13] hazed on tue iiilsson model, in which
nalring effects were included,

For nuclei near closed shells, matters are complicated by the fact that nuclel
level densities cannot "2 represented by s formula with a constant "a",
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600, 960)
represent

This poinl was
that the level
ponds to a low

Pb at three angles (A = 10°,

‘and at different incident proton energies, Dashed lines

the of ~preformed pre-compound emiasion.

also studied recently by Williams et sl. [14] . It was found
density, calculated 1in accordance witr tre “ilsson model, corres-
value of "a" for tre first few leV of excitation energy and that

it gradually increases until it reactes a value such as would he expectead with-
out shell effect, after which it remains constant, A similar situation exists
for the "faw=-aexciton astates” level densgity,



Albrecht and Blann [35] have in fact made preliminary calculations of the level
denaity function c® few-exciton states for a met of nuclei around the closed
shells at Z = 5C and Z = 82 on the basis of the Nilseon single-perticle levels.
Their results seem to show that the average value of the few-exciton density
states is fairly well approximated by the equidistant spacing model (Ericson's
formula), whereas at the closed shells the level density curve calculated on
the Nilsson model may differ a great deal from Ericson's calculation.

The few-exciton level densitiea ere very important in our calculatiorns aimed at
determining the theoretical absolute value of the cross-section needed ir order
to extract the parameter \f (ol-cluster preformation factor)., We therefore ob-
tained the few exciton level densities from the analysis of nuclear reactions
going through precompound mechanism in the nuclei with nearly closed shells
that we had studied. A good measurement of neutron emiseion under proton bom-
vardment at ~ 13 MsV on 2oePb was done by Verbinsky and Burrus [16] + As they
show, the high-energy part of the neutron spectrum can be fitted by a precom-
pound emission spectrum, starting with an n = 3 exciton number, The absolute
value fitting of this neutron spectrum can be obtained by the pre-compound theo-
ry developed in our previous work [3], where the value of the matrix element
representing the two-body interaction was the one determined in the study of
{n,p), [Tﬂ (n,n") [3] and (p,n) Euﬂreactione. The level density parameter
”ac" of the composite nucleus-which is formed at 25 MeV excitation energy - wae

kept as a free parameter, For tte "ar" of the residual nucleus, which is left
at rather low energy (less than 10 MeV),

' we took the value found in slow neutron

o (mb/ MooV )

experiments,

Fig, 8 shows how the(p,n)reaction on
2oePb is fitted by pre-compound calculs-
tions, where the "a " value is 12.0Mev'1.
This value is about 50 % higher than the
"low energy value" which is~8, A simi-
lar variation of the parameter "a" with
the excitation energy was obtained by
Williams in the above-mentioned paper on
2oePb level density function,

A8 a test of the validity of our calcula-
tions, we applied the same porcedure to
the Ta (p,n) reaction studied experimen-
tally by Verbinsky and Burrus, In fig, 8
we show the fitting obtained for the ab-
solute values, In this nucleus, which is
far from the closed shell, the level den-
8ity parameter is constants with the
gggéb?; T?e n;u;:?n s? ?:r: from energy, There are thsrefore no free pa-

£ rom rg;gregge (23pjnat E;-:g,6Mev rametere in the fitting, The result is

and Eps18 MeV respectively, together very good,
with the caloulated pre-compound
emission (deshed-line). The low ener- From these results, we deduced that the

gy part of the spectrum is due to ng "
evaporation, L value for the closed shell minimum
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must be increased slightly to describe level densities at an excitation energy
of 20-30 MeV, but the closed shell effect is still far from being cancelled out.

The three-exciton level density corresponding to that 'ae' value was used to
caloulate the (p,of) cross-section, where the composite nucleus excitation en-
ergy ranges from 25 to 35 MeV. For nuclel other than 208p), near the closed shell
we took the "uc“ values from the interpolated curve shown in fig. 9.

Table 1 1ists the \f velues which were cal-
culated for all the nuclel considered,
Values for the quantities of interest to
the calculation are also given.

The separation of the direct part from
the precompound one is made on the basis
of the spectrum shape, The contents of
the peaks is attributed to direoct mecha-
nism and the continuum part, extrapolated
ih the peak region attributed to precos-
pound emiesion,

The separation is thought to be too uncer-
tain in the case of Pb 2072208 ¢ o6 . g
22,8 KeV and it is not considered, Por
these nuclel the Yf value is deduced from

oo m e the higher energy measurements, where the
precompound contribution ie important.
For the other nuclei ncgr doudbly closed
Pig, 9: Behaviour of the parame- h p1203,205 20 210y 4,4
ter "a," as a function of the neu- shell, (T1 » PO and Bi )t
tron number N, Black points are precompound part calculated in this way

taken from slow neutron data ara-

has the meani | -
lysis 15 ; continuous line gives e meaning of meximum allowed quan

the average trend, the dashed 1i- tity,
ne gives the value used in these
calculations for the composite On order to study more exteneively the

syetem excited at 25-35 MeV, behaviour of the o -preequilibrium emis-

#ion with the energy variation of the in-
cident proton, we have analyzed the reac-
tion 197Au (py,ol) and 181Ta(p,aL) measured at incident proton energy between
20 and 42 MeV for the former case and between 20 and 30 for the latter [4].

These measurements have been taken with an energy resolution such that peaks
eventually present and due to direct effect should be smeared out, An example
of this can be seen comparing the measurement of Au (p,o) &t 18 MeV by Henning
[39] and the present one at 20 MeV, The firet shows strong peaks and the second
shows only a smooth shape, This “a.t does not allow us to distinguish betwaeen
contribution to the spectrum due to Airect effect in the low energy measure-
ments, But, conseldering Heanlng's res.it we cen attribute at least half of the
spectrum to direct effect. Increasing tre energy, the direct effect contridu-
tion remain confined to the highe.: ereryy part of the epactrum, a8 shows slear
1y in lead, and it 1s less and Yeus .rnerta=t,

Taking these fascts into srccunt Au end Ta ¢ ~-actra can be fitted very well
using & ‘f -value constant at all tte erarz'e;, as figure 10 and 11 shows, This
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Fig, 11: Same as fig. 10 for
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87a (p,t), = 0.07

result is in agreement with the phyeicel meaning of this gquantity, which re-
presents the probability for the incoming proton of exciting and oL -cluater in

the target nucleus, therefore a quantity related to the internal structure of
the target nucleus,

An interesting aspect of this calculation is that the contribution of the terms
with n > By becomes more and more important as the energy increasses, therefore
determinins the spectrum shape,
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{p,n) XEASTIONS I #IDDLE HEAVY NUCLEI
?, Eckstein, !, nelfer, T, Kidtzmer, J. Xayser, W, Pilz, J. Rumpf, D, Schmidt,

D, Seeliger, T, Jireil
Technische Unlversitgt Dresden, Sektion Thysik

D0R 027 Dre3ien, iommsenstrale 13, DR

Investigatioas of {p,n) reactions are able to give contributions to inTormation
ubout the reaction mechanism, At the 10 HeV tandem sccelerator 212" experiments
18ing time-0f-Tlignt technique are serformed.

1, Experimental croceiireg

The tandem sccelerator in the Zentral institite for ifuclear Researc'. Rossendorf
is capable of & mariruxs proton energy of 1C NeV, The naximum oroton current is
about 3 /uA. The pulsi~g system consists of a zrooper ! and bunchter aczcelera-
tion Sefor and a cronper 2 after acceleration, “nder test co-ditions, t'e follo
wing narameters are actleved (ref.[1]):

pulse wiitt 7wit- 3pestrometer) ty/n = (2,0 £ 2.5) na
nulge iiatance T = 20C ns (or 1000 ns)

energy range Sn = 3.5 .0 12,0 eV

averagel nroton surrent I = 300 na,

Tre seteclor consiete 57 4 S g x 7,5" HE-213 scintillator, directly couple:
#ith a photo multiplier “EU-33, The snace charge metrod for neitroa gamms dis-
criningtion ie usel, an? in this way a lowest neutron threatol? of 0,8 eV is
pogaible, The “lizrt path 1In connectiss wit: the datentor ahlelding can he cho-
gen hetween 2,5 and 9 meters (ref.[Z]).

Targets are i~ vacuum evaporate? trin films - self-suprorting or with backinz -
#ith thickness of 0,05 to any mg/cmz, depending on the actual material,

~ specific mode of the computer program NADJA III (ref{?]) caloulates from ~on-
tinuous spectre the cross sections dze'/qeds with all corrections, If tre neu-
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tron groune in thg scectira are resolved, & computer progras (rof.[q])cu).culntos
the partisl cross sections, using a Geussian curve with exponentiasl asymmetry
tera,

2. Results from ssgl(g.n) snd ?9c0(p.n) reactions

For both the nuclei mentioned above angular iistridutions at E_ = 4,12 end
5.0C ueV are neasured, additional the excitation functioa in steps of 0.5 ¥eV
from 3.5 up to 2,5 XeV,

Gny (e, Epo) and G"‘i (Ep. 8,) ere extracted for the neutron groups n, - n,,
respectively.

The excitation functions both of nuclei don't show correlsated fluctuations det-
ween the neutron groups, The angular distributions are about symmetrical to SC
degrees ani in any csses 1sotropic, Therefore, a comparison »ith the prediction
of the partial statistical theory seems to be possitle, The computer progres
system ELISA (ref.[‘j]).llows to calculate absolute partial cross sections for
particles witk spin O, 1/2 or 1 and under consideration of 40 output channels,
It bases on the theory of AOLDAUER (ref.[sl)with width fluctuation correction,
In our case, the p, n and  ctannels are included.

The comparison of the experimeat with the results from ELISA gives s quite good
agreezent fer a number of neutron groups (eee also fig, 1 and 2), But it exists
also any differences in the absolute height, in the order of Legendre polyno-
mials (n, group in fig. 1) and in the 90 degrees symmetry, predicted by the

. - “mtnipp; “Fe i
£17 0403 naev . — v ;
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Fig. ': Angular distiributions of FPig, 2: Similar to fig. ' at nigrer
the ground stut; and any excited bombarding energy
states of the 55Un(p,n) resction

(pointe), compared with calculated
ones (curves),see also the text
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theory (n1 and n, group in fig. 1). But the differences seem to be smaller at
the higher energy, than at the lower one, The opticsl model paremeters are taken
froz (ref.[?])-The oresent work shows, that the assumption of comolete compound
mechanisz don't seem to be sufficient.

“IM (refjﬁﬂ) found in thke 55ln(p.n) reaction for Ep about 2.3 MeV resonsnce
structure in the excitation function end 90 degrees asymmetry. But in this en-
ergy range tke influence of analogous states 1s not negligible. Other results
from the 59Co(p,n) reaction (ref.[9. 10.11]) are inconsistent and not directly
comparable,

J, The 109Ag§g.n) reaction

In steps of 0.5 eV, angular distributions and excitation function from 5.0 to
3.0 Ke7 are measured and the cross sections ds'/dE(Eo.B) sre extracted., The ang-
ular distributions sre ilsotronic, It must te sssumed that the reaction mechs-
nien 18 completely compound one and so a description with the complete statisti-
cal treory (see ref.ﬁz]) is possible:

G(E) ~ EG (B} @ (U) (n

wihere E is t'e exission energy of the neutrons, G'inv tre inverse cross section
and g (i) the level density for the excitation energy U of the residual nucleus,
3ased on the FERXI gas model, @ (U) is given by

g (U) ~ U™%/* expViau (2)

"a” i3 t*e level density parameter,

7ig. 3 shows a function derived from (1) and (2) versus U1/2, which must give a
1linear behaviour (it means, the level density parameter "a” is constant), As
seen, it is net ire case, A more detailed calcula:zion gives the level density

' for E less about 4 MeV and a = 8 KeV™' from the
uorer goectrum part. The value 8 = 13 'JZeV'1 for mass number A = 109 is expected.

Trerefore nre-ejullibrium exission i¢ included (see also ref.EZ]) corresponding,

G (E) = ¥, G ,(E, &) + K,G g(E) &)

parameter value of & = 12 MeV™

a-ere G, describes tre compouni emission according to (1) and G’y the pre-equi-
librium emission { see also ref.Bz]).

Zut in oopogite to the procedure of the computer program NONEQUI (ref.B)]) the
a-value is gset a = 14 :eV'T and tre components of equilibrium and pre-equili-
nriun emisslon (expressed by ¥, and K2) are fitted with the experimental speo~
trum, It 3eema to correspond more to the physical reslity, Any results are shown
in fig. 4,

Tre difference between experiment an theoretical calculation in the high energy
part of spectra is not clear up to now, The investigations will be continued,
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SESSIOR III

COMPLEX-PARTICLE FORMATION AXD PREBQUILIBRIUX DECAY
E. dethk and P, Oblozinsk¥y, Institute of Phyaics, Slovak icsdemy of Sclences,
39930 3retisleve, Czechoslovakia

Tre atiempts to Zescribe the process of complex-particle formaticn and emission
sre being lone witkin the preejuilibdrium moiels of nuclear reactions for seve-
rel years, ithin the exciton molel of preequilibrium decay we can record two
different approsctes [1, 2], from wkic* the second one suproses trkat a complex
particle of any «in is createl from excited nucleons only imcediately before
its exission,

irhoug* t-e comalex-particle formation 2nd its exission shoul? Le tremted as one
process [3] it cen Ye nevertlelesn -reseated as e product of corresponding two

crobatilities, The prabability of co-mrlex-particle formalion ¥ is c¢suslly
zuch less ttan [, wtereas the e~:;:ion prodabililty itsel? is comoarable with
t-at of rnuclecas., e ¥now nuch atoul of ~pariizle Tormation in thre nuclear
grount 5%3te hecaige of tralitional interest to of -1ecay [4] a1l acccrding to
=any calciletions -2 region 57 o -Torzaticz oroda%ility s5:0:11 be ratler 5roa?
12" 2 2 x 177 (can ref, [5]).

it7 can Te esvsluste! on tre Hasis of the overlap
iniivi fzal nucleons ; with tle cluster wave func—
i=2tion, orizinally usel for ofl-partizlec 2y Tolhoek

‘el &a11 wave ‘unztions are ronxtant 4n

*re ragisn fnoatis trer sta1? TifTer aprreciatly Trom zero: W in 4 s nuclear

ER It I \% i: *~e 20om~ley-vartizle volume ip . it gives

t -1 re
= PR - 3 rv\6 1)
O IS T, di o di | B () ‘

& ere og 1 t* & aumbdar of niz’2023 in itre sarticle I, ‘miinfag rad i1481'11/3

for 1ottt 29mnosite auzlezs an? cermnlex ~uriizle we Tia!) trat )} 07 xiwen wind
2Tt tsrciex qartizle lecernis on the maRs nastor o oonly. Jiare 48 sait-er
tigr. enargy ‘epenileqne, e ‘-lepeile -z ir wvori Aarp
sartialen, A tke agntrar: ‘o ARe "azoeri~ s al”

=irext a P irdizate ~ a0l a: well -0 f1zitation

. Ty

ALargy leyeTance, "Zirevimental A {aer tan, 1) cere altaian’ Tra- thae Tt
0f e “iri acergy ~urtn a8 thre sverall comtles-nartizle groasitra %o tie Tax
Rige ex;eri=zental Iata fron ~roton=in! vio o Toar targes clei i
~maz Tagisn Tl g a2 with excitation enar ", 7 cY, 20l Lt i sare
serfar=si ity o 2n’a legcribel ear

Ceeamation af ¢oanctant wave funciiosns ig rather 2-i%e,  ew Anvicit tarrc o itTang

ieal ta 1o s33nclualen that ej, T glves crae valuez axplatoioc tt 3 aomew at
~al agreamert wit: "experirental” eatimations, “irntily, avarlap o7 renlicrtia
anve i-itlong, "eca e of their oaclillatory 2'aracter, {s less tia~ avarlap of

a
srartant wave finctions, Jecoally, only limited portio- of nuclear -~slume V
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containe highly excited nucleons with distinctly nonzero wave functions and is
available for the formation process,

Knowledge of 37 enables us to estimate average number of clusters NB in a nuc-
leus., Following relation has teen derived in ref, [8]

P
Y ®Ys Ragp) (Ps) , (2)

where Re(p) is simple combinatorial factor (having value of the order of 0.5)
ani p is tie number of excited nucleons., Since to relatively high energy com-
slex-particle spectra coatribute essentially only a few low-p states of the
composite nucleus, #.5P%T of tab, 1 s*ould be related to those p only. Taking
maximum value of 3)88 PeT and p=p+ 1 we get {see tab, 1) probably the highest
1imit of numbers of complex particles with high kinetic energy in the nucleus,

a part of which we oobserve subsequently in the spectra,

Table !': Formation prob»abilities and numbers of complex particles

Particle| p, e exper f‘tAhe:rSO Ng
deuteron| 2 0.024 - 0,12 0.32 0.18
triton 3 0,001 -~ 0,028 €,097 0,055
helion-3 3 0,002 - 0,020 0,097 .04
alpha 4 0.0007- 0,094 0,033 0.24
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HACKAZHO-3:CHTOHHAA MOLEND ANEPHHX PEAKIMA

K.K. TI'yznua, B.J. Tonees

Oobeznuénnul AucTuTyT AZeprnux Wccneposaurit, AT¢, Lyosa, (CCCP)

AsHOTauNA

flpeanoxera MOZenb, OCbHELMHADEAA YEPTH TPEX MEXAHW3MOB AReDHOM peaxiln — DPAMOTO
(HacKazHoro), npeipaBHOBECHOrO M DaBHOBECHOro (KOMMayHZ-sApa). Ha mpuMepe ABO#-
Hux mmdfepesuManbunx pacrnpeieXeHuit yacrTil, MCAyHeHHHX B NPOTOH-AAEPHHX DEaKIMAX,
0oGCYXAaeTCH PONb Mpouecca NpeApaBHOBECHOW aMmuccuy.

Bpejenue

B nocnessne rofl HyWIOH-AZEPHHG PeaKuuu B 0CJACTH NPOMEEYTOYHNX IHEPruit TO <

100 M3 npuBnexayu mUpOKOEe BHUMAlME TEM, YTO 3Aech Haubonee APKO NMPOABAANTCA
addeKTH TaK HA3WBAEMOT'O MpeApaBliOBECHOr®0 pacnaza Anep. (Ba3aHHHl ¢ aTuM ABne-
HAEeM MeXaHu3M KDNYCHaHMA YacTWIl Ha CTAAUM YCTAaHOBJEHMA CTATHUCTKYECKOIOD PABHO-
BeCHA B BO3CYKZEHHOR AZEepHOM cucTewme 33aHMMAET HEKOTOPOE NPOMEXYTOYHOE [OJNOKEHKE
MERLY MDAMHMM DEeaKUMAM® M pacrazauMy yepes COCTOAHUA KOMMAyHA-AZpAa M He CBOIUTCA
K Kakoi-70 1mpocTod uX KoMOunaumn. [Ipeanoxesnan [pudinHod 3KCHTOHHAA MOLENb NpeL-—
PaBHOBECHOM 3IMUCCHUM YACTHI [I] ¥ eé nocrexyciiee pa3putue (CM. OG3ODH [2, 3])
MO3BOJIKLY NMOHATH BAXKHOCTH 3ITOrO MEXaHK3Ma, €ro CBA3B C INPOMERYTOYHOM CTPYKTYpoit
Anep, OOBACHATH PAJ MHTepecHHX ¢u3auyeckux addexroB.

K comanesmw, BCe MOReN¥ NpeApaBHOBECHOTO pacnajs, peannayomue B ToM uam uxod
CTeneHH UZeo O penaxcauuu Bo3CyxneHHoM AnepHON cucTemd 33 cyeT CTOAKHOBeHuM]
MEXLy ee COCTaBIALLNMA, He CTABAT Bonpoca 08 yrjaOBOM pacnpefeNiendud MNPOLYKTOB
peakuun. Halmogaeman Ha ONHTEe aCUMMETDMA YIJIOBOIC pacnpefefieHus BTOPAYHHX yac-
THI HE MoJydusa B ITOM MOAXOAe CBOEIro OGBACHEHUA.

B ranHHol padoTe pa3BuTa MOLeNb, OCBEAMHAMMAA XapaKTepHhe YEepTH MPAMMX peaxuuit
M NpenpaBHOBECHOTO pacnafa, OOCYRZAETCH YYBCTBUTENBHOCTH HBMEDAEMBX BEAUUMH K
3ATHM MEXSHM3MAM.

OnucaHne_mozeaun

llpp o6cyxnennn wexannawa Afepsof peakumy un Gynem KCXOIONTH M3 crefyouwel Guag-
YeCKOoRt xapTHHN, BreTeBmas B AAPO YACTHLUA MOXET MCANTATEH OAHO MJIM HECKOABKO
BHYTPUAREDHHX CTONKHOBEHMHA, UTO NMPUBOAMT K OGPa30BAHMK BO3CYRIEHHOTO MHOTOKBa-
3INQRCTHRHOTO COCTOAHMAR THNA “doerway state", KOTOpoe - B CBOK OuYepEeAb - NyTeM
MCMyCKAEAA 498CTUL MOXET NMepedTH B OCHOBHOE COCTOAHME HENOCPEACTBEHHO MJX CLE-
AaTs aTo, NpoAas yepea OOpasaoBAHKE KONMAyHA~-ANpa. ONUCAHHAA KApTUHA OAM3KA K
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uopent, nperncxeniod PoACeprom nnis OOGBACHEHMA LPOMEXYTOYHOR CTDYKTYpDH RApa [4].
Hcnoae3ays oduu? ¢OpMaJm3M TEODMM AZLEPHHX peaxiuit, Pondepr cMor pPacCMOTpeTh AMWE
ynpyroe ¥ Keynpyroe paccefAiue HyKJIOHOB C OCDA&30BABMEM BXOZHOIO COCTORHHA. B BA-
welt paCoTe aKUEHT cheNad HAa DEAKUMAX .° HECKONBKMMM YaCTHUAMM B KOHEYHOM COCTORHMM.

loBejelye TepbuYHON YacCTHIMN, & TAKKE YacTHO BTODOro ¥ NOCAEZYORMHX NOKOJEHWA (ec-
A TAKOBHE MMEOTCA) BMJIOTH A0 MOMEHTa NOTJIOMEHWA MM BHJIETA MX M3 AApa paccMa-—
TPUBAETCA B [aMKAX OOHYHOR KAaCKSTHOM MOnenu [5. 6]. Mloacyer uucina 3axXBaYEHHWX
AADON 4YacTuy u "zHper", 00pa30BaHHHX B PE3YyNbTaTe BHYTPUALEPHOI'O CTOJKHOBEHNWS,
OnpeAeil:1eT BXOAHYHD YaCTHYHO-ANPOYHYW HOHJUTYLEilM0 OCTAaBierOCA BO3CYXZEHHOTO A~
pa, 2HEPIHA BOICYRAEEMA KOTOPOrO HAXOZUTCA ¥3 CaNaHca 3Hepruu. Lanbhedmad "cynb-
Ga" ALpa NpocleAyBAETCA HA OCHOBE MOAVGMUMPOBAHHOM IHCUTOHHOR MOZeny NMpeAPABHO-
BECHOI'O pacnaja, npeanoxesqoR panee B LyGHe | 7). CiegyeT nmonMepKHYTH, 4TO 3Ta
MOZA€Nb MOCTpOEHA HA pENEHHMY KWHETHUSCKOTO YPABHEHHMA C y4eTOM MCOYCKaHMA 4acT”i

¥ TpexX BO3MOKHNX THUMIOB BHYTPHAZEDHNX MEPEXOAOB, OTBEUAMIKX MIMEHEHNMD Y4CHA yac-
THU-INPOK (2KcuToHOB) KA ¥ 2 uaw C, ycpeniedHui! MATPHUHMY DEMEHT OLEHER 3 pac-
CMCTPEHMA CpeXHEero cBOCOZLOIr0 Mpodera 4acTHUH B AZEpHOR waTepmi. JawHk# BappasT
AKCUTOHHOR MCTeNIA YYATHUBAST HO3MOERHOCTD NOCACAOBSTENBHOr0 MCIYCKAHHA HECKONbIMX
YacTul ¥ ECTECTBEHHO NENFXCIUT B MOJeNh PABHOBECHOI'O CTATUCTHYECKOrO pacnaja
KOMNAYHA-RALA LA GOCTOHHWE C CONBOMM YLC/OM KBA3WUaACTHI [7]. B pamrax ucmonp-
J0BaHHOM MCenM NpexpaBHOBESCHOR aMuc uM SHIA yClewHo o0BfACKEeH3 CONBWas COBOKYM-
HOCTH ZaHHHY MO pearuuu ( h,n') npe Toz I5 M=B {8]

Taiue OCPR3ION, TIpEAJIAraeMan KacKalHO-IKCKTOHEAA MOAEN: PACCMETPUBAET AAEPHYL
PEUKUMG KaK MpOXOAAWYe B TPH CTAAMM - KACKAZHYH, NMPELDABHOBECHYN ¥ DPaBHOBECHY®
(KCMTaYHA-AZDO) - B OTANYKE OT ABYXITANHOro Mexawusva Cepbepa [S].

Bee BUYMCTEHES BHICAHEHE © NOMOJBL MeTofa Moute Hapno. Inf yMeHSUEHMA RUCHEPCHH
NMiv pacyele HHEPTeTHYLCKKX CHEKTNOB YACTHL, WUCYWeHHHNX NOZL JaZaHHuM YIAOM, HC-
NMONL30OBara MOZIHQHI@UMF! MeTCI3 JNIOXANABHOIO NOTOKa, [IFEeAJOXeHMOTO IA9 pacyeTOB Mpo-
XOKOCHAR MINYYECHHA Yened SEUeCTHRC [IC].

flapaMeTpr3auna MOZEN

BaxHuM MOMCHTON R TipeZnaraenoi MoZLein ABaAeTCs yCAOBME fepexOf@ 0T PHYTPUAZED-
HOT'0 KaCKuaZlda K MOLENH NpelpaBHOBECHOR aumuccuu, B OGHYHOM KacCKAZHO-MCHAapHTENLHOM
KOLear GHNCTPHE YACTWI MPOCAERMBANTCA JI0 HEKOTODO MHHAMAJNSHOR JHEPITMHM - ZHEPTHH
o6pe3atnn T = ToGp’ - cocrasaAnkedl npumepHo (7 - 1) Map, Kak nokasaHo s [5],
Bapratita B paeyMHNX npezenax BeAMuuHH T o He MeifieT CymeCTBEHHO CPeAHEro ucia
YacTHl B AOEDHOM aKTe, (@HTHUYECKM B ATOM CAydae pewdb MEET O TOM, KAKWE TGCTALN
HAdWBATH KACKAZHWMM, @ Kakue - yCMapuTerbHuuM. B KayecTBe HYNEBOIrO NPUCAMKENMS
K Hawel u0icaM, HUXE M DACCMOTPHM ¥ Taxo#h cnocod "peakoro odpesauyn”™ LA nepe-
X048 K MpeApaBHOBECHOMY pacnazy Azpa.

8 peanbHON (nMyyae CRAELYET OXHAATH HEHOTOPOrO CPJASXERHOr'0 - NO DHEPruH¥ - 00pe3a-
HHR, TpYYeM K3 Oo0LMX du3nyecKux coolpameHmit ACHO, 4TO NpA nepexole X (onee HW3-
K¥M NEepBUYHHM DHEPILMAM BHJIAL B nOrjaomeHue 4YacTHy Ha NepudepH® X BO BHYTPEHHUX

ofnacTAx fAxpa OyZeT MeHATHCA, YTO COBEPUEHHO He nepelaeTcd NPHCAMEEHHEM PE3xoro
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o6pedaHEA. [HO3TOMy €CTECTBEHHO MONKTATHCA CBA3AThH yCIOBHE NOTAOMeHHA OncTpoHt
(xackazHo#l) YACTHEOH CO CTEMeHbD GAM3OCTM MHHUMOM JAaCTM MOAEALHOrO ONTHYECKOrO IMo-
TEHUNANA K ero 3KCNEePUMEeHTANBHOMY 3HAYEHWD, M3BJIEKAEMOMY M3 aHaJm3a ONNTOB N0
¥npyroMy paccefsHRD YaCTHI Ha fALpax.

Bo3nMK&eT BONMPOC: YTO NPHHATH 38 MOAENBHHN OnTMyecku#t norTexmman? B npuliumeHsu
"cnaGo#t CBA3R" MEMMYD 4acTh ONTMYECKOro NoTeHQMale MOEHO BHDA3HThH 4Yepe3 CeyeHue
€ pacCedAHEA 4YacTHIN H& AJEPHHX COCTAaBIAKIAX

w m k&g, (I

onT, MOA

rie V- CKOpOCTb HakeTanmeil yacTMuy B cpeze, ¢ {r) - nnoriocTh AZepHol marTepuu,
a seauyuna G Jonxsa BKMouaTh B cela addexr npuuuuna [layau. YueT ¢epMmeBCKOrO
IBMREHMA npeanonaraer ycpeisderre (I) no cooTmercTBYWLEMY CNEKTPY. YCAOBRMA NLH-
MEHHMOCTH 3TOPO0 COOTHOMEHMS EHNONHAOTCA JMLB NPM AOCTATOYHO BHCOKAX 3HEPTHAX M
LNA UEeHTpalbHOM OCAACTR Alpa. ilp® 3TOM PAINANEHOE MOBELEHKE [IOTHOCTH 3 (D,
4aK BMAHO M3 Qopuymw (I), cleiyeT 3a noBeleHued ONTHYECKOTO NOTeHmMana. B oCmem
cayyae JyHkuMs § (r) oTcraeT or W T(r), YTO 06YCHOBAEHO KOHEYHOCTBR pazuyca
p3anMoseftcTaua sactuu M 3ddexrtou Henuﬂeﬁucu CBA3UW o0 [IIJ. llockoasky B
HaCTCANee BpPEMH MY He MOEEN NOC/IEI0BaTENHHO yuecTh 3TH (AKTOpH, MHUMAR 4acTs
OCNTHYECKOTO (MOZEALHOr0) NOTEHUMaJAa AAA KACKAIHHX 4acTRI OIEHEeHa B ABYyX Cle-
LycmuX BapMasTaX:

A) Cnrrueckyit MOTEHUMAN NOBTOPAET DAAMANIBHYIC 3aBUCMMOCTE MAacCOBOIO pacnpepene-
ina, IAGGysHul xapaKTep KOTOPOTO YYTEH B KACKAZHOM MOLEnM NMyTeM pa3dmenusa
o0beMa ZLpa Ha 7 cepuuecKux 304 C NOCTOAHHOM NAOTHOCTHO paBHO{ CpeAHeMy 3Ha-—
YeHUO N0 JaHHC® 30He.

B) COntuueckri# noredumak onpegeaaercA coriacHo (I), rie B kavecTBe 3’(:) B3ATO
pacnpen. :2:i1e Bynaca-Cakcoda, HO AJA 3HayeHwd napaueTpoB OTBeYalOMHX OGBEMHOH
YacTH MHMMOTG ONTHUECKOrO MOTEHUMAana, r3BJIEYEHHOPO M3 BHANN3A 3KCMEpPUMEH-
TaNbHHX f[AHHHX, KOCBEHHHM 00pa3oM 3TOT TPoK yunThBaeT 3ddexr wHenmsHefAHoR cBA3mM

T"Y'

Pacuern, BHMOJNHEHHHNE MOTOZOM NoHTe Kapmo ans o0oMx BapMaHTOB, MpEACTABAEHH Ha

prc. I, TaMm Xxe HeHeceHH DKCMEPHMEHTajAbHHE JHAYEeHHA MHAMOA 4acTW ONTHYECKOro mno-

TEUNAANB Wopp  axen (¢), nomyseHsNe B ABYX padoTax Ipynm aBTOPOB [12 13] H-

TepecHo OTMCTHTB, 470 ANA TO > 30 M2B MX pe3yNBTATH 3aMETHO 0. JNMYWOTCH, XOTA NO

sefuuvEe X' INA yraosux pacrpelieneHmR B yNpYyroM pacCesHsd M faxe INA MOMAPHAE-

LUMOHHHX M3MepeHH? OHR MpaKTHUeCKH comnazmant. [Ipy auepruu Ty = 60 MaB, rne pasanm-

yue 0COGeHHO CHNIBHOE, HAYEHMAW opn  yon (r) HAXOZATCA MEXZY STHMR ZAHHHMM,

EcrecTBeHHO, 4TN NpM Mepexone K MEHBUAM 3HAYEHUAM TO paccyYMTaHNaA TakuM o5pa3anu

MHMMAS YACTh OfITMYECKOrO MOTEHUMENA He MepeliaeT MAKCHMyMa MOTAOMEAuA, HMEnIero

uecTo Ha mepudepun sAZpa. K artouy creayeT A06aBMuTh, 4TO YCAOBHA CMpaBefiMBOCTH

KackagHo!t ¥ onTHYyeckoR Mozesie Me cOBNANAanT. B yacPHOCTH, B ! ICKAIHOM Mojenn

paccuaTpHBAETCH pacceslue HA& CBAJAHHNX HYKJIOHAX, & Ke HAa MOTEHUMANLHOR Aue, uav

B ontuyeckoft Mozenu. Taxuu OCpa3oM o COI'Jacuy uezny'vonT “on | Vonw, axcn VOB

HO TOBODHTH JHNS C ONpeleneHHOM CTenmeHso TOYHOCTH, xowop)o CyZewm xapaKTepu-

3oBaTh napaMeTpoM GJH3OCTH
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P w onT, MOX 'wom'. axcn
wom, akcn
:‘:\; T,=15Mev Ecam nonoxmTs, 4r0 60-M3BHH} NpPOTOH YyAOB-

8

L [T &

[7].

34L567 Rm

Prc, I PesynpTaTh MOLEABHOTO facyera
MHEMCH 4Y&CTK ONTV'ieCKOTO fOTeHuMana
Zif peaKuuy p +™Fe npm aneprun Tg.
(EpecTury W KPysK: - UAPMAHTH A W
CICTEETCTBEHHO, CN. TeKkCT). CrmomHo#
KPUBOA ¥ TYHKTIPOM HRHECEHH HKChe-
pULeHTANLHNE 3KAYesitt, TCAYYEHHHE B
padorax [I2, I3].

NP

SR T % T ey

Pre. 2 PacyeTHWM CHEKTL [pOTOHOB, MCIyKEeH-
KX ALDOM npH OGNy4YeHUK NMPOTOHBMM C 3HEp~

rueft 29 ke,
-1 -- - KACKAZHO-VLNE[UTeNBHAA MOLETD

~— - RBHHad KACKAZHO~3KCHTOHHER MOlENs,
BapHEHT C DE3KHM 0Ope3aHueM,

-~ = -~ B&pHAHT A,

—- - BapraKT b,

TOYKK ~ 3IKCMEPUMEHT M3 pasor [Ia]

NEeTBOPAET YCNOBHAM NPHMCHAMOCTM KACKaZHOM
MOJieZiM, TO - KAK BMAHO M3 pmc., I - aro
cooTBeTcTBYET 3Hayewwn P=(0,3 - 0,5).
bonee TOYHO nmapaMeTp GAMIOCTH MOXET GHTH
BHOpaR M3 CpPaBHEHMA C OMKNTOM pe3yAbTAaTOB
pacyera XapaKTEDUCTHK AAEPHOR peaxmum.

Bce ocranpHHe napaMeTpH KaCKARHO-2KCHTOH-
HO# Moxenm QMKCMpOBAHH M B3ATH TEMM Xe
CaMHME, KAK B MONIENAX BHYTPMAAEDHOID Kac-—
kaza {5, 6J ¥ NpeapaBHOBECHOTO pacnaza

Pe3ysnbTars M OG3YEZEHUA

PaccuuTaunne E Pa3JIMYHNX Mpexno-
JOREHMAX CIIeKTpH BTOpMYHHX NMDO-
TOHOR %3 peakuuu p+ Fe—p+...
n6«a3aik Ha puc. 2. KaK BUIHO U3
NMPECACT2BAGHHNX pE3yNbTATOB, AC-
NONALS0BAHKE BApKAHTA C PEe3KKM 00—
peaanyeM NPUBOAKT K NMOABJIEHHD He-
¢M3uyecKknro npnBansa B CREKTpe
YaCTHI BOAM3M ToGp' lpu nepexoze
K CONBUMN 3HAYEHMAM IHEPIHH OOM-
apZMpyriero NMpoTOHa NpPOBak Mac-
©pyeTCA BHOOPOM BEJMYKHM Wwara B
TyCTOTpaMME, HO INpHU TO= 15 MaB
ero BA¥AHME pe3Kn ¥ckaxaeT 0CMyp
¢opMy cnextpa. (lomHmyexre mexa-
HU3MA NperpPaBHOBECHOR 3MACCHM
yhyuuwaer coraacie ¢ ONHTOM, CIia-
#*UBaf TeOpEeTHUECKYID KDUBYD.

CaelyeT 3aMeTUThH, OXLNAKO, YTO
NUOvHMTESr prps baHUNA 11O BCeM yrnaM
JHEePICTVYECKVH cnmeKTp He ABAAET-
CA OYeHb yyBCTBVTEJBHOR XapaKTe-
pHCTUKOR peakuvy#, TNO3TOMy Laxe
00HYKAA KaCKaAHO-MCnapuTeJibHan
MOZENh ZaeT Pa3yMHHE pe3yabTaTH.
HauGonbuwyn 4YyBUTBUTEABHOCTD K
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MEXaHW3MY NpexpaBHEBeCHOR aMmccuu OGHALYXUBART CNEMTPH NMPOTOHOB, HCIYMEHMNX B
06nacThb 34ZMEX YTAOB, YTO AEMOHCTPMPYETCA H& pHC. 3. B YSCTHOCTW, BHXOX NPOTOHOB
c anepraeft T > (IS - 20) M3B npakTRYECKR LENKxOM CCOYCNOBJeH NPOHECCOM HEDAaBHO-
BECHOro pacnaza fizep, 3ToT 3a(dexT Me MOXeT ONTH MMMTHDOBAH HuKakod BapuauweR na-
paMeTpoB OCHYHOR KacKagHo-MCNapaTenbHOM wonzenm.

bnaronzps BHCOKOR YyBCTBMTENBROCTH

w5 T T o TS
= - pe"Fe, T, 29mey i K MPeApaBHOBICHON KOMMOHEHTE COr-
e fstMe © J1acHe ¢ ONMHTOM B CNMEKTpaX HMCrYymeH-

. 8-125"
0 ! HWX HA3aX NPOTOHOB HEMAOCH OCHOB-

HMM HPHTep¥eM IJIA BHCOpa BeXWuuHb
napamerpa 6am3ccTa P . OnTMManbHue
3navenun Poxasanuch paBHuMe ((,S -
U,6) 1 (0,2 - 0,3) 1A BApHAHTOB
A » B coorsercTBeHHO. YBenmueHue
3HaveHns P 3aBupaeT BMXOR OWCTPHX
yacTun, yro Goxee 3aMeTHO PN He-
Conbmux 3HepruAx, cxaxew, To =I5
M3p. 3HadYcHAA P HANE YKA3aHHHX

rpaHry NPHBOAAT X NOBHIUEHWE THEp-
Tin BO30ymRenKs BIOAHOrO Kajana,

Puc. CreTp MPOTOHDB, MCMYLCHHMX MOA YT-  UTO BAMAET HA CIIEKTP 4acTMO, KCMy-

JIoM 123 B DEAKUUM P +5YC, —= + ... 0D - .
To = 29 #3B. BCe OGOSHAYGRWA - Kak Ha pue 2, UEHHNM HA3aZ, W 370 MPOABAAETCA
TeM paKbile, YEM BumEe 3SHeprua Com-

Supampyoniel Yacriup.

Heo0x0IMMO NOAYEDKHYTH YCAOBHOCTD PA3ZEseHUA KACKESHOIPO # NPEAiLaBHOBECHOTO MeXa-
HK3MOB B LaHHOR Mogenw. 3TO paaasiiedve, 8 COCOTBETCTBEHHO M BRGNP  CCHOBRHY HZ
TPEANOLOREHHH 00 MIOTPONAH YILJACBOTO DACAPEAE/CHHA NDeIpaBHOBECHCH KOMNMOHENTH,
BCAi GHM3OTLONKHA NPANMCHBACTCA KACKALHHM HyKAoHOM, B ZeMcTBMTERBHOCTA BO30y:Ier-
H8A MHOPGKBAdUYaCTHUHAA CHcTeMa, O5pa3C0RPAHMEA E pe3YMbTarTe NMPOXORAEHHA KACKAZS
YacT¥ER, MOXET COXPaHMTL HEXOTOpyk "mMaMprd" 04 numpupyowed Kackagz 4acTuie ¥ TeM

OHONBLYY, YN MOHLle YMCRO BO3Cy¥LeHHNZ 4a2TUI-MHpoK. [loclenoBaTenbHO [HECTh 3TOT
FPPEHT Cefuac He NpeiCTABAACTCH 3C3MOXHEM, CAHaKO NCKLATHO, YT0 3JLEKTUBHN 3TO
DTBEYAI" Ok HHCOpY OOKEe YEKCTO KHTEpsaia o rnapameTpy Gir3ocTu P.

LOCKOJZIBKY BApPMAHTH A ¥ b Lawt GAW3dKKe pelyablarti, BCC NDHBCEHHNE HMKE raHHHE OT
HocHTCA ¥ bapManTy B ¢ P= ,3, 2 B KauecTpe wonr, axep BOATH PEIYALTGTH anaAAN-
3a, BHMOJHEHHOIO Boqu,u v Tpunmncon [12]
PesyAbTATH BWUKCACHWA, fip2rcTaBAcHkye HE pUC, 4 - 5, NMOZBORANT MPOCAEIUTH 3aABM-
CHMOCTEL DOpMLi aHepreTueckoro paclpelejeHKA NMpOTOHOB OT JHCPTMM NEPBKYHOTC Npo-
TOKA ¥ 0T AAp&-MWALEHV, Tal XKe yKa3aHK BKJAJAN OT BCEX Tpex :eXaHu3MOB WCMYCKAHKMA.
Buzio, 4m0 npoAOKAHHAA ¥OTe.ib XOPODO BOCODPOY3IBOAUT U3MEHEHME QOPMH CNEKTPOB npwH
nepexnie 0T AETEKX AZep NHLeHe# Kk Gones TAKENHM, NPABVARHD MpeAcKas3dBaeT aGco-

JOTHHR BHXOJ, YACTHI. [IpoBelerMe afCOMOTHHX BNYMCAEHEA 0KA3aANOCh BOIMOFHLM Cia-

roAapA MCMOaIB30BAHKN MOZENH BHYTPMAAEPHOro KacKaZa. OTHOCHTENBHHM BKNAA KA&CKAZX-
H\X o TPESAPEBHOBECHNX 4ACTHI 33BUCUT KAK OT TO, TaK ® OT M&CCOBOr0 ¥ 38DANOBOrO
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- KaK H3 puc. &

YRCEs SARA-MILCHM, Tp#AYEM €CJZ% [ACOMATPwBaTS MWD NPOAHTSLDHPOBaHHNE NO YPiaM
CTNeHTpH, KAK 370 LEJ4€eTCA B MpEeipABHOBECHAM MOAxole, TO BHYAAH 3ATEX IRyX Mexa-
HAGMOB EBO3MOXHO IJKAJKIOBATH KAKOH-TO y3xkol sHepreTHyeckol odnacThiw. CooTHO-
EeHMe MeKLY 3TZAME LOMOOHEHTAMH MEHAeTCA TaKHKE ¥ B 3aBUCKHMOCTA OT yPAAa BujaeTa
BTRLEYHANX NPOTOHOD (CM. pHUC. 6).
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AKCMEPHMEHTANBHNC TNYKK B3FTH U3 padoT [14].
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7 [IpuMep pacueTsa ZBORENX AuddepeHUMANABHEX Ce-

daar ; | yenult Zar He puc. 7. U B arom cmyvae cor-

‘ Jlacye C ONHNTOM ROCTATOYHO Xopomee, a B 00-
NaCTM SOABLINZ yPACB - 33METHO NYyuyNe, YeM
pPe3ynbTaTH, FONYyYCHHNE B DAMKAX KACKafZHG~
ucnaprrensunoft Momenn. Hak yxe 0TMEYanocs,
NPORHTErpHPOBAHHNE N0 YIJaM 3HepreTEyeckke
CHEKTph fiBARKTCA HE OYEHb YYBCTBUTENBHGH
XOpaKTEPUCTMKON, 9TO MOIBORMLC pYALY ABTO-
PCB MCNONBJIOBATH ANA HKX MUEEMARABHO Waue-
HRIHYD NMpeJpaBHOBECHY MOZeN: BNAOTH A0
anyrun Tn== AC Mss (cp. puc. 4).
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[akuw 0Cpa3oM, NpelrtoReHHas KACKAZHI-IKCH-
TOHZAS MOEZEND FCHEIHO BOCRDOMSBOAAT ABOHME
AMiDepeRuAANbHIE CEYEHMA AMA BTODKYKHX HyK-

wraay. : . -
Prc. 7 ChexTpd BTOPRYHY LpoIcsop, -0 C3. LPHEGASHHHE DE3yJbTATH €uc pas fioA
VCUYLEHHMX B DEAKU#A p + Tig-+p+... UEPKAZALT BAXUOCTH yUETA IPELPABHOBECHHX
Mox yraow @ mpw Sr = 39 2B, MDOLECCOB, NMOKA3WBAKT, NPK KAKUX VCAOBHAX
Crnoudas THCTODIZMMA - HiZ pucyer,  ooHe ’ 0T, npR* JEARBRA
MyHKTApHAA - picue? ECLTLES W Ap. UX BKAQL MOEET CTaTh NpEeBaAMPYyKmuM. 3 TO
MO0 FACKALLO-ACNADUTENLSSA MOLEsH . . _

S RomepMusHeanbMle TCUKK sam- A€ BPENT CIELYeT NOMHATE, YTO TpamMua [as

Th M3 padora [14]. FENla MEeXZYy TDENA DACCMOTpeHHHMT MEeXaHWIMA-

MK ALEPHON DeAKKMM - NPk (KACKAXRHM),
NpeLpaBEOBECHEM ¥ DuBHOBECHHM (KOMNAYHI-AAPO) - EeChMa YCNOBHA WM OTHOCHTEISHR.
LarpHefunit mporpecc B OTCM HANDABAEHMM CBA3AN KAK C 00NEe AETANLIKK M CTPOPAM
TEOPCTHYCCKMM DACCHOTDEHMEM NPOOITEMs, TaK W C HENCXOAAMCCTAN iIDBHMA TIPELH3MCHENY
waMepeHnld, B 44CTHOCTM, MPEACTABJAET MHTEDEC KayueaMe KOppessumit Mexly wmenymeH-
HNUM YACTHIAMA, NPHMED YCIELHOTO NDKMEHEHHA TAKOTO [TOAXCAA ;1abT MGCRCAOBAHKA
NpoUGCCOB MHORECTBEHHOTO DOXZLEHMA 4aCTHU B CTORKHOBCHMAX BhCOXOSHEPTETUYECKMX
AAPOHOB.
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1, 1ntroiucticn

A large aumber of excerimertal (n,2n) cross sections have bteen o:tained by va-
rious technijues during the last 20 years, Tais has enatled many authors to com-
sare the existing experimentsal {n,2n) cross sections with theoretical estimates
and make a systematics of (=,2n) cross sections,

{n,2n) cross 3sections ~ave heen mostly compared with prelictions of tre stati-
gtical theory an? some semiemcirical ready-to-use forsmulas 3uch as the Pearl-
stein [1] estimates,

Tre overall c-nclusion lrawn frox these systematic stuilies is t-at the sinpie

evaporation theory used in earlstein semiempirical formulas agrees within

A .

or

%0 tiiris of t-e measured cross sections [2], Tilig ctaterent rolis
for incilent neitron energies arcund 14,7 eV,

wit! about

It na3 been recently nointed out that experimental total (n,2:° cr caztion
exiivit a gystematic tren! in tte deviation from the rearlat2in extinates [ ]

This trentd arpearef when

ffl

.'X'

romparison was made for constant valiues of the

exXcent enersy L. = L + _(n,“n) rat'er tian for constant bombarlinz energies

Ly of such a comnarison aprears clearly from the gimnlest evapo-

ration formulas 1
e

ike the Jel one, where tre crogs gsecliorn for the emis-

sion of two consecutive reutrons is ziven in terms of essentially only one pars-

meter, namely UR:
R UR
G (n,2n) =é;ﬁe{ 1T -1 4+—= exp (~ Fa )}

wrere G 13 t'e nonelastic cross seztlon an? @ the (residual) nuclear terpera-
ture [4 ]

In an earlier paper ‘olud an? “iniro [3] invertigated the compnrison of experi-
mental (n,2n) cross sections and the Pearlstein estimates at constant values of
?R' “rey noticel that most of t-e data in tre region of UR =6 %1 1eV are Sy=
dtermatically overestimatel hHy tie resrlstein estimates, In fact.tax?-fit to 2
straigtt line in a G’expks' Pearlstein ratio as a function of mass number A
Zave a line

e'ex

é—L——- = =0,00038 A + 0,95
Pearlstein
inlicsting that for nuclei heavier then A% 100 and for U, = 5 2 1 *eV the vearl-

R
stein calculations overestimate the experiment by about 1C % on an average, This

difference was conjectured to te due to the effect of preequilibrium processes
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in neutron emissaion,

Ae should streas, at this point, that the Pearlstein expreasion is not s purely
statisticsal formula, but rather a statistical model-based semiempirical formulae,
as 1t contains G'n:‘/ﬁ"ne as a scaling factor (G’nu 13 the cross section for
all reactions where neutrons are emitted, except elastic scattering). We
trought, therefore, that in order to detect systematic departures from the sta-
tistical predictions (and to ascribe “:em to nonstatisticsl processes) a compa-
rison witr a statistical nodel a priori calculation was necessary. is to the
choice of experimentsl data for this comparison, we used data published from
1970 on whensver possible, i,e,, we used activation deta obtained hy the Ge(L1)
detection technijue, ac well as recent data obtained by the large-scintillator
method [5], Otherwise, earlier data from different suthors were averaged and
their mean value taken for comoperison,

2, An 8 priori comnound nucleus evaporation calculation

In the present work we study In detail the applicability of equilitrium pro-
cesses to (1,2n} reactions, To this end, we understook a systematic calculaticn
of (n,2n) crosa aectioqn using a statistical model, keeping all the input para-
meters fixel or smcotrhly varying with A,

2.1, Ingredients of the calculation, The calculation was based on the l-inde-
pendent statistical model; a computer code wae used to calculate simultaneously
fv,p), (o}, (n,n*), (n,2n) and (n,3n) cross sections [6].

T-e inrut parameters were the total nonelastic cross section G tre inverse

’
croa=s sections for neutrons, protons and alpha particles (whichn:e denote oy
G’;nv(é). G’?nv(f) and Ci?nv(e), respectively) and the appropriate level densi-
ty parameters, By irncluding eitie: experimerntal or celculated (using the Weiss-
kopf single-particle transition rates) values for f; s 1t was also possible to

calculate the {(n,y )} cross ssztion,

(1) The values of nonelaatic creoss sections G’1e(8n) were taken from the opti-
cal) model calculations of llani et al.[?].

(11) The inverse cross sections for neutrons G'?qv(c) were calculated using
the optical model code by 3mith [8]. A locai equivalent of 8 no~local po-
tenial with the Wooda~Saxon form for the real and the Woods-Saxon deriva=-
tive for the imagirary part of the potential was used, The optical model
parameters were the following:

VO s 71 MeV

'o = (7 + 0,4 E) MeV

RoR = RoI s 1,21 fm B (nonlocality) = 0.835 fm
lR & 0165 fm

8y = 0.47 fm

VSO a 7 NeV

The above parameters were chosern in such & way as to obtaln maximel agree-

ment between the value of GTTnv(e) calculated by this code and the values

obtained by Lagrange and Delaroche [9] from coupled-channel calculetions
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for the nuclei 14BSm and 232?h, as well as an extended optical model ana-
lysis for the nuclei 93Nb and 197Au. Ye note that § '{nv(e) around 14 MeV
was practically equal to the G o of ref. [7].

(111) The values of inverse cross sections for proton emission G ¥ v(e) were
taken fror the optical model calculations of Mani et al. [10 and those
for alpha particle emission from thre calculations of Euizenga and Igo [1j.

(iv) The level density parameter a was systemstically taken from Gilbert and
Cameron [Ji]. Following the same reference, the excitation ensrgles of the
residual nuclei were split into two regions by an energy Eo. Por excita-
tion energies Selow Eo' the constant temperature density model was app-
lied, and for excitation energies above Eo, the Ferml gas level density
modiel was applied, The value of Eo was calculated using the procedure des-
cribed in ref.[12 . The values for pairing and shell corrections were al-
so taken from Gilbvert and Canmeron [12].

(n,2n) cromss sections were calculated for about 80 nuclei, for incident
energlies satisfying the condition that the excess energy was in the regi-
on UR = 5-7 MeV, ¥e made this choice having in mind the following reasons:

(1) Por most nuclei, the y-value for the (n,2n) reaction is about -8 to -9 &
and most of experimental data for (n,2n) cross sections are for incident
energles between 14 and 15 XeV, Thus, the bulk of available data corres-
ponds to the excess enerzy range UR = 5=T7 LeV,

(1i1) 1In this energy range we are well above the (n,2n) threshold, and still Le~
low tke (n,3n) tnreshold; we ghall see tha: t.is fact has important con-
sejuences as to the gsensitivity of the calculated cross sections to the
variation of input parzmeters.

(111) As mentioned in ite introduction, a systematic deviatlon from the stati-
stical predictions was observed in this energy region,

2,2, Sensitivity of tre moiel to the choise of input parameters, We shall now
disocuss a crucisl point in the analysis, that 1s the sensitivity of the results
of the model calculation to the choice of input parameters., Among all the pa-
rameters, the leve] density parameter a and the neutron inverse cross sections
a"i‘nv(e) may conslderatly influence t:e calculated cross sections, while leaving
at the same time a considerable freediom of cholce of values.

It is well known that the average values of the level density parameter a given
in ref, [12 may differ Trom the values deduced from obeervation[ﬁﬂ. #¥e che-~
cked the influence of the two sets of values for the level density parameter a
on the calculated (n,2n) total cross sectionec Tor the 143,150,152 and 15450
isotopes in the incident energy range from 14 to 16 ileV. The results for the
total cross sectlons obtained using the calculated and observed value for a,
respectively, are shown in Table 1, The croiss sections obtained for the two
sets of a values are guite similar and certainly well within the uncertainties
of the method., In addition, we drastically varied the value of & from 16 to

24 Mev"1 and calculated the total (n,2n) cross section for 1528m at an incident
neutron energy of 14,5 MeV, The corresponding relative chenge in the calcula-
ted oross esotions was found to be only 7 %,

The influence of two different sets of values of neutron inverse cross sections
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ig showa in Tadle 2. The {n,2n) cross sections were calculatel for
1‘8'fsc'152'1543m and 197}u ising the optical-model [B] and the coupled-channel
[9] values for G?mr(e" for incident energies in the range bYeiween 14 and

15 eV, In all cases the differences in the cross sections around 14 eV (cor-
responiing to CR =5t eV) were rather small (~5 %),

It is important to note trat the effect of the variatjon of the two crucial pa-
inv‘e) becomes considerable as we move to lower incident en-
erzies, aporoachiaz t*e {n,22) reaction t-reskold, Ye stress that this varia-
ticn wal no aporeciable influence on the calculated (n,2n) total cross sections
oaly for incident energies corresponding to excess energies in the range UR =

razaters a and G

S-7 Ley, rnis, we felt safe in using tre molel in this restrictei energy rarnge.

1, Results

3. 1. Zomparisorn with other systematic calculations., As mentioned before, we

\)

alculated tre total \1,M") ¢ross sections for about 8C nuclel in the excess
anerxy range of TR = 34 reV, There exist at cresent geveral semiempirical and
ampirical formulas for (a,”n) cross sections, for instance those by Pearlstein
[1}, Ad3m ani Je<l ["u and 3, Chatterjee and A, Chatlerjee [15]. For 73 nuclel
g {ncitent eze-z’23 correzpondinz to the above r2glon, we made a compariscn
zpevimental results of tite total 'rn,2n) cross ceciions and the

oy
®©
o
V. ]
— M e
1]
1
or
3
)
@

of tre zalculations fronm refs. [1, 14, 15] ani oresent worx, respecti-
vely. -ig, 1 shows the higtozrams of the relative dir“erences between the ex-
perimental values and the dif-

B e e S TR S ferent calculations, Tne semi~-
Nurmber of duta :%m’,‘:}m, empirical formulas by 5, Chat-
% S ;:‘:::2: terjee and A, Chatterjee [‘!'5]
s0. [—l~ and adaz ard Jeki[14] give
o | »mi ratver widz ristograms symme-
i tric around 0 % deviation, On
o 2 the otter aand, the results of
» h--4 | Tearlstein [1] and the present
calculations predominantly
0.9 overeatimate ithe experimental

W . = - : values up to ~ 2G %, For the
tearlstein [1] semiecmplirical
estimates, the same l.as alrea-
dy been concluied in Jection f

“{7, T: Digtribution of the relative 1iffe- P +:

. ue,/eon exaerimqnta] valnes and cal- ani 1t aphearg tiat tre orre-
culations o !n,2n) ~ress sections a {vren sent calculation givers 3imi=-
ty T, rnatter) ee aﬂ“ A, Chatterje 5] ,

JAAm ardl Sexi [141 tearlatein [1 an? pre- lar results.

jent worv, regpec ‘vnlj

3.2, Dmparison #ith exnerimental 4data, To study in more detail tre comparison
of tle preusenl valllilations with erperimental dats, we plotted the Erexpﬂykalc
ratio a9 a function of atomic mass number in the chosen excess energy rasige of
X1 ey, Fig, 2 shows the reault of this investigation. The least-square it
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to a straight line of the data points in fig. 3 gives

G exp . _0,000061 A + 0.92 ;

& cale
(in this ecalculation the very low point for A = 58 corresponding to SBNi has
been omitted, as it seems that more accurate experimental cata are needed), The
least-square line obtained oy using the present systematic statistical theory
calculation, where no paramcters were adjusted, is close to that obtained ear-
lier by Holub and Cindro [3] and discussed in the introduction, The bulk of tke
calculated values for the total (n,2n) cross sections overestimates the experi-
mental values by about 10 %, A feature observed more clearly in the present re-
sults is the peak in the mass region between A = 140 and 180,

4, Discussion

The main point arising from th (—. — M“~_}1
m the
' Upz 621 MeVY 9‘,.;" €nth:0 | |
preceding results is whether the ! — o~
i MEy mM2)-€y2)-0. |

obeerved systematic discrepancy
between the experimental and
calculated values for (n,2n)
crogs sections is significant.
In other words, would a suitahle
change of input parameters hring
the calculated values in accor-
dance with the experimental re-
sults?

Ve have slready seen that no
gystematic variation of the le-

vel density parameter a and the
neutron inverse cross sections

I (e), applied wittin reaso- Fig. 23 Ratios of experimental (n,2n) crcss
tavee’? 1 sections to the present compound nucleus
nable limits and in a more or calculations versus the atomic mass numter

less smoothk way, could zlange cf the target nuclei for Up =6 * 1 MeV,

i ] 1 -
the calculated values in such & t?gnlel line represents the linear func

:G = = .
way os to shils the least-gsgquare ¥ argffg— = =0,000061 A +0.92,

1ine to uaity, On the other rani, og}ained hy & leasisquare fit t 8the data.
stp iaverse cross sechions For (The paint denoted by § ia for 2%i and is

not incluled in the leBut-sjuare fit),
protons and alphas and the croise

of f; have no aprreciable in-

fluence on the value of § for incident neutron erergles around 14 eV,

cale
The only remaining parameter 1is the nonelastic cross gection ane- its values
were taken from .Lani et =1, [7]. Although a systematic uncertainty irn tre opti-
cal model cross sections ¢ ref,l 7] 19 not unconceivable, there 18 no other in-
‘epenient eviience for the need of, say, a decrease of by 10 %, Besides, this
decrease would even worsen the disagreement around A = 150, and, moreover, its
effect on the calculatel cross sections may be more complex: 8 consequent de-
crease of G4, ,{n) values used at neigibouring energies would soften the prima-
ry neutron emission spectrum and trus tend to increamse the total (n,2n) cross
sections, Thus, explanations calling for an extension of the ~odal eppear to be
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Table 1t Influence o® the level density parameter a on the calculated (n,2n)
total cross sections: Comparison rg the results obtained using an
average value of a (001?0, ref.[12j) and values of a obtained from

experiment (a .., ref, 13]).
1485m 1‘505'n 152slll 154slll
E, Ceale with with with with
{mb)
(MeV) . Bcale Bobe 8:aic %obe 8:alc %obs 8calc 8obsl
14.C 1999 1956 2017 1923 2006 1967 2092 2123
14,5 2016 2004 2023 1947 2016 1996 2090 2122
15,0 2026 2015 1954 1905 1938 1966 2014 20717
16,0 1882 1872 1491 1513 1442 1639 1551 1767

Table 2: Influence of the inverse neutron cross sections on the calculated

(n,2n) cross sections: Comparison of the calculsted (n,2n) cross sec-
tior s obtained with two different sets of inverse neutron cross sec-

tions (G’?;lgu, from optical model calculations, ref.[a]andG?ﬁsc
from coupled-channel caloulations, ref. | 9])).
1488m 15°Sn 1525m 154Sm 197Au
Gcalc with with with with with
1
(mb) OM CC { xn,OM ceC n,OM ~n,CC|~ n,0M ~n,CC | gn,0M &n,CC
(Mev @iy Oinv [Othv Oinv (Cimv Oihv |Cihv Cinv |Ciav Ciny
14,0 1999 2005 | 2017 1986 2006 1910 2092 2027| 2374 2276
14,5 2016 2021 2023 1996 2016 1945 2090 2048 2371 2285
15.0 2025 2026 1954 1925 1938 1925 2014 2035 2367 2295
16,0 1882 1850 1491 1524 1442 1626 1561 1814 2344 2269
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more likely. A naturasl way is to include nonaquilibrium processes in the neu-
tron emission mechanism. This point is extensively “iscussed in ref. [16] and
other contributions to this Symposium,

The second feature deduced from fig. 2 is the peak in the Grexphs’calc ratio
for mass numbers between A = 140 and 180, WNe are not inclined to ascribe it to
possible systematic errors in the experimental {n,2n) cross sections in this
mass region, Several explanations, for instance in terms of the nuclear Ram-
sauer effect or in terms of the deformebility of the nuclei in this mass re-
gion, come to mind, but none appear to coherently explain the observations,

Thus, this phenomenom remains an open problenm,

Ve acknowledge the contributions of Mme Z, Cindro ar? Mr, J,?, lartin in nume-
rical calculations presented in this paper. Two of us (E.H, snd N,C.) wish to
acknowledge the hospitality of Dr, A, Nichaudon and the Service de Physique
Nucleaire of the CEN Bruyeres-le-Chatel, where these calcula‘ions were perfor-
med,
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STATUS OF THE RADIATIVE NEUTRON CAPTURE MECHANISMS - NORSTATISTICAL

5. Brzosko, Institute of the Experimental Physics University of Warsaw and
e Department of Prysics, the Blalystok Division of the Jjarsaw University

This paper is devoted to the description of the oresent status of our knowledge
about reutron rediastive capture mechanisms, In the first section there are gl-
ver a review on mattematical description of the neutron capture cross section
and pcsaible sources of correlation effects, The polnt of lecture is the expla-
nation of connections between the intermediate structures and correlation ef-
focts, 1n one of the sections the explanation ¢f the bump in X—ray spectra is
isecussed, The typical experimental results are presented,

1, introduction

During recent years physicists working in radiative casture of the neutrons ha-
ve focusel {nvestigations on nonstatistical effects, Especially, they paid
atteation to the correlation tetween the differeat radiation channels, As supp-
lementary da%ta, 1nformations concerning the elastic scattering of the neutrons
and t’—rays or canture of the neutron in (d,py) and (d4,p) processes have been
preserted, The present state of the subject is vuhblished in the proceedings
from last conferences [1]-[4], Situation in nuclesr reactions was clear during
the fifth decade, Two aporoaches - a statistical moiel of compound nucleus (CN)
[5],[%] and a direct re:cction model (DI) [34],[3?] were used,

First of all, the remctions intuced by neutrons for low and mildle energles have
been a good examole for realination of statistical conditions, The exnerimental
value of the resonance wiith revealed t-e 1lifetime of the resonances of 10-155,
It is enougi for about 10° elementary nternucleer two-body interactions, After
all, the cross-section for low energy caoture showed nice resonances that con~
stituted 99 7 of the energy-integrated cross-section, ‘his make suggestion to
woet physiclets that decay of the T can be treated in term of the statistical
model, Improved quality of the measurements esvecially of high-resolution pro~
Jectiles and outgoing oarticles have allowed to observe disagreement experimen-
tal data and otatisticsl predictions.

It has been observed:

{

anomalous amplification in high energy part of the X ~ray spectra [7],[8].
correlation between intensity population of t:e same levels in (n,‘) and
(d8,p) reactions [9],[Kﬂ,

- gamma and neutron widths correlations [1ﬂ ’

excitation functions fluctuations [12], [13],

The effects mentioned play an important part in the resonance reaction and have
been not treated as direct procesg fraction, These processes violate statisti-
cal picture of the reaction and must be newly interpreted,
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2, Compouncd Nucleus and Intermediate Configurations - Review Based on S-Matrix

Theory
In the separate neutron resonances region, tte amplitiude of the (n,r) reac-
tion may be written in the form (ignoring a ohase - factor fe'f):

_ oot ("
S"f_‘ﬂ: E,-E S,

-0

ﬁn and [}; are the neutron and photon absorption widths, respectively. E is
the energy of the compound system: projectile and target, E, and fi are energy
and width of the resonance A , respectively. So is smootrly varying with en-
ergy part, It contains potential capture term and oart proceed from tails of
the distant resonances lEll'- E|»r.

The (n,r) cross section is defined as:

2

—— [+t
Since, the energy resolution in incoming and outgoing channels i1s limited, ex-
perimental data give us tre avevage reaction amplitudes, It is easy to show [hg

that after averaging the slow-varying part of the S"f s the lmplitude,s,,ff.‘w)
has form: i

(2)

S,,; (sv) = Re ¢ Sy (3)

The fast varying nart of the S,,f produces fluctuations and adequate cross sec-~
tion can be written as:

Gy =4 S <S> >=<tafi>-(T4) @

D is the density of A resonsnces per energy unit,

bl it}
/‘ﬂf-';"IM<Snf>=£&_&_>

D (5a)
<Gn> < it
Sy =T A =T (5b)

The formulas (5) contain definitions of t-e strensth function @,

The exlstence of the statistisal condition in compound system is related to rea
1l'zation the next relations:

v %
M e = 0 (6)
A€o

and
A R
AE Z n i &E ; , Taf (1)

are slowly varying function of the energy, and

G‘h m‘h.
50 << I EA EL'E'*E I (8)
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The first condition means independent decay of the CN in all channels. It 1s the
result of many component construction of the wave functio~ and randomly distri-
buied phases of the components, This leads to additive sum uf the resonance and
background cross sections, Additionaly, neighbour resonsnces can be treated as
constructed on similar way basing on the same configurations. The role of the
Alstant resonances and potential term can be neglected (8).

There are many examples of experiments where energy Spread of the projectile
beam is higher than resonance spacing AE))hor resonances are strongly over-
lapped 1> Dy . As the result, many resonances are excited simultaneously,
Taking into account conditions (6 ¢ 8) the formula (4) may be written as:

<ol > =G e

This formula demonstrates independence of the creation and decay of the com-
pound nucleus ~ the fundamental property of Bohr's theory.

Let us introduce a number definitions iluminating equations discussed above,The
amplitudes of the transmission width used in eg, (1) tell us about overlap the
resonance wave function and reaction channel or final state f,

o <Al K> ot << AME4| X,> (10)

where: | A » - 18 the isolated state of the CN,
IXE) - 1s the projectile state in the complex potentisal,
| X,» - 18 the final state of the systenm,
E4 = 1is the electric dipole operator, Those transitions are taken into
account, only.

One can assumne that regidual potential is a superposition of two body inter-
actions, Then, thele) state can be written in orthonormal set of configura-
tion constructed aa:

Xf >=§: C¢f| Yf CPt > o

In such an explanation the simplest component of the |X > consists of a target
in its ground state and highly excited quaai-particlel\r’“ 49. 5. The next group
of the configurations is constructed as guasi-particle in field of the 1pih

type excited core, l‘f;, ﬂph’?. A further atep of complexity will involvel\ff’z CPLPZ:
configurations and so on,

The |X¢7stntes can be presented in similar form, there is a natural continua-
tion of the shell model states on positive energy region:

3
_ 12
(X, 0=) Ctly ¢ > 2
: t e t
In eqs. (11) and (12) the antisimmetrization effeote are omitted, Detailed dis-
cussion on these effects you can find in papers [15] ’ [16] and Feshbaoh [3].

Let us now turn to experiments with poor en2rgy resolution of projectiles, en-
ergy resolution is 10° keV in order, As s classicel example of this type of data
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the averaged excitation function for elastic scattering of the neutrons can be
Ziven. The mentioned excitation curve exhibits a broad, so-called glant reso-
nance ([zo = 4 MeV) [1?]. The existence of the glant resonances can be explained
as an interaction of the projectile and the average complex potential of the
target. Solution of the problem of the particle moving in complex potential in-
duced exiatence of *he macroscopic amplitude of the reaction. By analogy to the
e3. (1) one can obtain:

S Z T me-_‘ + S (13)

where. Gmn and Gmf describe the single particle resonance width for absorption
of the neutron and photon, respectively, En and Gln are the energy and
width of a single particle resonance m, W - ig the depth of the imagina-
ry part of the optical potential and the width for transition from"t’.., qg>
configuration to next complexity. Por neutron elastic scattering the

e3s, (1) and (13) lead to the relations:
+ 1
"S.nn ZEEt S (14)

N

G " {15)
S = Z Em E-% Gn-iW *.S,

m
The relations between I}, sand Ggp c81 be obtained from mean value of the diffe-
rence between tre e3s, (14) and (15), The meen value must be equal to zero:

N
R

In a separate resonance region the e3, (16) leads to dependences:

?T (r;ﬂ7 3 Gmn(w'%GML) D
D (Em'E)"(w’%Gm)

and

= (18)
E:j '—ln anm

- the strength of the single narticle configurations is distributed among a
large number of C¥N resonances, Its distribution is determined by the Lorentzian
forn,

Similar information concerning relstion between macro and micro-structure gives
u8 the neutron strength function as a mass number function, 5{%5 (E ¥0), The
mags number increasing plays the same role as an increasing in the projectile
energy., The single particle levels localised on a top of the potential depth
are shifted down as & mass number increase, The giant resonances obgerved in
neutron strength function are shown on fig, 1 [18].

The (n,n') excitation function measured with energy resolution of 0,07 MeV,
fig., 2, reveals fine resonance structure tullt on a giant resonance macrostruc-~
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cal model 181.

ture, Thiz substructure (f:-0.1 ¢ 0,2 MeV) may be understood as neutron scatte-
ring on the two quasiparticle excited target,I‘HE CP1p1h .

An equivalent model quasiparticle - vibration configuration might be assumed,
The data mentioned involve a similar relstion to eqs, (17) snd (18), this means
that“P E q)1p1h > configuration is realy observed in the experiment and its
strength is distributed among many CN resonances, This reasoning should de re-
neated for succesively incrasing complexity of the substructures, Generally,
increasing step of the configuration complexity invelves decreasing of the mac-
roreaonances width, Exctraction of the defined tyoe of the configurstion leads
to the conditions:

a1l 5 [ <« SE<<R (1

wrere: I - is tre energy interval in which experimental data are averaged, A E-
is the energy resolution of the incoming and outgoing reaction channels.

Normally, it is very difficult to analyse the inter-mediate structure becauss

macroresonances are not equidistant and one can to account of tre interference
effects, (For icentification of the intermediate resonances tests proposed in

U3 are usefull},

Up-to-date prysicicts know & good avidence concerning the role of the scatte-
ring statesl\fE qu > type ant dcorway states one step more complicated i,e,
IV‘E q>1p1h » type., (The doorway state means t'e intermelimte atate between
incoming or outgoing configuration and more complicated configuration included
to A set of CN),

Trhe baeic result of this tyie or investigations is the explanation of tre role
of averaging the exnerimental date and using them s a method for the interme-
1iate structure i:vestigatione and tests for C¥ concept,
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The Correlstion Analysis as aa Investigati : Method of the Simple Configura-
tion Contrit:ted to the Total Wave Function of the Highly Excited States

In section 2 there were presented troubles in extraction of the intermediate
configuretion basing on tre measured structure of the excitation curves, The
correlation coefficient method omits these difficultes,

The correlation g (.1; bi) between quantities a; and bi is defined as:
s (ai-0){bi -b)

g (Qi}bi) = [{; (0.;‘0.)1'; (ba-bl"]""

(20)

where a, b are the mean values,

Using the above definition to the radiation widths amplitude ﬂ'“ and neutron
widths amplitude r'lno or to the snectroscopic factors Sjk' one can denote eq,
(?0) as follows:

Z; ’:} ,:t:’b < ‘;1‘ r:;'q‘ >
[ZRD ] [KE><is%
— Im S
[ ImSec T See]
- where ¢ ani ¢' reoresent reaction channels,

The relations include the fact trhat mean value of the width amplitucdes are zero
ani take to account eqs, (3¢ 5),

1
?( r;c‘ i —A-i‘.h) =
(21)

In exveriment one can measure the widthks and square of the spectroscopic fac-
tors, but for theoreticel purposes, it is more convenient to work with tre
width amplitude correlation i.e, ?(H?’. l';"_’,l) . Provided that t“e correlation
ar‘ses from a linear relation like f:"a = ‘,{1’}40{1 [20] ,[21], where 4, is
randorm, this is related to the width ~ correlation thus:

¢ (M) =le(i™, Y )

o fivmation trat g(l}f"i ﬂ":"');éo means violation of the statistical corditions
2i.(%)an? inlicates the oxistence of intarmacdinte stricture confizurationa,

r. o r-icular cass the radiation widtk amplitude cean be derived i~ rerqa of tre
components couple? to intermediate structure o” & different gtep of comolexity,
"ren, 1t {s assumed that s series of two-5o0dy interactions occurs ar? t e follo-
~inz casgses are allowed:

e Ro=—u % Ppu>
, YE' %pm"—: | \P " ‘Pd’,'n.' >

| ¥ o> = | Yer cpzpzn)

The compound system i3 deseribed mas the particle a-1 role excitations [20] ,[?.?],
[?3]. [?d]. Tn ejulvalent way the phonor excitation makes a g001 renresertation,
“oth models sssuma t-at equipartition of energy of the system i8 realisel as
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Fig, 3: Diagramic represeatation

of the two body interactions chain,
The potential wells represent va-
rious nuclear configuraticns, The
horizontal arrow shows a particle
acatterinz mode involve particle-
"ole creations or recombitaticns.
Tta lengt: qualitatively represent
transition probability between con-
figurations.

role of the exit ctannels is discussea in numerous napers [L. Papinou -1]

[25].

excitation of the succesive step of free-
dom, Practically, the set of coenfigura-
tion hae been devided into two parts., One
of them contains e thourands of the com-
plex configurations, condition (19) is
not realised end eq, (5) is true, This
part may be treated statistically. Ano-
ther part contains the numerous simple
configurations, condition (19) is true
and this part involves nonstatistical
effects,

Type of the exneriment, efficency, energy
and angular resolution define the possi-
bility to extract the fine class of con-
figuretions, better one of them, A satie-
fied extraction one can obtain in y ~-ray
transitions mearurement to low - energy
states of the final nucleus, There are
aporoximated by wave function of the simp-
le quasiparticle configurations, first of
all 2pih type.
This fact allows to interpret the emis-
sion of high energy ¥ ~reys feeding se-
lectively the low-energy states in accor-
dance with step of overlap of the simple
configuration of the C,N. and the exit
channel., Hence, one can observed gelecti-
ve feeding of the low-energy states, Ehe]
15]).

To find an interpretaticn that would account for all these ptenomena is quite

crallenging.

Thke S-matrix 1s found %o be the sum of three ovarts, a8 direct-single

particle term, 2 term which involves doorway state interactions, and a term
which proceeds through tre C,N, The Beer's results [4Q] for the resonance re-
gion can be summarized by an expression for a partial radiation width amplitude:

% v
'T,; = Ay Spx fwo

@ 2 1
A, e +.S; * Lovge +
2 Tano é;xE%nm E}ﬂb

W, (23)
l?n (stat.)
- s

Fig. 3 diagrammatically summarizes the connections among the configurations

which lead to eq.(ZJ).

The firet term of eq.(?))(fig. 4) describes the process in which l\r' E (Po >
configuration is produced during ccliision of the incident neutron and nucleus,
Another way is due to the nucleus emerging from the C.N, proceeding through the
doorway configurations| 3’ ¢%p1h > , moving into the exit channel and in the
end radiating to a eingle ~ particle component of the final state, The transi-
tion amplitude 1s proportionsl to the resonsnce neutron width amplitude f' 2
and to the final state neutron width r}, ﬂvﬁa,. The § -ray emission is realised
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on two ways, One of them is a transition of a valency nucleon, it is the 8>
called valency model [18], channel capture [26] or refdiation on the way out [Zﬂ.

Second one is realised as anihilation 1p1h system and leads to the same single-
particle final configuration, Ve take into account configurations 2pith strongly
coupled to incoming channel only, In result iy-rty erission and neutron emis-
sion may take place at the same doorway, the so called common doorway, The -
ray radiation can be finished in one step or the system carn oscillate between
exit channel and C,N, before radiatinz, The cyclic process allows a "multiplier®
effect is represented by a coefficient A,.

- -— - _——— e - -_—— Al — - —_———— - &>
- 1 - - r
] -] [ S
— + s — - @ - ~ *—.
"R, (VE— o —-.—. ] r_--_ 1
I <
O~ -1
'l ]l
Fig. 4: Diagramoc representations of *iz, S: Representation of the second
the processes described by the first tern of Eq.(23)
term of Eq.(2jL Zurly vertical arrows
show f -emission,
— e — - = -—— -
— 1 ~ -—— e —-— g —— = g
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Fig. 5: Reuvresentation of the third 7i7, 7: Reoresentation of the bourth
term of Eq.(ZJ) term of 73.(23)

In the second term the internuclear collisions also proceed to the 2pth configu-
rations, strongly couoled to incoming ch-nnel but in t-e end, radiates to a
particle-holel “’E'qﬁp1h) portion of the final astate (fig, 5). The amplitude

ie orovortional to ﬂ;} and "multiplier" factor Ay. First two terms sre basel
on an assumption trat narticle-hole system 1is decounled of{ giant E! resonance,
The processes 3hown in (fig, 5) and right nart of the (fig, 4) have been dis-~
cuseed in doorway state model [28]. [29].[30] and common donrway model [21].

The third term (fig, 5) has not connections wit- incomine channels, The C,N,



evolutes via 1p2hr configurations to 2p1h one. At the end an ilmmediate radiation
to & single-particle component occurs via annihilation of a partiocle-hole pair.
The amplitude contains a speciroecopic factor proportional to the final state
neutron wiithl;l‘ﬂas .« and 1pth annihilation amplitude of the decaying confi-
guration d: ‘f‘)t

Tre fourth term (fig. 7) is the result of t'-transition of one of the 2pih ty-
pe configuration to snother one., This process proceeds after enterinz the exit
coniguration from 2.5, in a similar way as in the third term. In this case ra-
diation o the nonsingle-pirticle final state component involves the retention
of the 1211 rair but t-e Zde-excitation of the attached single-particle part,snd
28~ De achievel bf!:;dh . The third and fourth terms are based on 2plh con-
’igarst’on- uncoupled to incoming channels., This case was snalysed in sapers
[3 LJ’] and in exit state model [33].

The Tiftr term is the result of ? ~-radiation from 3p2h, 4p3tk and more complica-
tei configurations of tre CY¥ and can be treated statisticall,.

The expressions we have ottained encompass several special cases which we shall
now examiie:

1) Tne statizzical model is r 3lised and partisl radistion width amplitudes
are raniom and normally distributed, One consejuence of the model that cor-
relations dissapear:

S) (r:nc'i r;“ f ( L" “ = 5 (r;" i 51"‘) =O

I* is imporie:nt that t:e resonance averaged vartial radiation wiiths are
near-e;ually fror the finagl state of the same spin and provided they are
tre 3ame multipolarity [471.

i) any 2pth coafigurations contribute to ' 4 -tranzitions but aumerous etrong-
ly overlap incoming c-annel-correlations are negligible,

111) A single-sarticle transition is irportent and is reached via randomly re-
latel 2o01h configirations from the CN,
A result correlations are large [40]:
A< [ng 24~
Fane [y ) = {BeSiathul <L 22 =
g ( ano j Ia ") 4 ﬂ(‘7k 1
g(r‘j R‘j)— ‘A Su 'A|)(A1S'vg’A! I‘lAM)A ""4
%
( PAS
kr NTRAATE »]*
. . ‘
g(ﬂ“ ) ‘SJ") = 1
1v) Many randomly related 2pth configurations are connected to incoming chanrel
and very few of them are involved in 7 -ray emission, The correlation is

amall due to small "multiplier” coefficents, A; = A, 70,
and

Yl W P
‘4 L= ..
¢ Ry 15 = 8 (l';“, o) =0
If the ssme 2p1h configurations rsdiate to several final states, then
9 ( Eﬂ;r“‘i-) may be large and desoribed by correlation (term third and
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fourth in e3.(23). It would be taken into account that each excited state ha»
an E1 giant resonance built on it [36]. This fact effects the partial redia-
tion width correlation decreasing it if in f—tranaitions take part many
different dipole resonances, In this situation:

0<gé1 - for 2pih configurations decoupled off the E1 giant reso-
nance, s

0¢ 351 and ﬂ'n.(. E‘,- for 2p1h configurations coupled to one E1
giant resonance,

O‘?(1 and r:ﬁoCE; - for 2plh configurations coupled to several
E1 giant resonances,

v) A singel isol: <1h configuration plays a dominant role in exit channel
and is respont . for radiation to several finsl states, then g(l:m', L“)-

g(ﬂrj',ﬂﬁ,}, 1. The case is similar to 1ii), Difference is that final states
under consideration contain u small Sgk and correlations is 0‘3“:;}}5?1)‘1 .

As an additional informati‘on one ¢an use parameter R ‘(g(‘rm)‘:nb, defined as the
averarge value 3 (ﬂ",w', [y, ) over many final states j. An equally important cor-
relation parameter i T =< § (l;'“' ; ["'_'d. )7:' « The parameters R and T are near-
zero for non-zero correlations, when several 2p1h configurations are involved
in the radiation,

4, Experimental Eviden:e ol Intermediate Structures

In this section typical experimental examples of nonstatistical effects have
been presented, A main part of data is related to nuclei 3S and 4S or 3P shells,
They are localised on the top of the potential well,

% The resonance-resonance interference
effects and direct processes

It 1s practical, experimentally, to measure in deteil the partial cross-~section
for 8 given finsl state, It can be fitted by a formula (1) containing a sum of
Breit-wigner amplitudes end a slowly varying background, representing potential
capture and distant resonances portion EChrien - 4]:

. Y 1 a
! ~ ’o P P*
6"&’- SI + -Am—-‘“—-E‘_E_i N (24)

If resonances are well separated the attention should be focused on the o’f-re-
sonance regions and for aporeciable correlations, the So terms may be discernab-
le, By this method the Brookhaven group determines the sg term extract, It is
10'2b in order in the numberous transitions, An example is shown on fig, 8,

2, The average cross sectiones

The case discussed in sec, 3 1) predicts that cross-section sveraged over many
resonances [37] should not exhibit correlations, However, for nuclei in 3P glant
resonance region i,e, molibdenum isotopes, may be violated statistical distribu-
tions of the transition intensity, Riamawi and Chrien [4] are making use of an
sexternal 24 keV, Fe - filtered, neutron bteam on a FWHM of 2 keV, An example a
comparison of & reduced intensity of x-tranoi’ciom I‘ E}n, (1% n€5) and spec-
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troscopic factors of the final states is shown in fig. 9. It can be stressed
that population intensity of the same spin states are different and quantities
32jk and l'i“ are strongly correlated, The authors suggest

and| YP& %"’Hih Qc)vulency components as a source of the observed nonstati-
stical effects,

B0 in.¢] Pmo
% Enz24. 5 0¥
? '”"JD’
L PrATN
-~ (6] m—— 3/2'
$ 1428 ¥
E 30 b 34
~ 1044 s Y+
_‘? 188 m—_(_’ﬂ__uz'
2098 e -
0-— 8/
Enley]
"é*. 8: Exc*ggtion function Fig, 9: Comparision of a reduced in-
1 Dy(n, y) Dy reaction E =5,961 keV tensity of y -transitions and spectros-

[Chrien - 4] o Dashed and dotted line - copic factors of the final states, The
predictions based on eq.(24) (n,t) experiment [Riamawl - 3 based on
24 keV, Fe filtered neutron beam.

y 2
3. The correlation E‘” and Sjk

The radiative capture in the case of the "neutron magic" nuclei can involve
either valency transition or potentiaml capture role, In thermal neutron energy
region the type of caoture mechanism is relatively easy to separate taking into
account consideration its different x -rayg energy dependences:

potential canture [26]:

G;,a, < const (Z,4) » En-1 Sik E‘, , (25)
- canture via distant levals [20]:
~ . r' ‘%
G'nl' = g(ﬂno; r;u) G, (abs.) SA%" (26)

G (abs,) - the neutron absorption cross-section,
~ valency capture [25] or channel capture [26]:
~ -1 2
G”l’ S const (Z,A,J) ° E, /2 sjk ﬂ'no £’ (27)
~ statistical capture treated es simultaneuos excitation of many El-giant reso-~

nances [38] can be written as [18]:

G;", ¥ const, ¢ G (abs,) Elgf (abs,)

R e (28)

~E% f(e o)
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Above approximation is reasonable far from the E1 giant resonance maximum,
f(ER r'R) - is a function of E1 giant resonance parameters and informs on the
wave function of the final state.

From a comparison e3s. (25 ¢ 29) one migkt hope to obtain the method for the
reaction mechanism to 2efine. The potential and valency captures are directly
proportional to spectroscooic factor of the final state, and tre models differ
in y-rays energy dependence, Usinz this, the iantersity ratios of two stroanzest
¥y -rays poonulating fin»1 states with large are considered [Hughabghab - 4] « On
fig. 10 the experimental ratio of
the intensities is compoared with
a calculated ratio based on the
relation Ip ol (2J+1)Er:, . The ag-
reement is reasonahly good for

the majority of cases w-en a re-

duction factor n = 1 for 4 =

24 ¢+ 64 an? n = 1,5 for A=136¢146
3 % 1. Thi ‘ -

20 . 0 J,OLE; is considere kis cases indica

smeasured te that capture process can de in
opredicted

teroreted in term of hard sphere
caoture, The similar way for ana~
lysing the radiative cavture me-

I 148 chanism is to stu’ly tre variation
[36pa Mg, Mg 140, Na Jy o Ey -np .. j.,2 .
’ ‘ ey of the @ (Ey iyt 55,) witr tie
F g& EL ai i n reduction factor n an? optimali-
'ﬂ 3 cCE’ zation of the correlations, The
r . : sumrary of botn methods i3 sche~
T
i | : matically illustrated on fig, 11
] y
! S By 4]. The capture recranisam sugge-
E 21 " EL g;”’f;?d-"“gfgd stion (fiz, 11) is consistert
i -Jl“ I ; SRR with other erperimental informa-~
A

tions concerning the subject [4].

QM LoQt O eEn

Fig. 10: Comnarison of measured and ore-
dicted intensity ratios of two strongest
r-rays in two mass regions [Mughabghab-:}]

5 r - h
A 4
< AF -
oz
2 b a = -
1+ c— -
0 40 60 80 W W M Fig., 11:; Diagramic representation of
A ootimal value of the n with atomic
e==-0I: eza- W, &xm- (W, mass, The capture mechanism suggesion:

DI, valency model vM and CN are con-
sistent with other experimental in-
formation
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4, Capture mechanism in the resonance neu-
tron region

High energy f -transitions for resonance capture ¢an not be explained in term
of the direct or valency model, The important part of the cross section is cou-
pled to more complex configurations, The anslysis of data is based on correla-
tion but conclueions are not so clear as for thermal and off-resonance region.
As additional information one can use correlation between (n,y) and (f ,n) re-
action or comperison of measured and predicted absolute values of the partial
cross-gections., In sect., 3 it has been shown that simulteneuos correlations

¢ (Tino ) ﬂfi) and g(ﬂri; S§k) and G"nyd, E‘} dependence do not mean valency
process,

.Up to date for resonance neutrons, we know numerous examples of different kinds
of the process [4]:

hard sphere capture i.e. 13883 [Mughnbghab - 4]

dietant level capture i.e. '°°y, 'S4py [cole, Chrien -4]
valency capture i,e, 24Mg. 98!0 L3§]

capture via doorway state i,e, 2 Si, 93Nb, 124Nd [Mughubghab - 4]

statistical capture i,e. 1271. 197Au [Jain - 4].

These results are not complete and it is difficult to discuss a general trend,

5 Correlation of the integrated 3) ~-specg -
tra and neutron widthes

As it has been mentioned in Sec, 3 1i1) for dominance B8 one single particle
configuration in al-traneition, and populetion it via meny 2pih configurations,
one can predict large correlation S dz E}Qi';no ). In the experiment the inte-
grated intensity ratio of tre total iﬁtensity Ef > 5 MeV to that for EI<1'5 MeV
is obtained for e35sl resonance, If one assumes that the iow tl-ray energy speo-
tra are constant then this ratio measures Z:fryj . Significant correlations
sre reported: ¢= 0,96 for 1+ resonancee in 5% [Jain - {], ¢ = 0.40 for
Ti, Cr, Fe, N1 isotopes [41] and ¢ = 0 for 0 [Spencer - 4].

c, High Enep Average -ray Spectra

The anomalous amplification in the 4 -ray spectra, so ocalled "bump" measured

in the fifth decade was a first information concerning nonotatistical effects
in 7N decay, Up to date the bump has been observed for nuclei in the range
around; A = 60, 110, 140, 200, The experimental material 1is based on (n,f) [7],
[8],[48], [49], (z,r') [R. Lucas = 4],[5d and (d,pz) [Sﬂ reactions (fig,12)
for wide excitation energy range of the CN different energles of projectile,
The Y -Taye in bump region are generally of E1 type,

The anomalous amplification of the high energy part of the 7 ~9pectrs has been
observed for all mass numbers, They take part in 50 7 of radiative capture
events (fig, 13), They ascounted of numberous. A region has a special property-

the g -transitions are concentrated in region - 5,5 MeV and tre distribution
width 1is about 0,5 MeV,

The existence of the bump cam be explained as & result of ine airength funo-
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tion shape around 5,5 MeV -ray energy.
The snomalous form of tl: strength func-

tion is supported by the excitation curve
data. In it a macroresonances were obser-

ved near 5.5 MeV f -ray energy.

Different kind of experimental data
strongly suggests that the gr-raye in
bump region are coupled to a single par-
ticle transition component, For mass nwm—
ber:

A3 60 g-transitions are interpreted in
term of valency model,

and A = 200 first of all, high
energy f -rays are single par-
ticle transitions in field of
the 1p1h or one-phonon excited

core. [31, [33), [43), [44].

it present the basic gquestion is tre na-
ture of the decoupling of E1 single par-
ticle transitions of low 1-values from
the E1 glant resonance, Generally, all
E1 strength of t e nuclear states is re-
moved from energy region of the 1pik sta-
tes and relocated in giant rescnance
(Brown—-3%o1stereli model),

In numerous cases decoipling may be ex-
pected:

- The princinial quantum number for tle
particle and hole components are 4iffe-
rernt and 1pTh configuration is decou-
ple? from the giant resorance, Additio-
nally, when only sue:l. ztates are asllo-~
wed 3p  2d configuration i3 decounlet
[21] t.e. in 3pp the 3p7Y4s, 207733
and 3p'13d are decouplel,

- The 1plh configuratioa is its=elf sprearl
in energy by mixing {~to complicatetd
configurations and only a fraction of
configuration is counle? to the giant
resonance [4%.

- The 1p1h and giant resonance interac-
tion is complex, it creates conditicas
for weak coupling [?ﬂ .

Let ug assume that in ©,5

-ray strength function
and it is underatoo’
view of

lieV region the
has a structure
the point of

the theory, In this case the bump

from
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is the result of a properiiy of tke strength function and can not be ireated
as nonatatistical effect, Of course, if correlation is observed, i.e.
..t .
M - &; O this means an existence of intermediate
¢ (Rys Jamo) # C oF 9(‘;“,5‘1) A

(|

stpucture. Such an examples are Xnown,

£, Summar;

~re gtatus of studias on neutron radistive capture reflects present tendencies
in investigetions and understanding of nuclear reactions, The material resul-
ting frow reactions (n, ) played an important role in assessing nonstatistical
pffecty and directed it to studying intermediate structures,

Interpretation of statistical theory of Z.N. includes a situation where wave
fanction of the high exclited state has many components [15], [4@]. [Jﬂ , [SO-
loviev - 41. [Vahaux - 4]. Selection of analysed comporents depends on the en-
argy resolﬁtion of t%e vemas used for experiment and on the exit channels or
tre final states of the nucleus type [25], [Papinou - 1].

ttztistical apnroach consists in an account that the components of the wave
function of the Z.7. are not correlated. The probability of decay of each of
trem within the intraniclear chain interactions aad particle or photon emission
15 oroportional to the decay width in a definite channel. This approach differs
from that one applied previously when a statistical description of population
of the nuclear levelu after reaction was additionally included., Recexntly,sabtle
techniques have made possible separation of final states heaving tre same con-
figuration in the wave function., Population of such states is governed by ano-
ther laws than tre remained groupa and these properties are the key for under-
standing the composed structures in a C,N,

Suer aporoach enables to unterstand the correlations for reaction channels
(section 3 ) and makes clear the occurrence of the structure in excitation
curves, Mostly generalized approach to the description of radiation width and
correlation coefficients has been presented in the Zeer's paper [40]. rarticu-
lar models analvsing extreme situations of the Beer's model [26] ,[20] ,[33],[15]
are known, but are basel on various mathematical formalisms,

The variety of ttis formalism applied leads to an apparent desorientation., Yo~
wever tke fact that t e results of aclency model have been confirmed with four
various apnroacres spesks for its relisble physical basis (projection operator
formalism [Zq, S matrix formalism [25], [42], Juasiparticle-phonon excitation
[Soloviev - 4§, shell model [Mahaux - 4]).

Present state of our knowledge incude trat decomposition of the radiation width
amplitude ej, 23 causes tl-at configurations 3p2h and more complex are treated
statistically, Improving of the techniques and of studying other types of reac-~
tiong can reveal the effects of more complex components, for example in reac-
tions of (n,yac) tyne [Popov -2] or in heavy ion reactions [3].

Let us return to tre traditional reaction mechanisms. Fig, 3 sugzests that the
main part of intranuclear collisions is the evolution to more complex configura-
tions, and later tve oscillations between simple and complex configurations,
Such a way of description of the event seem to confirm long life-times of the
neutron resonances, and on the other hand, & fact that majority of the reaction
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cross-sectiorn shows connections with simple configurations, Explanation of this
fact is releted to a rather small radiatior width of high complexity configura-
tions and in particu’ar, to very small partial widths for transitions to low
snergy states. In generall, the probability of photons emiseion to the states
described by the simple components i,e, low energy levels plays an important
role [Brzosko - 4]. In special cases, as for instance for magic nuclei, one
expects [Mahaux - {] that the probablility of transition of valency or doorway
configuration to more complex configurations is leas than particles or photons
emission probability; in this case the cascade of internuclear collisions would
stop at the beginning tkat could correspond to traditional direct or semi-direct
reactions,

Both mecranisms are the source of the same type of correlations and fluctuatioms
in the excitation curves if the same configuration is formed in the two mecha-
nisms, The difference is in the quantity of cross-sections predicted in both
aporoaches, It cannot be the criterion c¢f the mechanism at the present steg,
ratrer qualitative, of tre theory.

It seems that the part of research d!scussed above has already createdi a suc-
cessful tool for investigations of the wave function components of highly ex-
cited nuclel.
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SESSION 1V

DIRECT INELASTIC WUCLEOM SCATTERING TO HIGHER EXCITED FINAL STATES

E. Arnst and R. Reif
Technische Universitit Dresden, Sektion Physik, DDR 8027 Dresden,
MosmmsenstraSe 13, GIR

Recent experimental investigations of inelastic proton and deuteron scattering
with bombarding energies of 17 MeV and 12 MeV demonstrate & strong correlation
of the traneition strength of both reactions up to excitation energies of the
nucleon separation energy | 1]. Prom these results one can conclude, that the
final states in both reaction are excited by a similar mechanism 9imple in na-
ture. One can expect that first order direct processes sre not only responsible
for the transitions to low-lying collective states but coniribute to a large
extent also to the smooth back-grounl as well as some resonance-like structure
(giant resonances [2@]) of the continuous spectra for higher inelasticity.

In a previous paper [2 the spectra and sngular distributions for different ex-
citation energies in the resction 1 sa(p,p’'), Ep = 17 MeV have been calculated
with statistical assumptions on the phase and energy distribution of the two
quasi-particle compoanents of the nuclear wave functions in the mutual interac-
tion. In extending these investigations the inelastic scattering of 14 MeV neu-
trons from 400. and 56?3 was considered and compared with experimental data of
Hermsdorf et al, [3]. The microscopic aporoach to inelastic nucleon scattering
has been used mainly with an effective two~body intersction of Gaussian shape
and s range of 1,7 fm, Excitations up to about the nucleon binding energy were
treated, In order to get absolute differential cross sections the strength of
the effective intersction have been chosen to resropduce the collective excita-
tions, The cross section obtsined for each final state was transformed to a
continuous spectrum according to the resolution of the time-of-flight spectro-~
meter using a Gaussian distribution function. The calculated spectra are also
compared with resulta from the Hybrid model [4] for precompound decay with a
transition rate from the optical model,

4oCa§n.n']

The inelastic proton scattering experiments performed with high-energy resolu-
tion for 25 MeV [5] and 17,1 lieV [6] protons allow to analyse the double diffe-
rentisl croes sections of inelastic scattered neutrons, The first broad bump at
an excitation energy between 3 !'sV and 5 MeV corresponds mainly to the excita-
tion of the 3~ phonon state at 3,73 MeV and & 5™, 4,49 MeV level, while the 0,
3,904 VeV states contributes only with a cross section of 10 % of the collecti-~
ve state, Also the second broad peak is built up from the excitation of negati-
ve parity states (3~ (6,285 MeV), 1° (5,948 MeV), 2~ (6.025 eV and 6,751 MeV))
ani some otates of positive parity (2* (6,909 Mev) and 4% (6,505 MeV)), In tre
calculations the negative parity states have been taken into account only ueing
the 1plh wave functions of Gillet and Sanderson [7], which are given in RPA for
the )7 and 5" levele and in & modified TDA (diagonslizstion of the symmetric
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Table 1: Optical parameters for DN¥3A calculations (in MeV and f=)

!B % rD * vla rla %18
4Oca(n,n')| 1.25 0.5 1.25 0.7 5.5 1.25 0.65
ref, [9]

V=49,3-0336 , W = 5.75
6pe(n,n®)| 1.17  0.75 1,26  0.53 6.2 1,01 0.75
ref., [12]

n-Z
V = 55,3 -0.32 - 24 -x
¥, = 0.22¢ - 2,7, Wy =118 -0.25¢ + 12 HE
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Fig. 1: Differential cross section for the
ixcltatlon of the 3=, 2,73 'eV level in
°Ca(n,n'), By = 14 eV calculated in DDA
in comgarisop with experimental dats from
refs, |7, 1??.
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Fig, 2: Spectrum of neutrons inelestic:1ly
scattered from 40Ca, Solid 1ines experimen-
tal data « Dashed 1ine: DVBA calculation
described in the text, Dotted line: angle
integrated spectrum calculated from the
Hybrid model,

part of the RPA pmatrix) for the
higrer excited states. The form
factor have been computed with a
Yoods-Saxon votential (r°=1.29 fm,
8 = 0,65 fm, V;, = 6 Liev [8]) ta-
king into account the esingle oar-
ticle levels 1d5/2, 251/2, 1d3/2,
1f5/2, 2p1/2, 2p3/2, 1f7/2. The
depth of the potential was adju-
sted seperately to reproduce the
neut~on single particle energies
of ref, [7]. For the non-normal
parity stetes a value of V1/V0 =
0,3 for the ratio of Bartlett and
“Tigner forces have been used, In
order to pverform the DVBA calcula-
tions the optical parameters given
by Rosen et al, [9] have been usged.
The optical parameters for the
outgoing channel have been deter-
mined from interpo’ation formula
given there,

56?e§n.n'2

The level schema of ssPe is known
from inelastic proton scattering
experiments st 17,5 Mev [10] and
50 eV [1 1] incident energy., In
order to compose the neutron spec-
trum the excitation of 2*, 4* and
37 levels are taken iato account,
More than 30 states with these va-~
lues of spin and parity are known
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56 ]
Table 2t Single neutron (n) snd proton (p) tf;nsitionl in Po(n,n1;. )z(n)
Ground state configuration: (1f5,5) “(p)s (2p4/2s 2Py 720 g 0
L: transfered sngular momentum, ¥ : parity

L initial state final state
ot 19/ (p) 2py2 1f5/2
772 (W) 372 » 512
203/ (2) 2472 » M52
I\ 1f7/2 (p) 2P3/2 ’ 291/2 ’ 1f5/2
Wyyp (0) 20372 » 272 0 M52
3 175 (P) 892
2])3/2 (n) 1‘9/2
up to about 7.5 MeV, Mmong them are the
“ca fnn) ] collective excitations 2%, 0.849 Mev,
oMy e ] 4%, 3.159 LeV and 3, 4,512 eV, which
i E i o owea 3 were calculated with a collective model
F o 7 £ =910 M ] form factor in complex coupling, The
2+ # e - coupling parameters vere chosen to repro-
~ f—t— P - duce the relative transition strengtis
g oL x E observed in t:e proton scattering. The
5 5 i 0-9 ey 3 non=-collective mtates were calculated as
S ST R £ ] an incohereqt superposition of the single
g r = X 1 oarticle transitions in the neutron and
a + + — + { proton configurations shown in table 1,
§ 0k » B whict are possible fromathe ground state
s i 5 £ r7-aMy 3 configurations (1f7/2%-“ for protons and
F o 9 ] (2p3/2, 2p1/2, 1f5/2) for neutrons above
2+ 8 7 closed shells. The mean potential of
— - SEEEE—— Wioods-Saxon shape was adjusted to the
0 3 50 9% 120 50 0
8./ /9rd experimental single particle energies

Tig, 3: Calculated and measured

angular distribution of inelasti-

cally ncattered 14 eV neutrons
for different regions of the a:-
ecgy of outgoing neutrone,

5293/2 = 7,65 MeV and 5'2p1/2 25,59 MeV,

The strength of the effective interaction
was cr-osen to reprodure the observed re-
1ative transition strength to the collec~
tive excitations in the inelastic proton
scattering, The optical parameters of

Becchetti and Greenless [12] were used in the DWBA calculation with different
parareter values for the incoming and outgoing channel,

Tae distribution of the single particle transitions over the range of excita-
tion co . responds to s Lorentz form with an energy independent spresding width
of 7 eV for sll transitions, which is near to the strong couplinz 1imit,Such
a value is consistent with other strength funstion phenomena, From (d,p) stu~
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Pig. 4: Same as Fig. 2, 56?c(n,n'). *ig, 5: Same as Tig, ).5 Fe(n,n').

dies one gets a 2p,,, strength function of M= 2 Me¥ in 5Tn1 [19]. Strinping re-
actions on deformed rare sarth nuclel show ales for excitation energies below
~4 eV a large spreading widtk for the single rariicle states, increasing with
excitation energy according to a gquadratic law [15]. As mentioned in ref. [1{].
for the width of the giant dipole resonance at Ex = 13,4 eV in 'OBPb one hag
measured 4,1 'leV, The width of the giant guadrupole resosnances observed at
lower erergies have a width of about 5 MeV |[113].

The results given in fig, 1-5 may be summsrizeld a3 follows:

1, In 40Ca’.-.,n') the diff-rential cross section for the Tirst group of inelasti-
cally scattered pratons (E' - 16-17 LeV) irn whict tre excitation of the 3~
level is donirnsting is quite well reproduced with & reasonable strength of
the effective interaction of Vo = 38 flev,

2. The gross structure observed in the exreriment is indicate? and reesults from
the energy distribution of the Tinal states or of the elementary excitations,

3., Normalizing the transitio:. strengtn to the collective excitations tie abso~
lute spectrum of inelastically scattered neutrons is reproiuced wit-in a
factor of two up to excitation energies of about 7 "evl,

The shape of the spectrum calculated in D¥PA resembles t!'e gpectral shape
preiicted by t-e Hybridi model,

4, The forward peaked angular distribution in tre hig'-energy vrecompound re-
gion 1s reproducei,

5. Tre missing transition strength at higher excitation energies expresses parte
1y the neglect of transitions to positive parity states or of the truncation
of the space of single particle states in ‘OCa or gsFe, respectively, Dut it
also indicates the influence of higher-order effects,
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Similar results have been obtained within a collective model approach by Lewils
[15] snd with simplifying essumptions on the form factor and using plane waves
inztead of distorted waves by Lukjanov et sl. [19]. Also Tsal and Bertsch [17]
caze to such conclusions in t*e response formelismus for the transition
strength,

From these results one can propose an aporoach to the evaluation of irelestic
nicleon scatteriac data, which should have tre advantage (compered with the Ex-
citon or ‘iybricd moiel) to reproduce the high-energy teil of the apectra toge-
tzer with the angular listribution, The spectra may be decomposed in (i) an
evarnration nart giving rise to isotropy or syzmetry around 90° in t-e enguler
iistribution, [ii) a Airect part, which may be calculated in collective model
coupling 1istributinr t-e strengt> of different multipole traasitions according
to energy weig“te? sum ruies 917 (iii) a precomvound part celculated from &
srecompouni model excluding the Ny = 3 term.
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DETERMINATION OF THE EFFECTIVE RANGE PARAMETERS OF THE NEUTRON~RFUTRON-INTER-
ACTION

B. Kihn, Zentralinstitut flr Kernforschung der AdW der DUDR Rossendorf,
DDR 8051 Dresden, Postfach 19

It is well known, that the nucleon-nucleon interaction at small energics is des-
eribed in good spproximation by the effective range theory. It turne out in

this theory that the interaction can be characterized by only two parameters,
the sceattering length a and the effective radius r, A fundamental problem of
nucleer forces is t-e question of charge dependence, that means the question we-
ther the forces between two protons, between neutron and proton and between two
neutrons are the same 1f the electromagnetic forces are switched off, As the
scattering lengt" depends very sensitively on the strengt: of the potential it
is the proner varameter for ctecking this prodlem,

The proton-proton and t: e neutron-prcton scattering leenths can be measured di-
rectly in scatiering experinenis, Due to the lack of neutron targets a direct
observation of the neutron~ne.vron scattering is not possible, The only posaibi-
11ty up to now to observe the rcuotron-zeutron interaction is tre stuly of nuc-
lear reactions from whic- simultaneously emarge two neutrons, Suzh reactions
are:

d+4na = p+n4+n

d+4d = p+p+ns+n

t+n = d+4n4+n (1)
t+d = 3He +n+n

t+1t = 43e +4a0+n

T+ 3 = geoen.

The two emerging neutrons interact in the final state 211 from t is effect the
effe<tive range narameters can he extracted,

The principle of determining the scattering lenst: from these reactions is based
on t<e priznciple of detaile? ejuilibrium, According to this principle the cross
3ections of the resctions depenl on the cross section of tihe neutron-neutron
gcattering 1in t-e fi1al state, In tre offective range theory ti.is cross section
221 2e expresased in ke following form

G, (K) = T ®
<}

? ne
koo - & f"nnk’)

era k is ti:e wave numder of tre relstive motion of the neutrons, Tor k —e 0,
t"at reans relativ energy towards zero, formula (2) reduces to

Gol0) = 4»’/7’a‘,,,, (3)

ie sec, the ecattering lenzth can be Aetermined measurinz the cross section at
zero energy, But in three particle reactions the crose sections depends not on-
1y on that of the neutron-neutron interaction but also on seveveral other fac~
tors, Therefore a method based on formuls (3) doesn't work, For small k
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(§1,,,k2& L) we cen derive from equation (2) the following spproximation
AN
i
(K) = rtie— (a)
Ga k< + Cnrt
It represent a peak of the cross section at k2
value for k° = 1/ann.

= 0 which decreases to its half

These very simple consider.tions show the main conditions for the experiment,
e have to observe the reactions (1) in such kinematic conditions in which the
relative enerxy of the neutrons ie near zero.

Por the extraction of the scattering lencth from the experimental spectra seve-
ral treoretical methods were used, The most simple, already axoressed in equa-
tion (4), is the 'ipdal-"atson a@onroximation. Further theoretical aporoaches are
the iwmouls anrroximation, the Zorn annroximation and the graph summation method.
All theae annroximations consider in more or less detail only the main features
of the three narticle system and of the wave functions of the initiesl and final
states, They are annlicable only in the region of the peak of final state inter-
action, tnrt meens at smull relative energies of the neutron pair. This is alseo
tte reason, wiy uv to mow no measurements of the effective radius rnn'were pro-
Auced, Tt follows from ejuation (2), that r,, hes a remarkable influence on the
enectra oaly at higher energies were the spectra are already obsured by effects
not included in t'e approximations., Recently, however, at least for the three
rucleon system d + n solutions of the exact three particle theory, the Faddeev
equations, could be calculated, By this means the determination of the scatte-
ring lengt: is vpossible with more confidence and it isn't further hopeless to
attemot a measurement of the effective radius elso. Such an experiment is in
preparation in our group &t Rossendorf,

Jow some words concerning the experimental methods, In all the reactions (1) we
have t*ree particles in the final state, To fix a certain kinematic of the final
state it i3 necessary to measure the energy snd the direction of two particles,
This can be done by means of two detectors, arranged at different angles and
working on a coincidence circuit which allows to registrate a two dimensional
spectrum in a multichannel anslyser, Tis, 1 shows the general arrangment of the
exoeriment, On the axis of the two dimensional plot of the spectrum we have the
energies of the two registered particles, Due to the kinematics of the three
particle reaction all true events are collected on a certain line in this plane,
tte kinematik locus (fiz, 2), It is easy to choose the angle settins of the de-
tectors in such 8 way, that on a certain point of the kinematic locus the rela-
tiv energy of the neutrons is zero., In the neighbourhood of this place the pesk
of the final state interaction is to
be expscted, As one knows the values
of the relativ energy along the whole
kinematic loous the scattering lemgth
can be adjusted by fitting the theo-
retical spectrum according to equa-~
tion (2) or (4) to the experimental
results,

o™

Fiz, 13 Scheme of & kinematicall
conplete exoeriments y This is the most advensageous method,
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Pig, 2: Kinematic locus ot a three
part icle reaction, On the locus are
shown the places of the final state
interaction of the particle paire (12)
and (23), The curve Ey> demonstrates
the dependence of the relative energy
Eq, of the particle pair (12) on the
enérgy E1.

We have produced two exneriments in
this way. The first was based on the
reaction t(4, e n)n[j]and the se-
cond on the resction t(t, 4He n) n[?].
Fig. 3 and 4 show the spectra obtai-
ned, projectel on the time of flight
axis of the registered neutron,

Many measurements were produced by ki~
nematically incomplete experiments,
that meane, only one of the emerging
particles wes registered, In this way
one integrates over the kinematics of

the second particle and a one dimensio-

nal continuocus spectrum is obtained,
If final state interaction is dominent,
this spectrum exhibits a peak at the
high energy end. The form and the width
of the peak can be related to the scat-

tering length, This method is more simp-

le from the experimental point of view
but it hardly provides results of the

Fig., 3: Two dimen510911 spectrum
of the reaction t(d4,°He n)n pro-
jected on the time of flight axis
of the registered neutron, From the
spgctrum 8, = -16.0 fm was deri-
ved,
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Pig, 4: Two dimensional spectrum of
the reaction t(t, 4He n)n projected
on the time of flight axis of the
registered neutron, From this spec-
trum ann = =15.0 fm was derived.

same reliability as the kinematically complete method, Especially it is diffi-
cult to take into account the finite expsrimental resolutions in angle snd

energy.,

Up to now about 40 measurements of a,, were published using all reactions (1),
different experimental methods and different theoretical approximations, It
isn't possible to discuss all these results in such a short leoture, This was
done in detail in & paper published in the Dubna Journal "Phyeice of Elementary
Partioles and Atomic Nuclei”{3]. It follows from this discussion, that ebout
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10 pub”.ished values must be excluded from further consideration due to unsuffi-
ciencies in the experiments or in the interpretation, This is true especially
for these measurements, which resulted in values near - 23 fm,

In fig., 5 all results are compiled., Results with broken error bars were exclu—
ded, Kinematically complete measurements are designated by triangles, The about
30 reliable results fullfill the conditions of a standard distribution, This

is shown in fig, 6, From this distribution the following weighted average of
the scattering length could be obtai-
ned:

&, =~ 16,61 fm,

In the averaging procedure the results
were weighted by the errors given by
the authors, The more reliable kine-
matically complete measurements were
taken into account with twofold weight,
The standard deviation of the average

value 1is
S =%X1,45¢tm
Fi-, 6: Standard distribution of the snd the rigzht value can be found with
accepted values of e, 95 7 confidence in the intervall

& = - 16,61 % 0,54 tn,

This value can be compared with t-e pp and np scattering lengths, The differen-
ce between the np scattering lensth for the singulett state

8 +
anp = - 230715 - 000015 fm'

and E;; is well established, That means, the nucleon-nucleon interaction is
charge dependent, This effect can be explained by the mass differences of char-
ged and uncharged pions and ¥ -mesons exchanged in the interaction,

7or a comnarision of 8 n and a it is necessary to calculate from the experi-
mental value of a__ a theoretical one for uncharged protons, The result of this
calculation depends on the nuclear proton-proton votential, The well known lo-
cal realistic potentials lead to a value of

8 ptheor = = 17-2 Im.

The uncertainty due to different potentials is 0.2 tm1,e, very smsll,

H, “Yumpf has shown, that nonlocal contributions in the interaction result in

an incereaeing differencs to ann[“]-THerefore there exists apparently also a
slight violation of cherge symmetry of nuclear forces, By means of meson theory
violation of charge symmetry may be described by meson mixing during the ex-
change, Henley and {eliher discussed t“e influence of ¢ © - w%and n°-mT°
mixing and found an effect of the right order,

Ne see, that the determination and compsrision of the scattering lengtns throw
1ight on rather fine deta’ls of the nucleon-nucleon intsraction,
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PRE-EQUILIBRIUM MODEL DESCRIPTION OF NUCLEAR DE-EXCITATION FOLLONING THE AB-
SORPTION OF T ~ AT REST - PART I - MEDIUM HEAVY NUCLEI

E. Gadioli and E, Gadioli-Erbda
Instituto di Pisica dell'Universitd, ¥ilano, Italia

Abstract

The exciton model is used for describing the de-excitation of a medium-heavy
nucleus which absorbs a8 7 ~ at rest, Particle multiplici ties and spectral dis-
tributions and the yield of isotopes produced are calculated and compared with
the experimental findings. The comparison shows that the model allows one to
describe in a quantitatively correct way the de-excitetion nrocess,

1, Introduction

The absorption of 7 ~ at rest in nuclel has been studied in the past by means
of nuclear emulsions, neutron dosimetry and activation techniques,

More recently the angular correlation of fast nucleon vairs emitted by excited
nuclei and the spectrum of neutrons coming out during the de-excitsiion process
have been measured by means of coincidence and time of flight methods,

The availability of meson factories snd the possibility of using 7~ beams for
bicmedical applications renewed the interest in the field [1-1].

The above mentioned measurements aimed to deduce:

a) twe average number of ncutrons emitted per pion absorbed (neutron multipli-
city) 2nd their energy spectrum,

b) in the case of nuclear emulsion exneriments, the fraction of pion absorp-
tions without the emission of ionising oarticles, the orong distribution of
‘d.stars, the energy spectrum of charged particles emitted, the ratio between
the number of emitted ol 's and protons,

c) in a few cases the yleld of different isotopes produced,

d) the angular correlation of fast n-n and n-p pairs and the ratio of n-n to
n-p emiseions,

All the axperimental resulte reported up to now concur to strengthen the hypo~-
thesis that the plon interasots with a small number of nucleons which have an
aprreciable probabllity of excaping befor sharing their energy with other nuc-
leons, The simplest hypothesis consists in sssuming that the plon is absorbed
by a couple of nucleons, s neutron and s proton or two protons, A model of thie
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nrocess was developed by Brueckner et sl, [4] and thereafter many theoretical
refinements have been introduced,

A review of tte field which reports a detailed list of references on this sub-
ject has been written by Xoltun [5].

Coinecidence measurements show that the emission from the de-exciting nucleus of
two fast neutrons is much more likely than the emission of a neutron-proton
vair and, in addition, the two particles are emitted at 180° to each other much
more frequently ttan at a different angle[iS, 7]. A great simplification in the
calculations to be reported later is achieved by assuming ttat t'e total mcmen-
tum of the absorbing couvle of nucleons is zero. This assumption is certainly
not accurate [5. 7] but should have a minor influence on most of tre rezults we
will obtein an? will be retained {or simplieity,.

The sequence of procesges develonirg in the nueleus after pion absorption can
be schematized as follows,

Due to the short range of nuclear forces the vion shsorotion is assumed to
occur in a rather well localized region of the nucleus, The two interscting
nucleons that share the rest energy of the plon acquire an enerzy of anproxi-
mately 70 leV and an oooosite momentum., 7Ty interactiqg wit: ithe surroundin-z
nucleons they start a cascade orocess which eventuslly leads to tve compound
nucleus state, Due to their hign e-nergy, the nucleons excite! 42 t"2 first sta-
zag 0f the cascade prorness have an appreciatle probability of %heiqr emitte?
witrout s aring their ener~y, As a consejuence the average ~uerzy of the exei-
te? nucleus at t-= en? of the fagt stage of the de-excitation orocess is ex-
nacted to be consilerabtly lover than the rest =93 enerazy of %%e airorhed pion
(~ 14" e7). The nucleus furtrer ‘e-2xcites hy evaporation of lov =norgy nar-
ticles an’ 4 rays. '

or % e hasis of ti:is - eecanism, MNe 3ahhata et al, [1] renorte: a “orte Zarla
calcalation whick ovovile? a2 qualitative z2-reensnt with nuclear enulsion :latzn

concer=in~ ~ien ahgoerpiion in Az nnmA 7, Tear saticTactors resulis have heon

W

ohtaine? Wy Taptini [Q]. e ahove referred racaniam seerme to bHe well suite-
3

for a preesjuiliitrius ermingion model Yeseriotion smf letzile! ecalrulstions tra”
zave resalts i1 2 reajstahle asree-ent wits atperimestal Tivlin~z »-¥n Hae-
unlertaicen, o

Tiis paper reports the results concaraing W angoration in ca2’iu teave o icled

[z,

-

L]

P

2. Summary of exmerimontal reaults concerning T~ abgerrtion ‘1 mediiy="sav;

weled T

2,1, Nuclegr emulsion data

The results obtained by 4ifferent authors P, 10-1ﬂ heore 1955 hsve hren sune
marizel by Nereur et al, D)]. Tuptier regults have heea reported sy Azi-ov et
al. [14] and 2rown an? !lug-es [15].

The 6§ stars produce! in W~ anwsorption in a- heavy nucleus (.g, Sr) “ave been
discriminate? against those oraduced in a ligrt nucleus (2,.;,0) accoriing to
different criterina: '
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the total charge of & stars,

the influence of the Coulomb barrier that forbils that charged particles be
emittel Trom an heavy nucleus with energy lower then ~ 3-4 eV in tve case
of protons 3ad ~ 5,5 eV in the case of o4 particles,

tre oresence of tracks of slow \uger electirons emittel luring the mesic sta-

a)
b)

¢)
ge of the absorption process,

d) the use o’ emulsions of different comrositions.

The 3istribution of orongs due to ionizing particles, ohtainel as an averaze of
tts data revorted by the adove quoted authors, is revorted in Table 1 and fig,1l,

Takle 1: Prong listribution of heavy emulsion nucleus G stars

n Percentage of stars with n prongs ( ™)
Exp, Theor.
0 36 41,1
1 40,7 39,2
2 15.2 17,2
3 5.5 2,5
4 1,54 C.10
5 "\'057 -
. r v — o _
3
Bost : TfW
o]
& {
“o4f—o . - 1
J
et
02} \ 4
Ojr
- \\7\. a
0 2 3 4 8
PRONG NUMBER
iz, 13 “ranz “istridution of e, 2: The full line histograr gzivea the
tenvy 8il3ion nielaus G stars, exnerimental energy distribution of char-
" e nnes polnts rive the ex- zed particles emitted hy Silver and 3Bro-

lrental porcentage of stars
wits o oorotcn, e full 1ine
cairve s the t-eoretical Ais~
rrinat o,

mine nuclei assuminc thkat all the partic-
les are nrotons. The broken 1ine histo-
grar 18 the theoretical distrishution cal-
culated with t-e same assunption,

Tre mean number of crargei narticles emitted per plon absorbed amounts to 0.9,

Tre ratio hetween the numbher of emitted ol's and the numher of rarticles of ynit
charge has been estimated as 0,3 & 0,04,

Tre_energy distribution of charged particles emitted has been obtained by Azimov

[14] (see. f1g. 2) from tre range distribution unjer the assumption that all the
particles were protons,
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This assumption causes an overestimation of the low energy particle yield bdut
should effect in a minor way the high energy portion of the spectrum.

A considerably lower number of charged particlesa emitted per pion sbhsorbed has
“een reported by Fowler and Keyes [15] a8 a result of an experiment performed
usin water-soaked emulsions. Their results are summarized in Table 2,

Table 2:
liunmber of varticles Yean (1netic Snergy
per W~ (ileV)
| Exp, Theor, Exp, Theor,
protens 0,52 % .02 0,62 21.4 2 1, 19,5
dis ca t 0 0.192 14, .6 12,
l

2,2, leutron Lultiplicities and Soectral Nistridution of Emitted Heutrons

The multiplicity of neutrons emitte? by medium heavy nuclei during the fast sta-
ge of the de-excitation process {fast neutron multiplicity) has been meaoured

in time of 7light experiments [ -19] Tre ditferent auti'ors agree in estima-
ting that the mean number of fas: neutrons ecitled is n-2. "nderson et al. [11]
measured, in the case of CZ, 7.7 fast neutrons ner o ~ absorbed, Campos Venati
et al, [58] gave, “cr 7u 394 Sn, the value 2,1 0,5, lattersley et al, [13] re-
port for Zu 2,13 % 4,30, The ilow neatron pultiplicity, that is tre nunber of
neatrons evaoorated fror excited nuclei surviving after the Fact stage of the
je-excitation nrocess, nas been measured d1irectly by Tongiorgi and dearjsl?o],
in the case of elements varying from C to Ph, Ly comparing the denaity of neu-
trons protuced in U~ abaorption and thermalized in a block of naraffin with
that of neutrons emitted by a calibratel Ra oL Be source, Their results are re-
ported in fig. 3. Total neutron multiplicities have been estimsted by means of
time of flig-t experiments 57-1Q] and
activation measurements [?1-?ﬁ o

The different results are comparel in
fig. 4. The comparison of different re-
_ sults shown thet t-ese data are cha-
14 racterized by a considerable uncertain-
Vs ty. The case of lead is striking:

A two authors agree in nmeasuring a mults-
»* plicity~5 67,19] and two authors in

) . . X measuring e multiplicity mlmost twicze
% 00 200 A ~9.4) 18, 20]. also the average kine-
tic energies carried out by slow an’

Fig, 3: Slow neutron multiplicitiea a8  faat neuytrone e
measured by Tongiorgl and =iwards [20 neutrons are measured with & scan-

(open points), The full line drawn ty accuracy, The valuen reported by

through the measurel points 18 as sug- different t -
gested treni, The crosses are the cal- nt authors greatly differ [17 19].
culate? multiplicities, An indirect estimate of the kinetic en-

ergy carried out by fast and slow neu-
trons can be ohtained 1” one knows the neutrons multiplicities 2nd the energy
carried out by charget particles, For instance in the case of Silver Eromide the

; (Mlgw
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average energy decrease due to charged particle emission (kinetioc snd binding
energy) is ~~ 24.8 ieV, the total binding energy of emitted neutrons (we assumed
a total multiplicity of ~ 5.5 ¥eV) and the average energy carried away by ¥
rays amount to~ 51,3 MeV, As a consequence the total mean kinetic energy car-
ried away by emitted neutrons should smounts to ~ 63,9 MeV,

2,3 Activation Lleasurements

The yield of radioactive nuclei
produzed in pion absorption on
nucle! ranging from O to Hg has
been measured in a series of ex-
perinents performed at “hicago
University (see ref.[?{] and re-
ferences therein), In some cases
aiso the total percentage yield
of tk2 vericus elements produced
can be inferrei, In iwo of the
reporte? cases, namely pion eb-
sorpticn in Ur and 127y [21,24]
tre resuits allow a detailed com-~
rarison with tte theoretical ore-
dictiorns. The nercertage yleld of
elecents produced in pion absorp-
tion in these elements is reported
in Tables 3 and 4, In figs, 5 and
£ tre isotopic yield of Te and 5Sb
trofuced in tie case of absorption
in iodine is reported,

latepis  Viald (V)

. ‘

o'} , 4
[

J%————#—‘—-#

. i !
{ .
*1 ) > i i
Wy

®?ig, 4: Total neutron multiplicities,
The different data sre from Anderson et
al., [17) (0), Hatteraxley etd, 19 (o),
Turkevich an Fun? [22] (x), Campos Ve-
nati et a1, [18 (o), Turkevich and Ni-
day [23 (v), Winsberg [21] (+). The cal-
culated multiplicities are also shown
(0)s The line drawn through the calcu-~
1ateg multiplicities is a suggested
trend.

aiepin Yielg |\
.
o
N

f |
”' t- . -4
a ]
S 4

Pig, 6: The same as fig, 5
for Sb isotopes,

Fig. 5: Percentage yie%d of Te isotopes produced
in o =~ absorption in '
s erxperimental percentages measured by Winsberg [2

71, The open points are the

The full curve is the predicted yield dietribution.
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Table 3:Yield of elements produced in ¥~ sbsorption in Br. [24]

Element Percentage Yield ( % )
Exp, Theor.
Se 34 37
AS 31 33
Ge 21 18
Ga 7 11

Table 4: Yield of elements produced in W~ absorotion in 1271 [2ﬂ

Element Percentage Yield { % )
Exp, Theor,
Te 58 56
Sb 22 29
3n 11 14
In 3 1
3, Theory

The exciton model that we intend to apnly for describing the deexcitation pro-
cess outlined in section 7 has been described elsewhere [25-32].

The two nucleons that share t-e rest energy of the pion are assumed to give ri-
ge to two parallel intranuclear cascades each characterized by a I particle-I
hole initial configuration.

Coincidence experiments [6,7] which ellowed one to mesure the n-n and n-p nuc=-
leon pairs arising from T~ capture, indicate that the ratio of the number of
n~p to pb-p pairs that can absorb tre incident pion is annroximately 4 [35].
This value has been utilised in nresent calculations in order to evsluate the
prohability of starting the de-excitation process with a Jv, Iv~ or aIﬂ',I,r'
initial configuration (thereafter the notation®,vY ,¥ ,¥"~, will be utilised
to indfcate proton, neutron proton hole, neutron hole ststes),

The sensitivity of the results ohtained to such assumption will be discussed la~
ter, The competition between the 1i7ferent decay modes of the intermediate sy-
stem during the cascede is exnressed, as usual, by means of the decay rates for
particle emission Wén)(u) and exciton exciton interaction wgg)(u).

Assuming, in the course of tre cascade process, a nredominant neutron and pro-~
ton emission the expression of Wén (U) is given by:

Emax,y

n) 5+7) . 1

Wcl (U)' %{% Uph(U){ v(n)f ,", y(€y)£yu(v’1 h(u (Y)) x
. de'y*k,,(n)f G (€2) Em 0T ) dEy |

(M

where 8 and @ are the spin snd tre mass of the nucleona, A is the mase of the
nucleus which absorpe t“e pion, n = p+h is the number of particles and holes
which characterizes the configuration of the intermediate system considered,
Wy, n(U), y)2r1 h(UR‘V’) and & pet h(U ) are the state densities of the in-
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Tne iercay rates for exciton exciton interactions evaluste? accoriiis to the
cemiorenomenologic nrocedire of refe. [30-?? are reported in fig, 7.

The calculztion of the emis-

sion of neutrons’protans AU
ring each of te two 3aral-
lel ejuihrntion cascades
took in%o account s=cond

and trird chance ore-equi-
librium emigsions (their
contribution vas small in
all the cases considere:d),
At the end of the intra-
nuclear cascade ztage of

tha process a quantity of
highly excited nuclel are
aroduced (in te 2ctual ea-
se 15) wit a percentage
vield voaryinzg frome~ 0,01,
for resil'ial ~uzlel after
te emission of t'ree pro-
to1? -1 one n~utroa, to

= 3IN-35,
lei
two neqatrons,
cit~tion encrzinz ranre
“ron~ 0 to~ T4C T2V,
*11 thege nunlei furt' er lecay by evaporaztism, The evalistioa of the vartizle
erisaion daring this laat stage o e ~ra---s 7o

i

40
U (meVv)

P o 3. Ty
Decay rates Tar eveiton~ e 2 *H: i-for- For resitual nue
terion erarsy 27

P+, D = ).

Tig. T:
act iong as a fliction o the er~’ ~Ttar e enission of
t'o excitol numter n (n =

The nmean ex=

not introluce ony bnaci

A{#ficulty, “owever,
encitation enerziesa, rejuires
Tn order to re’'uce this time,
that the excitation enersy of
de-axcitation nrocens, iz the

duz to tre large ninre of

o~

nuclei aa?! their great

a biz ecomnuting time,
the aunroxinntio: 2as beesn adopte’ of 233urming
each aucleus, at t' o eni o tie "ast staze o° the

calenlated mean e-erzy, Thig asgampiion "85 a

minor influeace o1 the caleculste? maltiplicities and t"e arectr2l s'-ape of emit-
te! narticles near the eranorative pea’t, “ut ic uas~ticfactory 17 oue airms to
raorofuce the iaotone ylelds measured in asctiveatio- meagurenent., ziving unrea-
3onahly amall yields for isotores at the edge of measured ‘distributions,

Vonever the followinz procedure gives reasoirhly oo’ results: tte yield calou-
1ated with the above anproximation “or eac! isotone i3 subliviie? in three equal
nortions, The three yields ohtained in tris way =re attrizute’ to the consile~
red 1sotope and to tre ones preceiins 2.1 Tallowiaz 14, Tre resul*a okhtaine’ in
t+ia way hLave been compared with t-e ones ohtainel hy takiny properly into
aceount thre calculated energy distributions, at tre end of the fast atage, in
tte case of the production of Te 4isotopes in‘W ~ canture in 1?71’. It wag found
that though tre yield of lowest and highest maes ilsotopes, which contribute
with & very small percentage o the total distribution, is agsin greatly under-
eotimated, the yleld of the isotones in the central region of the d{atributions
1a reproduced with a reasonably accuracy (= 10-15 7,)
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termeliate an?! residual nuclei, Gi-x v and 6 iav, o are tre inverse cross
sections that have heen calculated accor611g to ref, [34] and ky (n) ani kg (n)
numerical coefficients which take into account that, depending on the assuze?
initial configuratiorn and ctarge corservation, not all the configurations of
t-e comrosite system and of residual nuclei, corresponiing to a given number of
particles as? “oles, are allowed., Tor the lovest n values the coefficients

ky (n) an’ kq (n) are ziven in Table 5.

)

Tahle S: Tumerical coefficients to he used “or evaluating Yg

Initial configuration: Iy 4y~

‘he density of p,h states
> : € 3 has heex calculated by reans
of t e recursio:x formulae
2, 1.2 1.0526 1,0143 explicitly reporte? in ref,
c. 0,7 o.oera | o.onss | D)
The Termi enerzy heg hee-
- > - \
“nitial cos’iguration: AT 47 assured equal to 7C [ eV and
tre density of single nucle~
n on states has teen agsumer
a ’ . el ’.
}\:7\ = ¢ °? - to ne concotant and equal *o
- . - r-1
— < ()/2) M er=
xy 17) Co C.3 Ce474 0.9€55 4/13.3 ev™', This caleula-
ke (n) 2, 1.2 1.052% 1,0145 tion allows one to take ex-
Iy

plicitly into account th
finite depth: of ta ~oten

%ial wel? <5 wieh t¥e sin-le nucleon 3tates are c04f1.ed that a3t iz enr-
gieg nnticenrdlr reduces tre Aengity of “ole st= This efTect p2-ifentes it-
gel® a5 a bro~d ~ea’t 1n t7e kigh ewapry nart o7 tre e~itt2? qentron ghestras
A to te faect tTat, st the teginrirz of the caseele nrocesrs, vTet parnisle

e~ission 15 ~ore lively, nc resi’ual ~ucleus stales with e-or7r i1 ~ucens of
tha  Jdenth of %o potential vell can he excited,

T2 2%%act in oroton spectrum is greatly reluced “ue to the small zuher of
", T al zonfiguratioas, e peak, suc* a3 it a~ears iz the calaul--
ta? Gonztea, 345 too 7T ard due to tre 3imalifyint anzumation 07 ero fotal ro-
“estum ol e nrrortiaz oalr, "hile tte real nezit a4 nulil "e creader than the
2alzil~%e? oty the average kinelic omevay 0 tve ivitros z70i1Y De entisaled
AT A rassanatler azeuracy, The aperoxirasion of e1uidiotant grnaciam ot te
ptisle mnlann ctates Aa martially counterbhalance” - fta acegmntion E¢=’” ST,
a"d e jverane aycitetion anersy oF one t0'le ctotas, 0% lrmgrtat iw te
ATl N, SUa1? ma reageaarly eatimated, T oot oA cana re~lictic aplte tind
vl ir eimntted 4g v dannne than £ e on Fare fA 0T Tane T gt ar o ot

Teed, tre 0T ~tetam 70317 rarefy aear the hottorm 07 tU o agtaati-l veil,

31 tre an-rotinatisaa, {ttroline! it oorples to “iepliTr e i=daglatio-n, ave

2 maticeatle 1-"1uns2 naly 0 the aalzul tel smestrel 2T ane o7 LT emapoy
ritracs Attt oaratsn gt Teva 2 mexlicivle (- 1avime o mo ot o7 L caaatities
e Al 4 erticnto, Tioe e Tort of elimiiat’ Lo oz 2t 1t atceoxico-tioan oes

(8]
“ah an-ear, at nrens s Tl F1~tified sinze Sk hi pnr st nnhion 0 RY-
o]

(™
fere ~tal 1t atret 2=t oraton 3nectra are ceadure’ vith 2 4011ty 2cnar.
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The totsl element yield are, Tor each element, reproduced within a few percent.
This accuracy 13 considered sufficient for present work, however s more detai-
led calculation, in the case for instance of the elecents of grester blologicsl
irnterest, shkould be based on the more accurste procedure,

The evaporative decay of excited nuclei was calculated with s Xonte Cerlo pro-
gran like t-e one 1levelopei by Dostrovekl et ll.[)i]. These authors, in order
to 2educe analytical expressions for the rstios ’ undf used simplified ex-
vressions for the level density of excited nuclel (§ (U) ¢ exp (2 Val)) and the
{17erse cross sections for charged particles (§ (E) s"'R2(1-Vc/E)), sugge-
sting tve values to be usel? for R and vc' However, in order to obtaln more ac-
curate results, values for R and Vc different by t*e ones suggested by these
autvors have heen used, These values sre the ones thet allow one to reproiuce
xitr tre analytical expressions of Dostrovski et al, the ratios and
4; an? t-e mean energies of the evaporated particles evaluated tith.. standard
;Smputer code whick utilises Fermi Gas lLodel level i~nsity expressions and Op-
tical Yoiel inverse cross sections, In eack of t'.e corslderei case:z the produ-
re above outlined allowed one to o*tain, for all the nucleil involved ia a ziven
evaporative cascade, values of R and Vc which siow & sizple den=nilence on, re-

spectively, A and Z,
In the calculations of pre-ejuilidbrium emissions, pairing energy corrections

were not ia%en ints sccount, the binding enersies were taker from Tapstrs and
Jove [36]. I= the calculation of the evaporation stage, t-e pairing energies
were taken Trom ‘emirovski and Adaxzchiuck [37] an? the rialing enerzies (rost of
{-er. are not exderimentally known) have Hecn calculatel by using the yers sadl
Swiatecki mass formula [39].

t, “omparison with the Dxperimental Dets

. . 5 - R 1
"he caicalations “ave seen carrie? on for W~ atzorntion in 7u, 3r, Ag snd 27L

some of tlie results ontaine? are summerized in fig. 9 rhere predictel neutron,
proton and o particle multlivliizities are renorie?., The nass dependence of the
ratio &t /p, the fraction of T~ ausorptions without i-e emissior of charged
particlea (122 yield) ant the maveramze excitatio~ enarzy ( Eexc)' of the com-
pound nuclei after tte nre-equilibrium emiasions are also shown. One should,
rovever, k2ep in nmind tret the molel outlined in previoue section prelicts a
very troal iigtribution for tve excitation energy of residual nuclei at the end
of the ejuilibraticn cascrie aad tte avorage excitation energy elone cennot che
racterize t-ig listribvution,

Our estimate’ values for ¢ Eezc> y tvat agree itl tre estimate of Ne 3abbata
et al, [@] ~re congilarably iower t'sn t-e onex reportel 1in refs.[9-11, 1%].
T-e lines 2rawn t'rous” tve calecilated painta are suggested trends ard could be
a18el Tor internolation, In Adiition to tie above shown results, t-e calculation
preiicts that durian the faat stase of the de-excitstion procecsa the average

tatal kinetic on~razy carriel avsy 5y t"e nrotons and *-e rneutroas amounts re-
snrectively to ~ 10 anda 50 a7,

4,1 tuclear Smuleion Data

7he calculated distribution of -rong of G stare, for abeorptions in Silver Bro-



mine is compared with the etperimental one of
section 2.1 in fig. 1 and Tadle 1, The mean num-
ber of charged particles emitted per W~ absor-
hed is estimate? Srom previous distributions to
be respectively 0,93 (experimental value) and
0.1 (theoretical value).

The value we calculated for the ratio between
tre number of emittel 4's 2nd particles of unit

charge 18 0,31 in good sgreement wit™ the esti-
mate of Per%ing and llenon et al, D0,11](=0.30 :
C.04)., As previously repo-ted, Towler and llayes

zave for the multiolicity ol chnrsec particles

s 3%
T/;\
Il 1 s

2 value consideranly lower tiian t“e nrevious
2rie DG]. These aut™ors, iv ad'ition, cstimated
the mean %Xinstic snergzy corried nut by chnrged

L]

biigu - g:h

par’ lclec, Our theoretical predictions =re com-
nare’ with their fi-Jinzs ian Table 2.
The most relevant AdAiscrepancy bet-een the cal-

i - cilaterd valuzs and the results of Towler ani
;, r///’ b 'ayea coacerns the ol -narticle wultinlicity,
>
8 s . | The ratio oL /p epe1’s sensitively on itre heizi-is
2 of the “oulom: berriers forg.'s aal nrotans,
b . — ] The mean kinetic cneray of o 'a ss deduced hy
l o~ 3 Tlower and ;‘ayes ig ~ 1,5 &V hiater tran the
> ___;——»”' * one predictad by oar calculations that reproduce
E ] - 4
[ | reasonably well the ratio o /p a3 ziven by the
8o ‘:" %0 other authors, Twis fact show £ ot theo barrier
heizht as deduce? 9y Tlower and "ayes iz higher
7ig, 8: Some of the predic- than trhe o1e suzzented by -revious exporinents

tions of the theory: 4 Aiapba 4 . .
<n>, ¢P>,a>, neutron, pro- and geems to iadicate that the origin of the
ton, =-particle multinlicti- Aiscrepaacy 15 thn eatimate o tha yiel? of oL '3
ties, "CF 19 the percentave
] . o £ e oy

yiel? of absorptions wit-out  ©F lowest eaerzy,

crarged varticle emi 7ions, Tha ewargy “istrivation ofF 2 »pxa?! ~articles
<Zexc?> ia the aversg~ ecici-

H 1 A vy 4 i T owitt -
tation energy of resiinal rue- 77 icted vy the model 7 comnepet wit! (e ex
K a Farct eri 4, ne of ‘i t oA ir, €3
Y I pe 1 e 0f f7i; ] R . fi7,2,
lei at tre end of tre fa perima~tal o 0 irov et A1 ﬁA] ir, £fix,2
f the de-excitntion , , . ;
:::ggsg. e=e ’ Since trege guttors made Y a an-yrption that all

7e nearticles ere nrotont e nlzn assuce? that

t e b 's rere coi1ate’ =3 protoas of about one
1aarter o their enerz,. T2 two 7istributions ohow a 3ibatnatial asrerreat,
The “iscrevanc: on the »ig' energy side is larzely “ue ity tle azsurntion ol ze-
ro total momentum for the ahgortinz -»air, / more realistic eonaiderntion of the
rmosientum distribution of the absorbinz pair would revove t'a Jissrepancy.
The discrepancy at the lowest =-crgies, at least 14 pari, could he due to t-e
fact that ¢« percentage of all the stars attributed by Azimov et al, [14] to
reavy nucleil pertains to light anuclei, Tnis suggestion is jusztifled by the con=-
gideration that a) the prong distrihution as given by these authors prelicts s
larger mean prong number than the ones reporte! by the other authors and b) the
selection criterion adopted by these authors (they sepsrate heavy nucleus from
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The coaparison between the calculsted yield of isotopes of Te and Sb and the
measured ones in shown in fig, 5 and fig. &,

The agreement between the celeunlated snd measured ylelds is surprisingly good
if one takes into account that slse st th s meximur of the distributions the

yield of different isotepes es & small percentage of the yield of sll the d4if-
ferent nuclides produced,

de_Conclustons

The comparison betveen the prediactions of the model an? the sxperimental results
seems to indicate that the exciton model allows ons to describe in a Juantita-
tively correct way the de-excitation of a medium Leavy nucleus wh:ich sbsorbs a
T~ at rest,

This result confirms that tris model constitutes a vewerful tool for describing
the sequence of processes which ogcur during the eguilibration of a aucleus
whose excitation energy is initially shared by s cmell number of nariicles and
holes,

e assumed » valus equel to 4 Tor ihe ratio of n-p to o=p pairs tiat osn abaort
the plon. Some suthors sugmest that t-is retio should be e1uel to 3. This chei-
ce should not alter most of our sonslusions but should reluce t-e urbsr of fast
neutrons an? stould increase i:e number of fast orotons and the ratio of thre

yiells of fast an? slow charged narticles worsenng t-e sgreeme-t betwveen the
th=oretical predictions and tte experi-=ntel rasults,

The sut“ors wish to thank oro”. P, G. 5oaa for useful sugzestions and enlighte-

ning liscussions ard prof, G, Tagliaferri Tor his zostinauous Laterest an’ en-
couragerent,
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L. Iatrodyction
The question how stromgthe centinaum changes the rescnsnce parsmeters cslculsted
in @ bound state modsl has been discussed frequeatly durimg the lsst time (e.s.
1,2 ). Pirst, there sy be threshold effects which can lead to an sdéditiensl
change of the resction cross ssction in the neighbourhood eof particles decsy
thresholds becauss of the snlsrged extensisn of the systeam, Secondly, the aixing
of the resensnee levels vis the continuum say change the positions ss well a8
the wiiths of the resssance levels caleulatesd in a beund state model, The ehen-
ges By % of such & type that thay c¢an not bDe compensated By using effective
peramttare,

It is the aim of this peper te investigate the influsnce of $he oentinuum on
widthe and positions of resonsnce levels in 8 case in which the rescnance levels
have & complicated shell model structure. The calculations are dene in the con-
*inuim shell model (CS) for the resctien '>Nn. The 4y, single pertisle reso-
nance is treeted like & boumi state up to & cut-off redius in order te Qefine
the space of bound states in snalegy to the cenfigurstion space of the usual
shell model (SX), The deteils of the caloulstions sre given is sect, 2 of this
paper while the effeots investigsted and the results odteined are described in
the sects, 3, 4 and 5. Some conclusions are drawn in the last section.

2. The Calculatione

The basic sguations of tre modol sre given in refs, [.’. 4]. The whole wave funs-
tien of the medal is given by

v=6+ Y000 < Q|| G> <t o8> o

Here, qu stends for QHF etc,, the operator Q projects ento the space of dis-
crete resonsnce states and the opsrator P onto the eontinuum (P + Q = 1),while

H is the Hamilton eperetor, The fmtim} snd Wy are solutions of the equa-~
tions

(Hpy = B) }g- ° (2)

The wave functiens .l are eigenfunstions of the operster H.. The epersior

CHRR TR YR - *)

10 effeetive in the Q space,
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The method of numerical calculetions consists ia solving the usual SX predles

(g - XM &, = 0 s)

which gives the eigenveluse R{L) and eigenfussticns §, of the opereter By,
Using these eigenfunstions, the squations (2) and ()) are solved with the cou-
pled channel method [ 3, 4).

The diagonal metrix elements
<o | 10> - %

contain the energies Uy snd the widths Vy, of the resomnce levels descrided Yy
the S wave functien $),. Here, the configurstion mixing of the &iscrete reso-
nance states is taken into account like in & usual SH esloulation, The shannel
coupling, i.e, the interscticn of the resssance levels vis the continuum, is
considersd in the eigenvelues E, -i r‘, and eigenfunetions & .

<t |G 19> i3 ) N
which follow from the disgonalisstion of Hgf .

The mumerical calculations reported here are ormed for thre 15! +n resction,
The SH strucutre of the intermsdiaste nucleus '°N and the target nucleus 'U is
obtained in the 1p = 1h end 2p - 2h econfigurstion spaces, and the 1 b and 1p-2h

configuration spaces, respectively, using & J =force for the nucleon-nucleon in-
teraction,

V(G -T) =V (asvpf) d (-7, (8

The persneters are V, = 500 KeV » fa’, & = 1,0, b = 0,05, The parsasters of the
¥oods-Sazon potential ere the seme ss in ref, [ 3], Togetter with the bound ste-
tes the 63,2 single particle resonsnce is included in t“e J-space up to the cut~
off radius 7.5 fm, while the d, /2 continuum part and the single particle scette-
ring stetes of the other angular moments 1, define the P-space, The continuum is
restricted to 14 6 in the coupled channels calculations, The calculations sre
performed by taking into sccount four channels corresponding to the two hole
states 1/27 (0 ileV) and 3/2” (6.3 UeV) of '°¥ and to the two states 5/2* ana
1/2* at 5,3 iieV of "1 with 1p = 2h strucutre. ‘

3..The Kixing of Resonances vis the Contiguus '

In order to investigete the mixing of the resonsnces vis the continuum in more
details, six 0 resonance states of 61 are inveatigated. The energies !.ﬁ) of
these states are chowen &ifferent from the eigenvalues of HQQ in such & manner
that the distances between the resonsnces are constant (200 keV), The wave funo~
tions ¢R are taken from the SM-caloulation without sny change.

In fig, 1, the widths V(E) snd 7 (E) defined in ege, (6) and (7) are shown for
one of the econsidered 0 levels, The energies ’-h) of the othsr levels are cho-
sen in such o nanner that £4)) > E{L) (fu1 11ne), B{]) < ) (desnes 11m),

and l‘i) £ lﬁ?( lﬁﬁ) (dotted and dash~dotted 1lines), respectively, Ths eney»



g dependence of Cond ¥
is siailay in all cates,
sat [ (By) end ¥(U,) air-
fer from esch ether b4y &
factor up to three, In all
cases, the width of the
resonance lying st the lo
west energy is enlarged
et the cost of the reso-
nances lying at higher
energies, This effect
seens to be similer to
the effect well knewn in
structure caleulations
by whizsh the lowest level
is most collective, The
only a4ifference is thet
the energy 'l of the lo-
west resensnce is almost
not changed compered with
Up in the case considered
in fig. 1.

The nixing of the reso-
nances via the continuum
would be very different
froa that shown in lig,1
if the main pert of the
d, /2 single particls reso-

Pf.ﬁ ¥: The energy dependence of the widths 7 nance inside ths nucleus
I~ of the O* ruouanco state Yo, 1, The widths would not be included in
My (E) sre gim for ogur diffarent poﬂtlom of

the five surround pee :(um'. .q;’..m gf t*e Q) space of dimsorete
“he resonances: 1 2 34 deshed, 2 34 55 1
(full)y 2346 1 5 (dotied), 3 2 1'6°5°6 (dash~ states, Thus, & sixing of
:;ttcd’ t;osthovu (”"6 vh.t{imu- ‘{ . the resonances via the
cesg o "o “e ¢ e 8

z‘-"" and widths of all the resonsnces are: continuus exists though
4,97 eV « 23 keV, 5,03 eV = 27 keV, 5,30 ileV = almost sll components of
Beok;vi: 3'” LeV = 5 keV, 5,72 LoV - 4 keV, 5,99 16V tne wave functions which
- Ve ey,

have large smplitudes in-
side the nmucleus are ts-

kent into sccount alresdy

in diagonalising qu.

The mixing of the resonarces vis the continuum is expected to depend on thelir
mutual overlspping, Therefore, it seems to be ressonadle %o vary the energy dis-
tances between the resonances in order to investigete the aixing of the reso-
nancee¢ vias tre continuum,

The caloulation ere done for five 0 rescnances of the 151! pacleus, In the first
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esss, the distanse betwsen the Positions BEE) of the ressmmnse levels are

200 kev, nmmmmuv-aummnimww.m“
functions @, weed in the salenlitions sre met : _
Intlnautt-n 1eve) everlapping the fumstises ‘mm'-\hm
nvotmﬁul’ (asarly 95 § ot 200 eV distamee and no leos than 73 % ot
106 nvumm).mmmnmmucuo.ummm
1s stronger (st 50 koY Sistanes between the B, *). 1a rig. 2, the energies U,
and Ry end the wilths ¥, and [°p of a1l five rescnances are shown which are eb-
tained by chabging the distences betwsen the ressnsuses, The shifts Up-R,

snd the widths V, sre net depending en w:il,tnt
distences. The changes in the Bequence ‘l(“ of te
redosances compered with the loqulnn } 3 is
connectesd witk the fast thet Un 'lt is diffe-
rent for the Aiffsrent resonsnce states sad sean~
times larger than the distances between the rese-
nances, TBe enerzies By ond widths P esatsining
the wliu of She resonances via th- continuum
show seme rghhr!un in depence on the level
mrh»i.:&: The width ¢” the lerest resemmnes le-
vel iz salargel at t-e cost of the widths of the
higher lying levels, Mereever, the lowest level is
shifted additionally to lever energy sal the hig-
hest level te higher snergzy se thnt ths distance o
between them becomes larger thez i the case wit-
hout shanpel ceupling. The obderved erfects bese-
me larger if the resonanse levels are more sver-
lapping, Por the lowest and t-e highest resommnce
1evels the shifts end widths ire given in tedle ?
in the cawe of 50 keV distance between the ener-
glies :“(l).

The offects shown in fig., 2 and in tadle 1 sre of
the same type as the eoffects which are well knewn
from nuclesr structure ealculations, Like in strue-
ture celculatiens, the lewest level is more colles
tive than the higher lying levels, It ashould be
remarked hore thet the energy dependence of [ is
smeoth for overlapping resonaness like fer isela-
ted rosensnses theugh the abselute veiue [~ g Atrem-
“’; 2 m. enorgies and }y doponds on the mixing of the resenanse level

‘ ve rese~ via the centinuum,
nences in '°7 bofon the

aunmnuuo V!

and sfier the diuonl

mm ( ) of the epe-

rator + The distan~
cen bﬂ’%” the BK ener~
gin are changed

keY to 100 nv and
200 keV, The obtained dis~
tance A detween the lowest
and highest lying resonsn~
ese is given in the figave,
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N L (l)-.mmv.,rh.tﬁom
m‘:m‘. .':."..'“-.:‘w of 5, Mo caloulations ere por-
4 highest lyisg | (B) or whien
forned with five 0° recemsase levels the positiens X,
sre squelly spsced Wy 30 hn¥V.

essanmcn | Oy-0yy M/00¥ | 1B I/ vy / WY 11y /et

1oment - 120 - 180 52 27
highest - 9 0 n ?

1in_Gress Mustise

Por the cones shewm in Tig, 2 the creat ses-
tion of the sisstis mextros sestiaring on
Y5 15 caleuletet (f15. ). Weress the aif-
ferent resonsnees San e idsntiftsd iun the
ease with smell level everianping (200 keV
tistanee detween tre energies 2, M) tnie
opnnet to dene in the cube of stroager level
everiapping (50 keV distance between the en-
cmnl'h'hlnthohnm.ﬂumhin
the cross sectien sre csnnected with iater-

: fetence effects. In a1l enses, the cress see-
| tion has an intersediste-like strusture the

width of which is determined by the diztanes
A between the lowest and highest resemsnces,

v In fig, 4, the cross sectiena of the imslas-
tiec channels are shown in the cssa of %0 keV
distence between the eaergies 2, *), The 1n-

—te. ,&, termediste-11ke structure of the sress sec-
e tien 18 obteined slse in thews cieanels, The

position of the sentre of grevity dspends,
however, & little on the veluss of the parti-~

The elastic croes seotion of the 15!»: rest~

tion in dependence of the nusber of resensn~
060 s shown in fig. 5. In the Tiret ssse,
} thcermmumulnmanuum
LIS P 4 0% resenance (dashed curve). If other 0 re-
sonsnces sre edded, then the shape of the
oress ssctien is ehanged, bdut an internsdiste-
. he sotien of
1.8 3{.{,,& scattering  1ik® strusture ressine whish is determined w
with five ressnsnes sta~
tos. Thedt Dot the valus of the istervel & 1z Whish the reso-
the energies (9] ore va- nences ere lying,
ried frem %0 te 100 ksv .
and 200 keV, The energies Ny The 11g9.3,4 snd 5 shew that 1 19 difficult to
and '}“M of ‘:hl:":;:‘ ientify different resensnces even in the case
oross section. Por o ses Pe D, Also 1a the esse is whish the resonsn-

fig. 2 s persmeters ere changed only & 1ittle by the
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Fig. #s The crose section of the
inelastic 157Tsn scattering with
five 0+ resonances st 50 keV 4“’
tance between the energies Egp'™’.
The ensrgies By and widths r. of
the resonances are shown in ‘ho
uooer part of the figure,

£a.Conslusions
In this peper the mixiag of the resonance

Pig. 55 The cross sect of the
elastic ond inslestic scatte-
ring for s different nuaber of 0*
resonances, The nuaber, the -
tions Bp end the widths the
resonances are shown in the middle
of the figure,

aixing vie the continuum, the cross
section would have an intermediste-
1ike structure depending on the level
density.

states vis the continuum is shown to

oxist even in those cases in whish the contribution of the eingle-pertisle re-
sonances inside the nucleus is excluded from the continuous speotrum, Effects
in the sixing vis the centinuum sre observed which are snaloguous to effects
well known in the mixing of discrete states, The width of the lowest level is
found to enlarge st the cost of the widthe of the higher lying levels, Purther~
sore, the intervel A betwsen the resonsnces enlsrgss like in structurs oslow~

lations,



The eéross section shows an iatermediste~like structure sisc iz ths case with
anell level overlapping. The distanss & between the lowsst lewsl and the highest
level which iy charsateristic for the emergy depandente of the creas section de-
pende on the degree of the level nixing. Thevefors, 6le0 tha shape of the sress
section depends on the nirxing of the ressnsnses via the contimuum,

At higher excitation energies, fluctuations in the level density are of some i~
pertanse, Tharefore, intermediste strustures in the cross section may sppear at
these energies which sre comnscted with level density fluctuations, The "width"
of such an intermediste styusture which is determined dy & is larger ee it would
be expected Trom the emergies E,,(®) obtained 1n & useal & caleulations, More-
over, two resonance levels mixed strongly vis the continuum do not come so cless
to emch other as the C3 calculstions without channel coupling prediet.
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E. Jlepuenaxnes, H. Xaxunnons, B. ¥nr03, H. Snxo3

HHCTNTYT AASDNMX ECCAGROBANER X nxepnofft sneprernxz Boarapcxoll AH, Boarapms
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24 xa3, 3xc 8 DECHPSAGASENE SNNPOKCHNNPODANO fymxumedl W(B)s4od iu®6

cAs - (I,821,6)10™. loxasano, 970 OTPRUATENSMME FHAK GNNSOZDPONNN OUYyCROD~
ASE ACIGENCN $CDES KANARMN C 7"- 2T M (K = 2).

B paGozax [I, 2] JUZ0 OONApYReNO, NTO NPN INSPIEAN go’gumm selirpones
Buss 0,1 Mod yraosas SnuSoTpoOnNA OCKDANOS ASASNEA U orpuusressna. Boxes
BOJXNNG ECOASAOBAsAn | 3] MORTBOPINAR NAXNYNG HeCOAMEON OTPNUATEAINON ENNSTPONRE

A<0, ras
A'm‘m -4 (1)
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Aeaexne Kk x §-as (2). m%mmmummu-
ZSENR EOPNCNTEDCIGNNMX ARED nefirpoams ¢ SO0 13 <Bx < IS0 x93, mpemmpm-
nmmm[s.t]nmmmmm[ﬂ
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Bsaumnoe pacroaozeune MmucHeR N CTONOR AXR DEMRCTDRLMN OCROKOB ACACHRA 2’5u
NOXA3AHO HA pxc. [. [an yYera BRMAHRR TORWNEM YDANOBMX umsexel m NORpadOK RO
FeOMETDED ONWTA HAME GMRO NDPOZCRANO KONTDOXMNOE OCXyweume mmmenell TenIOBMME
sefirponamn. deTox BBeACHNAR NONPABOX AHAROINWNEH ONECANNONY B paGore [8] . Bpeum
oO0xydennn mugenell meldrpoxaun ¢ Ex ~ 24 x33 T = II9 wac. ‘Inczo ocuoxxos, 3ape-
TMCTPRPOBAHHMX K2 CHMMETPHUHMX OTHOCETCABHO NAOCKOCTE MuEeRed CTEXREX CYMMNpO~
paxock. Lan onpezexexun {oHa, T.e. uucka fororexeunil axep 2 Su raMmMa-XySaMR
pucoxux aHeprnil (mmumz A€ ¢ Ep = 7,72 ilsn, anumn Fe ¢ Et = 7,63 Ma3) BoER-
KGDERMMR 38 cYeT (M,{)-POaEIMR BA KOHKCTPYXKONOHEMX MRTEpEANaX axrmpuolt 30mM peax-
ropa, GMAO NPOAEXSEO OTReABNOE “doropoe™ oGXyteume xamepu. [pn oToM mywox mell-
TPOHOB Ha BMXOZe (uALTpa MEpPEKpUPAACA RPOOXCE w3 cuecy na na ¢ Gopow. Bumo
OOCHApYXEHO, YTO YLROBOE€ pacmpezexcEme OCKOAXOR QoTOXECNEeNER I0pORO ONNCHBR-

erca Qyexmmell
f(8)= 1+ A'sn* 6, (3)

npuyeM 3navenme aumsorpormm A’ ~ 0,3. 3ra nesmunna GARIKE K NOXYWeRNONy B pado-
Te [9] anavemm A’ ~ 0,25 m 238Y npe Eg- = 7,72 Mop. Taxnu oOpadon Guxo ycre-
MOBACHO, YTO B yCEOBEAX HONErO IKCHEPEMENTE SNCAO GOHOBMX Aesexmll Ne NpedUBANO
IS % or noxnoro ymcxa zeaesnfi npr OTKpHTON Nyixe JuASTPOBAREMX HelTDPOROB.

Yraopoe pacnpezelenme OCKOXKOB ACACHRER 235“ ¢ puNTeHNAM JONOR N DPEGACHNNNN DO-
npaskamm fpexcraBieno Ka puc. 2. Oxo annpoxcmmmposaxoch Gymxumedl smaa

W(t)=1+A w6 ()

MeToAOM RENMEHBNNX KBAAPRTOD
CURO BNUNCEEGHO JHAUCNNS KOIIN-
mmenra A. Omazazocs, 920 A =

- (1,8 1 1,6) 10~ mpm yponme
ssawmwocte Q= 0,05.

ziz

Beawwnma A, noAyieszan EeMN NPR
146 . . Ex = 24 E33 MENIEG DXCHEpPHNEH-
L~ TAAMNMX 3mavenmi yraosolk ammso-
sporsn npm Bx ~ 50 - 150 w23
2, 3]. Kaueczmenno a707 Zax?
14k COPRACY6TCR C yMEHBEGHNEN BRAG-
0) A8 <-BOARN NPK NENBENX 3Eaye-
ERAX Bu. lIn BmcCHOHNA BDANARNA
pasANYEMX QaxTOpOs N8 IBAK K
142 JEANURNY YTAOBOR AHNSOTPONNR,
= N i MUTEANCH PACYNTATS YPAOBNE

1 PaCTPEACASENS OCKOZNOB XoNO-~
KRS, KOTOpME B Hamboxee oOmen
BRAO ONNCMBADTCA DUPAECHENON

I I T W(e)=ac-OTL 163+4),
)
(26,17, L<Losngn> [, (o’ "
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Kos¢dumpentu Tg UNRCARANCE DO ORTHWOCKOR NOReNE. 3mavenna Xeanmocrel g F-%. &
paceNTuBAMNCE B RPpRGENEGWER JBYropioro Gepispe Aezemmn. Bupszsune (4) coxspamy
soadimmenni KneSua-Topasss u {ynxmn Burweps, dJnamcaape 0T 3. K.M. Opn Ba = 24
nnnmcommlm&mnm’-m,gomm~8$u
o«mummm.np-pmmmz U wepes mmamu ¢ paamme-
nnm anuuu.,.‘l’,u BCHOXL30BARCA BAGOP BAPANETPOB, XEPARTEPRIFONEX ARYTOP-
Cull Gapsep Aexesma, xoropill Gl RPEANOESE ASTCPOMN m[s. l].hl-ptcuo—
TpeHM PA3ENUEMG BADHANTM, B EOTODMX MOROCE nOxouNTenssck werwocrs ¢ K = 2 aeame
ua 0,5 Nom, 0,7 B3 » 0,9 B3 3ume noxocs ¢ K = 0. Oxadanocs, ¥TO OTpUBATEAL-
Hull 35AR GENIOTPONNR OGYCROBNCHE KAEANANN ACHSERR C 1"’:2’. #’(I-Z)lra
4%(K = 0), XOTR pacueTmMe 3NAYCERS A CUIN NSNING IKCHCLRMENTAEDNMX.

Buze OTMENAROCEH, YTO AAM COTNACOBANEN BEARYEE A, MONYYCNNMX DACNETHMM NyTEM N NI
JIKCREpHEENTA aAPTOPM DRCOY [3. t] CUnTAIN, YTO NP En £ 100 x33 BCE pexemmn BY-
BapN p-Hefitpoxaum. [lo acel BMANXOCTR, C TOYMN JpeNwsR OnTUvecxoll NOXEAN IT0 npea-
NOAOEEHNE RE COBCEN XODPEXTHO, AMAIN3 RAZNX PE3yASTATOD NOKAIBAET, 4TO CONge
NPABZONOAOCHMM KARETCE NPECANCAOECHAE 00 YCRACHRN BEPOATHOCTR AGRCHNR COCTABHOIO
aapa 236U vepes mamam ¢ T'= 2t ma%(K = 2) n]"’s 'K = 0).
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IPRMEHENNE HEPABHOBECHOI'0 CTATRCTRYECKOIO OMEPATOPA A.H. 3YBATEBA HA OIMCAHRE
[IPRIPABHOBECHMX [POECCOB B ANEPHMX PEAKIMAX

0. Meaaep, P. Paitd, T'. Popre

Texungecxull Yanpepcarer Jlpesaen, (TZP)

BCX0Zn B3 HEpABNOBOCEOR CTATRCTEXN OTKPHTHX KBANTOMEXAHNUGCKEX CHCTOM CTABNTCA
Rexs, EAATH ONRCANRE N CTATNCTNUSCKEX E ARNAMEYGCKEX ACNOXTOB BPeMEENOR 3aBRCHN-
MOC?R AAGDHEMX DERAXCAUNONEMX NPOLSCCOB.

B padorax J.H. SyGapesa (CM. Hampmmep [1]) ONNCAN MOTOZA KOBRCTDYKONR MATDADM
NROTEOCTE B AMGOA MOMORT BpPOMOEN BRADYAA CEABNO NEDABNOBECHMO CTANEN, XOT0DMA
Moxe? GHTH RCNOABIOBAN MPE ONNCANNN OPGXDABEOBOCHMX NpOmeccod B AACPEMX peax-
meax [2]. Merox aomoasmo oOmEE W CBOANTCS X CEeXyDmeMY:

Budnpasa Badop ANNAMEUECKEX NEPENSRENX [Rn}. XOTODME CHeAyeT Yuecth B AamEoR dm-
anvecxofl sazage, MOXEO EamNcars crarncraieckuil oneparop B apdolk MOMenT BpeMenn

¥ et)= fep(am) @=Tr(exp [4+BD
A--); Fm(t) Pm

B- fdt'e T [Fmlt) () 4 Fm(t+t) Pm(t)]
fips 5roM napaserps Fm (i) npuoGperanr CMICAL TEpMOANARAMNUecXRA CoONpAXeMMiX napa-
MeTPOD, ONpeASAALEANS CPOAHNS 3HEYOENA P, eCAN TpsGoBATS

T ($Pm) =T (¢ Pn)
gq"&"PA Qq = Tr (exp A)

lipeneasuul nepexox £-=+0 CA6AYe? BANOANNTD B KOHNE® BNKNAROK., B ar0M mpezexe ¢(t)
YRomxersoprer ypapseRND AXyPNARA,

ILns Nepsoro MpEMEHGNNR HA DORAKCAINOAHME NPOUGCCH P SAPE MM NCNOABAYeM NOAeAD
depum-rasa x npenedperass "oxmaxnexuem” szpa,

Nocae BECOAIEOTO YNCNA CTOXKEOBeNEE saxsTanpmell uacTamu B sape o6pasyerca (CRABNO
NePABNOBECHAN) CHCTONA, KOTOPYD CYAGM MOAPAZZEANTD N4 PASARUNME NOACHCTOMM CO-
CTOARNE NB YACTND C SROPIEAMN D ONPEACACERNX NATEPBAAAX.

Nepexox X PABNOBECED ONNCH3AGTCA KX MPONECC DOAAKCANNN MENZY BTEME NOACNCTOME-
MR, KO70pN¢ MPOANOZANANTON BAXOINTHCS D HOXOM KBASNDABNOBECAN, KOTOPOE XapAKTe-
PESyerTCA PepMN-DACTDEAGIONNSM C TAPAMGTPAME SABNCANNMN O? Bpewens. TaKos pac-
CNOTPONN® 3OSMOENO, GCAN BPOMENA POXAXCANNN BNYTPE NOACCTEM MENIEO 3DOUSEE po-
Asxcamm mexxy nozcucresas [3].
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Axn HpOCTOTM CEANARA DRCCMOTDEM ENRS XBG NOACHCTOMM: “ropasan®™ (£> £,) ® “xo-
aoxman” (€< £,) noxcucremi. Ous cassamu saafiogeRcrsuos V. Doxsmull Tammasromnn
CRCTOMM ImEEN TOPRA XAK

Ha=HyvHy' o+ Him
"-');‘i“f a; , &sE Ho"E €l apx |, Er 26

"“‘3: < melVlik >a; ap ey a

TRC NEAGXC { oOosnnu sadop xsamTOBRMX umcex (3 npocrelimes cxygae - (Je3 yuera
CONEA - { €CTH TOXBXO NMOYAMC K YACTNIN). SaNTPEXOBANENG BSANWNEN COOTBETCTRYDT
"ropruecl® X Ne SAETPEXOBAMNMS "XOROZNOR™ cuCTOMAM.

Xo?R AR DORAXCANNONNOTO HPOLOCCH B SADE TPYANO APKO IMAGANT PABINGNME CTAANN
(xmmeTmieCKAN, IEAPOANBAMNYOCKAA), NOCKORGKY AXNHA CBOGOAMOre mpofera mo ROPAA-
Ky CPABERNO C DOANYCOM AAP& MM OPDANRYNBAGMCE PEAPOANEaMENuSCKOM craamell, ?.e.
OyAeM XApAXTEPNSOBATS PESAKCANNOHEME TPONECC CPOANNMN BEXNUNNAME LOTOKOB <R, > .
EcaM me yuecTh CINN Jac?Mll, T0 EaGOp ANNAMNUGCKMX NSPOMONEMX B CXYUAe XRYX NOX-
CHCZeM RMORPAGTCA KAX

(Pn}= luw 2 B.nn)={R,R R R0 R, B ]
- MOANSN SNEPPER j , NOAEME ENEYABC B N UNCXO YACTND y KamAol NOACKCTEM.
P= Eﬁ?a‘a* N=1.a} ap
CODTBETCTOYNEE® TepuOANRAMNUECKNR conpueinle napamerpu Fm ec?s TOrZa:
[Fo}={4.8. -87.-87,-Blm- 2V)-B/(m~ 2y ]
= {‘4 B BB B> Iﬂ,'}

TAe S - o0parsas reMneparypa
v - Cheasan CKOpOCYS SACTAR
m - XSMNGOCKNR NOTeNINAR.

C nomomsd crarscrmueckoro omepazopa ¢(f), KoTopsll COCTABAASTCA AXN ZAHEOTO Ha-
oopa Pm M Fm MOZNO CYNTATH CpEZiiKe 3EAUGNNSN NOTOKOB

m - W[Pﬂn ]-' -Pm
KOTODM® ONNCHBADT TPARCHOP? 2EEPTEM, MMIYABCA ¥ UNCAA UACTNI MEENY NOACNCTEMAME,
00yCIOBAGERNA OCTATOURNN BaaNMoZelcramem V.

Pasaaras ¢ ({) m0 NNTErpaxsEONy WieNY B R yUNTNBAA TOABKO JNNORNME unen pasxome-
EnA (cxadoe 0CTATOuNOS BIANMOZGCTRNG), NOXYRASTCR

<P > <S8 -po) [ <po > im= 4,3
IA¢ IBOARINCEH KOPPOAANNOEENG (QYEKIRE

M . L) . v '
<P B>=[drT [P ™ B P /T << Bo><Pr>

A ";(ﬂl R +fe Pr)
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Kameravecune xosfjunmenty
< P P >=I dt ¢ < P ,B; >

NOZNO, HORONISYR room Baxa, RPMC MPORACTERATE EaRk QYNRRNN TNCAR 3ANOXNGNRR B
KBAADATE MATPEUNOTO BAGMERTA OCTATONNOrO Bamwoxelcrams V mxamuan 3amor coxpa-
HOREA 3EOprEE,

Consas noroxe < R,> ¢ Bpesenmam npomssozmaem B

<f>= ;‘-(P-..R >
NOXYUNM CRCTOMY CBmdausux EHemmmelmux As(ddepexnnmaxsmux ypesneruit nepsoro NOPAAKA
AIn TEPMOAREANNYCCKNX BApPAMETDOD:

E(p. -B:') <Pm P >= 2 <Pn, P >h: Lm=42,3

Ecam pacclorpeu TOXEBNO xuron.uue waenn warpan < Rn P > l<R.. P:> n xpome
T0ro0 KAX npocrelnee NPRAGARNONEE DACCUNTATE KX C OOMORMD punonecm snauennil
napaerpos S, = 4., TO W NOXyYaeM LPOCTYD clcren ypaBHennil

<Bn Aw > ﬂ.a(ﬁn ﬂn)< pm pm
3™R ypaBlesms AADT BPEMOBRHYD anncuocn TEPMOARNAMNYSCKNX 11ADANETPOR ,&, ) ﬂ. »
TOM CAMMNM ZART PACHDEAENeHES 'IACTEN NO MMNyALCaM B AWCOR MOMGHT BpOMENE

7L - -

n(p.t) =[rarp[f) €-mie;+ T vier-vinp 1
(amazormunoe BuDERENRe Iis APYrod NOACHCTEMH) GCAR N3PECTHH MX HRUANRENE 3HA~
YONNA B MOMGHT BpeMehi f§ = ¢,. SHas pachpeseXeRNe AR "ropsuel” cucresmy » 3aBR-
CEMOCTN OT BPEMOMN XErXO OUNTATH CNEKTP RCIYMEHHHX HYKIOHOB, EX yII0BOe pacnpe-
Aezense ® 7.1, Hauaxpnoe pacnpeasacHNe CAeXye? NORYUNTE K3 CAGZYDREX COOGpane-
HEfl: Xaxmu-ANOO CHOCOGOM CUETEETCA DACHPOACASEEE NIOCAE HECKOABKO CTOXKHOBERmH
(2 mpocrellmen cayuae nocae nepeoro). OHO OTHDAL He Oyner depuMMeBCHMM pacmpexe-
aAenmes. C NONORED 2T0P0 pacnpeXeACHNA CUNTARDTCHA MOMOHTH ZAR KEXAOR X3 MOACHCTeM
(7.€. BHEPrEA, NMIYALC R uHCAO sacuy). Havaxssoe ({epumemckoe) pacnpensxenxe,
BAKOHOIl, HAXOXMTCA N3 TPeGOBANNA DABENCTBA 6I'0 MOMENTOB COOTBETCTBYDNEM MOMOH~
TaM "NCTHEHOIO” pacnpepexaeHEs. ficHO, 4T0 TaKofl cnocoS rTem TOUHee, YeM OpALES
YECAO MOXCHCTOM B KOTOPO® M¥ MOAPAIREXAGM BCD CECTONMY.

d
llepue pacyerd, B XOTOPMX NEPEXOAHAR BOPOATHOCTD F [<melv] k> | ssuennaacs
YCPeANEeBNNM 10 KONGYHHM COCTOSHEAM €, wy BUPAZOHNON

l(&._hlm:d
J(fi'fx €¢ Enl)

rae 6 (f )- CeYeEN® CBOCOREOr0 KYKAOHN = HYKAONNOI'O PACCORHES MO [b] 2 - ofren
fAapa, 18T B CAYYa6 ABYX DOACKCTEM POIAKCANNONEME Bpeuena oxoxo 5 - I0™¢ cex,
NPAYEN MEERY PERAKCADNONEMME BPOMOEANN IBOPIEN, EMAYAICS § YNCAS SACTND BMXO-
217 COOTROSONNO

820 ofcrosTEALCTRE OOBACKASTCA TOM, UTO NO BCE NMPONOOCH CBASANNENG C NOTOKON
SREPIAE ZADT K [I0T0KX NMAYANCE LAN INCAR SACTEN MERXY NOZCRCTOMAMN.
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Jlamui dopmarmsu nMoSBOENST AAXBEedwee yXyumeame. Yro0N yUecT: N KNEOTENYOCKYD CTE-
ZmD 3 Q(t) cEexyer DPeACTAPATH ONGPATOPM UNCAAR YSCTEN B KAVECTBS ARNAMNNOCKNX
nepesenmux. lerxo npozZexars N ofoSHeNNe MA yuer "OXXARZGENA™ nXpa AOCABNGENNeM
Aonoamsrextuoll NOACECTEMM - KDETREYYS Bue o6xacr: szpa. Janmulk meroz cnocofem m
ONNCATS NMPONECCH BIANMORSHCTIAR MeNZY TARGNUME NOMOME. Ty? ocmoBras npodaesa CBO-
ARTCA K JAQUAOMY BMOODY AMBAMNUECKMX NEPSMOHEMYX,

iuzeparypa

[[} R.H. 3ycapes, HepaBiopecnam CTArRCTEVECKAA TOPMOANHaMNKA, Mocxea 1971

[2 P, ¥ddler, R, Reif, G. RSpke and H,~E. Zscheu, TU-Preprint 05-30-75

[3] N.%., Bogoljubov, Probleme der dynamischen Theorie in der statistischen Phy-
sik, Moskau 1946
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SESSION V

CORIISTENCE OF DIPFERENT NUCLBAR SHAPES IN THE ISOTOPES OPF THE LEAL-REGION
S. Prauendorf x;' Zentralinstitut fir Kernforschung Rossendorf

x) The lecture is based an common work with V.V, Peshkevioch and P,R, Kay
JIRR Dubna [1-3].

In order to inveatigate the coexistence of differsnt nuclear shapes one must
have at ones disposal a method to calculate the deformation energy. We shall
use the shell-correction-metrod [4]. According to this approach the deformation
energy has the forn

B(8) = By (8) + E (8) (1)

where B denotes a set of parametere fixing the nuclear shape. The liquid drop
part !LD.(B) has & smooth behaviour leading to only one minimum of the deforma-
tion energy, Therefore a coexistence of nuclear shapes must be caused by the
shell-correction §B(8), This quantity has an oscillating behaviour as a func-
tion of the elongmtion parameter £ ., The period is about 0.4, As dE 13 the sun
of a proton and a neutron part one can distinguish two cases:

1, The neutron and proton contributions are oscillating in phase.
2. The two contributione are out of phase,

Let me start with the discussion of case 1, It corresponds to & ground state mi-
ninum and a second minimum with & mutual distance ofA £ = 0.4, The neutron and
proton shell-corrections are in phase if both the number of neutrons and pro-
tons corresponds to the same relative filling of shells. This condition ie sa-~
tisfied for the B-stable nuclei from the rare-earth till the actinide region.
For the actinides there is a deformed ground state minimum at £ = 0,2 = 0,3 and
the famous second minimum at £ = 0,6 = 0,7, which appears ss an isomer in the
fission process, With decreasing mass number both minima move to smaller defor-
mation, In the Pb~-isotopes the first minimum corresponds to the spherical ground
state and the senond minimum 1ies at £ = 0,4, Por still lighter nuclel the
first niaioum moves to negative deformations and the deformation of second mini-
oum further decreases, After the Os-Pt-nuclei, where bdoth minima have approxi-
mately the same energy, the second minimum becomes the deformed ground stats of
the rare-earth region, A second minimum analoge to the fission isomeric state
1is again expected for the rare-earth nuclei, However, because of the very steep
barrier of E;.y the corresponding minimum of dE 18 f1sttened out.

As the seocond minimum in the actinids has been discussed in detail elsewhere,
let me consider the nuzlei around 208”' On £ig, 1 the deformation energy of the
Po-isotopee 1s shewn, In doudle magis 208” there are very promounced first and
second minima, The energy difference between the two minims smounts to 15 MeV,
With deoreasing neutron number the promounced structure gets more flst and the
second minimun graduslly dissppesrs. This reflscts the faot that with decressing
neutron number the neutron and proton shell-corrections are getting out of pha-
se, Going slong the line of B8-stability both psrts resain in phase, As the 1i-
quid drop barrier is lower for larger mass number the energy difference between



the two minima decreases with increasing pro-
ton number,

In cur calculations only axial-symmetric sha-
pes are considered, Thus we cannot exclude
that the second minimur becomes a saddle point
if three-axial shapes are taken into conside-
ration, Caloulations for the Pt-nuclei 5 end
the actinide region € show that the barrier
between the minima persists when f-dofor--
tion is allowed. The level structure near the
fermi-surface, which is reponsible for the
shell effects, does not very strongly change
when going from Pt to Th (for £ = 0.4), Thie
is revealed by the fact that the second mini-
mum for axial deformations has a rather ocon-
etant shape for all nuclel in the considered
region, Thus, it is very likely that in the
whole Pt-region the second minimum seen for
o axial shapes remains a minimum if thres-axisl
T @ 02 0 0 shapes ars taken into acoount,

Pig, 1: Tne deformation Let me now discuss the population of the se-
energy of the Pb-isotopes 2 , cond minimum, We assume that a compound nucle~
'{:ot::nﬁ;.p::tiglgegfh:u us is formed by means of some nuclear reaction,
T?:.:t;;ngl: :g a:%,ﬁ?’ le The compound nucleus deexcites by evaporsting
?for definition mee ref.[4]) neutrons, When the excitation energy gets lo-

wor than the barrier between the minima the

nucleus can stay within the second minimum be-
cause in this case the transition rate between the minima is limited by the ra-
pidly decreasing penetration factor of the barrier, Therefore as a rough esti-
mate the ratio of population is given by the ratio of the level-denasities in the
two minims taken at the snergy where the transition rate 'l'b through the barrier
equale the transition rate of f-docay T#. The most rapid decay mode is B1 with
a single particle estimate of Tgy = 10 5- -1

In order to estimate the transition rate from the second to the first minimum
the barrier is approximated by a parabola, If, furthermore, s constsnt mass pa-
raneter B is assumed for the deformstion mode ’l'b readsn

Tos 270 ep(- & Vargray ac) -

where B, ie the energy of the top of the bdarr wd OF 48 its width at the en~
er@y E. Taking for B the semtempiricel valus of ref, [7]at £ = 0.3 ana a=210
and for LTw = 10°"s™", which corresponds to Py = 0.5 MeV (see e.g. rof.[4]),ono

obtains
4 (Tb)-3.05V(lb-l)'AE ' (3)

where T, is messured 1n o~ ! end B 1n NeV, Pros (3) 4t 49 found that T3 >N

for 3 < B, = 1 NeV, Hence, the retio n,/n2 of population of the first and se-
oond minime 18 given by
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;% = @Xp (21/-2 (B, - B, =1 ReV) - 2V o, (B, - 1 MeV), (4)

where L and e, are the paremeters of the singls-particle level-densities in
the two minima, Bz denotes the energy of the second minimum measured from the
firet one., If the nucleus is non-suprafiuid in the firet ainimum one should
atill add to 32 the pair-correlation energy. Assuming for a, snd 8, the values
of the fermigas plus a shell correction (taken from ref, [4 ) one obtains for
210?0 n,/n2 - 10-5. In heavier nuclei the rstio increeses because 32 decresses,
In the case of 216nn n.,/n2 saounts to 10".

Considering the dependence of n1/n2 on the angular womentum it is neccessary to
count the thermal energy from the minima of deformation energy for a given va-
lue of sngular momentuz (up to now we have referred to angular momentum equal
to zero), The rotational energy in the second minimum is given by that of an
axisl rotator, The momeat of inertis obtained from the cranking model (see e.g.
ref.[&]) has approximately s constant value of 50 ¥ev™! in the whole lead-re-
gion. As for the firat minimum it is not possible to calculate the rotationsl
energy in the same way, because *he nuclei considered are nearly spherical, Ho-
wever, one can refer to the experirvental yrast-levels, For example, one obtains
for 2oePb that n1/n2 increases by a Jactor of 15 if the sngular momentum equals
to 6% . : ’

As shown by the calculations of ref.[9] (for Po) the energy of the yrast~le-
vels increases more slowly at higher angular momentum approximately correspon-
ding to the rigid body value of the moment of inertia, Therefore, for angular
momentum of the order 10-20f the ratio of population should agsin decrease,
because the moment of inertia in the second minimum 1s still reduced by the pai-
ring (compare ref, [B]). Only for angular moment um larger than about 30% the
energies of the two minima may become comparable. However, at those large values
of angular momentum one expects appreciable changes of the shell structure [jo]
whick may completely change the shape of the function E(8) we are referring to.

208

When the system is caught in the second minimum it decays to the ground state,
This ie expected from the calculated decay-rastes for tunneling into the first
minimum, which are given in table 1, The transition rates for collective E2-
transition are greater than ng(Zf—-O’) -.1093'1. Therefore, in most cases the
barrier is high enough that the system may reach the ground state of the second
minimum by emitting E1~ and E2-radiation, The ground state of the second mini-
oum decays by emission of 1 -radiation or by emission of neutrong if the secomd
sinimum lies above the neutron binding energy., As both processes are fast in
comparison with tunneling through the barrier the decay-time of the ground sta-
te of the second minizum ie determined only by Tb. If the energy of the second

oinimum l1ies above the threshold of neutron ewi2sion (see table 1) this decay
mode should preveil,

Let me now turn to case 2, when the oscillations of ¢ E_ and J‘zn are out of
phase:s In this case the first minims of ¢ E_ end J'Bn correspond to different
deformations. This may lead to two minime of the deformation energy st relati-
vely small deformation, One 1s csused by ths protons the other by the meutrons,
The minims ere less pronounced becsuse d l, and & ’n partly cancel esch other,
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A situation like that is expected if the number of one kind of particles is

near the closure of a spherical shell while the number of the other kind of
particles lies near the closure of a deformed shell x).

Ae an example 1 shall discuss the very neutron deficit isotopes of mcrcutg'[1].
The proton number of 80 is only two units away from the closure of the spheri-
cal shell, Going away from the line of (3~stability the neutron number approa-
~'ch§s the closure of the deforzed sholl 102 corresponiing to the stable deformed
rdéc-earth nuclei, Therefors, one expects the coexistence of an almost spheri-
w;,lnl shape and a deformed shape with £ 2 0,2 - 0,3, On fig, 2 the deformation
.energy of B‘H; is shown, In the ground state the nucleus is slightly oblate
with € = -0,12, However, at the very low energy of 0,29 MeV there is s prolats
sinimum with £ = 0,23,

In order to calculate tho deformation energy of the higher levels of the yrast-
1ine we have added to exoression (1) the rotational energy of an axial rotator,
j.e,, a term I1(I+41)/2H, where J(3) is the moment of inertia of the eranking mo-
del (for details ses refs, [1,8]). The moment of ineriis 1a smaller in the oblae-
te then in the prolate minimum, Therefore, the rotational levels are more clo-
gely spaced in the prolate minimum than in the prolate one leading to a pre-
ferrance of the prolate shape with increasing angular momentum. In the 2*-state
the two minime are slmost degenerated, however, the 4*-ptate 1o already prolate,

*) Shells for apbitrary shapes can be defined by the minima of the level densi-
ty (see ref.[4]).

L
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Pig, 2t Dcforntl?a‘cneru of the rata-
tionsl etates in Hg (taken from ref.f1]).
The heavy bars indicate the experimental
yrast-levels, The arrows indicete the
deformation calculated from the BE2-value
of the corresponding trensition, The sha~
dowed ares is the sxperimental error.

L0002 ;03

Fig, 3: The deformation energy of the
odd-pass Hg isotopes (taken froms ref.j)),
The arrows indicate the experimentsl
valuss of deformation (see text).

As can b sesn in fig. 2 this tram
sition from the oblate to the pro-
late shape provides a reather pecu-
liar specing of the yrest-levels,
which is experimentally observed,
The large energy of the 2°—»0*
transition corresponis to the smll
oblete deformation. Above the 4% -
level the rotstional bend correspon-
ding to the large prolete deforsa-
tion 1s seen, In addition it is al-
80 possible to reproduce the experi-
mental E2-1ifetinss, which are a
dirsct messure of the quadrupole-
zoment, The deforammtion calculsted
by means of the rotor modsl from
the experimental BE”-values of the
6*—» 4* and 2* —» 0* transitions
are indicated by the arrows in fig.
2.

The experimentsl results for 186!{;
are similar to the diacussed ones
and are also reproduced with good
accurscy, In accordence with the ex
periments]l findings the oblate-pro-
late-transition occurs in

between the 4*- and the 6*-state.
This shift is due to the gradually
increasing difference between the
energies of the two minima. The sa-
ae 1ifting up of the prolate mini-
num sppears in the ocdd-mass isotopes
It can be seen that the isotopes
1""'"Bsﬂc have a large prolate
ground state deformation, whereas
the heavier isotopes are oblate in
the ground state, This jump in the
ground state deformation permits a
natursal explanation of the sudden
decrease of the mean-squsre rsdius
between 185!!; and 18711;, which has
been seasured in optiocal pumping es-
perisents, Prom the experimental
value ofzé r? o <55 «r oblste,
whers (1 ).u“. is obtained by 1i-
near sxtrspolation of the experimen-
tal values for ths isotopes heavier
then '85Hg, and the theoreticsl de-



formation of the oblate minisus one obtains a (semi) experimental value of the
prolate deformation. In fig. 3 it is shown thet the experimentsl sad the theore-
ticsl equilibrius velues of deformstion coincidc 'nh an excellemt sccuracy,
Even the slight incresse of deformation bot-ocn H¢ and 181H¢ is reproduced,
Our calculations indicate that all even mass isotopes heavier than 1% are
oblate in the ground stats. The different shapes of sdjacent even- and ocdd-masse
isotopes can be traced dack to a different loss of pair-correlastion energy when
s level in the oblate or in the prolate minimum is blocked by the odd neutron,

A still open question is the ¢ -dependence of the Jdeformation energy. Calculs-
tions [11 for 182!!3 show & very flat barrier of 0,2 MeV between the -nu—.
This sesns to be in accordance with the experimental BE2-value of the =2t
transition in 184, 1361!‘ which does not indicste any noticable hindrance for the
prolate-oblate transition. However, in the experimental study of ref. [12] it
1s claimed that the 2*- end 0*-levels in the prolate minimum are seen, This
would indicate s noticable barrier between the two minims,

Let me finish with a discussion of the overall trends in the Pt, Hg, Pb region
a® predicted from calculations of the deformstion morn[‘!, 2, 3}, In the Pt-
isotopes because of the smaller proton number the oblate minimum lies higher and
at 8 larger deformation than in the adjacent Hg-isotopes, Therefore, the very
neutron deficite isotopes 184"881& are elready prolate in the ground state.With
increasing neutron number the prolate minimum is 1lifted up, In 190'1921’t both
minima are degenersted, The hesvier
Eg (Mev]) isotopes are oblate in the ground sta-
) te, In 196p¢ the second minimum otf =
O.4 appears which, as already discus-
sed, is typical for sll 8-stable nuc-
lei in the lesd-region, The experi-
mentsal spectrs of the Pt-isotopes do
not indicate any darrier between the
pinima., This 1s in accordance with the
calculations of ref, [13] where s
smooth f—dcpmdonco or s flat mini-
oum at 1*0‘ is predicted, As slready
mentioned the prolate and oblate mi-
nime are degenerated in 1803;, Thus,
all heavier Hg-isotopes are oblate in
the ground state, 'l'ho low lying prola-
‘%_ R 0 TR R R te sinigun 1n '194-18 H¢ leads to the
£ interssting phenomena discusssd abdove.
All Pb-~ieotopes heavisr than 184P!) are

’&g “ The deformation energy of sphericsl in the ground state, This
P: o The :inn; rti;}lc acliim corresponds to the proton number 82,

1atcnmtu n re cpa-

ring is treated as in "f. Por the lightest isotopes the low-ly-

ing prolate sinimum sgain appesrs, It
disappears for the isotopes hesvier

19°Pb. As shown in fig, 4 the coexi-
stence of the spherical snd deformed
shape 1in 186Pb should lesd to a very
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intereating spectrum: One expescts a phonon triplet of O’. 2’. 4" and e rotatic-
nal band with a large moment of inertis end s band-head at about 0.5 MeV,
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SEARCH POR A -DECAY OF THE SHAPE ISOMER IN MuwIC 23%
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8027 Dresien, Kommsenstrade 13
#,-P, Fromm, Zentralinstitut fiir Kernforschung Rossendorf
9z, Gansiorig, S.M, Polikanov, U, Schmidt, G,N, Sorin
Vereinigtes Institut fiir Keraforschung Dubna, UdSSR

1, Introduction

The phenomenon of the spontaneously fissioning isomers b] ocan be interpreted
as fission from a shape isomeric state e.g., 8 state characterized by & much
larger nuclear deformation than the ground state, Theoretical calculations [2]
‘on the base of the 1liquid drop model with shell and pairing corrections inclu-
. ded are able to describe the shape isomerism qualitativly., In the framework of
this model isomeric fission occurres from a state at the second minimum of the
potential energy curve at large quadrupols deformation,

A systematical study of all hithrerto known fission isomers [7] shows that their
formation cross sections are decrsasing in going from Z = 94 to lower Z-values
and for Z=92 no isomers are known at sll, Cslculstions of the double~humped
fission barrier Eﬂ predict a higher outer than inner barrier for Z«< 94, whiech
was experimentslly supported [9]. Whereas for shape isomers with 2 ¥ 94 fission
in the dominating deexcitation chsnnel for nuclei with Z«<94 and lowered inner
barrier 1'-dccay into the first minimus should compete with fission., A strong
=branch would allow to regularizs the observed formstion oross sections and
to establish precise excitetion energies for the shaps ilsomeric state. 3earch
experimenta for the observation of the shapeisomeric g ~decay have besn perfor-
med by various groups employing the reactions 235y (d,p) 236"U [1Q], 238U(p.n)



236mgy, 1) and 2% (2,pn)?™ [11. only the authors of [11] succeded to ob-
gerve Y -transitions from the shape isomeric decay and precised the excitation
energy of this state to 2.559 MeV. One possibility to get physical information
about the existence of large Jeformations is the observation of rotational sta-
tes in the second minimum through which the shape isomeric state is populated.
In [3] the conversion electrons from such highly converted 4 -transitions pre-
curring the isomeric fission of 2wPu were observed, From the energy spscings
of this states a moment of inertia as high as twice that of the ground state
vand was determined, wshich strongly supports the conception of shape-imomeric
states with large deformations,

iAnother independent method would be the use of the sensitiveness of the muon to
the nuclear charge distribution as was proposed in [{]. According to calcula-
tions fronx[s, 6] the kigh quadrupole moment of the shape-isomeric state should
lower the muonic binding energy for the 18 stats by several hundred keV. Corres-
pondingly the barrier heighte would be changed, sllowing the isomeric state mo-
re easily to backtunnel and depressing the fission channel. The observation of
an energetically shifted shape-isomeric state in the presence of the muon would
give another hint for the validity of the doudle-humped barrier description,
Furthermore the lifetime of the shape-isomeric state in the muonic atom would
te changed, because one has to take into account the capture of the muon on the
1S state by the nucleus, A presumrption for a successful eearch of the ~branch
in muonic atoms is a sufficiently stron excitation of the shape-isomeric state
by the muonic cascade, From the different lifetimes observed for delsyed fissi-
on EIB, 14] and electronic decay of the muon [15] in muoniec 2330 8 sirong popu-
lation of the shape isomer was postulated [ﬁq .

The sim of the present work is to search for delayed ¥ -radistion after forma-
tion of muonic atoms of 238U.

2, Experimental Arrangement

The measurements were performed at the separated ,u” =beam of the Dubna synchro-
cyelotron., A specisl extension of the muon channel into the heavy shielded, so
called low background laboratory, was used, At this site the effect to back-
‘ground ratio was much improved compared with an earlier run [?2] with the ex-
perimental arrsngement in the main experimental hall and in comparision to the
experiment [23] .
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Fig, 13 Blookdiagramm of the electronic
device withaut amplifiers, delsydlocks and
~linee and stadilisation




A simplified block 2iagrsz of the electronic spperetus is given in fig. 1. The
,u-otop signal wes registered by means of & scintillation ocounter tnmr ful-
fi11ing the coincidence relation 12J. Fith an typicsl intensity of the ,u <bem
of 10‘.'1 the number of /u-otopc in the 115 g uranium target amounts to 650 -'1
The 7 -redistion wes recordet by meszs of & 60 ca’ Ge(Li) dlode (2.8 keV FWRM

at 1 Ne7) and two BeJ(T1) crystals (8 ca dismeter by 8 cs length), The timing
systen [24] provides us with an integrsl time resolution of 7 ns FWHN for the
energy renge from B = ,1...4.7 HeV in the Ge(Li)-brench.

The experiment was opersted on-line aith the HP 2116 computer [25]. The follo-
wing informations were combined and transferred to the computer:

1, the energy of the 3‘-qulntu- registered by the Geiii)-detector (up to 4.7 KeV
in 8192 channels)

2, the time between the /u-top event and the Ge(Li)-sigmal (2.5 Y range in
4096 channels)

3. the sigml from the inspection circuit, if 3 /u- before and after the /u-atop-
moment no other muon passes trrough the first counter (threshold 160 keV)

4, the signal of the EaJ(Tl)-detectors, if et least one of them had registered
a hnrd‘r eray in the time interval from 20 to 120 ns after the Ge(Li)-sigmal.

The data were stored in the event-by-event mode on ragnetic tape, Integral en-
ergy and time spectrs were saopled and displayed simultaneously. After the 45
hour data-taking run tre events were sorted into 4 ground of 8 spectra each,The
groups were letermined by the presence of the signals indicatisg single rmon
sad/or delayed NaJ-coincilence events, The spectrs were derived according to
eight time intervels producing one prompt, six successive delayed and one csli-
bration spectra, The internal calibration lines were provided by radiocactive
sources of > Co and 152Eu registered as chance coincilence in the course of the
experiment, The time scale was calibrated with a 10 MHz frequency gsnerator,

In the delayel svectra from nuonic atoms the main part of the backgrouad acti-
vity is formed by 1‘-rad1ation following the nuclear muon canture. As far 83 we
are mainly interested in the detection of weak lelaye! lines as they were ex-
pected from the decay of the shape isomeric state in muonic 2JBU, the delayed
background should be suppressed as much as possible, Except of measurements with
good spectroscopic resolution a delayed coincidence vetween the Ge(Li)- and the
NaJ(Tl)-detectors was introduced. The coincidence condition is Fulfilled only

in that case where a 4 -ray registered by the Ge(Li)-detector was followed by
other x -rays in a time intervsl typical for nuclear muon capture. Therefore all
events from /u-capture without precurring 3 -activity could be removel from the
delayed spectra, The efficieny of the delayel coincidence circuit was measured
to be sdout 10 % from the intensity ratio of prompt muonic X-rays wit azd with-
out the colncidence sigmal, The registration of very short halflifes cannot be
improved by this additionsl coincidence contition,

With the epectrometer descrided s lower intensity detection 1imit for delayed

f -rays of about 0,3 % per one stopped muon was reached,

2, Besults snd Disoussion
The prompt peak has for the 1'-r-yl recordet from the 233U target a FYHM of Tne,
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The decay time of the delayed 4 ~rays was determined by the lesst equeres method
for two expoaentisl decays, the longer one Should sccount for the muon capture
in constructionsl materials of smsll Z and was found to be (760 2 120) na. The
l1ifetine of the component belonging to the ,u’ -capture in Z”U-r. (n.s!!,s)u
ressins unchanged within error limits if the second decay is emitted., In table 1
tre lifetimes for ,n—c.pturo in 23&0 sessured via fission, 1r -rays end electro-
nic decay sre comparsd, Por the assumption of a strong populetion of the shape
isozeric state by t:e muon a shortened lifetime for fission as well as for the
§ -decay ctannel with respect to the free decay of the muon is essential [52].

Table 1: Intensjity of the delayed x -trevsitions with T, 2" 9 ns per Ja-etop
in the auonic stome 2 MW -

[E‘(kev) oet st e ta] 96221 J1w015% 1 2215 2 1,5) i
lx,u (<) |o,6%,2 |0,4%,2|0,5%,3 | 0,4%,2 }o,65%,25 | 0,5%,2 |o,5%,

The prompt spe:trug exhibits s)1l festures of the complex interaction of the muon
snd the heavy deformed nucleus, Results of the invastigation of the dynamic
juadrupnle hyperfine splitting of muonic I-rays are given in a forthcoming pa-
per [56]. The calibrstional spectrum developed fros 1'-cvcnt' sepersted by more
than 200 ns from the ,u-stop moment shows in sddition to the 4 ~-transitions from
the decay of 5760 and 1528u -rays known from the radicactive decay of 2380. The
main interest in thie inveestigation was devoted to d.l"lan -ray activitiss
whlich can be produced in different ways, Except of the r -ray decay of shape
isomeric states excited by radistionless transitions in the muonic cascade which
was searched for, delayel ! ~lines are emitied in the nuclear /u-capturo process,
by Fhe cavture of neutrons emitted in connection with /u-captur! and by inela~-
gtic scattering of neutrons, by de-excitation of spin isomers excited in fission
fragonents a3 well as in the target nucleus.

A careful search for delayed activities revealed two groups of1 -ray3 disting-
uished by their halflives, The first group of trensitions has a lifetime of
about 75 ne, which is typical for the /u-capturc process in uranium nuclei., The
ensrgies snd intensities of these lines are in good agreement with the transi-
tione observed in the 238U(n,q‘)-reaction [17,18]. That means, that the nsutrons
emitted from the nucleus after /u-caoture, where an energy of about 95 UeV is
relaased, groduce secondary reactions in the thick uranium target, Transitions
from the 2 E1U(n,n')-x~ea¢:t ion however have not been found, Also trensitions from
the excited residusl nuclei: after the 238U(/u,zn)238'xP. reaction could not be
identified,

“uclear muon capture csn be accompanied by fission too, for 238U the delayed
Tission branch has » partitlon of 3 % per captured muoa [14]. The complex f =ray
spectrum produced by the deexcitation of isomeric stetes in the variety of fis~
sion fragments was stuiied in very deteil using the sponteneocus fissioning

252:¢ [19). Every 1someric transition from s fission fragment produced by muon
capture induced fiesion is fed bty s delayed procese with respect to the /Ju=otop
moment, Lines from fission fragments should therefore appesr in our spectra with
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enlarged lifetime, Caused by the small probability of the fission process and
the wide spread-out of its intensity by the statistical nature of this phenome-
non, no 4 —transitions from fission fragment isomers could be detected with an
{ntensity exceeding 0,3 % per stopped .nuon.

:he second group comprehenses delayel 4 ~transitiions with a shorter mean life-
time of about 13 ns. In general ihe existence of a ~line was admitted if in a
geries of succesaive spectra the counting rate of neighbored channels was hig-
her than the background. Unfortunately for this short lifetime region the addi-
tional delayed coincidence with the 'aJ{Tl)-counters was not applicable. A to~-
tal of seven transitions were found in different time windovs, The decay of
their intensities is presented in fig., 2 together with a least squares fit of
the corresponding lifetimes, The intensities of the transitions are summarized
in table 2, The normalization of the delayed intensities to the number of 7Y
stops was performed with the
intensity of the muonic 4f-3d

. transition in the prompt spec-
n)

- trum and the percentage of
:' ‘\*\:-tmi_‘&‘n-m)m 672 e this trensition determined by
3 o Bt bl a cascade calculation [25]
* \ sterting with statistical dis-
3 oh tribvution at n = 20, The re-
i N 0ol Sy (7622200 duction of the intensity of
g ; : the detected main components
T A of the muonic 4f-3d transi-
‘:J I 00008 e (0270 0 0n tion group due to dynamic quad-
- * % e rupole interaction [Zﬂ was

taken into account using the
charge distribution parame-~
ters of [28 in the calcula-~

5356 2: Halfe-lifes (Tq;2) of the muonic
tion for 23 .

x ~lines

Tgble 2: Intensity of the deluyodx =lines (t1/2 s 9 ns) per /u-stop in 238(Uf/u)

H J ¥ ¥
E,‘ (keV) 708%1 817%1 8341 | 96221 ; 1015%1 2215%1,5 3131%2

T/ ju-stop 0.6%0,2 |0,2%c.2 [0.5%0.3 |0.4%0.2 |0.65%0,25 | 0.5%0.2 | 0,5%0,2

(%)

Because of the short lifetime of the 4 -transitione under consideration any ex-
planation of their existence with processes connected with the oapture of the
muon from the 1s-state is not conceseive, In principle, prompt fiesion after
radiationless excitation of the nucleus by the muon could excite isomers in the
fission products which then would he recorded with their natural lifetimes,
Prompt fission, however, occurres only in 0,2 % of the /u-stopa in the 238y ey~
got [14]. Therefore, even in the case where all fission events would produce twe
definite fragments with full excitation of a short-lived isomeric etate, this in-
teneity would be lower than the detection limit of this experiment,




Purther one has to investigate, whether or not the short-lived transitions ob-
served could be explained by an isomeric state in 238(l. The level structure of
23‘0 has bean atudied from the decay of 238?. [29]. by means of coulomb exci-
tation [30] and by (n.n'.i )-reactions [20]. The ground state band was follo-
wed up to the 14 member st about 1,5 MeV, No short-lived inonrigatrmitionl
were reported so far. Also in the accurate investigation of the 8y (d,pn) re-
action by Russo [11] no isomeric states were found., The existence of such iso-
mers, however, cannot be excluded in this mass region. Por example, the study
of the 236l.l(d,l'm) reaction [10] dedicated the detection of the §-branch from
the shape~isomeric state yielded in a new isomer in the first minimum with
K,JI% = 4,4” at 1,052 MeV excitation energy in 236y gqcond isomer with IV «
2,2" ot 0,687 MeV and a halflife of 4,4 ns is slso known in 2360. Because of
the high excitation energy of the state observed in this experiment (a 2 MeV)
and the limited possibilities of the excitation of atates with significant spin
difference to the ground state by the muon, the identification of the observed
delayed g -rays with the de-excitation of s yet unknown spin- or K-isomeric
state 1is very improbable,

Two of the seven transitions from table

T . 2 £it into the level scheme of 2380
a ! *f b ¥ (£ig. 3). The 1015 keV transition re-
— ‘ presents the deexcitatlon of the lowest
asisl o member of the 4 ~vibrational band (K=2)
§24 | é to the 2* state of the ground state
2 i ' band, the 818 keV transition de-excites
{1 ﬁ\ ,’:* the 2% member of the second rotational
.y a ] band to the 4 state of the groundstate
g ’ band, It should be mentioned that the
Ao v 4* 2% (Eg = 103 keV) and 2%~ O*
n[ L - - (E:/‘ = 45 keV) transitions in the ex~
0220) ) perimental asrrangement eeuld not be re-

corded due to their low energy snd high

“5{, 3: Dscay schema of the proposed conversien, Purthermore, sll limes with
23 ¥

: f-hlp:hiu(u;oh) .1 [11] intensities lower thap 0,3 % are unde-
: from the n)-resction
Ii: with the maon o the 1acorbit tectable, thus, in the case of branching

at one level the de-excitation path may

be lost, In addition sll traneitions re-

corded in the presence of the muon on
the 1s-state are splitted and shifted due to the influence of the interaction
of nucleus and muon, The magnitude of the magnetic hyperfine splitting of nuc-
lear levele is of the order of 1 keV, and in most ceses larger than the isome-
rio shift, The intensities of the delayed transitions and the therefors limited
energy aocuracy are not sufficient to extract this peculigrities from the data,
Therefore in fig. 3 sll levels sre shown 1ike unsplitted ones. The isomeric
shift has & minor influense on the level energies, if the nuclear charge dis-
tribution (or deformation) for the levels under consideration are neuvely equsl,
For large differ-snces in the shape of the nuclear charge distribution ths ieso~-
peric shift becomes the dominating part of the muonic-nuclear interaction, Hen-
8z & large shift of the shape isomeric levels relative to statss from the first
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minimum hae to be expected,

In ruling out other possibilities for short-1ived high-energy transitions the
two transitions with B T" 2215 keV and B:‘ = 3131 keV ocan be ascribed as the
decay of the shape isomeric state in muonic 238" to the 2* levels of ground-cta-
te and 1 ~vibrational dband, The lovol schemes for the 1 -rey decay of the shape
isomer in 238y [11] and muonic 238y are shown together in fig. 4. Three of the
obeerved delayed transitions could not be placed in the decay scheme, It 1s
possible, that intermediate states with low spin at energies higher than the

-vibrational band are connected by this transitions with the shapeisomeric
decay. There is no experimental 1nformtion of states with low epin in the ex-
citation band brom 1.2 to 2.5 MeV in etJ available at present, The most stri-
king festures comparing the two level schemes presented in fig. 3 are the large
isomer shift for the shape isomeric state in the presence of the muon of AR =
617 keV and its shortened lifetime. In the esrly work of Zsretzki [5] an esti-
mation of A B = 500 keV for the isomer shift in muonic actinide nuclei wae gi-
ven, To account for the change in the barrierheight one can use the change in
the binding energy of the muon in the 1e-stste. The binding energy of the muon
was calculated by solving the Dirac equation for a deformed Fermi type charge
distribution,

-1
- 1
g(r)-g,[1+oxp(41n3 ro +BZ!&Q+"Y—59-)-]
t

a8

Por the parameter B4 values
deternined as giving mini-
pal potentisl energy for
every 62 value calculstions
of Pashkevich [31] where
used, In fig, 4 the poten-
tial energy curve for 23
and muonio 2380 are shown
together, The value of the

g

Nomenuucrenan weprus (MB)

10 isomer shift of states in
the sscond minimum o Eg =
u 0 oe ”‘}:m,,,‘ .0) 620 keV 1s in good agres-
ment with the experimental
Pig. 43 Potential bdarriere of 238y without (1) value. The results of s re-
end with (II) muon on the 19=-orbit, Parameters cent paper of Leander and
from references: By = (5, 90 ,20) Mev [9], . (6
Ep = (6,1280,20) MeV L, Egr -2, 59 oV (1], ¥otier [6], where the non-
Rupr = % s R relativistic Schrédinger

Parnmcten from lolvinz gh- Dino-equo 1on with

9 (B) = [r-o (148 Y7 1 /t, 6 = 7,10 £, equation for a charged psr-
+80 £)s "o E, = 320 4 V, alp = 690 koV Aln ticle in the Coulomd poten~

640 keV, Experimentsl result of the isomeric shift

19 a Ey7 (exp,) = 617 ke, tial of & deformed charge

distribution was solved,sre
in goed sgreement with the

values given for the chsrge
in the muonic binding energy



of fig. 4. The experimental lifetime t.n = 13 ns of the delayed a'-r.n ob-
served comprehenses the lifetime tiso of the shape isomeric etate in the pre-
sence of the muon and the lifetime t/u of the muonic atom itself:

1 1 1

t1so f;xp * /v

The value for tiao can be compared with the lifetime of the shape isomer esti-
mated on the base of parabolic fission barriers, In this framework the barrier
penetrability is given as

Bp - B
P = ( -" A B I )
A,B oxp hod,B

with E;; as excitation energy of the shape isomeric state and the curvature pa-
rameters ﬁ”A,B for the inner barrier A and the outer barrier B respectively.
For equal penetrabilities fission will dominate over 1‘-docly by a factor of
about 106'5 [8]. Using for the partial lifetime of fission decay of the isomer
the expression

¢ . 1 I 10-21
iso,f n e FB FB

wrere n is the number of barrier sssaults per second fo. the vibrational fre-
quency in the second minimum of ﬁw = 1 eV, the partisl lifetime for a’ ~decay
of the isomer becomes

-15
6.« 10
Yoo, T F,

Iable 3: Parameters of fiseion barrier of Zggu

| O H o AS i
ho p(WeV) FiypllieV) | Ay, 11 (UeV)] B, (kev) EB(MeV)?EII(MeV) tyg (ne)

238, 1,00 | 0.62 0.9 5.9 6,10 | 2,60 )

92 .18 | 0,63 1,0 5.9 | 6,12 2,559 200  b)
; i

F33(L+ u1/28) l

1,18 0.63 0.9 6.22 | T.10 l 3,176 11

i

a) ref, |7
b) re”, |9

In tabie 3 1: < estimated nartial lifetimes for 27y

and muonic 23§U are compa-
red, The verrier osaranélers wnere taken from ref.[9]. The augmentation of the
fission barrier was calculated as described above, The shortening of the isome-
ri¢ decay with t-e muon in the nuclear system is reproduced, tHowever, there are
w¥ay3 left open to enhance the agreemsat between the experimental ani the theo-
r-tical values, For example the curvature parameters of the fissioan barrier
;-ara taten not mo’ified by the barrier height changes by the muon, Furthermore
1amniag of nunlear states according to the theory of Lynn [?1] was not included
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since it was felt that the scarce experimental material did not permit to give
such refinements physical significance. The most astonishing fact is the large
population probadbility of the second minimum by the muonic cascade, Rediation-
less transitions which are responsible for the excitetion of the isomeric state
establish about 15 to 20 % of the muonic cescade, The total intensity of the

-rays deexciting the shape isomeric state was found to be 1.6 % in this ex-
periment, Therefore the feeding probability for the shape isomeric state by
radiationless transitions is of the order of 10"1, which is surprisingly high
compared witl the correspondinz values for neutron induced excitation or char-~
ged particle reactions of 103 end 1074 respectively., The physical reason for
this phenomencn could be resonsnce excitation of states in the gecond minimum
via vibrational states in the first well, Such resonences were observed in neu-
tron subthreshold excitation work [32], but at present more exnerimental mate~
rial should be accumulated to yield in s detter uaderstanding of the excita-
tion process governing the discussed effect,
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NONCX ROOMEPRE 40P B ROOTONAX NOACHRA

P. Apast, M. Bus, I'. Nysuoxs, I'. Xaksep®, I'. Xodimanx

Texunwocxull Yannepcurer Apesaes, (TZF),
*IRAN Poccesaopd, (IZP)

1. Boezenne

B Teopermvecxux pacorax DRAR &BTODPOB [I] GUXO NMPEACKA3AHO CYRECTROBAKAS BTOPOTro
MEENNYMG NOTERONAALNOR DEE azep B paflone CBMENA k&K JyNNINA 0T napamerpa
AoQopuAINE. ADTOPM PadoOTM 2] pacCHATDERADTY NDEYREE 5TOro affexra m ero Sasmcm-
MOCTB OT UNCAR NelTPONOB N NpoTOHOB. KpoMe TOrO OHR ZAD?T MMCACHHME De3yXBLTATH
C3OACTB BTOPOr0 MRENMYMR B PAZE AZep OXOXO “goP%, NOAyYeHHME Ha OCHOBE COOCT-
BEHHMX BUVNCECHEN. BTOpOR MRNNMYM COTRRCHO 3TN DACYETOM XGDAKTEPNIYETCA CAC—
Xyosnes cpolicTRaME:

I) »ropoR wmEmMyM pacnoxoxmed ckoao £~0, &, rayouna ero ZOCTMI8eT HECKONBKO M9B
(cu. puc. I, padoms [2]),

2) 3MepPrRA OCHOBHOTO COCTOAHRA BTOPOIO MNHNMYM& P DAZE CAYY&ED DAcNOAONEHA Bhike
DHEpPrRm c3nam HelMrpoxa {radmmus I, pacGora [2 ]).

3) axcrpanoxmpys cholicrea suep 0r Pt 20 Th woxEO omMzaTh cOXpaneHme BTOpOro
WNHAMYMA Za¥e B CAyYae, KOrxa AONyckaercn -aedopwaums,

4) sTopoft MRKMMYM XOAEEeR OMYh OcOGeNHO Bhpames B sZpax OKOAO noxocy A -cra-
OMABROCTH, TO €CTh B AADEX, KOTOpHE AErK0 MOXHO MCCACAOBA&TH B DERKUUAX C
JEePKNNN 3apANCHENMN YSCTHLRANH WAN HEATPOHAME.

Gax? CymecTBABANMA BTOPOTO MAHMMYME YCTAHOBAEH INCTEPMMEHRTAXLHO B OGXACTM aKTH~-
uszos. leasn macroamel pacoTH ABAALTCH MOHCK TAKWY CBOMCTB y AZEep OKOXO Zggpb.
KOTOpME NO3BOARAM OW NMPOBEPNTS SKCNEPUMEHTAARHO pPEe3yABTATH padoT [ I, 2] M Haun-
HaTh COOTBETCTBYDMNE 3KCNEPWMENTH.

2. Pacnaa cocToAMER RTOLOrO MyMRMYM&

Korza »Topoft uuHMMyM NOTeNUMBALHOR 2HEPPEX CYEecCTByeT Haf yposneR, npessmavues
IHEPrWD CBA3N HEATPOHA, TOTAR B HEM NPM AOCTATOYHOR ero rAyOuHe 3 CREACTBAK
fnepHux peaxuuil MOTYT BO3CYRAATHCA KBA3MCBA3AHHME COCTOSHAR. Paapaaxa 2THX CO-
cOCTORMME WOmET MATH pasHNM myTew. [lpomuxnoBense Bremnero Gapseps (puc. I, xa-
nax I) mexér x cnosTaHHOMy Aexenwp. Tax xax aror Gapsep ZOCTATOMHO DMPOK B AA-
pax OKOAO CBEHUE, 2TOT BMZX pacnaza uaiac mepoaresn. B paGore 3] OxA0 RanpuMep
NOKA3BHO, YTO CEYEHHE ITOrO KRHKAKA ROAMKHO ONTH MeHbme 0,1 mxoapy. BropuM xa-
HaNOM pacnasza cocTOARMR Bo BTOPOR AMe ABARETCA NMPOHMKKHOBEHME BHYTPEHHero Gapbe-
pa (puc. I, xanan II), Bpews xuanM AAs pa3¥nnnu yponKeR ITMM NPONECCOM OlieHy-
BA0CH B pacore [2]. Ono cocrasaser or 1072° 20 1077 cex 3 paasWumMx sapax
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AQEROR OCXACTN. IIpN 3TOM SXpO MOXeT ECHNYCEATD BADANGNNNG WACTAMM, HelTPoEN RAN
-xpau?s. B3 3a KyaomoBcroro Gappepa NCHYCKANNE BADARONNMX YACTNI CNARNO BOX-
ZaBanercn, TAK YT0 B OCHOBHOM OCTAeTCA ECHYCKAHNG NONTPONOB R § -KBAHTOB.

BepoATROCTE BMMCCHN HORTDOHOB AONBE-

0 HO DBCTM C YBENRYEHNOM IHEPI'EE OCHOD-
3 | 1 HOTO COCTORHNA BO BTOPOM MEHEMYME, &
z Taxxe 3 70M CXyUae, KOTAA Xodepnee
2 50 azpo A1 7 ooxanaer naxosmeprermvec-
: KHM COCTORHNA C MN3XNM 3HAUEHNOM CAN-
< | Ba. B Apyrom cayuse, XOrAA SHOPINR
20 1 PTOPOTO MMENMyM& CXMSKO REN HERC
i 3HepruN CBR3M HONTPOHA, RMAN ROTAA
2 | i AoYepHee AADO OTANUAEICH CONBBEM BHA~
< w0 " YeHNeM CINHA NPCANMYNCCTDEHNLUM XAHA-

P ) L Z0M pacnaaa OyAeT MCMYCKAENG EACKAA
a2 aé as

geoupmouus &y (A0l “KBan?OB. Kax wapeczso, mponeccy
sMMCCHE HelTPOHOB R § -KB&HT?0B NpO-
Puc, I Cxenarngsgxoe usodpaxesue pacna-  WCXOART 32 OYEHb XOPOTKOS BpeME NO
2&2"3308’8?3%“5}’.:3 OCHOBHOTO COCTO=  opappensm ¢ BpeMeneM, HEOOXOANMMM
ARA Npo3auupanna Gapsepa, B 3TOM CAY-
jae BEyTpensero. Taxuw 0Gpa3oM cymecTBOBaHWE BTOPOTO MMHMMYMA MOXET NPHBECTR K

nosnaesun naoxepun Qopun,

3, llpoBoznube HAMM SKCNEDMMEMTH ¥ NMOJYYeHMHE De3yABTATH
3.1 BoaGymaenwe cOCTOAMMN BO BTODOM MMHMMyMe B peaxuun (OC,NnZ)

[Ipn o6ayyenun cBMHLUOBOM MumeHy ¢ 27 YoB-HHMK of ~yaCTMUAMM HA RAPAX Zggﬂ; npoyc-
XOANT peaxuma (of,2n). 3Heprusa BOaCyXJeHMe KOMNAYHAAZPA g4P0 ZocTaTouHO ANA MC-
napesus AByX HelfirponoB. [flocne Mcmycxamua MepBOro BO3UOXHN RBE NYTH AanbHelmel
paapsakn. G0 ocrarouyHas aHeprus BO3CYXAGHHA CHUMAEGTCA MCNYCKAHMEM eme OZHOTO
HeRlTpoHa B ¢/ -KkBaNTOP (¢C.2n,§) /mCO OHa OCBOCORAAETCA TOABKO MCMYCKAaHReM §-¥pan-
T0B, XOTA 2KEPTHA BO3CYXAEHUA MOCHAE IMUCCHK NMEpBOro HellTpoHa GoNbue 2HEPPHH CBA-
an HefiTpona (ar. ny). Mocaenunt mpouecc MOXET BECTH K 38CENEHWD COCTOAHMN BO PTO-
pon fue fmga 4 0. B paGore [2] BEPOATHOCTD TAKOr0 MPOLECCA OLEHHBAETCA KAK
- 107 no cpaBHeHKN C NMEPEXOAOM AZLP4 B NEPBHM MITHMMYM.

2.2 llowck aaziepxaHiHNX 4 —KBaHTO

OCnyuanach mMmmend #3 ecTecTBeHHON CMecHm M30TONOB CBMHUA 27 MoB-HHMK of -4YACTRUSE-
v Ha oukaorpone U-I20 IMAK 3 Poccenzople. Perucrpyposasncd CneNTpsd MIHOBEHHEX
M B8JiCPEAHKNX 1 -KB&HTOB., B KxayecTse cursana crTon CuAW KCNOAH30BAH CHHXPONMITYAb-~
CH IMXNOTPOHA, METOZUKA OCme W3BecTHAs raMMa CrneXTpockomus ¢ Ge( Li)-neux?opm.
Monck sanepEanHMX 7 -KBARTOD NPOBOAXMAR HA XOPOWO M3MYYEHHMX HM3KO-3HEpPreTHvec-
KHX nepexozax uaoTonos Po, yYHTHBAR 4TO PACHAS BNCOKO BO3CYRAGHHHX COCTORNMA ¢
Coxpmof BepOATHOCTIND KZOT Yeped 27He ypoBHM. B axcrepuwenre My Mckamy cnadie
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sajepuanHie KONNMONGHNTH 3THX Iepexoxos. B m3oromax Po masecrso mxoro cocrosmmit
B BPOMOHMMR xN3RR B HAHROCEXYNANOR O0NRCTN. [OSTOMY MM NCKANN TOASKO B MNAEN- N
MRXPOCEXYREAHOR OCRaCTAX.

B MrEoBeMHOM cnekTpe GuiR MZeHIWIMOMPOBANM NEPEXOZM MEXAY HNIXOECEANNME YPOBHA-
¥R 23070008 Po ot A = 206 zo A = 2I1. B MccaezoBannON OCEACTR BpoMeEN Ne CuUIR
Hamxems 3aAepEasMie XKOMNOHGHTH M30TOnoB Po. lanepszeanmue ¢ -y raxxe xe Cuan
Hamzemu. JxcOoepumenTaxsmiil PeayxLTaT NOSBOAAET TAKNM O5PA3OM OLEMNTE XNRL BOpX-
Hufl npeZeA CONEHRA DACHAZa MBOMEDHOIO COCTORMER Po N0 xauaxy mChycxanms F
T0B. O cocraBmer oxoxO I wOapH.

3.3 lonck sapepzanmux HedTDPOKOBD

BupeAermuN mywox 27 Moa-MMX of -wacTML mumxorpona [-I120 Gux TEATEARHO CPOXYCNpO-
BaH, YToOH NPEAOTBPATNTL NMONAACHRE OTRCABEMX RACTRI EA CTEHM NOHO NPOBOAR RAR
Ha Zmadparwy. Bce ol-vactmmu Ouim 3aTOpMOEEHM B TONCTON MNmENM. 3TN NepM CMAR
Heo0XOZXMN AAA TOrO, YTOOM BHE MNHGEm B¢ O0Cpasopaanch Hellrpona. B xavecrne mell-
TPOBHHX RETEXTOPOR NCROALIOBAANCE OAROCHONEME NOHNSALMOHHNG KAMEDM XCAGHNA C
R30TONANN Z”Ul 232Tlu CIMNTRAARIMORHNI ChexTPOME!D C KPRCTARNOM RS CTRABSC-
Ba n cxemoR amn (n g)-ZMCKkpMusamEN. OGETOP MOZRABNEMNS § -KBAHTOB COCTABARX
IO"‘ npE SHEpTuR HelTponOB Bume I H3B K CKOPOCTN CHeld = IO’/cel.

N1 o lleprue n3uepenns Guim NPOBEAGHM B EHAROCE—
o KYHAHOA OGNACTH. B xavecrse Mmmenm GuaN
KCROXB3OBAHN CBENOI] X BRIXYT B €CTECTBEH-
HOM cocraPe W30TOnOB. B OGOMX CRywaaX BO

v . BpeMEHHOM CNexTpe (pmC. 2) Bafmezo=ss wn-
: POTKRE AXCMOHEHIMANLENA YYACTOX C NMepkOZOM

b * Phia, ) Pe noaypacnaza 2,5 scex. 3ror 3dhexT Taxme

v : ‘} v HMeeT MECTO NN OCAYUEHHN AMOMMENK, Opm-
T Yunoll ero moxer (uT3 pa3adpoc of ~NacTAn No

; , BpeMeHH. B 3TOM 2wana3one BpeMenM ZPYTEX
v it 3aaepzannux 3ddexron He yzanocr macmoAaTs.

;: a e, s CooTBeTCTBYyNRAA OLiEHXA BEPXHEEro NpeAexa
i CeYeHNa Pacnafa BOSMOZHNX WSOMEpOB MO Hell-

0'$ LY, T

TPORROMYy KAHABAY COCTaBAAET NMPHGANINTEABHO
.. 100 uxcaps c nepuopom noxypacnaza or 20
ncex no 100 Heex,

Oznako, xax BMAHO M3 puc, 2 don aamepxan—

Puc, 2 cCnexrpa 3azepxamiMx meATpo- HNX HeATPOHOB B CaAydae CBRHGA npRGANIN-
HOB, CHATHE NMPK NMOMORM CIMHTHIAA-~

CTHAGEB MPK YCTAHOBAGKAM NAPOro BMcMyza. [Ipm 2TOM HOPMMPOBKA NPOBOAWAOCH
?ﬂiﬁcgﬂﬁ“?’ﬂsﬁf SREPrAD med- MPHOBEHHOMY NMKY. BoaMoxeRa crexypmme

BAPMARTH O0BACHEHMA:
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I) Mower ONTH, ¥T0 MTHODSNNUE 3REPreTWYeCKmME CRHeNTD B XDYX PRCCMATDRBACMMY CNY-
SANX MEINGEN CEALEO OTANSACTCR, TAK VTO HPODGACSNEAN ROPMEDODXA NGAONYCYEMA.

2) Ecam cnexyps uruoBemmMx xeliTpomos B xocTarowmoll wepe OTINNARTCR APJT 0T APY-
ra, TOTAR CHOKTPM DACCERBANES, DOIRCTPRPYCINS B ACTOXTOPE NOCAE OTPARCEEN E&
CNeKTPAX NOMCRSENNR NOI'YT OTANUSTCA Om¢ GOXee CRABNO.

3) B qersO-4eTEMX N30TOMAX PO NOIY? DOMYERATCR CPABMRTOALEO MNGIO CRNNOBMX N30
MEpOB, ROTOPH® PA3PAEADTCK Wepes ¢ -Eacxaii. ECIN ONN SACTNWHO Ne CMAN OXBA-
Yemi (n g)-Xucxpusmsagsl, TOTAS 3TO NPEBEREY K ROMmENNOMy JoXy B 3xchepw-
NEHTAX CO CBMEROBOR MMESNID.

4) BO3wONEO CYROCTBOBAANG AOXIOBNAYNEIO COCTORERR 3 OXuNOM ND 230r0000 PO, EOTO-
poe maxyuae? 3azepsenmie mefirpoua. AR NPOBEDER HTOIC NPEANOROEGHEN B GAm-
zalizee BpeNE NPOBOANTCR INCACPHNONT DO MEXPOCOKYRANOM ANARSIONS BPONEER.

ABTOpM PRGOTM CUNTERT CBONN HPEATHMN ACATON ROGEAroaspw?s C.N. [oanxanony 3a
CTEMYARPYNENE ANCKYCCENN, Ipynan punxozpoua [EAR » Poccemaopde 3a mpezocraszeune
nysxa, 1. dyExe 3a noazepmxy, & B. Baruep 3a NONONID IDE NPOBGACEER SECHEPE-
MCNTAAMEMX DOCOT.
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O NOCTAHOBKE HOBMX SKCIEPHMEXTOB NO MCCARAOBAHND CBOMUCTB CNOHTAHHO ARRANETOCH
RI0MEPA 2424, HA NMIVABCHMX PEAKTOPAX REP-30 B MEP-2 1H® ONAN

E. Jepuenzzaes

Eucruryr Aaepmux mccaexopasmii n saepuoll snepreraxm Foxrapcxoll AH,
Codmn (Boarapan)

Asmoraqes

Doxasazo, 90 NelTpOENNE CHEXTPONETDM DO BPEMEEN QpoAer?a XA 0ase MMNYABCHMX
peaxropos NEP-30 m REP-2 AHO® ONAN woryr Ourh NCNOAB3OBARM RAR NOCTRROBKE HOBMX
SKCNOPENERTOB:

a) 21:22 N3MEDENRD CpeAHEr0 UNCAA HelTDONOP HR AXT N30OMEPHOTO AeXSENA Vif fapa

0) 10 NCCACAOBEHRD XOPPOAAINNR MOEAY DEPORTHOCTAMN NIOMEPROr'0 AGECHRH M ACAN-
TEALNMME ERDENANN NelTPONNMX PES30BANCOD -

OTEpuTHE R30OMEDHOTO ACACHRA AAED 2"%. [I] C TOYKN 3peERs NpeaAcTaBAesHmA 0 Npo-
necce ZGNeNNA, OCHOBAHAMX H& MOASAN ENAKON XANAN Xa83aA0CH ABICENGH RGOONYHNM
N TPYAHO oOsACHENMMM. (AMAKO OTKDHTRE GOXLEOrO URCA2 CMOMTAHHO AGAARNXCA W30-
MepoB 2aeT OCHOBAHNE NPOANOAATATH, YTO TAKOR "CNOCOG® AGXEHAA TAZGAMX BO3CYE-
ACHEMX fiAep Be ABAACTCA UGM-T0 NCKADUNTEABHNM. CxOpee HAOG0POT - GONBMNHCTBO
N30TONOB TAXSANX AAEP NPR ONpPEACAEHHMX YCAOBMAX N3MNTHBADT NIOMEPHOE ACAEHRe.
B macroamee Bpea ma (a3e XOHMIENUWR ABYropsoro capsepa AeAeHNA [2] NOEHO ZO-
BOABHO NPABAONOZOONO OUBACHNTS pAA CBOACTD CNOHTAHHO ACKANNXCA H3OMBPOB [3, 4].

Rayuense NoAGapsepHOro AGAGHEA AZEP 237“!’ (5], 249, [6], 2*U[7] npuneno x
OTKPNTND ABIGHER "rpynnRpOBAHNA" HEATPONHMX PE30HAHCOB X "MOAYAAUNR" NX CNAM.
lloxa 2% daxT¥ MOEHO NMOMATH TOABKO MCNOAL3YA NpPEACTaBACHENE O (apheps AeAeEMA

C ABYMA MEENMYMAME N EPYNA B28RMOACHACTBYDENME Gepes NpoMexyTOumsl Gapsep cucre-~
MGME ypOBHeR COCT@BEOFO REXARETOCA nZPa B MMEMMyMax [8].

CpeAn NHOPEX NNTEPECHNX NMPOCAEN, CBRIAHHMX C N3OMEPEO AGAANMMNCSA AAPAME NORES
DUAGANTD N TAKNE, XOTODHE ABANACH BARHNMN AAS NMORNMAHNA NPONECCE N3OMEPHOTO
Aexemns x noxyuensws xosOR NRQODMALNE O Hew, B T0 Ee BPOMA MOTY? OMTH DeNGHM
NeTOAGME HefiTpounOR CNMEXTPOCKONEN AASP N, B YACTHOCTN, C WCMOAB3OBANNEM WM~
nyascmax peaxropos MBP-30 m HEP-2 AHO OWAM,

Hwme GyRy? paccMOTpeRM BO3MORNOCTN NOCTAROBKN JKCNODRNENTOB N0 NCCAGKOBANAD
XGPAKTEPACTRK ZGAONNA CNONTAEEO ZOAAROTOCH NIONODE < "“Agua peaxropex HEP-30
WBP-2.
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1. Namepenne cpepuero umcaa selizpomon 9( HA AK? N30MEDHOIrO JAGNGNRSA Z‘ZAn

I. B I971 r. no npezxomennmo C.M. [oamxaHoBA HAME GMEA DACCMOTDSRA BOSMORHOCTE
NOCTAHOBKN 3KCNE RO N3MEDeHND CPEAHErO WECAEA NOATPONOB j;¢ K& axT N30-
MGDHOT0 ZeXeHNA . Cyrs omura cocromr B cganem BOXNUNRM g RAN COCTED-
BOro mApa 2"24.,,. 00pasOBARNOr0 NpE OGEYYEHNN “IA... reniosumn melirponamm co
CPeANNN YNCEOM EO#TPONOB ?“, Ipa ACXGHEM 2"%,,, PENAOBMNN NERTPONAMN.

B npmiumne, mM3MepeHNE BOXNUNHN Vq , ROTOpPEA cama N0 cele NpPEACTABANET NECOM-
HeMHHA mMTepec, ABARSTCA BARNUM emeé B 1o cxexyomell npaunse. B macroamee Bpemn
O0NYNO NPGANOAAPANT, TTO NSOMEDHOS AGNGHNS - ST0 CHOHTANNOE AeNCEME AADA N3
OCHOBHOrO COCTOAHRA 30 II-of ame (cum. pmc. I).

E 1 1}

E*~Esr \ 33— / MIrHO8. AENEH.
——
1,5‘. ; \u.ao?f'é'pn. AEN.
A EPopMALUA

flockoxbky sHeprms OCHOBHOTO cocTosHNS 30 II-off AMe Aq MeHBme 2HeprnE Boafyz-
meuna B¥ cocrapHoro axpa ma seamugny paasocrs B¥ -A;‘ 70 MOXHO NPpEANoNOENTD,
4970 3HaueHKe '\7;, 0yaeT OTARMUATLCA OF '\7", ", ‘I?OVJ <V Konmgecrnennan
OLeRKa aT0iG CYfeNTA RechMa SaTPYARMTCABAA, OANAKO MOXEO EAAEATLCH, YTO R3-
BecTHas Qopuyxa [9]

(1) dV/dE¥ ~ 0,401

oxazeTcA cmpaBeRnmBoR ¥ mpi shaucsuax B¥ < Eg , rae E, - 3Hepras CBA3R Heil-
TpoHa B COCT&BHOM Afpe.

BuGop Aapa-uumeny ZQIAM o6yCAOBACH CAGAYDHEME COOCPEREGHNAMM:

a) K HacToAmEMy BPeMeHE A0CTOBEPHO MIBECTHO JMNL OAHO CNOHTAHHO AeARmeecH M30-
MepHOe AZpO, - AAPO b Am, KoTopoe nGpaayeTcs B peakuun C TEMNOBHME HellTpoHaME
[IO_]. fiapo-uumeRs Z“IAM ¥MEEeT OTHOCUTEABHO GONBIOC CeYeHES ASNEHHA HE TENAOBHX
HeltrpoHax - e',”‘s 3,13 capn /II/, xpowe TOrO AR AAp& Z“ZAM onpeaezneHa BeaN-
anma Gy /e th ~107% [10].

0) TeLHOL NOAYPUCRRZE& 710 OTHOMEGHMND K H3OMEPHOMY ncaeumT,:’ ann 2424'" 14 mcex.
fiapo "ZA,,, o6nanaer KauCoABENM Cpefy MAYUCHHMX AEJARMXCA WIOMEPOD SHAUECHMEM
'E,:f » B NMOITONY MBAAETCA HAROOAEe GAATONPHUATHMM OCBEKTOM EAA NCCAOZOBAHRR ma
uunmyascEMx peaxropax WEP-30 n WEP-2. Hume aror Bonpoc oScyxzaercn Goxee Mozx-
podHo,
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Benozsay dopuyxy (I) » caexyeame amavemma: B ~ 5.5 Mas, Dy ~ 3 M,
Ven a}lz[lz]mmsonmmmmlm Vif B0 cpes-
Imcv‘..

(2) AV 70,101, B* ¥ 0,I0L.(5,5-3) = 0,253

OrHOCHTOABNOG N3NGNGANC

) AV/V, =83

Taxum 06pa30N OLGHKA IO MARCENMYMY ASCT ARN OZNAAeworo s»fdexra meamwmxy ~8 %.

2 CTAHOBEA O |

Lxn onpereacumn Vd NPEARArACTICH CECAYDEAA CXCwR OmTa (Cw. pme. 2).
Muwepsy

A5 UEPa Yonnep ’He-cumu "y

Hcnoaraynrcs ABe MAEGHN N3 Z“IAm ¢ OZnnaxoBol nzomaasd S (npuumwaen S = 20 clz):
a) TOEKAR MNmeHB C TOAENgOR caon §/ ~ 2 wr/
6) ToAcTan wamens c TOXENEOR cXofi §1 ~25 Mr/cwC.

Odmee xoxuuecTBo 2"IA.,, He npesumae?r ~ I r. ToMkas MNEeED CTABNTCR B AGTEXTOD
OCKOAKOB ( HCKpOB3af xalepa, rasoBuil CUMETRIAGHORHNR CMETUNK) E CAYENT AAN CHeT8
OCKOJIXOB AEeNeNHs N ¥ N'{ NPH TENXOBOM M MSONEDHOM ZeXGHNN fAlED AMEPHIONA.
Toncras MmmeH» ycranamnaewcﬂ B6AX3M TOHROR MMEENN Tax, yTo0H 00€¢ MMEEHN npo-~
HH3NBANUCE OANMM N TeM-Ee TNOTOKOM NeHrpoHos. Pagom, BHe myuxa, ycrasamauBaerTca
ZeTeKTop BEATPOHOB, XOTOPHH perscrTpmpyer uucRO EeRTPONOB N" 7 ”’/ npx TENnAo-
BOM B M3OMEDHOM ZeACHMH COOTBETCTBEHHO. [lpepuBarexs nehponuoro myuKka, CNHXpPO~
unanpoBannuit ¢ uMmyxscamm WBPa, npomycxae? HA MNNEHM TPOALKO TENAOBNE MeATPOMM.
Bo Bpema oSayuenns wemenell uefiTposamu COOTBETCYPYDMEA 2MEKTPOMNAA Annaparypa
perucTpHpye? OCKOAKH /N"' / # wrHosennwe meRTpomM Zexewxs /NS /. B unrepum
BpeMeHn, KOTZa nenrponmm NyY0K NEpexpuT, PEruCTPAPYOTCA PEANUNEN ,v,‘f ] N

Yuca0 TenxoBMX Aexenmit Nh PEPNCTPRPYEMMX AETEXTOPOM OCKOAKOB:
™
(4) Nh = N f? Ef

Tae N¥ - noxsoe WncAo Aexems® B TOHNOM CXO®,
f, - adbenTNBHOCTE AGTOKTODA OCKOAKOD,
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9xcx0 wrnopeEmMX BelYPONOR ACNOEESR, PETRCTPNPYOIMX ASTENTOPON ReRTYPOROB:

® N =)0

3xecs n,‘.'; - NORBOG WNCSO ReRemnll 3 TONCTOMN CNO®,

¥ - teRecuull yTOX PETRCTPANER SeliTpomce,

€y — 00exTNREOCT PerncTpammn BelTPORCE TERNONOTO ASHGERN.
Npeanonaresrcs, w10 3 $-2ax (4) B (5) n sanee §ou yvres. Asamorzumie dopuym
NOENO BANNCATS B ABN NIONSPNOrO AGNOEEE:

(7 N .—.(i:,i + n,"!,)?.-, w §,
flocae mecaommix xpeoGpasopamEl ROAyeEN:

—_ — N” [
® Vg =Var ik

Taxmy 0OpasoN, 25af BEXNWANY 'y‘“ 5 N3wepAn OCTARMEMG DEANSRES, N3 Jopuyms (8)
NOZEO ONpEASXNTD Vi .

3. Smcaenmie OpeNxE

Ha ocyoman¥i pe3yasTarol PeboTH [I!] Axn peaxrops WEP-30 npaummaen cpexmuil
NOTOX TenRCEMX NeRYPONOD O, = Ionl/ce: Af. JierexTopuan ABNRDATYPE JCTAEAL~
xvnaercn ns paccrommun [ = I0 w 07 axrxsnoR somu NEP-30 (swGop meawsmms |, pec-
cuarpunaercn mnze). [pnGanzenno sexmumsa N",‘ onpezeanezca N0 Jopuyae

b B2 th .
) N, ~ B v 6 n§
NMpunswan P, = IOI’l‘cel ::é Ss20c, L=10n, 6;" = 3,13 Oepx,

n, = 5108 myca £ = 0,8,
noxysaes Aﬁ' = J00 zen/cek.
3a 250 sac: yg (250) = 10® zex/250 1.

Yncao maomepnux Aeaesmi aa 250 sac:

N;,’ (250) = Nyy( 250)- %:-.;!,—
NocKoxsKy AR AZPE <Ay W—vﬂ". 20

N;' (250) = 10* zea/250 wac.

Perncrpaunp NINOBENEMX HeATPONOB NOXEO OCYROCTBNTD NPR NMONOMNS

a) ’ﬂc - CYETWANDD,
6) CONNTRARAUNONNOTO CYCTUNES C PAIACEORNGN NNNYAMCOB 0T "n "N 'f' no gopwe
NNNYASCR .
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llps BaaNuNN ZOCTATOVHOrO XOANWeCTBA SHe - CYOTUNKOD, STOT METOXA KMeeT DAX Ope-
nuynecrs. lloarouy amecsh odcymaserca s@fexTEDROCTR nerTexropa HelTPOROD Na Gase

e - cueruuros. [peamozaraercd, WT0 Ansmerp &= 3,5 CM, AaBAeENe 3He p = I0 arx
20exTNRROCTS DOIRMCTPAINR OuCTPHX Eelrpomod (3. =1 MaB) E,,~ 5.10°° addex-
THBHOC?H DETrNCTPAINE TOnXORMX Eelizpomos £, ~I.
BoawoxHM xB2 BADNAHTA NCHOXL30BANEA 3He - CYSTUNKOB:

a) ¢ saMezaNTeAeM HeliTpONOB,
0) Ges samexamrean melTpOHOD.

Kaxof m3 max GoAee BHIOAGN - B CMNCAC MAKCEMAAMEOrO OTHONeEmMA dddexr/fom, omTN-
MAZBEOIO BPOMEHE ZAA NPOBEAONES OKCNGDEMOHTA N T.X. — [IOXAXET ONNT.

Huze paccwarpmsapzen 00a Bapmanra.
lloxsoe WMCRO TEMAOBMX ACHGHME B O0EMX MEEEHAX:
(10) N,‘," ~ - ,,—;.SP- & (n,+n,)
PR p,y = S-IOIB u/cnz B Ng=6,25 1019 u/cuz
N;f ¥ 3,4-10° nea/cex,
N (1A % 3,107 zex/250 wac.

flonsoe uuca0 NM30MEDHHX AeBCHNA
N;(280) = 3-10° 2ea/250 wac.

Yncao nelTpomoB ZemeHnf, XOTOPHO DOTRCTPEPYDECA ROTEXTODOM NeiTDOHOB Ced sa-
MeAXNTORA:
(11) Ny (150) = NE(260) @, - €, T,
ipx w,~0,5, £,~510° x V=312

Nt (as0) = 2,3-107 /250 wac

N¥ (250) = 2,3-10° 8/250 wac

fips XCnoA330BEHNN SaNeAXE?TEAR HEHTPOHOD BOXPYT 3He-cuerunxos
NP (250 ) 7 5-10° /250 wac
NY (50) = 5.10° /250 wac

Taxny 00pasoM, OUEHKN MOKASNBADT, 4TO TaxoR 9Kcmepuuen? ma WEP-30 Asaserca xe-
SO3MOBIMN,
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Iy 0 X m3 24

Mlpaveca CHOHTAHEO ASRANNXCE HASD CO3A6DT HemeXarearmnE Jox. B samucamocrs 0T
TpedyeMoro COOTHONCHNR MERXY YpoBHew Qoma cnosrTamEorc Aeaemms m "addexron™ B
radzune I MPRBOAATCA ZONYCTMMMS KOANYECTBA ANR HOROTODHX CNOHTAEHO ACNARNXCA
®30TOMOR,

S. BuGop Oaau, NMpepuBaTens Myuxa, SAGKTPONNEA
ipn mamepeHmAx Vq AR 2"2A., sa WEP-30 (vacrora mumyascop f = 5 cen'I) Bandoxee

NOZXOAARNM ABIAGTICH NpoAGTEOE paccronune ¢ [ ~8 - IS n, B radxmne II npmsoarTCR
Bpexa mpoxera AAA Hellrponos pasHux smepradl By npz L = IO .

Tagamga II

E, I0 5 2 I 0,5 r,2 o, 0,01 0,005
2B

T 224 326 SI0 73 I020 1620 2240 7230 102C0
MKCEK

lnyuox nepexpuT o0aydenne nepexp.

OCny4uerne wnuene# nefiTpoHamy NPOBOAMTCA B CAGXYDREl NOCNEAOBATENHHOCTR. B Te-
yenum 1,5 - 1,8 wcex nocane Bcmmin UEPa mydwox MEpexpu?, 3aTEM B RRTEpPBAAE Bpe-
seny I,5 ucex - IO ucex mocae moMeHTa BCINEKN MMENEEM OOBYUapTCA, NOCEE Wero
BNAOTH 70 CheAyomell BCIMHWKM peaxkTopa MyHOK CHOBA Nepexpusaercsi. TAKOMY pexmMa
o0ayyeHna wvueHel yAOPAETSOPAET MpepuBaTexd (9Ommep) co CKOPocTHD ~ I50 of/umn.
Boawoxin padHie BapHAHTH KOHCTPYKUUX 4YOMmepa, OAHAKO KaxRas M3 HAX ZOAXHA MAK-
CHMAIBHN OCNAGIATH NMYUOK B MOMEHT LepexpuTHa. TpeCoBaHWA K CHHXPOHH3AIMM Bpa-
meHWA vonnepa ¢ yunyascemu WEPa MOBMAMMOMY Ee ABAANTCA CIMEKOM ReCTKMMM. M2
radxuua II BuAKO, YTO cMemeHMe BO BPEMEHMH MOMEHTA OTKDHBAHMA NMYyYKE MOXET ZOCTH-
rary Beauunnsd~(C,5 ucex/200 ncex) 100 % = 0,25 % Ge3 CyRECTBONKOTO N3MOEOHAS
€r0 KHTEHCHBHOCTH,

Saxmoyexue

Buwe OMAO MOKA3&HO, YTO NPY M3NEPEHMH BEANUMHH Vq 34 He CAMmKOM SOMBmOe nseun
wauepennn (~ 250 gac) umcno 3aperucTPAPOBAKNNX AKTOB HAOMEDHOTO ASNAEHNA 2bep,,
MoxeT OuThH f0BeZeso 2o ~ I0", & WHCAO 3ApPerNCTPHPOBAHENX MIHOBEMHMX HEHTDOHOB
H30MEPHODO AENAGKHR ~ 105 (3He - CYCTYHKH C SaMeIANTeneN). B Tome 3pews npa
TpedyeMoi uncrore 24 Am (cu. T86a. I) Qon 0? CNOHTAKNOTO AeAGEMA NpMMECEH MOXOT
OuTh cAGNAH AOCTATOYMO MAMMM. CnoNTaNHOS ZA6EHEG 4 ‘Am coszaer sanermufl don,
OZINBKO O MOXOT OHTD yuTeH C HEOOXOANMOR AAm OMNTAE TOUNOCTIN,
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Tacanga 14
Maxcusansuo AOMYCTNMOS COACPEAERS CHONTANRO ACEARNXCA NI0TONOB B “Bﬂ“m.
unEenn
[Raoron T‘:’ i T; Nt ' Egm':J
(roa) | (rox) (r.vac)T (r/r)
=
236p, 3,500 2,7 5,8-107 105
238p, 5,970 . 90 4-10° 107
240p, 210t 0 2,610 1,6-105 3 10
242p, 6,7-100 . 6,610° 2,91° | 1,7 107
25 Am 2,310 | 471 102 -
I
244 C 1,107 | 18,8 1,4-1010 3,5-1078
!
246, 3107 o 103 6,4-10° 8.1078
243cf 1,5-:10° | 4% 1,310 | 4107
|
250¢f 1,60 | 10 1,3-1012 410710
252cf 66 22 | 2,9108 2:10°1
la i

# - NPEANOAATANOCH, YTO 0N OT CNOATAEHOTO KEXOHNA “%m ZAHAOTO M30TONA AOANEN
Ours B S0 pas Men»E® URCAA NIOMOPEMX AeACHEH 2h2p,

NaKcHMaAsHO AONMYCTHMOS COAGPEANNE MOOTOMOB C GOABEMM 3RAYCHHAM G’," » ameps-

mesofl umEens

‘laoron ei(?apn) Cozepxanne uaomna‘ (r/r)
g5y 580 10~

239 Pu 754 10~

24Py 1060 5.107

262 Ay 6000 107

264 2300 | 2,5-10°

# - NPeANOARranoch, 970 GON OT AGNSERS Aiep AANHOTO M30TONA TEMAOBHMY Hel?po-
HaMY ROAXeH ONTD B 50 paa MeHIES UHCAR HIOMOPHMX ReAenuit 2"2Am



HamGoxee neompeAcNCHEMM RBARETCA BONpOC 0 “colcrmennmou” dose RCKpOBON Kamepu M

e - cqaerunxod, Hcrounmxamm 3TOro Qoma ABAANTCE pacceAREHe HeRTPOEH, XOCMNYEC-
xoe N3XYyYeHNEe R ]p., & TaKEe annaparypuue sgdoxrh (BHABOAXN, DaBDHIM N AD.).
Ecam mcxozwes m3 TpeGOBAHNA, WYTOCN "coOcrBeHEMHR™ QoE xamepk n “He - cuerTumxos
Gux 3 IO pas menime nomesnoro sdpexra, T0 TOraa $o% MCKpoBOM xaMepu NMe AORNeN
npesusaTs I mun, 38 IS uMxm. & QOH reameBdx cuerynxo» - I mum,/Mmi.

Taxmu oGpa3om, NP NOAXORARNX YCIOBNAX NIMEPCHNR ne.tnmv‘-f MOXEO HAAGATHCA M8
TOYHOCTS B ONDEACACHRN 7,-{ ~2-3%.

Bume Ougo oTMEYeHO, YTO K3mepeHMe BEANUWHM V;f AN CIOH2 AHEOrO AGNANErOCA Rao-

mepa Am npeacraszner necomHeHEWR myTepec AR dmanxu .xenwaA. leHcrBErexBHO,

ecAM oxazerch, urovif < TJ“ ,» TO BTOT QAXT OyZET PACCMATPHBATH KAK BaxHMil apry-
MeHT B MonB3y TRNOTE3W AByropSoro Gapsepa. :

BaxHOCTE TAKOrO 3KCNEPMMEHTA NO HANEMY MHEBMD OvEeBMAHA. IT0 KACASTCA YMCHACGIHMX
OLeHOK, TO OHM TOXE CBMASTEALCTBYDT 0 BO3MOXHOCTH HNOCTAKOBKM PAKOTO BKCMIEpH-
ueRTa yxme Ha peaxrope WEP-30.

C uensd NOBMEE!NR TOYMOCTH MIMEPEHRH, 3TOT IKCHEphueHT B CyAymeM MOEeT OuTb
nposommen Ha peaxrTope ABP-2. C Apyroit CTOpOHM, MHMOIOKpATHOE BO3pacrasme WHTeH-
CHBHOCTM HEHATDPOHHOTO MYyUXa OTKPNBAET HOBHE METORAKNECKME BO3MORHOCTR (Mcnoasao-
BaHue cosnazenn#t "OCKOZROK — HEHTPOR™ X ApP.) AnA Gonee TOYHOTO ONp. ACAGHHA Vif

II, llauepenue oTHOmEHMS negonﬂocrw ¥ 30MEDHOT'0 ¥ _KI'HOBEHHOI'D ReAeHuA G’q[e"
b_HeNTpONHNX pe3onatcax ° " Am

HENTDOHHKEX PEe30HAHCAX

A#aIM3 BeNIMYKHN 6}1 1G; ANA H3OMEPHOTO M MPHOBEHHOTO Aenelui B reqnoBsoft oG-
- orH 24 242 244 [

AnA Am[IOJ K OpH ZeneHuH OHMCTPHMM HeArpoHamu Ans <'Am u 7 A, 14
noKaaWBaeT, YTO KMEeTCA "0YeHb CHABHAA KOPpeAAiMA MexXAy ABYMA Mpolueccamu -
MPHOBEHHHM ZiefeHMeM it 0Gpa3onaHieM NeJRUMXC W3oMepoB.., CymecTSOBanMe yKadaH-
HOR KOppensuu¥ NO3BOARET 32KIOYKTH, YT0 OCPR3OBAEMN AENAMMXCA W3OMEPOB Npea-
BECTBYyeT 30BHMKHOBEHME KoAeCaHKf, COOTBETCTBYOLLMX AENUTERBHHM CTENeHAX CBOGOAM"

(3].

Bume OwnO OTMEUEHO, 4TO AAPO Z“ZAM. ofpaayomeecs npy COMGapAKPOBKE Z“IA,,, ReliTpo~
HakW, OCAagaer Hamsonbumu 3navenncx T = 14 ucex Gnarosaps OTOMy OHO RBAAET-
CA NOAXORALMN OCBLEKTOM IJAA MCCASAOBAHNA NPOLeCCa HIOMEPHOrO ZAe/EeHMA METOLAaMM
HelATpoHKLRt cnexTpockonuu, C APYTO# cCTOpPOHN B HHTEpBane EH£ 10 28 axayenus nenn-
Tensuux uupun [¢ B Heitr pounux peaonancax ©*Am orauvanres B Heckonsko paa. Ha-
npumep [/ M (E, = ¢,575 28) = 0,34 £ G,05, lg/r'(zﬂ = 10,05 o8)= 3,2 ¥ 0,6 [15].
flonaras T = 5C Map [I5], nonyqaenrf‘- ~0,I7 WoB u ~ 1,6 MaB COOTBETCTBEHHO.
Haxoar M3 OTMEYEHHOR BHEE KOPPEAALUM MERIY BEPOATHOCTAMM MPHOBEHHOLO M M3OMep-
HOT'O ZeAdenuit ¥ HEAMUYNR AOBOABHD CHABHON (VDKTYALMH BEAUUHK 12‘/ Guno O MHPEpECHO
K3MEPHTH OTHOWEHHA G'.f/ G; B NEpBNX HAIKOJEXBNMX pe3oHaKcax I m
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HefirpoMsuit cnexrpoweTp 0O PpeMEHN Opolera HA 0a3¢ NNNYAMCEOrO peaxropa HEP-2
OyZAeT RMeTH PEROPZHYD RHTEHCMBROCTD pPE3OBAHCHMX HellTpPONOD N, YTO OCOGEHRO BAMNO
ANA MCCHGOPAHNA M3OMEDHOr0 ACREHRA, CMOXeT padorarh ¢ manoll vacrorolft moprope-
ENA HelTPOHHOr'O NMOYRECA ({ ~5 -50 cen'l). Taxns oOpazom WEP-2 ammnAerca nam-
Goxee moxxoaamelt xaR npeaxaraesmoil paGors yCTaBROMROR.

Cxems omura. Hawepenns CyayT BecTarh Ha xoporxol Gase /L= I5 - 308/, Kax m B
npeAHfiyneM BKCMEDAMEHTE Nepei MANCHBD (MAN NRECHAMN) X3 Z“IAM CT8BNTCA NnpepuBa-
TeAb HEATPOHMHOrO NMyYKa, BPAMCHRE KOTOPOrO NPORCXOANT CRHXPOHHO C RMIYALCEMR
WEPa, lMpepuBaTeAl HACTPAMLETCH RA AGHHHE pE30HAHC M B MOMEHT OCNyYeHNS MUREHN
PErRCTPRPYDTCA MPHOBEHHME HedeHnfi, [Ipn mMepexpuTOM NyYke DErEKCTPHPYNTCA M3OMEp-
Hhe ZeXeHmsi,

CaenyeT OoTMETMTH, HTO KOHCTDYKUMA NpepuBaTessi HeRTPOMHOro myuxa ARf RAHMOIO

JKCNePHANEHTa AONEBA YAOBACTBOPATH DRAY ROBOALEO ReCTKRX TpeGoBanmii:

a) Boapmas cperaocmia MR AOCTATOYHO HE3KOM JoHe,

'6) Bucoxan cremeHh CHHXPOEN3ALEA OJODOTOB KpepuBarTeAn ¢ munyabrcasn ABPa.

B) Boamoxnoc?s sacTpofixu BHa RaHHKR BpeMeHROR mETepBaX, KOTOPHE COOTBOTCTBYyET
ABHHOMY HERTPORHOMY pe30BaHCy P ENpoxos Asamadome E, ~ I0™ - I0 a».

Tax manpumep, ARA pe3OHAHCA NpR BH = 0,575 a» mwreppax B 0,I a8 (0,575 % 0,0528)
COOTBETCTRYET BpDeMeHR OGXyHeHns 4T~Iug¢ Cex, a AXf pe3oHanca npu EH = 5,48 3B
RHTEpBAn En = 0,5 a8 coormercTByer AT = 404 cex. 3aech MmN He GyneM Kacarhca
TEXHRUECKNX RpOCNEN, CBRIBHHNX C peaxmaaumel ?axoro npepusarens HeRTpoMHOro
My4yKa, NOCKOABLKY 2TOT BONMPOC CaMo RO ce0e ABASGTCA ADCTATONHO CAONHNM, OTrpanu-
YUMCR INED OGCYXZeHMeM BOMPOCOB (MIRYECKOTO Xapaxrepa.

Qucaentue oienks. FAA DACUETOB KCNOABIOASAMCH Banuue Nno I'f" /l" AR Pe3OHAHCOB
24] Am¥a pators [IS] » NpHueM AAA onpeaeneHmA 3HavueHui B peaoHaHcax Moxaranm,
uro I' = 50 Mam,

Ina cpeaneft momsocTH peaxropa WEP-2 npuuumaroce anauexue P = 3000 xBr. 3HAaveHus
HEATPOHHHX NOTOKOB B pe3oHaHcax onpereasnuch W3 rpauka puc. 5 B pacore [I3]
anm P = 3000 x»r, Basa L= 17 u.

IaR perncTpamuy OCKOAKOB ZieNEHNA HCRONB3YETCA MHOTOCAOKHNE AETEKTOp OCKOAKOB
(mHorocaofinan Mcxpones kasmepa). Yuciao ummened - IO, ToamMHE KAXIZOTO CAOA
g~2 IP/CHZ. nnomaas S = 10 cuz. O6mee KoaAnYyecTBO b Am~ 0,2 r.

Cyuda cueToB AeneHuil B pe30HaHce Onpeseanercs NO W3BecTHod Jopuyne
a ) N=ng Ea,
rze [] - noTox HeATposos (cex. cu’ am)~l, -

Ef - 20dexTuBHOCTH ZeTEKTOPA OCKOANOB,
A - D30BCKafd nAomazs pe3oHaHca.



Tadanua III

o | B2 | F o ek L LN, 2N, (20 z N;f (24)
oB 3B 6apx 7B \c:ﬂeﬁ oV PL)’I HTH0B Zien/cck MTIOB Zen/244ac | m3oMepn aea/24vac
36 |tz |3 | Il 1t 3L 2,5.107 2,5.10°
GLSTS | U35 | L I7 1,5.1¢73 4,5 107 16 1,6.10° 160
1,27 Coat, 7 | 1,37 173 2,5.1¢7 65 5,5.16 55
5,06 G,55%,25 | u,2c C,8°1073 6,5 108 1,3 1,1.105 I
5,48 Lo, Iv | LS 6,2 1073 6.1c8 9 2,5+ 10° 2
10,35 3,2%,6 1,6 ?,2-1073 3,5.1¢° 6 5 105 50

-8 -
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Aan roRNKOR Mmmemn:
(13) A= .l;:n..g; r,

rie n -umnepmnelz.
G, - 35AYeNNS NOINOrO COYCANS 3 MANCEMYNE POSOEANCA,
I - moxmas EEpEEG pedOREANCA.

Cymsapmiil cuer Rexemnil 3 cex CO BCell NAORSAN MEEGNX N BCex wmmenell

() L Ne=L N dos.

Oxowwarexsuo (S = I0 cn?, p = 5 1018 2, € = 0.3)

(15) Enf.s 2,36-40% . N.6, [f

UncAO N3ONepHMX Zexemnl B POSORANCAX MOXNO OHGANTS, NOBATAM YT0

ae) Luf~w0r Ty
Bce mcxozmie Aarnue BueCTe C Pe3YALTATAMN pacueros mpuBOANTCA B radx, III.

gg: onenxe ACTYCTEMOTO COACPEAENA CHONTABEO ACGAARNXCA NpAMEcof B MNBOAAX %3
IA... ECXOANAR N3 TpPeCOBaEKA, YTOOK YNCAO {OMOBHX OPCYETOB B PE3ORAECE NPX

B, = 5,48 9» Ouxo 3 2 pasa wemime BEANYNHM En,‘f (S5,48) ~ 75, Iipn 270N NOERER-
TPANMD N30TONO® N3 TA0R, II CoXyeT yMemMANTS om¢ P 3 pasa, 8 coScrpenmuil dom
AGTENTOpa OCKOZNOD AOANeN Ourd menime I mmn./vac.

Mlg_,?gamunc R30MEpROTO ACAGENA COCTABNOTO AADA 242Am B HeR?poHaLX
peaonancax NORET, B XaNOR 70 MepS, NPOANTE CBOT HR BOSMORHYD XOPPERALMD
MOZZY_BEPOATHOCTAMN MPHOBGHNOTO AGXEHRA N OOPA30BAHMA CTONTARHO AGAANErOCH W30~
Mepa » C 3708 TOUKN apeHNA NMpeANAracMifl JKCNEPNMONT NMPSACTABAAST ONpeaAs—
AenmMd mETEpeC.

Sacayzaer BHRMANER X TO OOCTOATOABCTBO, HTO flapaMeTPul WMIYALCHOTO Peaxropa
WEP-2 nauxyqsgM OSpA20M YEOBASTBOPADT TPeCOBANNAM ZOHNOPO IXCHepMMeNH?TA.

B -axmoyenne asrop mupamaer Ozarozapsocrd C.M. Moamkanosy 2a newuMe o63yszesmd.
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KWHETAYECKKE SHEPTVH OCKOAKOB M JIMHAMMYECKWE OOEKTH MPM JRAEHWN 23R
PE30HAHCHHMP HEATPOHAMM

E. Lepwenzanes

FncTuryT AzepHHX uccAenoBaHMil M AlepHO# SHeprerTuxm FoarapckoRt AH,
Codinss (Boarapnus)

Auxoragun

O6cyxnaeTcs BO3MOXHOCTH HAG/NACHMA AnHaMuYeckux addekros, cmaammx ¢ OTHOCH-
TeAbHLEN ABUREHHEeM OCKOXKOB B MOMEHT JZIeJIOHRS COCTABROrO mlpa Pu

B xananosoft Teopuu menenna [ I] npeanoaaraerTcA, Yro AcleHMe TANENNX fAZep § -Helt-
TPOHAMN PEanu3yercA Yyepea Manne YMCAO KAHANOB L6AEHHA C ONpeAeseHHHMA 3navyenn-
AME CITHHA ¥ YETHOCTH ?* COCTaBHODPO AZpA M npoenuuu K cnusa Ha ock cmnle'r U
Anpa. YeTHwe anayeHus ?T H, B YacTHOCTH, 7 = 0 ana cocrasHOTO nnpa Pu
CBAJAHN C MOBHUEHHNM BHXOAOM CHMMETDMYHOrO NENeHHA, 110 CPABHEHKN C AeACHAEM
uepe3 KaHaix ¢ g‘fz I* nas roro xe aAapa [2] Mipeanonaranocsk, YTO0 TAKAE Xapak-
TEPUCTHKM AEACHHA, KBK CDEAHAR KMHETHYECKAaR DHEPrHA OCKOJKOD E, ¥ cpeance ancao
HeATPOHOB Ka 8KT ZEJEHHA y , KOTODHE OMPEAENAANTCH MACCOBHMA pacnpenenennnn
OCKOMKOB [3 lo]. TRKRE LONXKHH 38BHCETH 0T BHXOAA CHMMETPHUHHX CHOCOGOB AeNEHNA
M, CHEeLOBATEABHO, OT nemum7 [ 5 7] X0TR Mocaeanxe padoTH [8 9] CBRZETENb~
CTBYOT 0 OTCYTCTBAM 38METHOR 38BACUMOCTH NeERY Y K cmmou?

Ox#zaeuoe NpY IeNeHUM 239?.. S -gefiTponany yuenmenuc E 3a cyer 6onee BNCOKOrO
BHXOZIA CHMMETDHYHOTO ReNeHHA B PE30OHANCHEX C 7 s 0* no CPaBHERMD C Pe3oHaHCaMH,
AAR KOTOPAX T"- I* nadmoganocs B paCore [XO] Hafizeno, 4ro 3navenue B B peso-
sance npx E = (0,22 o3 (77 I*) npesusaer ma 0,75 £ 0,05 Me» amauemme E B
o6aacTe xpu.u "oTpELaTEASHOrO" peaonanca, AAA KOTOPOPo MpeANOAAraeTcA 7’1’- o*.



C apyrodt cropoms Amzpeesum [II], Exewxumolt w xp. [I2] Ouso wpeanmomozemo, wrv
ecan 3meprun 203CyxAtEms E¥ xemnmeroca sapa Goanme BucoTu Gaphepa xexemms BT°%
T0 33 cuer amuammueckmx ffexron (A3), CBRSARHMX C OTHOCNTEXLEMNM ABEXCHNOM exe
He pa3zeXuBsEycA OCKOXKOB 3naverwe E, womer 3o3pacts ma Bemumnmya B = E* - EiTx
B cayvae Zexemms ZO7Py S-NeHTDOBEME, TEKAN TOUXA IDENNR AAeT OCHOBANNE ONEEATS
Axn E, mSMeNeHNS NPOTMBONOAOENOTO 3%2KA N0 SPABHCEAN C DKCHCPNNENTEARNO HAGAD-
ascxsx 3 pacore [ 10] appexrom.

JeicTENTEALHO, NOCKOXBKY NPEEATANA B HACTOMRG® BPEMR CTDPYNTYPA KANAXOB XeXSHENN
COCTABHOTO AAPA B cexnoBoit TOYxe Tamopa, Wro xausx c¢ J¥ = 0T xexxr mmme
xanaza ¢ }T= I' npamepno ma I Moe [I3], 7o cuexyer ommzar:, wro A E(0*)aBR(I').
Kpowe 0ro, yunrumas, ¥r0 Cpeman Aeamrexssan mspumaly (0%) npemaerf; ()
Goxee 9em B 50 pas [I4]  npeamoseran » pesomancax ¢ F¥= 0* coxsaye ckopocys
OTHOCNTEALEOTO ABWCHKA em¢ He PA3ACINBNAICH OCKOAKOB [I2] NONEO OXNZATH, WO

B (0")> B (I*).

HatmneHue xaxzoro xa ofcyxzaeuux sume 3diexrop mamsenenmn -i.. XOTODNE B CIyyae
AeReHAn Pu $ -HellTpoHaMR NMED? RPCTHBOMONOXHME 3HAKN, RPEeACTABAMCET HecoMEemmuil
nHTepec, Jan BaGNDACHEA W3MeHEeHdn !l. o6ycsosennoro I3, npeazareercs CpPEBEGHNS
3xagennit Eu ZAR HauGonee BEPOIITHHMX 0°K7 TNOB ACECHRA.

H3BecTHO, YTO KaxZowy OCKOAKY C Maccoit M CoOTBETCTBYCT PacnpeneioNNe KNHETRYGC-
KX anepmmn(Ex)“ ¢ ascrnepeuell & ~ IC - IS5 Uap [4]:

NCE Dy ~ C exp ECE, -ED/26]

3necs fx ~- HamGoJXee BepOfiTHOE 3HAUEHNWE Ex Axa ocxoxxa c maccold M, C - wmoncranra,
YuuTUBALEAR OTHOCMTENBHNIl BEXOX OCKOJIKR AGHHOM waccH. BCAeAcCTENe MABXOrO BMXORA
OCKOJZKOB CHMMETDHUHOro Aelenms (~ I/600 mna 23Bu B ~1/100 ana 239&) BARANKE
"xpuna” N (Eu) EAR CHMMETDPHUROIO ZENeHHMA HO BENNYNBEY KWHETHYECKOR 2HEPIMX <Ex> '
KOTOPaA YCPEAHAEGTCA MO YIKOMY WHTGPBAAY OKOJAO IHAYCHMA KNHETMYECKOHN 3HEPrHR AAR
BenCozee BEPOATHOIO CNOCOGA KeNeHNA OKABHBRETCA AOCTATOYHO Maymu. Kpome Toro,

B COOTBETCTBAM C 38KOHOM COXpEHEHMA MMITYAbCA sdMeHenWe E, AR Aerxoro OCKOAKa
oKaxercA 0onpDe, HYew AAd TAREAOrO OCKOAKA. [J0aTOMy CpaBHMBAy 3IHaveHNA <B;> amn
Haugonee BEPOATHOTD AEPKOTO OCKONKA B DPE3OHAHCAX C PAaIHHUMM CMUHAMM, B NPAMDNNG
MOXHO OOCHADYXUTH OOCyxAacMie Buic 13.

MiTepecso OTMETATH, YTO OXMAAGMEE B Pe30HARCAX COCTEBHOrO fApa 236“ naneHenns
EK. KoTOphe OCycAoBAeHH 13, OYAY? TOTO-Ee 3HAKA, YTO M W3MEREHWs . 3a CueT pas-
AWYANX BHXOZAOPB CHMMMETPHUROro fEXeHNs B pe3osamcax C 7'= 3 u 4, C apyroit cro-
pousi, amaseuns [ (37) u [f (47) (791 » w 25 ls» cooTsercTReNHO (15]) ormwuantca
He CTOAb CHABHO, KAK B CAyyae w, OHEPreTRYECKNE MHTEDIAA MOXAY Xasaxamy

¢ 3 (K= 0) n 7". 4"(K = I) on.nusaercn ngnlepno 3 0,5 Mo man nensse

[13 . Bonencraxe 27010, OZMAAGMOS NMPR AeXOHMM 2 SU S-nefiTponasn naMeEense El,
K0?0poe gg;cnoueno I3, mome? oxasaTcA CYHOCTBEKO NeELEE, Uen namenemwe B mpu
Aenenun Pu.
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KMHETWIECKAE 3WEPTHA OCKOXKOB ABAEHAS 23°UB PESOHAHCE 8,8 3B

T, #aues, B, Jepwenzzmes, H. Kaxmnxopa, H. Inxop

Wactury? naepaux mccaeposannfi u Agepnofl anepreTuxm BoxrapcxoR AH,
Cogma (Boarapms)

Anporapna

Ha meRTPOMNOM CREXTPOMETDE 10 BpeMeHW NpoXeTa HA 0a3¢ WWAYABLCHOPO peaxropa
HBP-BO OMAR 3 LyOme mamepesh CPEZHHE KHHETHUSCKNG INEPTHN 2; OCKOJNKOB ZREASHNA

50 peaonance 8,8 a» m 3 TennopoR rouke, Haitzenwo, w20 Ex (8, 8):-2' (th) na
(1,3 % 1,5) Mas.
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Hawepenmn CpezNNX KNNCTNUECKEX 3HeprEidl OCKOXXOD ll B S -RelTPOHHMX pe3OHAMCAX
235()y 23%,, zxn xoropux 3mavemss cmmmOB Z m3BeCTMM, MOTYT OXB3ATHCA MONESHMMNM
AER NMONNMANNA NPONSCCS ANCCEDANNR 3REPram 3osCymaemns B * aemnmeroca axpa mpm
pa3nux Redopwamuax Axpa B cepuosolt rouxe I] . B cxyvae zexeuma 239Pu ycraxos-
xexo, wro B (I*)> E (0*) ma ~ 0,7 Mo [2]. Mipw mccxezon.mmn sapuamn E, » pe-
sonamcax 23°\/no BuxozaM HanGONee BNCOKD2HEPIETNVECKNX OCKDAXOB [3.4 | ycramom-
NCHO HRRNYNE ABYX I'DYNN De30NAECOB C OT cA HA Bexmunxy ~ 0,65 M3» sma-
vemnmm £, (4,5]. Dpmeie nauepernn E, aan 23543 pesosancax mpu By = 0,3 33 x
Ey< 0,005 3» (xpuso "orpanareassoro” pesomanca), CMMHN XOTOPNMX DA3XRMEM [6].
noxaausant, wro E (0,005 ss)= E,(0,3 as) [7].

Haum GuRO npeznpmiaTO NdMepenNe Ey B BanG aee CEABHOM HRIXODHEPIETHYECKOM De-
aonance 235Unpn By = 8,8 83, xoropas cpammxmamach co suaveumes Ey'” » remmomo
rouxe. Homepesms MPOBOANNNCH HAa HelTPOHHOM CNeXTPOMETPE NO BpeMEHR NpONETA Ha
Gaae mumyascmoro peaxropa RHEP-30 OWfi » ZyGme. Peaxrop padoran B GycTepEOM De-
XNMEe CO Cpepnedl NORHOCTED 4 ~ 6 KBT, MOAYEWDREOD NMIYABCOB ~ 4 MKCEX N HacToToOR
noaropeuns 100 cexI, Kamepa ¢ ypamoBOR MMERENED, TOXENEOR ~ 20 mcx'/cl2 N noxy-
NMPOBORMNKOBMM ACTEKTODOM C NAONAABD ~ 3 ycranamauBazach Ka paccToaEmM IS5 u
0T axrudnOl 30HN peaxTopa. YCAANTEABHHE TPaAKT COCTOAE B3 BHCOKOCTEONALEMX PDeR-~
yonanrean NE 5287 m ycuxmrexn NE 5259. Permcrpamms RMIyARCOBP OCYNECTBAANOCH IpH
MOMORM ABYXMEPHOT'0 AER&AMSATODPA C BPEMEHENMA "OKHOMN™ ANA AMNANTYZHOr'O AHANK3A
OCKOROYMHX WWNYXLCOB. Empuna "oxsa” npm Ey = 8,8 a8 Ouna pasga 64 mxcex. Bpeus
naMepenna B peaosance 8,8 8» ~ 65 vac, Bpema msmepenma 3 renxosoyi rouyxe - II
vac. B peaosance npn E; = 8,8 3B 3aperucrpmpomamo ~ 10% OCKOAKOB, & B TENXOBOR
Touxe ~ I0~ ocxoaxop, OCpaGorma Aenusx sa 3BM moxasaza, 4TO ER(B,B 8B) Gomnpme
B,:" sa Beawunny (1,3 2 1,5) Me». Xors no smaxy addexra HAEM NPEAPAPNTEALHNE
peayaLTars coraacynrca C pesyabTarasmm pador [3.1;] B MOTYT CAYEMTH &PPYMEGHTOM

B MOAR3Y TOro, WT0 CNMH pesonanca 8,8 a3 uneer 3naveHne ]”’z 3 [2.3]. OZHAKO
agaynTezbran CTATHCTMYECKEN NOTPENHOCTD MaMepenuil 3arpylHfer MHTEPNPETAIMD
nalinesHoro afexra.

Caexyer OTMOTHTDH, NTO M3MEDERNE iu OCKOAROB ZAeACHNA 235Un peaonance 8,8 a3,
BETIOABENKOE B HaCTOANeR padoTe, ABAAETCA NEpINM NpAMMM HaMepenueM Eyx B BeM?poH-~
HNX peaoHascax 235, B ro xe BpeMA OHO CBHRETEABCTBYET O TOM, UTO HECMOTPA H8
GonbENE TEXHAYECKNE TPYAMOCTH, MOBMNECHNE TOMHOCTH B ONPEAGACHMM E,‘ A yBeAMyCHMO
YHCAO HCCAEGAODAHNEX Pe30HAHCOB Usnsanerca peaasnoit 3agayed.

B saxmovenne apToph BNpamanT Ozarosaproc?s A.B. Mmwarsepy 3a mennyNe OGCYRAGHNS,
. Nanreneeny, 3. Anoyxm ¥ B. HaaapoBy 3a cojefcTBHE NPH MIMEPEBHAX.
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NOXHHE CEYEHWA B3AMMOAEHCTBAA EMCTPHX HRATPOHOB C KOHCTPYKIMOHHLAM SAEMEHTAME

A.R. TyryGaamg, B.[l. boxxo, B.o. lloszmmit, B.I'. Boapeann

Xapsxopckni Puammo-rexmmyecnull mEcraryr AH YCCP (CCCP)

Aunorauna

MerozoM NpPOMYCKAHNA RIMEDEHH NMOAHMNE CEYCHRNA BIANMOAEHCTBMA HEATPOHOD C AADAMN
KOHCTpYKunoBHuX axementod Al, Fe,Zr, Nb, Tan Pb npu aseprmn neitzponos 14,7 Mes.
B mamepenuue ceuenus BBEZeHN NONPABKR HA paccesiue B Aerexrop. loayuemd cxe-
Xyoune 3HAUEHNS NOAMMX ceuexi » Gapwax: 1,76 T 0,01 (AL), 2,58 ¥ 0,04 (Fe),
3,93 ¥ 0,03 (Zr), 4,03 ¥ 0,03 (Nb), 5,59 * 0,04 (Ta), 5,47 T 0,04 (Pb).

ip nZeo cpaExense C NAHMNMM APYTMX aBTOPOB. OTMeYeN) XOpoumee COrAacke mauepen-
BHX NUIHEX CeYeHMll C yCpeaHesHWMs B WuTeppame I3 - IS MoB 3HayeRMAMM ZAA BCeEX
3JeMeHTOB, 38 MCKMDYGHMeM TanTana. JUA TaHTaAa M3MepeHHOe CedYexme MpeBHuAeT HAa

7 % ycpesdensoe 3yavenme,

1, Beegenue

Mloxune cedenus B3aRMOACHCTENA HEHTPOHOB C ATOMHNMM APAMM ABJADTCA BAKHANMN AAEp-
HOA-QM3NYECKIuM HCHCTAKTAMH, NMOTPECHOCTD B KOTOPHX BO3HMKAGT NMpPH PEEEHNH MHOTMX
npaxTHYECKUX $anay. [Ipy MPOEKTMPOBAHKA AAEPNHX ¥ TEPMOAAEPHHX PEAKTOPOB 2HAHNE
KOKCTAHT HeOOXONMMO ANA BHOOpPE KOHCTPYKUMOKMHX MATEPHANOB, pacyera OTACABHMX
KOHCTPyXuuR, 3amu? ¥ T.A. YTo0H oGecneunTs TpeGyeMyD TOYHOCTH pacieroB, MNorpes-
HOCTH B MCXOZRHHX KOHCTAHTAX He NOARHN MpPeBHmATD AOMYCTHMHE NpeAeMy. Taxk, HANpH-
Mep, ANA PAcYeTOB 3AMUTH PEAKTOPOB BEAWUYAHN MONHHX CeYeHRH B 00AACTH 2HEpruH
sedrporos or 0,1 20 IS5 Ma» Zomxms Ours 3azam ¢ Tousocrsw I - 3 % [1]. B zpyrux
CAyyaAx TpeGoBaNMs K TOYHOCTM eme Oonee xecTky (I - 2 %).

Las Azep COMBEMHCTBO KOHCTPYKUMOHHHX 3NEeMENTOB AanHHE O NOMHHX CeYyeRuAX NOAy-
Yend HECKOXBKHUMM UCCHEAOBATENAMH, OCOGEHHO NMPW 2aMepruy HeHArpoHO® BOAM3K [4 MoB.
MlpuBoZNMIe PXCHEpPHWEHTRABHNE NOTPERIHOCTH, KAK NPABKN0, YAOBAETBOPADT YKA3aHHMNM
Bime TpeCoBanHAM. OZNAKO, CpapHeHK® PE3yAbTATOB pasHMX pacoT noxasWpaer, HYro
paaanuns 3 adCOANTHHX 3HAYCHMAX NOAHNX CedeMMA B HOKOTOPHX CAYIanX 3HAYATEABHO
Cosbge, YeM MOEHO OXNAGTD U8 NMPHBELENHEX ABTOPAMM NOTPETHOCTEN OTHAABHNX W3~
mepennit (cu, puc. I - 6).
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GOXLENS DASENUNA B NIMEDSHEMX MOENNX CEUCHNAX OOYCROBNGEM, NO-BERNMONY, NOYS€TSR-
HUMN CHCTCMATNUOCCKNMN ONNCGXBME SKCHCPENENTA, ORBARO, OUBONTHRRAA ORGEKE DE3yNs-
TATOB DAJHMX PAGOT N NCKEDHEHNE CHCTOMATNNSCNNX ORRGOR HpeAcTasasyT coGolt xo-
BOABHO CAORMYD 3aZayy. Crasannoe XOpORO RANNCTDNPYSTCR puc. 2 B 6, Ba EOTODMX
NPEACTABACHM AGNHM@ HECKOABKNX a370poB [2 - I2] no nommim melrponmuy ceveumms
AR Xexe3a m ChBENRA B Amanasome smeprull 13,6 - 15,6 Msa. B3 pmc. 2 aummo, 90
peayarrary padors [}] AAR EEN€3a CNCTCMATNIGCKN JAENXEGHMN 00 CPABNCHND C pPeIyiAh-
TaTaum Zpyrax pacor [2 - 9]. Onmaxo, BAXOXAGHEE RCTOVENKE CHCTENATNYECKON OSNOKN
3aTpPyAHAGTCA TEM, W0 pesyArrard sroll me paGoTd AXn CBNEmA (pmc. 6) XOCTATOWHO
XODORO COTXACYDTCR C AGREMMN ADYruX aBTOpPOB [2 -4, 10 - IZ]. Orcoxa scmo, wro
ArA noxydenrma GORee AOCTOBEPAMX RABKHX, PEXOMCHAYCMMX B K&46CTBE KONCTAHT XARN
NPYKAARHEX [eNed, HEOOXOANMN MOBTODHME RIMEPEHRRl, XGAGTEXLNO DAINMMN MOTORAMN
NIN B DA3HNX IKCNEPEMEHTANBLEHX YCROBMAX.

B nacronmeli padoTe N3ZOXEHM pE3YALTATH N3MEDSHNM NOANMX cedcnull paammoxelcraun

HeRTPOHOB C XOACTPYRINONHWMN 3AEMGHTAME 4/, F¢,, Zr, Nb, Ta » Pb npn 3nepran

seiizponos 147 Mod.

2, Merozmka SKCMEDNMEHTR

WNauepenna noaHEX ceueHmil p3anMOZefCTBMA BHNOANECHH METOAOM NPONYCKAHMA.

HcTouHMKOM HelTpPOHOB cayxmaa peanuus T ( d.nia, nporexanmad Npm GOMOAPAMpPOBXE
THTaH-TPHTHEBO! Mumenn AelTpPOHAMM, YCKODEHHNMN X0 aHeprmm ~ 200 3B,

O6paaip MCCAGHYyEMNX 2JI6MEHTOB eCTECTBERHOr0 MIDTOMMOrO COCTaBa HMEAX LMIMAZDH-

yeckyw $opuy ¢ amamerpom 3,3 cum u roxmanod £ or 2,38 Zo 2,84 cM RAR pa3HNX sAe-
venToB, OGpasus pacnosarannch Ha paccroanmd L4 = 30 CM OT MCTOUHWKA HE}TPOKOS,

paccroanre or o0paaua Ao Aerex~opa Hedrponos [, = IS0 cu,

B ravecTBe ZeTeKTOpPa HEATPOHOB MCNMOABIOBANCH CUMHTHIANALNMOHHWE CUeTUMK, COCTOANMA
K3 NABCTHYECKOrO CUMATHANATOPA IKAMETPOM D = 7 ¢M # BuCOTOR H = 9 cN, CoecAMHeH-
HOTO KOHWYECKEM CBeTOBOZOM C $I¥Y-36.

Ina yueHsmeHus GoHa, oCYCROBAGHHOrO perycrpaumel paccefiMHHX B NOMEMEHMM HeHTpo-
HOB, OHJIa MpOM3BeNena KOMAUMALMA Y3KOTO mMyuxa >@dexTuBHNX HedTPOHOB fyTem oTGOpa
ONCTPHX COBMAZEeHAR HEATPOHOR C COMYyTCTBYDIUMH & ~YaCTHUAMM, PEPUCTDHPYEMHMM B

B MajJOM TENEecCHOM yrie NETEKTODPOM, YCTAHOBJACHHNM JIOR yIJOM 145° k HanpaBAeHKD
nyduKa nagapmux AeRTPOHOB,

JleTexTop COMyTCTBYDEMX oL ~MacTHl COCTOAA u3 $IY-36 M TOHKOK CUMHTHANMPYOMEH Op-
raguuecxolt naewkr, HaHECeHHO! HA TOpeu UMANHADHYECKOPO cBeroBoAa. llepex cumurTua-
AMpyOmeR fAGHKOR YyCTAHABAMBAACH TAKTANOBNH KOAKMMATOD, 3BKPHTNH AMONHHMEBOH
foABrolt AnA NPeAOXPAHEHHR AEGTEKTOPA OT J8CBETKH PACCEAHHHME ACATPOHAMM ¥ MADPKHM
A -nanyseHner ®3 TPUTHEBON MMmEHH.
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AMCXpRUNBAING 7 -N3XyUCERR NS OGDESNOB NPORSBORRBRCE MOTORAOM BPONGER NpPOReTS.
Paspenamiies dpeat CRSXTPOMOTPE DO BPOMGNN NDORETE COCTOBANND ORORO 2 NCEX.

3s Peayaprery namepennti ¥ ONCKE

Noxmie CeNeNRn ONPOXGAAANCH N3 KswepexNmix Beanwns nponycxamma T =7[7, , rae
J - noTox NeliTpoNOB E& A GXTOP C YCTABOBRGHNEMN OCDASNON B 77, - ROTOK B OTCYT-
cTaNe o0pasua. Onpexzexmenoe 3 SKCHCPHMEETE INANCENS NOANOrO CEYSANA

(I) 6',",,%‘ Ln +
rxe n, - Wmcao axep » I o’ oGpeana.

Hawepenxs noroxod J x 7, NPORIBOXAANCS NONEPENEHNO ¥EPe3 AOCTATONNO KOPOTKNG
NERTEpDAXM BpeMeNH, YTO0M NCKEOUNTS BANANNG HecTACNEANOCTSN annaparypu., Aws yeera
BANAHES MEANGHNMX ZpeiidoR annaparyps NPOBOARROCH HECXOABXO cepull TaxaX nimepenmil
¢ GONBENM EETEPBANONM BPeMeNMN MeXRY Cepunun. HaOupaesoeé BO BCEX COPNAX VUECAO OT-
CueTOB O0eCneuNBan0 CTATRCTNRGCKYD TOUBOCTD Ne Xyme 0,3 %. Aan RAXOEAGENA NOA~
BOik ORROXR B RAmACH cepun maxepesnil ONDeAGARAAOCEH CpeAlee 3BAYEGHRE MNPONYCXAKNA

B CPeANOKBAAPATEUHAA OMNOXA, & 3aTEM N0 PeSYALTATAM BCOX CepRit HAXORUNOCH CPeX-
HEB3BENSHROS 3HAUGHNE LPONYCXAHMA R 6r'0 CPSAHGXBAXPATNWHAR OommOKXa.

B onpeaeaennue no §opuyxe (I) noamue cevemms 07 »BBOANXECH NMONPABXA HA paccennNe
B JZeTexrop [20 » BEENURHAE KOTOPOR 38BECNT OT IEOMETPHE 9XCNGPEMEETa X MACCOBOTO
yacaa A H3yyaeNoTO sxcMenTA. MCTKHHOE 3RAUGHNE NOAHOTO ceuenmsn G HAXOANAOCH R3
BHpaRenns

Ul
(2) G'; z—‘z4. L )

— z >
e 2% = L (m._) (o)
* o ¢ Lel, 6

L=L,+L,
%,(0) _ (kpot)
t

X = 4 - soanosoe wncxo meArpona,
Ry P 10D

fipx numm NONpasxN B NOXEME COUSNNA NOXST BNOCKTICA AONOAMNTOAMEAS CHNCTOMA-
FHYecCKan ODKOX® 2a& over loonpomomm sexnuNmd v, . O0uuno v, BuOwpae?eR 3
nipereaax (I,3 - 1,4) 10713 OM, B BEOCEMAA fIOTPESNOCT> Be npesumaer 10 % 07 BeaN-
YRNN Canol NONpASKN. B NCROABSOPANNOS MAMN TEOMOTPHN IKCTEPHMESTA DOXNUNER N0~
nPasKK cOCTaBARAA 02 I 20 3 % DOANUNNM MOSNOTO COUSNNA, & DNOCHMAS DNEC20 C f10-
NPasKol BOIMOXNAA CHCTEMATNUECKER TOTPEENOCTd - coorsercrsemso 02 O,I a0 0,3 4.
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Peayxsraru mauepexnll npexcreszess 3 reCanue I. lpmsezennue omndin MDARRNTCE NOR-
NN N AR NIYYCHRMX 3 BacrTosmeldl palorTe JAGNCNTOS BAXORATCA 3 npemeaax or 0,7
mI.S}.Bmwmmmw&wmm«[’]w
Nepexsh nOMGIX cewexall AXN PASACROMEMX NIOTOROS fp>' § Fp>° N mpexBapaTexBMIe
peaJAITATM XER NRKGEN, NINGDOENME C NGAOCTATONNO Bucowolk TOWNOCTI® (~2 % ).

3, Cpapsense ¢ mvevamexc Zamgng

Noxywennwe saun npn B, = I4,7 Med 3RavGNNS NONNMX cegeunii NDOXCTEBAOEMN ARR BO-
rmnocnupnc.I-Gmmcnmmmmmom[z—lﬂ »
Zmanasome sHeprmi npumepmo or 13,5 xo IS,7 M3». N3 pucynxo» BNANO, YTO RER BCEX
SACMGNTOR, 38 NCAEDUENNSM TANTARE, NNESTCA XOCTE&TOUNO XOpOBOE O0REC COrXACNG
HANNX DOSYAL?aT03 C CORBRNNCTBOM NPEDOACHNMMX RANNMYX, XOTH B OTAGABNMX CEYSSAX
SaCXDASNTCA JHAYNTENLENEG DACXORACANA, NPORUEGDANE NPeAeNN OLCHONMMX OEMOOK.

Ins pr ZudecTBeRHON OHEHXN CTENENN COTAACYEMOCTR BANNX POJYABTATOB C ASKENMN
APyrax asropo» 30 »TOpoll xoXoNxe TRCANIM I NPNPGACHM CPeANNE IBAUCHNA (Vt)cpezul.'
BaaTMe N2 padors [II]. 37x 2mauesmn OuAN NOXyueu: NyTeM yCpeARENNS DesyAiTazon
HOPEX pador B xurepsaxe aseprwii or I3 A0 IS Mas. lpomexypa ycpeamemms [2I] moa-
BOAAAS OPN HEXOTOPHX ABNYMEHNAX YUECTH KAX CTATHCTNUECHNE, TAK N CHCTEMATNYECKNE
omuCxu. Wa cpammesms smamo, wro Axn Al Fe, Ni, Nb x Pb snavenma G; 1 (G; depeas.
COBMAAGNT C TOWHOCTED I %, T.6. DA3ANUNA AENAT B NpeAeRax OSNGOK. Pacxoxaemme

B cayyae Zr NORHO OCBACHWTH TeM, 70 AMA Rero (6;)cpezs, ONpeAexeno ¢ CoxnmoR
(~ 5 %) norpeamocTsi. YcpeanemHwe B GOXEe YIKOM MHTEpBARe DEEPIall pesyaArrarTi
pador [2, &, I4] npxsoaar x meawwmne (67 )cpean. * (3,93 2 0,05) Gapx, wro cos-
nazaeT ¢ NOAYYCHHMM BaMn asavemmes O; = (3,93 % 0,03) Gapn (cw. raxze puc. 3).
HanGoapmee pacxoxjzenne HAGEDAAETCA B CAyUae TagTana (pmc. 5), AAM KOTOPOTO M3-
MepeHHOe HAMN 3HAYGHNS NpeBumae? NOYTH HA 7 % yCpeanennoe suaverme. [lockoas-
Xy XOpomee COPARCEE XXA OCTAABHEX NCCAGAOBANHHX NAMM AAGP CIXASTEARCTBYST 0T
OTCYTCTBME HEYUTEHMMX CNCTEMATNUGCKNX ONNGOX SKCNEDNNCHTA, TO RAR BUNCHEHNA
NPRYRE PACXOXACGHNA B CAYYaE TanTana HeoOXNZNMY ZAONOANNTOAMHME IXCHEpNMEN?AAbEME
AaxKMe B mnrepsaxe aneprmit or 14,5 zo IS Maes.
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IaGanga 1

Noxmue cevyenka B3ammozelicTann nellTponcs mpa ....pram 14,7 Msp»
B anreppaxe (I3 - IS) Mas

Fapo G ) Capn (&) cpena. * capq

AL 1,76 t 0,01 I,7%12 T ¢,0127

* Fe 2,55 1 0,02 -

% re 2,56 % 6,08 -
Fe 2,58 1 G,08 2,5754 ¥ (,0179
N 2,67 2 0,05 2,6815  (,0209
Zr 3,931 0,03 -1 3,741 20,2007
No 5,03 2 0,03 $,0033 ¥ 0,0084
Ta 5,59 ¥ G,04 5,2357 1 G,0473
P 5,47 £ 0,08 5,4006 ¥ C,0305
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MR SANEPEANEMX HERTPOROS CTORTARHOTO XRADMN 252 Cf

B.A. Hedeaos, A.9. Cowenon, 5.R. Crapocrod

HUNAP xxzpozrpex, (CCCP)

ABHOTANRS

C nowomsD METOERKN, OGecneunsammell RCXADYSNNE CHCTCMATRYCCKNX ONROOX, CBRI&A-
HMX C permcrpammeit paccenmmx RefiTpoNOB, NOATBEPRACSO CYRECTRIOBaNNE NeliTpoNDD
ACICHMER, NIAYRAGMX NOCKE MOMENTS ReRCHNS, C BpeHENSN RCHYCKARNR 3 BANOCEXYNX-
soil oORacR.

B pnae paGor [I - 6] OfMMCaNN IXCIEPNMNEATH, PG3YAMTATH KOTOPMX OOUBACHANICA CY-
ECCTBOBAHECN 3aZIePRAHEMX MEFTPOHOB, KCmycxaemux 3a 10T 7 - 102 cex nocae wowes-
Ta ReNeHNA nApa. Henycranmes 38XepPRANNMX NEXTPONOB NOENO OUBMCHNTS TONKYD
CTpYNTYpy chexrpos meRrponon Aexemmm [I, 2] » NAGEBLACHOC IXCTIEPANCRTANIED (7]
" npeBHEeHWe CMeXTpa RERTPONOD CRMONTAKMOTO XCACHNR 25 Cf uaa reopermueciom »
o6zacrn 2uepral neirpoos wewsse 0,7 - I Mo, OXnaxo NMepmNEecCH AaNENE 00 38-
ACPEAHRNN MEHATPONAN NMEDT HEAOCTATONHYD TOYHOCTS NI-38 CHCTEMATNYECKNX OMNGOX,
BO3MMKADENX NDK YYeTe (ONa PacCesHNMX B OXPYEADENX NpeANe?TaX NeATPONOD K 38~
Ma3AUBADRAX | -KBAKTOB ACACHNA [6, 7].

HanexuNe RIMEpeNH 2DHEXTOD 0T 2aACPEAKNNX HEATPONOD CHIORTANNOTD RCACHAL 252Cf
OuAM BNROAMGHN C MOMORM METOANKN, MCXADGADEmEd 3TH CHCTemaTRUecKne OmuOxM. Ha
pac. I mpuBedena cxema 2XCRepAMENTAAMNOH YCTRNOBKEN, NCNMOABIOBamNON 3 padore.

C nomonsn 270i yCTAanmoBKW CHYMANHC XpABNE 327IA2ANBADENX COINAZeHNR MERXY MO~

MEHTANN PETHCTPALNK OCKOAKOD AeACHES S 0(] f 3 3axyymnoR xamepe zexennR X woues-
Tauu perncrpaunm nerponod Aexesus xpxcraxaom ©Li7(Fu). Wawepemns npomozmaxcs
BpeNA-GMIANTYANNN NPeospasoraTEACN AAN ABYX NORORSHNA xamepu Aeieunit, B mepsom
NOXOZeNNN XANEPA VCTENADANBAAACH 78K, 970 caod ZnS /ﬂy). PETNCTPHPYORNA OCKOAKN
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mzsz('f. RORPOARACH BRAOYNY® X XpucTanxRy ‘LiJ(Eu). Bpe 970N SEAMRTEAINO
yoemnwmsanack >jentuds0oc?’s PerncIDARE JORePEARENX NOSTPONOD, NCRYCRAGNRX OCKON-
xamm Aexexmn, somesgmms 3 caoll ZnS(A) Bo BYOPON NONCESEEE KaNEDE NOBOPRTERS-
mcs sa 180° soxpyr nepruxaxsnol ocs. B 3tou caywes sddexTNSNOCTE perncIpemEs
Jaaepnannux Nefirponod CrARCMETCA MREEWARLEON. S)JeRTHBROCTE B8 DErNCTDAEAR NINO-
BeNNMX ReliTponod n §OBA 0T PACCSARNMX RefiTpONCE OCTRsTCE Resduweanocll, wrc ofec-
NOYRBACT BANOREOS JRCAsERe djeRTe Jeaepmammix NefiTPONOD.

Bexyyusas xaweps Aexexal, CAYRARAS ARE DETECTDRSEN OCKOANOD Aexsums 22(f, mpex-
cranxser coGoll pRamExp Asawerpom 210 we x 3ucoroll IS0 mm mepsanenmell cTaEm TOR~
mnoll 1,5 mu. B gentpe waneps BSPUCAIKYRRPRO KO RNY JCTAEORACNR OAROCTOPORNEN
MRECES N3 XaA fopuun Znemerpom 20 we. Kazndopumil NANGCSE NE LARMNENCEYD ROXAON-
ny roaxmnofl 0,2 mu & ARR NPEROTEPERSHRN POCEMAGERR 3expuT 30x0rToR Joxsrolk roa-
manolt 100 mxr/ce. Ocxomxn aexesma perscrpuposssmcs caoex ZnS /Ag) amamerpom

40 mm, nanecenEim B2 CONORYD NODEPXROCTS KRNODM. BCAMRKR CBETR, 3OINKARENE B
caocZnS{lg)no; BOIRCACTYINGN OCROAKDD AGRCNER, PETECTPRDOBGANCE WEPEs KBapuEROe
oxxo {oroysmoumreaes 907-97. KNrencuBROoCTS CRUOTR OCKDAXOD ACAGENEN CMER DABNR
200 zea/cex R B¢ MENRARCEH NDPE RNUBOPOTE KANSpH. IPLeXTABEOCTS PErNCTDRUNN OCKOA-
KOB AeAeNEs ARocrarans 9 - 95 %.

Zan perscrpeunx melizpoxos B padore mcnoasaosaxca xpucrams °LiJ (£u) c goroyuno~
sareaen 03Y-36. Hcnoassomame xpacranza *li] (Eu) noasoaner maGamursca or goxa
3aNA3ZMBADRNX § -NBANTOD AeZENNS [4, 8] Gmarozapm mucoxomy yposuo amcxpmmssamen,
COOTBETCTBYDMENY /f -XyYam C anepruel 2,2 isn, YCTAEABANDAGNOMY B DEruCIpApYOHEH
annaparype Aan oSecnevenns noXxol 3gexTmBEOCTN PErnNcCTpPAINN TENAOMNMX HeRTPOKOB.

B peayasrare m3mepeunit OMAR HOXydend BpemexHMe DAcHpeACACHNs cCOBNafcHnl AAn
ABYX nozoxemnit Baxyymnoll wamepu mexemmii. Ha pmc. 2 npmBexens noxywensue nocxe
BNYRTAHRA (OHA cAyvalMMX coBmazeMMi M NPNBCAGHNR K OAMNEKOBOR NOANAGZM BpeueHHue
pacnpezenenus copnazenmii, &8 TEKNe Bpesesnoe pacnpeiescune comnapesull, NOATBEPX-
Aapmee OTCYTCTBHE 38NBJANBDADEAX COBNAZEWAR OT 4 ~Aywell fesenus. 370 pacnperexe-
NNe M2MEPAXOCH C KBMEPOH AeAemnk, yCTENOBACHNOR 3 NEpBOM NOXOXGNNK RAA 4 -KBAA-
703 c aneprmel E = 2 T 0,1 Mos, Bupe3acuuX OZHOKABEARMHNM ER(ICPEHLUNANBHMM ANC~
KPUMNEATOPOM.

Ha pmc, 2 BmanO, YTO B OGZACTH BPENCHN 3aZepmiM, Goassmx 40 - 50 ucex, maGawaa-
€TCR 3HAUNTEABHOS NpEBNECHNE BPEMENHOTO DACRpefieAeHNs, NOXYYEHHMOTO B MEPBOM MO-
AOZeHRN KaMepu Aesennil, Maj pacnpeareAeHNeM ¢ KaMepoR aAeaenmM, YCTanOBACHHOHK B3O
BTOPON NOAOREKZA., HadaDzaenoe NpeBUNEHRE® MOEET GMTH MHTEPMPETHPOBRHO TOALKO CY-
BECTBOBANNCN 38NCPEANHMX HORTPOEOB, NCIYCKEGMMX B HAHOCEKYNAHOM AMGNA3OHE Bpe-
Men 28ACPREX NOCAE MOMEHMTA AeACHMH AADA.



Pxc. 1 Cxema sxcnepumenra: I - xsuepa Zexeanil
2 ~ KBapuesoe OXmD, 3 - of punn, & - caok ZnS(Ag),
5~ mpcgau‘u%u) ' :c;Ox 183-" caok Zn> (A

Puc. 2 Bpewenmue pacnpesexesma comsnaiesnli: I - pacnpesexesue
AAA NEPBOTO NOAOKGHHA XaMeps Aexennii, 2 - pacnpexesnenne
LA BTOPOTO MOXOXGMHA KaMeps zexenwi, 3 - pacnpeacienue
copnazexui man y -ayuef C anepried 2 2 (¢,1 ldem
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O KOHNYPEHIZIN 3MRCCER HERTPOHOB K FAMMA-KBANTOD PR CHONTARNON ARAENNR TREEIMX
AAEP

O.0. Barenxos, N.B. Baumod, B.A. Baremxo

Pazmesuit mecTuTyT 2M. B.I'. Xaommma, Aemmmrpex (CCCP)

Annovagus

IpuBeena IXCHEPRMNEKTARBHAR OLENNA DEPORTHOCTN NCHYCEANNR RelTDONOS CROZTRENOTO
Rexennn Cf nocRe SMECCHAR IaNua-KBANTOD.

OCKOARR CRORTARAOrO ACISHNA TANEEMX MACD NNeRT 3 CPeANeE YIR030H NOMENT ONORO
8% . XoTA 370 IKBUCHRE HE ABANCTCA COALNNM, BENANEC TRXOrO MONEGNTR ROXENO CRR-
3LBATLCA K9 XAPAKTEPE NpOLECCa CHATRA 3NEPrEm BOZCYERCANA. B TEOPETEWECKRNX pa—
corax Tposepa [I] paccworpens PONPOCH XONXYPENINE JNCCHR NeATPONOD N rawMNe-
KBAaHTOB, WCHYCKACMMX BO3CYEACGHMMMN AXpams, OCEAJANREME YrIOBMME mowenTams. Ecan
pe3yxbraTi pacueros I'popepa NpANennTsd X ACHOCYERCNRD OCKOAKOD CRONTANNOTO X6-
ICHNR TAXENHX fAXEP, TO MOEHO OREBRTH, WTO BepXunll LpeAex BEepOATHOCIR 2MRCCHR
ramsa-xpaiToP A0 IMMCCKN NeflTPOROB MOXET LZOCTWIraTh Bexmummy I0™" no orTmomew:®
K oomet BepoAaTHOCTH. OXHAKO, BEPOATHOCTH TEKOrS NMpogecca Momer SNTH N JINANR-
TEXABHO MEHBEIE, TAK KAK TOYHOCTD OUCHNM HEDEANKa NI-38 OTCYTCTBNA AoCTarowNoll
nRjopuauMN, HanpuMep, O pacnpeACACHNAX YPAOBMX NOMEKTOBD R 3NEPINR BO2CYEACKNR
OCKOAKOB XeneumA. Ecam meposriocTs Goxee I07°, 70 MOENO MONNTETHCA ee ONpexe-
ARTH NyTeM MIMEPEHWA BpEMEHN SMNCCEN MERTPOHOB, KOTOPOE ONMPEAGAMETCH B paccua-
TPRBAEMOM CAyYae BpPEMEHEN WCNYCKANRmS rasma-xaanros. B zamnoll padore 370 3pemn
OUNEHRBAAOCD NYyTeM NPEUNIXOHNOrO CPaPHEHNA CNeKTPOB HeATPONOBD AcAENRS NPR AN~
KCHKR 3MNTHPYOEMX OCKOAROB B BaKyywe W » naorsoRk cpexe. OCROAKE HatnEap? 3amer-
HO 3aMeXAATHCA B CpeAe uepea Bpems ~ 10" cex, a noamoe BpeMs TOPMORENNA
~IO"IZ cex, ECAR TaMma-KBAHTH M COOTBETCTDEKN) HERTPOMM MCRYCKANTCA 28 BpeMR
coxpmee, ues IO’I“ CeK OTHOCHTCABHO ANT& ACAGHNA, TO 270 MOXET ONTH 38MEUORO
no paammiye B Cnexrtpax Hedrpoxos.

Ha puc. noxaaayy Ha@M pacueTAWE RAHMNE NO N3NEHENND OTHONENNS TAKNX CHEKTPOB
ARA CAyvYaed, KOT'Zé OCKOAKK fepex a2Muccuell NeRTpPONOB yx¢ NMOTEPAAN SacTh CBOOH
CXOPOCTH B cpeje (noTepa & 3." I0 % n 20 % CXOPOCTR COOTBETCTBYOT BpCNEHNAN 2A-
weaxenmn 2°107Y cex, 6:10°1% cex » I,5¢ 10"13cex [2] . B xasecyse cnexrpos
HEATPOHOD B CHCTEME OCKOAKA NCTOABIOBAANCH RamKNe %3 padors [3]. Ns pmc. mmamo,
470 YYBCTBATEABHOCTS METORa CNABNO JIOBMERCTCR NMPN PEINCTPAINE NEATPONOD NEIXNX
W, 0COCGHNO, BHNCOXNX 2MeprEA. HCnoA»aoBanNe e ARNEMX NO BCOXMY CNEXTPY 3 HEAOM,
K&K 370 OHAO CAGAANO 3 pacore L4), CYNECTIOENO CENERET TONEOOTH IKCMEPENONTA.
Hawepennsn cnextpod meRTpoNod AeASKNA NPON3BOARANCS C NONORMS NCTOSNNER KRN~
dopuan-252, 3 X070pOM NPONCXOANAO 10° ﬁ Caol xaandopumn OuA NANGCSE E& KN~
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xexeByr (Qoxnry rommmmol 0,2 wn. Jiifn perncTpanER OCKOXKOBD NpPEMEHAACH Xpeummenifl
nosepxnocriHo-6apse cyerunx nuomaabd I cu“, pacnomomennult Ma paccToAEEM

I,5 cu or cson Cf°“. Lza permcTpankn HeZTPOROB RCNOXE30BAANCDH RARCTMACCORNE
CUXHTHAAATOD b MHTepBame 3seprait 0,5 - IO Mad u xpucraaa 6[1_7$£u)r NHTEDBAXE
0,0- - 2,0 Mo, HellTpoHmHA cueTuMK YCTAHABXRBAACA NOA yraaun 0" m 180° x ma-
NpPaBACHKD PErMCTDAPYEMHX OCKOXKOB., HaMepesMa SHEPr¥K HellTpoKOB NPORIBOAMANCEH

no MeTOXRy BpeMeHM NpOAera. BpemenHoe paspemenxe ycranodxm OuRo oxoxo I,5 ncex
Anst ofoMX THNOPR MERTPOHHHX ZeTexTopo». Kparxoe onmcanme BCAOXAL30BAHEON annapa-
TYpd naHo B padore [S] Hauepenua Npon3BOAMIMCH HA NPOAETHHX paccrommmax I2,S5cm,
25 cu » 50 cu. buno 3saperucrpuponano Goxee 10” HeliTponcs NOA haxAHNM YTAOM,

PeayasraTy M. ' ik (CM. puC.) NOKA3WBAMT, YTO HECMOTPA Ha HeCOABUNE OTKIOHE-
- HEA B OGRACTH .u{HRX SHEpPrkit, CNEKXTPH He OTANYADTCH B npefeXaX IXCNEPNMEHTaXb-
HHX OEROOX. [lyTeM CPaBHEHRA 3KCMEPAMEHTANBENX AAHHHX R PACYETHHX MOXHO OLEHNTS,
470 cpexlee BpeMs IMUCCHE HelTDOHOB JCACHMA C[ZSZ wenee I 107 b cex, a A0an
HeATPOHOB B BPEMEHAMHE IMMCCHK Gonee 10713 cex ne npesumaer 2 - 3 %.

ABTOpH BHpAXxapT Npu3HarTenasHocTs M.A. Baky 3a o6cyxsieHne pe3yA»TaTOB DasoTH R
A. C. BemmxoBy 3a MOMOME NpH M3MEPEHHSX.

Jdureparypa

[I] J.R. arover, “hys, Rev, 157, 4, 802, 314, 1967
J.R, Grover, J, Gilat, Phys, Rev, 157, 4, 872, 1967

[2] ®. Hacupos, ATomMHas sueprma 16, ™ S, 449, 1964
3, “ahn, V, Forque, Phys, Rev, 163, 290, 1957

[3] H, Dowman, S, Thomson, J. !/ilton, '/, Swiatecki, "hys, Rev, 126, 2120,
1962

[b] J.8., Fraser, Phys, Rev, 89, 535, 1952

[5] u.B. Eamuom, B.A. Burenko, W.T. Kpucok, Npenpunr PU I 30, 1974



-199 =

SESSION VI

NUCLBAR DATA BVALUATION AT THE TU DBRESDEN - REVIIW AND RESULTS

D. Herosdorf, G. Kiessig, D, Seeliger
Technical University Dresden, Section of Physics, GBR

tract:

This contribution aims at s brief survey on neutron data evsluation sctivities
at the Technical University of Dresden, The meinly used methods, techniques snd
models will be discussed here by some representative results obtained ir cross
section evaluation of the system 93!bon finished now at the TU.

1, Mistory snd (1) status

Nowadays compilation and evaluation of neutron nuclear dats represent s task of
world-wide interest, which has been mainly initiated by reasctor physics, All
efforts eoncerning measurements and compilations of nuclear dats are co-ordina-
ted by the 4-data-centre-syster under the guidance of the NDS of the IABA Vien-
na organizing the international exchange of date and informetions also.

To the contrary, deta evaluation is done essentially for use in national 1ib-
raries, Such evalusted-dsta-lidbraries 1ike BNDP/B, KEDAK, UKNDL, LLL NDF as
well as SOKRATOR exist or are builded up in various countries, An international
exchanges is strongly hindered by aspects of the economic and strategic importan-
ce of euch dats as well as by the quite different structure (formats) of these
libraries,

To o~vercome these difficulties, the USSR-evalusted-date-file is planned forfree
excha*ge and for use in all socialistic people'’s republios, In this sense the
activities in nuclear data evalustion, which are reported upon here, represent

a contribution for completing the SOKRATOR file and meking it aveilsble as soon
ae possibdble,

At the TU nuclesar dats evsluation has begun in 1972, In egreement with the
Centr po Yadernim Dennim (CJD) et Obninsk /USSR we start to evaluate the cross
sections for the wsystem 93lb+n. Pirst preliminary results have been published
in the same place in 1973 [1 .

In the meantine various methods in sathematice, statistics, and theoretical
nuclear physics as well ae computer codes have been investigatel and elaborated
for use in dsts eveluation, These tools will be described in paragraph 3 of this
paper,

2. Adae of dste evelugtion

Our device is: an eveluator should not be a "book-keeper” but more a physicist
having founded experiences in experimental and theoreticsl nuclear physics and
knowledge about the practical demsnds and the use of his results,

Therefore we restrict ourselves on evalustion of cross sections for the inter-
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asction of fast neutrons (i.e. neutron incidence energies from roughly 100 keV up
to 20 LieV) with, in thre next future only non-fissile nuclei, This limitatien is
not striotly decisive because tris energy range in the medium weight mass-region
is assumed to be o7 further increasiiz iiterest for the development of fest bree-
ders and thermo-nuclear arrangements especially [2].

The nost important feact is, that at the TU this energy and mass range has been
investigated quite well conceraning measuring technigues and ususlly spplied nuc-
lear reasctioa nmodels, So, evaluations can bte done founding on an eatimate of the
validity of different exnerimental results -1l calculations in the frame of in-
dependent reaction mechanisms, This skoul? result in arguments snd decisions for
data reconnendation vasing on nuclear physics knowlelge as well as experiences

in apolying treoretical moiels and informations about their accuracy, limitations
ail further developmeats an’ improvemeits,

Jo etholys agel! Zor Jate evsl.siion

Tig. 1 shows in form of a block=diagr=~ i'e main ctevs and features for obtai-
1117z reconnended iste, .- the o 1-viig context *‘hese steps have to be explai-
ne? texing into consultation {llustrative results of the 93Bb-ev-1untion.

“uclear 3ata evaluatioa ieals with two problems mainly:

- the *anriling of a large amount o* informations aadl

- their interoretation, concentration and represeatation in s way convenient
for practical rejuire:ents,

To attack suc” tasks, a large scale computer is needed, At the TU the soviet
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data, tadies, greshe)
SOKNATOR eoding

Fig, 1: 3lockedisgram sketohing the main features and steps for ob~
taining svaluated and recomrended data
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coaputer type BESM-5 can be employed for this work, Operational speel, fas*
memory capacity and the periphery-equipment enadle this machiae for treating
such problems.

Jel, Data handling end managing

aesides several computer codies for the numerical solution of special prodlems
in statistical mathematics anl nuclear treory, &8 compre:ensive duzket of cole:
has been prepared for data managing and haniliag. For instance apecisl codes
for magnetic tepe transfer ani transmission guarantee the comoatibility of our
internal machine system (1' tapes,11 tracks, Iso-code representation) with
other data ceantres like D3 Vienna and CID Obnizek (1/2' tapes, 7 tracks, BCD-
reoresentation), An other coie enables us to handle E{FOR-data-tapes by use of
selection criteria defined in the ZXFOR-dictionary as well as to connect these
tapes wit* data processing programs directly.

3,2, Data orocessing an? analysis in terms of statistical mai-ematics

If there are a large amount of indepenient sxo2rimental dats for a given cross
section typ, & statistical analysis is indicated, An example is demonstrated
in fig, 2, In such cases, like the total cross sections in 93“b+n, evaluated
data zere obtained by fitti-ng experimental results in different manne:r from
simple averaging orocslures up to least-squares-{its with weighting functions
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according to experimentsl errors, estimated validity of experisental techniques
and normslization errors by use of standard cross sections, PFitted data can be
represented in polynomisl expansions (series in energy powers, Legendre or
Tschebyshev-polynomials).

In this category a code for sutometic drawing of data should be mentioned as
an important tool for an effective optical comparison and publication of re-
sulte,

Data sis in terms of nuclear theo

In energy regions or reaction channels where experimental deta are scarce, spre-
ading in wider limits then the given errors by different authors or are sbsent
totally, recommended data have to be obtsined by use of calculated wvalues, The
spplication of nuclesr reaction models yield (in dependence on the rehability
of these models) selection criteria for supporting or exclusien ef any experi-
mentsl results as well as the only possibility to define cross section dats,
Varying from nucleus to nucleus and depending on the investigated energy range,
existing theoretical models have to be choosen csrefully in order to work with
the most successful and powerful tooll[)].

We orefer the use of resction models which enable us to calculate different re-
action channels simultaneously and in a consistant manner by use of an unique
set of varameters like nuclear structure informations and optical potentials.

Meeting these conditions the following medels have been proved successfully in
the 93ﬂb evalustion:

- the optical model [4, 5]

- the Hauser-Feshbach-formalism [4] and

- other statistical models including ejuilibrium snd pre-equilibrium particle
emission [6, 7, 8, 3].

Here only the main features can be discussed, whereas they have been publinhed
in more detail elsewhere [10, 11, 12].

The use of the optica del (OM

A8 known, the OM is very well suited for discription of total and elastic escat-
tering cross sections, In the case of 93Nb+n s systemstic examination of seve-
ral ovotential parameter sets was cerried out in order to verify the partially
uniknown elastic scattering cross section above 5 MeV neutron incidence energy
using the quite exakt knowledge of the energy dependence of the total cross sec-~
tion and some informations about the angular distribution of elastically scatte-
red fast neutrons (eee fig. 3).

As an important result this procedure yields a set of transmiseion coefficients
(for inverse cross sectione for inetance) and the nonelastic cross secti-n,which
were used for calculations in the frame of other statistical models,

Ihe use of the Hauser-Feshbagh-formalism (HF)

At lower neutron incidence energles up to about 5 MeV compound procesess have to
be taken into sccount necessarily for a correct estimstion of elastic scattering
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crosm sectione, This were dome in the freme of the H-P-sodel also for cslcula-
tion of reaction cross sectiona for the excitation of low-lying isolated levels
ineluding all reaction chennels like (n,n ), (n,p), (n.,L) and (n.f). Taking the
whole known spectroscopic informstions about the level structure of the diffe-
reat residual nuclei the excitation functions for (n.ni) processes were treated
exactly up to s neutr:n incidence enersgy of 1.5 LeV (see fig. 4). Above this
energy tre continuum region of nuclear levels was considered by use of nucleesr
level densities with a-parameters,

The use of eguilibrium snd pre-equilibrium models

As now well established, pre-equilidrium processes play a very important role
above gone 30 eV particle incidence energy. To test the applicability of some
pre-equilibrium emission models in a wors moderate energy range (between 5 to
20 MeV) we used two comnuter codes basing on the Hydrid-model [8. Q. They pro-
ved very succesful for consistent calculations of the excitation functions for
some reaction channele like (n,n'), (n,p), (n,2n), (n,3n), {(n,np) and (n,pn) as
well as for neutron and proton emission spectra (see figs, 5,5). By pre-equili-
brium exission the particle =pectra are chenged in the high energy part resul-
ting in harder specira, In order to get sn adequate representation of such emis~
sion spectra this countritution has to be teken into account necessarily,

Tris foraslism employed for the sbove mentioned chsnnels has been extended also
for the lescription of reactions with complex particles in the input and or exit
crannels successfully (see fig, 7).

These models are estimated as very valuable tools for date evaluation [1?].
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f other f ations of the atatisti sode)l for $1ibrl ()

of perticles

Pesing on the complete statisticsal model (weisskopf-Ewing-formsliem) there are
some known computer codes for dste evalustion purposes and & veriety of aiffe-
rent empirical forzulea, We used some of thes for comparison, Especially Pearl-
stein's code [ 7] bas been tested extensively to find @ basis for the sdjustment
of calculated cross sections for some exotic resctions like (n,t), (n.’ﬁc),
(n,nt+tn), (n,nel+en) and other, which play s minor role for a consistent eva-
luated data file.

1:4, Remarks on theoretical methods being in discussion or preparstion

To sketch the situation in data evaluation some open problems meny not be omi-
ted, So, ne attention was given to s theoretical description of gasma-ray pro-
duction cross sections and gamms-ray spectira as well as the angular distribu-
tions of inelastic neutren scattering.

Nowa days the growing demands of such lats for prectical jurposes (shielding
problems [2]) snd for nuclear theory (tvet of models) cannot be ful filled be-
cause of a decieive lack of experimental Jata,

Some trisls were undertaken to calculst ex:zitation functions for f-rqy emis-
sion of certasin isoleted § -ray energies uring the H-P-formslism (see fig, 8)
snd experimentsl in formetions about ivanching ratios and f -ray~-nultiplicities,
Stronger difficulties arise from the treatment of the continuum of ¢ ~rays emit-
ted after neutron cspture end resctions like (n,n') end (n,2n), In order to
overcome this problems more sophisticated models have to be tested,
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Analogous conditions exist from the point of a theoretical founded interpreta-
tion of angular distributiona of inelastically scattered neutrons, Apart from
inelastic scattering to resolved levels, which can be described in terms of the
H-F-formalism and/or direct resction models (DWBA) in common, some methods were
elabroated for an understanding of the sngular dependence of the inelastic
scattiering of neutrons to continecusly distributed levels in nuclei. Results
which have been obtained using these models were offered or summariszed in some
other contributions to this seminary [13, u, 15].

4, Abstraction of recommended data

Recommendied dats have been abstracted ian two independend ways, i.e. the evalua-
tion of integral cross sections like®§ aT® O px S84 €,  and separatly sll par-
tial crosas sections, which have to fulfill ssveral conditionl (sum rules) for
consistency with integrsl dete. This is the only posaibility to mest the need
for avoiding arbitrary correlations dbetween uncertainties in some cross sectioms,

An essential probless in this process results from the determination of the re-
1iability of evaluated data, which can be estimated from statistical distribu-
tion functions (standard deviations) on the one hand or comparisons between
calculated and measured data on the other side,

Now final works are in progress for the repressentation of all numerical results
corresponding to the format and the included laws of the USSR evaluated data
11brary SoxraToR [16),
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PAST REACTOR REUTRON EXPERIMENTS ON CRITICAL ASSEMBLIES
D. Albert, Central Institute of Buclear Resesrch, Rossendorf near Dresden, GIR

A survey report was given sbout fast reactor physics investigation at Rossen-
dorf.

The difference between nuclear neutron physice and reactor nsutron physics has
been pointed out, After having given the explanation what is meant by "critical
assembly” and how the Rossendorf assembly SEG is constructed, the task of fast
reactor physics experiments is described as s checking of calculational methods
and group constants, especially data adjusteent,

Then the experimentsl methods hsve been charscterised which we have concentra-
ted our forces on st Rossendorf:

1. Reactor oscillator (K, Fiéhrmann, G, Hiittel), Application at SEG and at
KOBRA (PEI Obninsk). Accuracy of reactivity measurements 10 °, easurements
of central probe resctivities and adjoint flux spectrum by means of diffe-
rent neutron sources,

2. Proton recoll counter spectrometer (D, Albert, W. Hansen), Application at
SEG and at EFS~-I (PEI Obninsk). ileasurement of flux spectrum in the range
2 4.0 1200 keV, accuracy = 5 % and resolutiones10 % if EWe 20 keV,

3. Transmission measurements (B, Bthamer, K, Dietze) at neutron beam of IBR-30
{(Dubna), total and partial (in inverse shers geozetry) as well, Evaluation
to resonance parameters in unresolved region and to doppler effect and
group constants,

Such experiments hsve to be continued up to 1935 in order to get a complete
physical understanding of large and diluted fast breeder cores of commer-

-

cisl scale {me iS00 Lve),
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THE TREATMENT OP RESONANCE CROSS SECTIONS IN REACTOR CALCULATIONS
E. Seifert, Central Institute of Nuclear Research Rossendorf nesr Dresden, GDR

Reactor physics is a field quite different froaz nuclear physics., Both fields
are couvled by the neutron cross sections., In reactor phyaics the cross sections
are considere? as gi—ren quantities. In the energy region of interest (below

10 MeV) the cross sectiors of many materials in a reactor show a typical reso-
nance structure whose correct consideration is of great importance. The Dopnler
effect as a oure resonance effect is san exsmple for the influence of the reso-
nances on reactor narameters, The Doppler effect plays an important role for
the security of fest reactors.

The fundamental quantity in resctor physics is the neutron flux ¢ because sll
the parameters describing a reactor can bde calculated with the help of this
function. The flux depenis on the position vector x, the unit vector of flight
direction © 2nd the energy E (the time t is omitted here), It has to be de-
termined as a solution of an equation of the Boltzmann type [1]:

E&%-LGEe)e@oe=v s, *deudery (D)
with -~ . - o s - -

¥(%,3,E) =Z: (424 EeRBEVC LREILGEES ~E2Q(R.T,E)
where

!:‘= macroscopic cross section for the reaction of the type ol (elastic,
inelastic scattering, fission, n2n-reaction)

C;‘- mean number of secondary neutrons as a result of the reaction o

fa = tranefer function for reaction o

Q = externsl neutron source (may be zero)

This is a linesr equation because we can neglect the interaction between the
neutrons themselves as & result of the low density comvared with the density of

the nuclei, Purthermore the neutrons can be treated as classical particles out-
side the nuclei,

Disregarding few sinnle specisl cases (1) has to be solved numerically, There-
fore we need s discrete reoresentation of all varisbles., But by resson of com-
putation time we cannot choose such a great number or energy points necessary
for the resolution of the complicated resonsnce structure of the cross sections,
Therefore the energy group model is usually aoplied, The energy rsgion of inte-
rest is divided into some intervals each of them containing many resonances,

(1) 1s integrated over esch interval and the result is the coupled system of
"group equations™:

LG @2) = WEZS) (=12, M) (2
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ere the "effective cross sections® and §, -J dE ﬂiﬁ.&)m the "greup flumes®.
The basic question is now whether we cen derive good avproximations for ¥ in
order to ocalculate the effective cross sections (3) or not. If yr.s then the
problem is separsted into two independent prodlems: The celculation of the ef-
fective cross sections and the solution of the coupled system of group equa-
tions, Obviously ean sxact ssparstion is impeselbdle.

1, Infinite medium with s homogensous materisl composition
All the quentities are independent on X end & and (J) is simplified to

_afdE®(EIT (€)
Lo Tie o8 “

According to (1), P (E) sstisfies the equstion

Ll b(e) = F [de oterc L (e} CE—E) +Q(E) (s)

whose solution is no serious problex. 7ith some assumptions for the resonances,
simple aporoximations for P can be derived from (5). FPor example, a widely
used approximation is @ (7)~ ‘I/z‘( E), valid under the assumption of sufficient-
ly nsrrow resonsnces [2]. Some difficulties arise in tre case of the bdroad re—
sonances of the isotopes with medium atomic weight. In order to taken into
account these resonances correctly it is sufficient to use some hundreds of
energy groups. Then the broad resonances can be resolvei, snd the narrow reso-
narces which cannot be resolved are considered by the use of effective cross
sections shielded by a spectrum like ’(S)""yzt(E). Then (5) can be solved nu-
rerically in this fine group mesh, =,g. with the very effective "continuous
slowing-down method”™ (CSD), ¥ith the solution, effective cross sections can de
somnuted in & more coarse group mesh according to (4),

2, Non-homogensous matarisl composition, large zones

In large mmterial zcnes (large comnzred with the mean free path of the neutrons)
we can neglect boundary effects, Far from bdoundarise we have a spectrum sisilar
to that in sn infinite medium, Therefore we cen spply the method mentioned
ssove. A computation of such a system consists of the following steps:
s) For esch of the different materisl zones, determine s spectrus P (E) snd ef-
fective cross sections according to (4).
b) Solve the system of group equations, Ususlly some further spproximations of
(2) sre necessary, Some of the methods are the following (ses e.g. [1].[3])=
- starting from the differential form of the Boltzmann eguation:
diffusion method
Pn-nothod
Sy-method
- otarting from the integrsl form:
collision prohsbtility method (CP)
diacrete integrsl method (DIT)
Monte Carlo method
The permitted nunber of energy groups depends on the gesometric complexity of
the syeten. As sn exsmple, in sn one-dimensionsl problem we csn use some
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100 groupe, in & two-dimensicual one not essentuslly mere thsa 10 groups
and in & three-dimensieonsl one not essentually more thea 2 or } groupe, An
exception is the Monte Cerle methed (wee later).

fect

Iz the vicinity of boundaries between two zones with e different mterial cos-
position the flux 1s s complicated mon-sepersble functien of X, W and B. There-
fore the effective cross sections are slse complicated functions of X snd®in
the vicianity of sush beundaries. The replacement by the cress sectisns of the
infinitely extended mediom which are independest on ¥ endw 18 not justified,
Bat the devistions ere of importem.s .aly wvhen the disssters of the sones ere
comparable with the meen free peths of the neutrons. In large sones we carn neg-
lect the complicated behavieur of the effective cross sectiens neer the bounde-
ries.
The use of effective croes secticns 1s not very sdvantageocus in order te take
into sceount thess boundary effects. There are soms elternative methods.
s) gu)sgion dgnsity mgthod
The esission density W(X,S,2) ie defined by the right hend side of (1), It
hes the meaning of the density of those neutrons which after euffering s
collision st T will travel in direction @ with energy E. nder the assuap-
tion of sufficiently nsrrow rescnances, the emission density is s swooth
function of the eaergy. This result can be obtained by en iavestigation of
the defining expression in (1), As 8 good spproximation, we cazx assuse
V(TG B P (X,0) [5]. within en energy group. Therefore we can proceed
ss follows,
There 18 an unique relstion between flux 812 enisel. .. denaity, Therefore we
can use the emission density as & besic quantity instesd of the flux, Firstly
we have to derive the equation for the emission density., Seconily we have to
convert this equation into the correspoading system of group ejustions, is a

result, the intersction between neutrons and matter - now described bdy
traneniseion functions:

Yo . (x'~x,E)
Fop (F—%)= 2JAEVGG,EEL: E)e

; (6)
- LY
L JAEY(Z.T.c)
where T is the opticel distence between X and X st E. With the sbove epproxi-
mation, (6) can be simplified to

FekT=%) =~ i [dEL (ZE)e TE=xb N

The transmpission functions are the counterpert of the effective cross sec~
tions in the flux equation., Ae sn sdvestageous property, (7) is independent
on tne solution function, In the special case of sn infinite mediua we have
Y(E) = i'(8)¢(2). The sssuaption ¥ (B)® const within s growp corresponds
to the assumption P (E) a1/ t(E)s But 1n & finite medium, emission density
and collision density % 0 are different quantities, Neverthsless the method

is besed on the assumption of sufficiently narrow resonsances (NR-spproxime-
tion [2]).
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b) Monte Carlo method
A very important property of this method [4] is the independence of the com-
putation time on the number of energy groups or points chosen for the repre-
sentation of the cross section functions, The computation time depends on the
number of collisions per neutron between start and absorpiion or leakage. Ob-
viously this number is independent on the way of subdivision of the energy
axis into several intervals. Therefore we have the possibility to increase
the number of energy groups or even to use a continuous energy variable. In
this way all the difficulties can be avoided in a very natursl manner, In
non-Monte Carlo methods the number of energy groups is strongly limited be-
cause their comoutation time is about proportional to that number.
By the lMonte Carlo method we are able to solve the basic equation (1) without
any aoproximations, This concerns also such noints as the scattering mecha-
nism, & complicated three-dimensional geometric arrangement etec., At Rossen-
dorf we have some experience in the spolication of the Monte Carlo method [QL
According to this exoerience this method works very well at selected prob-
lems, The decision between different asolution methods must be hased on a com-
parison of the computation times, Such a comparison leads to the general rule:
The more complicated the system, the more advantageous the !ionte-Carlo-method,
¥ith tie Monte Carlo methol we have the nossibility to aveid approximations,
The question is whether it is really necessary to avoid that or another aop~
roximetion, If not (e.g., in the infinite medium) then other and more simple
methods give the results with the same accuracy in much shorter times, There-
fors the firgt step in any reactor caleculation has to find an answer on the
question: Yhat is imvortant to take into account and what can be neglected?
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SESSION VII

STOCHASTIC FILTERS POR NUCLEAR MEASUREMENTS

E. Hentschel, Zentralinstitut flr Kernforschung Rossendorf, Bereich 2

The talk 1s concerned with data processing methods, wi:ich are used in space re-
search, Everybody who has seen pictures from other planets like iiars of Venus
18 impressed by their quality, This high quality, however, is the result of s
lot of computltioms[:1]. It 1s encouraging to use these restauration methods

also for nuclear measurements,

Nuclear physicists mainly use fut procedures for data processing, The main fea-
tures of such procedures are the following ones:
fit procedures: Comparison of the detected signal with

an input model
applications:

many different kind of research, e.z.
energy spectra (nuclear, X-ray, optical,...)
comparison betveen experiment and theory,...

advantages:
good accuracy

it 13 eaay to include previous kXnowledge

about the aignal

a well established theory of error

drawbacks?

The result in some cases is strongly dependent on the start

situation

there is no explicit inclusion of the noise in the theory;
the lf‘-critorion i a mathematical one, and it ie difficult
to define a physical meaningful criterion of fidelity,
Difficulties arise in cases with large noise,

Fig, 1: Model of the memsuring process,
The ~ denotes an operator scting on the
signale which are elements of a Hilfert-
Space.

Stoochastic filters are very useful
to overcome the drawbacks of fit
procedures, The combination of the-
se methods nowadays seems to be the
tyoical way of modern data proces-
sing [1], What is & stochastic fil-
ter?

Let us look to the following model
of a measuring process, which is
shown in fig., 1, A measurement con=
oists in modern language of two

-parts: the detection of the signsl

and the restauration process, which
is performed by means of a filter,
Becauss the noise n appearing in the
detection process is s stochastio
varisble, the filter is oslled a



- 218 -

stochastic filter, It is optimel in the sense of Wiener and Kolmogoroff, if the
condition

-ez." x-y "z Minimum! (1)

is hold., Of course, there existalso other definitions of the optimum and other
filter constructions [?], and the scheme given in fig. 1 is the most eimple one.
However, the Wiener-Kolmogoroff-filter defined by the optimum condition (1) is
very useful to learn the handling of the statistical noise, which occurs in nuc-
lear measurements,

With the notations given in fig. 1 we got

€2 <l 1-Bhp)xll? el hent s 2<(1-h.R)) e then

A widely used assumption is that the noise n and the signsl x are uncorrelated,
Then one obtaines by taking into account the zero mean value of n

€= 11 (1-hehy)xli®+ 1 hent® )

By a Fourier-transformation of this equation (this is s unitary transformation
and, therefore € 10 invarient) one obtaines

-4 S d (M-HJ,{«.»HFru)I‘-S,m+IH,(o)l‘-5,.M) )
- o0

In this equation HDGg) and Hpaa) are the transfer functions of the detector and
the filter respectively, The functions S (w) and snaa) are the spectral power
densities of the signal x and the noise n respectively, This are non-negative
functions and, therefore, one obtaines the minimum condition for every frequency
point and the following expression for the transfer function of the Wiener-Kol-
nogoroff-filter:

H, (w) = Hy (@) )
F IHy ()12 + (55011 1) -7
It is important to note, that HP( ) depends only on HD( ) and the so called sig~
nal to noise-ratio
2

rie S.(0)/S, (v (5)

which is related to measured things, The square is only a matter of definition,
which is convenient for detailed calculations, Prom the physical meening of the

spectral power density one can find by simple and rough models for the bdbehsviour
of nuclear spectra like thet given in fig, 2.

PZ{U) < ‘7%_?7 = const (6)

The important points 1is the following ones

From the explicit inclusion of the noise one obtaines a quantitative oriterion
how to handle the statistics, The choice of r has drastic consequences for the
resl mesning of the filtering, Let us discuss limiting situations: The case n=o
obviously would result in hy = hD'1 which means a complete deconvolution or in-
version of h,, If as the other limit //x//§ /ink the obvious way of daets processing
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‘. j is an avereging in order to smocoth the
noise fluctuations, and hence one

obtaines froa the equ. (4) a concept of
optimal smoothing or the measurea data,

¥ where optimal means a minjmal damping of
the interesting structures. In this way
stochastic 1ilters are valid for the
A whole scale or possible situations
26 between n and Xx. According to numsrical
experience one can derine the following
-—-4} “eriterion of fiaelity": no wrong inter-
8 pretation of statistical rluctuations!
chonnets - :_‘ld%-l-ﬂ_ x- 0.8,...,4
:m%;msof ‘ﬂ:ﬁna The value ¥ daepends on the complexity
spectra: a Gauss peak and of the spectrum and ot the sampling. Ir

linear background, the sampling is poor, that means if

there are only rew channels over a peak there is more danger of a wrong inter-
pretation, because the noise una vhe :iguul cunnot be well seperated in the
fi1wquency space,

In practical calculations the measursd spectrum is divided into several part
with different signal to noise-ratios, In this way one overcomes the difficul-
ties with a solution of the Wiener-Hopf integral equation and has a possibdility
to examine critically the measured data. FPig. 3 illustrates this method. In this
figure are shown the measured data and filter outputs with differsnt values r°
which are meaningful by the structure of the measured spectrum, A3 one can see
froa this example the concept of optimal filtering 13 a powerful tool to esti-
mate the "true” signal x,
Bowever, there are also difficulties with this method, 4 serious problem for
example are the spurious oscillations. They are produced by the structure of
the filter response function (fig. 4). The amplitude of these oscillations
increase with increasing r or increasing degree of dsconvolution, In particular
in cases of arastic improvement of the resolution one has to be careful to
renove these oscillations, Prom numerical experiemce the following summary of
the main features of optimal filters cam be concluded:
optimal filters: frequency separation between signal
and noise, partial decomvolution or
correlation analysis
applicationss signal processing in space research

picture processing, sound analysis

parameter etimation in control

systems only few results in spectra

esvaluation [5]
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n r ' advantages: the noise is included expli-
4 2 citely Hich speed (FFT),
o ,/ ‘\\ reasonable accuracy less
‘ 3 / Y i detailed input information
,ﬂ n\ is necessary good results
2 / \ 1 at large noise (optinmsl

smoothing)
dravbacks: spurious oscillations
"integral™ errcr treatment

\
\
A
W |
A I\Vh;}: aifficulty to include

>

further kmovledge about
nore accuracy,

-4 AY I/

4 ) The combination of stochastic filters with
£it procedure:; seem to bz the most effec-
' / tive way of deta proceszinz.

T ALY

0 -© [] ] 20
— chupnl
Fig. 4: Structure of the filtcr
response {uaction derived from a
Gaussian detector regponse function
snd & signal to noise ratio

Sx/S ms 104,
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RESULTS AXD PLAXS 0 THE DEVELOPMENT OF A PULSED NEUTRON GENERATOR

T. Sztaricskai, L. Vasviry snd G, Petd
Institute of Experimental Physice, Kossuth University 40014Dobrcccn. POB 105,
“ungary

In the last years a good cooperation was founded on the field of neutron phy-
sics by regular meetings among the institutes in Dresden, Breatislava, Obninsk,
Kiev ard “ebrecen. In aldition to the angular meetings, there are more possibi-
lities to make this cooperstion stronger for common develooments snd utilisza-
tions of the experimental technique besed on the common peculiarity the use of
neutron generators [1]. The study of neutron emitting resctions on the basis of
the neutron time of flight analysis is well developed in Dresden, liev and Ob-
ninsk [2. 3, 4]. An other method, is used to study this reactions on the basis
of activation technique since long times in Debrecen [1].

..easuring tre prompt Zamma rays, the time of flight technique gives 8 good pos-
sibility to decrease the backgrouni in the gemme ray spectrum,

In our former experiment it is pointed out, that the use of Ge(Li)-3etector in
an APl arrangement gives not so good results as expected [5]. The possibility of
tre practical help of Salni%ov's group from Cbninsk in the construction of
oulsed neutron generstor in DJebrecen coincide with our plans to investigate the
(n,2') and (n,2n) resctions on the basis of prompt gamma rey analysis,

"e hanied over our o0ld onen-air Van de Grasff machine to the Technical Museum
and we began to plan the pulsed neutron generator in the 7x7 nz area, 8,5 m

high accelerator hall, Only a small part of the earlier vacuum system is used
frox the 0ld Van le 5raaff machine which was placed on the ceiling of the lower/
esrlier target-/ ha 1, The general pls: of the new generator is shown in fig, 1
and fig, 2, The accelerator tube was placed in the center of the uoper hall and
so we have to use a negative high voltage on the target.
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Fige 1: The block diagram of the pulsed neutron generator
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The ion bunching system is placed bet-
ween the vacuus system opening and the
sccelarstor tube [6]. The ion source
- and the focussing electrodes are con-
nected to the vacuum system in the lo-
wer hall, 7hile the focus electrode is
\ on the ground potentisl, so the ion
source is on the focusing JO kV, This
set up has an advantege: the ion bun-
ching system is on ground potentiasl,

' | end s disadvantege: the target is on
the accelerating high voltage.

To supply the accelerators tube we use

) il | a 300 kV high voltage power supply,
= < , This high voltage is controlled by s
0 i motor driven variable autotransformer,

The input of the variable transformer
is driven by 5 kW regulated AC power
: supply. The rectifiers are two 5 mA

s 180 kV selenium rectifiers.

In the vacuum system a 20 m3/h roughing

pump and a 1000 ¥s o0il diffusion pump
Piz, 2: The scheme of the neutron gene- with booster stage is used, Near to the
rators arrangement diffusion pump a 5 1 volume 1iquid ni-

trogen vacuum trap is placed, In front

of the bunching system is used a o0 mm
diameter ball vacuum valve, The target can be separated by e similar, but smal-
ler diameter ball vacuum valve, To measure the vacuum in the system some Pirsnl
and Penning vacuum gauges were used,

In the radiofrequence ion source we use a 45 Mc/s, 200 ¥ power push-pull oscil-
lator where two GI 6 B power tube with ceramic to metal seals are used to gene-
rate the oscillations, The ion extraction electrodes [7] are placed on the oppo-
site side of the qusrtz balloon, To regulate the D2 flow a mechanical needle
valve is used,

In consejquence of the vertical arrangement it was necessary to develop a special
form quartz cap to the negative extraction electrode, The ion source deliver
about mA D* currente, In order to focus the deuterium ion beam s gimple electro-
static cylindricel ion lens was used, Since the focussing electrode is on the

ground potential the base plate voltage of the ion source is floating between
0-30 kV relative to the ground,

The accelerator tube is a homogenous field accelerator tube with 16 electrodes,
The diaphragms of the tube are supplied from a voltage divider of about 300 Mohm
full resistance,

To meaaure the ion current of the target and to plck up the start signsl an op-
tical isolation method was developed, At the target current measurements we use
a current to frequency converter - based on the application of a programable
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unijunction transistor - to convert the target current to the frequoncy of
1izht pulse produced by & light emitting diode. The converter is linear in an
1: 10‘ input current rsage. The target current seesuresents will be taken on
the earth potentisl by & ratemeter with photodiode detector in the range of
c,01 - 100 /uA target currents,

To get the start signal on the ground potential s similar LED-PIN photodiode
optoisolation was developei, By 5 ns length light pulmson the fast LZD, emal-
ler 3s 90 p3 time jitter was arrived at the use of PIN fast ohotodiode on a
d13tance of 2 m, Toe drive the LED at the target in the leadirg edge time pick
off an? to recive the light pulses on the zero potentisl Schottky clszped ane-
loz and 1igital integrated circuits was used,

Florov's ion buncring systez is sractically the same as the one used in Obninsk
The icz beam is deflected by 10 Me/s frequency, and the bunching is on 20 ic/s.

In the ud today state, the bunching electrode system snd the 10 snd 20 Ue/s
stages are ready on worksion level. The juartz controlled base oscillator and
the phase shifter stage will be pilaced in the control pult of the generstor,the
output stages will be butlt around the bunching vecuum system on the ground in
the upper accelerstor Lall. In our system more integrated circuits and vecuum
tubes were usel, After ‘he sat of t-e full dunching system on the accelerator -
with tke help of the collaborators of the Sslnikov's group from Obninsk - we
a+3ll develope the electroaics for the selector deflection plates. The help fram
Coninek is for ua very valuable, while on the field of ion bunciing we have mot
experiences, Fig., 3 shows the arrangement of the bunching system and tre wave
forms of the individusl electrodes.

e hove that the generator shall be finished as soon as possible and so we can
investigate tte final states populated by the (n,n’) and (n,2n) reactions,
Through these investigations we hope to get more information on the (N-2) de-
penilence of these reactiona, Parallel with the develooment of the pulsed neu-~
tron generator, the timing system for Ge(Li) measurements and a neutron detector
system [ﬁ], has been developed, This experimentsl technique and the experiences
can bde used also for the prompt raliation investigations at the IBR-2 resctor

in Dubna,
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O BO3WOEHOCTR NPAMEHENRA CIEXTPOCKOIMYECKNX METOJOB RAR XCCREROBAHRA BPEMENHOIO
[IPOLECCA POHMSAIN ATOMOB B AEKTPOHHOM CTYCTNE YCKOPNTERR THEERMX RCOHOB

X.-Y. 3nGepr, L. Rewanu, I, Myanom, I'. Ropmax

O0veznueBmNR RucTnTyT ARepmix Wccaepopauxk, OHWY, Lyona, (CCCP)

B Orzeme Homux Ueroros Ycropemun OCbezmmesmoro Nucrxryra figepmix Hcecaepomammil
PEXyTCA padoTH N0 3aNyCXy yCKOPETEAA TARGANX NONOB N& OCHOBE BOMOrO NPANINRE
KORACKTNBHOrO ycxopenus. OCHOBNAS NZEA NOMNCXTEBEOrO MFORR COCTONT B TOM, NTO
noxe, yCKOpADE@EE YACTRIY, COIASETCS NE TOABKO BNCENAME RCTOVNRKAME, RO N DOINN-
KA8eT KaK pe3yABTAT B3aNMOXeACTBAN IDYARM yCKXOpAemMX wacrmn ¢ xpyrolk rpyanok sa-
pPAAOB '['I,]. Ha xoxnexTmsaou ycxopmrexne mmxemx nonos (JTH) ycxopaomes xOEM foae
CO3/ae?CA 2XENTPOMHEM CTYCTKOM C WNCNOM wacTRy ~S5S-10°“, wro npepoAmT KX Imavum-
TEABHOMY PHEPDHEY B BeARUNHE YCKOPADRErO NOAA IO CPABHENRD C OONYNMM ANNeRHMM
ycxopurexen, CyTh meTO2a COCTONT 3 TOM, YT0 HEGOABNOE UNCEO RONOB, 3AXBAUCHEHX
SACKTPORANM CI'YCTHOM, YCKOPASTCS NPE HEKOTODNX YCAOBNAX ero COCCTBEHHNN NOXNENM.
B crop ovepens, can 3JEXTPOMHHA CryCTOK MOXET OHTH YCKOPEN BHEBEEMN DOXNMN

€6 B

rae: m - afdenrnduen racca axexTpona, N - macca WOHA M E,( -~ HaNpAEEHHOCTH RNCAA,
RelicTBYrmEro Ha MOH CO CTOPORN DNEXTHONOB., B cuay GOABMEro pasamiKA Macc MOHOB
K 3NEKTPOHOD, HOMEYHAR 3HEPIHA MOMOB 3HAYUTEXEMO, a WMenHO B Mm pa3, NpeBOCXO-
INT DHEPrMD 2MeKTPOHOB. LYGHEHCKME yCKOpHTER: TARENNX MOHOB [2] COCTONT N3 CHAb-
TOYHOPO MMOYABCHOTO ANHEHNOro yCKOPHTEAA 2JEKTPOHOB B KAUeCTBE MEEEXTOpPa C 2Hep-
rreil aXEXTPOHOB B mMyuKe A0 Ee = 3 M9B, MAXCAMARHHOM TOXOM B MMIyance [~ IC00 A
¥ AanTeasHocTs mMmyanca v = 10 & IS ncex. B AllmaGaruuecwon I'Buepatope JApaxen-
six TOPos (Asresartop) Qopuypyercsi anexTpoumuft crycrox ma opomre R = 40 cu. floa
ZeflcTBMEN CMABHNX MATHNTHNX NoneR oAexTPOMHNA CrycTOX cmmuaerca A0 R = & cu npw
yMEHLOEHAK er0 pPa3MepoB K yBEIMUEHNAN 3EEPrmi 2JeXTPOHOB B Heu NPEMEPHO Ha ID-E,.
Ha opoure R = & cu a/MexTPONHNR CTYCTOK 3&rPYyXAETCA NOHaMM, T.e. JaMyueHHNe B
aire3arop ATOMN flepecekan? OPGRTH ACKTPOHNOrO CTYCTKR, NONNIRPYETCA .1 3aXBATH-

BaeTca noaAex 9J6XTPOHOB
Ex* »’h‘.' : "'era

rae R - pazuyc xoasua, Q - Pamxyc ceuenws Topa. YCKOPeHME KOABLA OCYNECTBAAETCH
B Chiazanmes BAOAD OCH MATRNTHOM MOAE 3aCYET MEPEXOAR YaCTM BPANATENLHOR 2HEPrAN
3MEKTPOHOB P 2EEPTAD LBNXEHMA MO OCA MATHMTHOTO NOAA.

OXNZanTCA NapaMeTps TAaKOro yCKOpN2eas:

aseprsn monos E; € 10 Neom/mymaom

Kommuecrso mouos » wumyasce N; # 5 - 1010 nmpn Messs . 1013
yacrura nocuaox I ¢ 5 Ty

HaMm NOZroTABANDASTCA OXCNEPNNENT AASM NCCAGAOBANNA OANOTO N3 BAENGAENX napaser-
PO NMYYKa TANGANX MONOD ~ CTONENI NX NONRIAUNN B SADNCENMOCTE OT BPONENN [3]
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CNeBNARC, ¥TO FPOANCET ROAN S AROASSHE NPEBOCXOANYM JEGTGENS, ROTOPOS ORPEASER-
SICK 3BAYCENEN CARA JACPURBGERN ROEOB B 3ESETPOENOE CTYCTES, EOTODOS SBARGTCA
dynxmell cronesn mommaamms. [lpogecc momndamER NefTPARMAMX STOMOS B JEGITPOERON
CryCTEE ORPEAGANCICE B OCEOBNON, BPOuENGN EX EPOCMBREER B CIYCTNS, T.6. BOCKONE-
X0 corex Mxcex. RoGanounoll moxnsamsefl 30 BPEMA JCEOPOERN 3BAUNTCAIND NEEIDS

(~ IC ncex), wew ppowm QOPUNPOBSERR RONNO-SRSETPOANOro xoiigh. Opm croxxmodesss
NEEAY SECKTPONSMR B STONANR OOPRITETCR BCEGACTIREG RONNSGNER B XONTERYYN REN
abbexrs Ome ZupER B 3mexTPONMMX olomowrax. [ps sTom oTHOmGEEG cetesmit WNOTORDET-
noll m oxmoxparwoll moumsammii cocranxer ~I : IJ. SamoxmemEe ANPOR C JRSKTDONANE
N3 GoNee MUCOROPACHOXOEGEEMX OGONONEX CONPOBOEARCTCR DEXTIEeSOBCERN NIXYYEENGN
A70MA RAN RPEBOANT K NCRYCEARED 338XTPONG BCEsxCTING jfexra Ome. Kamzoe oGpe-
30paNNe JUpPOK 3 3asxyponmcll EOBETYDORRR CIASARO C n3wemesnen sfbexTEdEOro mO-
TCXUNAZA, B KOTODOM BANORATCH JACKTDOME. HiweieuNe ROTERINARR APRBOEAT K CABRIY
OTHOCNTEALNMX DORORCHER SACKTPOMEME OGOROSEX X TAKENM OCPRION, K NINCHCEAD INSP-
FER PERTIeNOBCEEX NEPEXOXOD.

[IprrimOON SRCHEpENENTA ABARCTCH IRCNEPREENTAALNOS NAGINAGHRE CXBRIOB Sueprail
PEATTENOBCKRX XYWeik Opm aCHOALIOBAMAN DACYCTHMX ZAKmx. N3ueNeNRS OPORTAAMMX
SHEDINR GTOMA B @BACHNOCTY 0T KOBQUIYPRINR IACKTPOMMMX COCTOANER BUUNCARRTCH

C NOMORLD PERATHDRCTENCE MyXAMTWROR{mrypapmomnoll nporpemss: ana Ampaxa-foxa. 3ma-
YEANS CABNIOB PHEPIWit PENTENORCERX AYYol ROAYYARTCH NPR CPABNGANR PENTIENOBCREX
aHepraR mona c onpeAexcunod woufarypamuell 3XeXTPOREMX COCTORNRI C PERTTENOBCKR-~
M 3ECPraaME ATONR C OX»noR AupxOlR B K-00OXOUXE B JRNOZHGHNEMME BRERREMEN OGORON-
XauRm.

OPEMI HANOTAE Il . oo
o w L ad

&}

Ha pmc. 1 mao0pemeny B xavecrse
APeABApaTeALNOR ONGEXN INAYGHRR

- / SMNEPreTRIECRNX CABArOD PENTIENOBC-
KNX Xyvell ABn pa’sEux crenesell ROREN~-

@ Jaumm B CAYS&C KRCENONR. Smeprern-
- / Yecxue CAMErY CuAN RBOXyNCMMN OpR N0~

] / NOWR Mexse CHOENOR NpPOrpaM NO Ne-
201y Xaprpu-dox-Caerepa. Ha »epxned
- 6CINCCS OTACKSNM BARONRTEILMNG BDe-
NeES COOTDOTCYDSNEMX cTenensfl mOAN-
MOEE ¢ NONOALS RPOTPAMERS, KOTOPAN
ApR EIBSCTRMX NAPANSTPAX KOAIGR NC-
/ ROAI3YET ANTEPATYPEME AABENS O CO-
YONREX NONNSSINE &TONOD. Bazmo, ¥rO

oxes JaNOTENG CABNIN BRCADEADTCH
Axs Kg - xywel m, WTO CO CTSNCNN
@ I~ 15 CABRIE ROCINIERT TOKNG BOAN-

YENN, KOTOPHS NOZHO B XOA¢ 00pator-
KR PSTNCTPNPOBATD.

¥

CABWIM NI-AYNED o8

§
~

B N MR Maar ey S naner ragetreney Boansa azresazops JTH OENAARTOR CAe-
CTENEMS MOMIBMINY AYDENG KONNONENTN PASKTPO-NAINETNOrO
ESRyNONNn’
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I. PesTrenoiCcRDe NIAYVEEES, DONENARGS BCAGRCTIEG FONEISIEE 8TOWOD JRGKTPONGME.

2. Topmo3noe BIXYSSNRE
8) DOISEXASRES NPN BORMAGERS SIGETPOROS BB CTEN) GATGISTORROIO KONLSE
G) DOISXABRES B NOREX, BEXOASREXCA B SACIRTOPE 3O BPEMN EREOENTEXRNOTO
Bpogecca.

Bpewn RCCACAOBRERR NPOGSCCR BOREIORRR 2TONOD OTPARNYRBASTCE UREGARTSIMAN BpS-

NeNew, B EOTOPOM ERGIRESCTCR DONTTONOACKCE B TODWOINOS EIAYSTEENE SAGXTLONOD Ea

mosax. lu onenmaams wmcao KX-aywell 3 TERCENC RAEOARTEALNOrO Bpemenn, COCTRBRAR-
xee 200 mxcex, nmympmm‘-lﬂ'ummmn TOPIOSROTD RANY—
vesms mpmwepso 1,5-10°% (npa R+ & cu, & = 0,2 cu » Me = S-1083),

%3 OTROCETEALNO NMANOTO JINANGEES CABRIG PONTTONORCREX xytedl, yCaoBall xIXyvexnn
BDOANIR SAT€3STODS N WNCEA PETNCTPRPYOMMX EHMEFAICOB E DPSNEAROrC DEXENR NINSPS-
NER DUTEXEST PRX TpeGosamsl X RCRORLIYONON) CRSXTPOWOTPY. AR ROXYVGERS oS-
XJUBEr0 INCPreTRVECHOr0 DPAIPONSENR NDE BUCONOR SPJORTNINOCTS PEINCIPRUNE RDOR-
XATaeTCR HPRNEESANE WGC- ACTEETOPA C IRCPreTNUCCENN pAipeIcEnen
~I80 23 5o Auae 5,9 K9). fondaeane WORRX BCRMNCX SECETPONArERTEHOIO NAIJSCARR
nepex W MOCAC RANORNTEXLNOrD BDCNEER, BOSHEKAKMNX BCAGACTINRG TOPWOIROrO RIXywe-
EER NP EEECXIEN B COPOCR® NOXL12 TPeCyeT WAAGEEOro SXPAENPOBRNEN RETEXTOPR X
CTPOroro KOAINMEPOBSNER TEAECHOro JTS2 AerexTopa. dORNO BWGDEYS TAKYD rEOoNCTPES,
OpR XOTOPOA RETEXTO; YBEZNT CERTOS SATAT0 BNR SECTH €r0, KOTOPAR ROINOANCT NI~
NepeNEe C PAIYMNCA TCYXKE IPEERS WEDTHOIO BpPENCER SNRARTYANO-EREpPOBOr0 npeotpe-
20B8TEAR N NAAORCNRR NENYELCOR (sarpysxol ~3-10% msn/cex). Kax smzso u3 puc, 2,
¥8 EOTOPONM DPEACTUBNCNN DEIYALTATM PACECTE BPENCHROIC PAIINTERA BONRILNE CTC-
Nexnl NORRIGIAR MEEREICE 3O PPONA ¢ PAMNEOR CKXODOCTEN. JIAx RONyYERER uNjOpwA-
usE O CpeAseR CTETSNR NOERJAUNE B PAJNME NOWERTE BPENCEN TPeCYeTcR RINepenxe
KX -aysel RO BpPENCHEMN OKNAN, WDPEWEN AANER DPOUSHNOrO ONENR AOARNA CuTh MeNlNE
BpeNCER RINCNCERR CpeANel CTENSEN RONRIANEE. U3 37TOT0 DUTEKART ARNNM BpENENEOTO
ZANGMAI0NA D CAYWAE KCERORS:

~ 10 mxcex mps 1 £25

~ 100 wxcex mpm 1< 25

4 WHCAQ IAEXTPONOD « S 107
C!'ﬂ.ﬂ! ROABUA < O New?
SOAGION PAANYC KOAMUA o Lcw

125 fa30 [23% 1I=0
120

13

MNCADO WOHOB

(NPOUIN0ANNME £ AWMLY )

10 0 'ur’
BPEMR HAKONAEHWR , cew

Puc. 2
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Puc. 3

Nipuauknanbias cxeMa aHanorosoil ¥ qudpoROR AEKTPOHMKE NPEANOXEHHOrO 3XCNepHMEeH-
T4 MpeAcTaBRseHa Ka pUc. 3. B CNEKTPOCKOMMUECKOR BETBX CXeMH ofpa3yerTcdA aHepre-
TUYSCKMS cuPxaA, B TO xe Bpeus uUMGpCBOR CueTyux NpescCTaBAfET COOTBETCTBYDEAH
CHDPHAJA, KNTOpNR NO3BONKT MPANACETD BPEMEHHYD OTMETKY K KARAOMY 33persCTpypoBa&H-
HOMY 2HEPreTMUECKOMY MMIyAbCA. BAOKX YNpaBAerWA COriacyeT OXHOBDEMEHHY® 3anuch
IHepreTudeckolt u BpeuenuoR mudopuamwih 3 Oydepu E u T. Mocne cOpoca xoxbna A0

no Hayaxa HoBoro umxna uudopuanua 6ydepos E m T uuraercs p namaTs 3BU M-6000.
3ror cnoco§ naeT BO3MOXHOCTDL [ACCOPTHPOBAHMA 3HepreTyeckod usdopMauuu fo Bpe-
MEeHHHM OKHAM Pa3AnuHOf wupuhd. [MKM PERTIGHOBCKOTO WAnyuesHs OYAYT CROXHHMK,
TAK KaK B KQXAOM BpPEMEHHOM OKHe CKIBZNBAETCA NHUKH, COOTBETCTBYDMUE DE3HHM Crene-
HAM MOHM3ALAM,., JHEPrHAa, HE& KOTOPY® GYLYT OTHECEHH BCE DHEPIeTHYECKHE CABHI'H M-
ko8 Kp,-nyueit, ABRAETCA 3HEPLrMR NMKA Kg, -nyuelt, sanpumep naorona, pacnazapmero
BCGACTBKE DAGKTPOHHOTO 3axBarTa. C MOMOMBI pacyeros sHeprud KX-iyyeil 1npm pastux
CTENEHAX KOHK3ELUMM NO PenATUBKCTHKON MynasPnxoadMrypammonxoft nporpause Tana Iu-
paxka-0oxa MOXHO 3apayee TOUHO CKa3aTh, YTO B KAKOM KaHajle CNeKTPa8 MOABJAAETCA MUK
Kp-nydelt onpedeneHuoft creneHy MOHM3AMAM. ITO 3HAYNT, YTO MPH 38AAHHHX NONOXe-
HHAX BCEX BO3MOLHHX KOMIOHGHT CYMMAPHOIrO nUKa #, TpeCys AIA BCOX KOMIOHEHT MHKA
OZAKHBKOBYD NOAYNMPUHY, MOXHO C fIOMOHBO MOZTOHOYHNX NPOUEXYP PAa3AeNANTH BCe OT~
LenbHHe NuKa, W3 KOTIPHX COCTONT CyMMapssit NMK OAHOI'O ONpeAensHHOr0 BPEMEHHOIO
oxsa., Pemedne rTaxoit sanauw Tpelyer 3HAHKA MOMYWMPUHH NZHMOYHMOrO NUKE B paccMa-
TpupaeNoil o0sacry 2nepruu. Takoe anayenue MoxeT OHTH NMOJdyuyeHa ApM o6padorTke

CyMMAapHOTO NuKa Kas ~AyUYel MEPBOro BpeMeHHOTo okHa mupeuN ~ I00 MKCex Kax OAMHOM-
Ko#t,

Hcxoza #a peapemammelt cCnocoOHOCTH CMEXTPOMETPA M TOrO, YTO TOYHOCTD ONpeAeeHNA
NONOXEHHA INMUKOB C MOMOMBO MOATOMOYHHX NpPONEAYDP COCTABAsAET MPHMOPHO OAMY COTYyD
NOAYEKDHNE NINKOB, MOZHO 7WLGHKTH TOUHOCTH ONpelenNeHNs cpeassit CTENENN MOMW3ANNNM
B pasuNe BpeMena.
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I£ 25 at
Iz 25 at

flpu aTOM ClenyeTr yyecTh, YTO TOUHOCTH OnpeliefieHMs CpeAHed CTeneH® MOHM3AUMM 3HA-
YUTENEHO 3ABUCAT OT WUPUHH BHODAHHOIO BPEMEHHOTO OnH&.

I0 MKcex alsz 3
I00 ukcex alg 2

B 3JarJwUEHnMM 3aMeTHM, YTO Ia8HHOE NpelsOxeHMe ISKCMEepUMEHTA NpeiCcTaBiAfeT WHTepec-
HOEe NpUMEHEHKE CMEKTPOCKONMUUECKKX METOXNOB ANA MCCRENOBABHWA CTEMEHH MOHM3AUMM
nyyxa YTW. Baxkc, yTO 3TOT DKCMNEPMMEHT NO3BOJAET TAaKRE MCClEA0BAHMA 0e3 Buema-
TENBCTRBA B npouecc HOPMUPOBAHHUA HMOHHO-3JEKTPOHHOIO KOJNBUA.

Jureparypa

[I] .H. BaHoB n Ap. 2YAA Tom I, Bumyck 2, Mocksa, Aromuanar I97I r.
(2] 1.C. BapaGaw u zp. CooSuchme OUiM, P9-7697, IyGua, I1974.
[3] X. 3u6epr » zp. CooGuesue OMAW, P9-9366, AyOHa, I975.

PASPABOTKA HOZYNE, B CTAHIAPTE KAMAK ¥ ¥X MPMMEHEHWE B CBA3W C MAJLOM 3BM

KRS 4200 Robotron

B. Mapkaunr, ¢. Ballzxase

Texumyeckuit ¥uvsepcurer fpeazen, (TEP)

1. BBegzenue

Cncrema KAMAK [I, 2] NpeAcTapAAeT CcoO0R cHCTEeMy 3JeKTPOHHNX ONOKOB AnA 0Gpador-
Ka ¥ nepelayu LaHHNX uexAy 3BM u 3KcrmepuMeHTaABHNM ycTpoicTBou. Cucrewma KAMAK
XODOWO BHNOJNHAET TPeCOBAHMA (M3MKOB, MMEOWHMX B CBOEM PAaCNOPAKEHHH COBDEMEHHYI0

¥ MOWHYD 2JEKTDOHHYI anfnaparypy.

Cranzapr KAMAK oGecrieyuBaeT CBA3b MHOTMX BHEWHMX NpuGopos ¢ 3BM B peasinioMm Bpe-
MeHu, Kax ¥ npexume cradiapTd, KAMAK ocHOBaH Ha MOAYNBHOM [DMHIMNE, B HEM HOD~
MaJIM30BAHN MEX8HWYEeCKHEe KOHCTPYKUWMH, Da3beMu, HAMPAKEHUS] MATAHKA ¥ NapaMeTpH
BXOZHNX M BHXOAHHX CHTHaJ0B, KaxZni MOXYZJB COCTOMT A3 OBYX 4YacTe# yCTPOMCTBA
CBR3M C MATHCTPAJB0 M YCTPOKCTBA ANA OCYUECTBAGHHA KOHKDETHHNX OMEL&IHA COBMECTHO
C BHewHMM npuoopom. Hywmepauus craHuuit B KpeiiTe BeleTcA cleBa Hanpaso, CCAM CMO-
TpPeTh Ha KpeilT cnepeiy, llepeue 24 cTaMUMM HA3NBAOTCH HOPMAJbHHNMK, & 25-8 ynpas-
Jfaomet.

HanGonee npocToR cnocoG co3naKUA MHOTOKPEHTHOR cCHCTeMH ~ 3TO HenocpcACTBEHHOE
NCACOeANHeH e KaxZoro Kpefita kx cucrema BBOZa-BNBOZA IBM (puc. I).
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=peut 1 ey 2

LT3 CHK_

noaysy

HanGoarmee pacnmpoOCTpPARCENE NOXYWURAA
MEOTOKpeliTHAR CNCTEMA TENA BETBN.
Cucrena Zonycxaer OCBEARHECENG B ORMY

Nel2, 25 BeTB 0 7 KpellroB (pmc. 2). KorTpox-
Nep CECTEMH TAXEG CTANZAPTMI0BARH,

IBM

OHN HE 3ABNCAT OT npmMenaewoll BM.
ITH XOMTDOXNZEpH NMOXNYUNEN Ha3BAHRG
"A~I". Yepe3s xonrpoaNeph Bcex xpell-

TOB NMPOXOZNT TAK HGSNMBASGMASR BEPTHHANL-

R ECLLY cxK

npeut M xpaltT H-1

Hafd MArKCTpaib, KOTOpas COCANEAET AX
¢ oOmsM RpaitpepoM Berhn. O olecme-
YMBaeT CBA3L BceX Kpeliron ¢ IBM m fAB-

JNAGTCA CGAMHCTBEHBHM GNOKOM, 38BPRCARNM

CHE o sooqpassend Welv WSeTIAMN

OT Hee.
Puc. I Pamuannunit weton cBa3nr ¢ 2B
CKK - crnemmanbuuit xpelfiT KoHTpoanep
3BM
mpear 2rce 2 SDCRSAOBATRINGNR MAPUOTIRLS
. |
[ § satde; setae VT sy u (2 562): C= p
“mpoere - o
N, 11—
Ne—

- %
oz Kpelr 7: ¢ s 7 Pt

Yo, I,... .nrzi

"
Sl | _SpeAr i ce

- dd

[r

»_spdv I:en]

ML, 3, v, &3
corsscomates

LT RSN RGP AN A

Puc., 2 BerneBolt NeTOn CBA3M
c JBM

npc.:z»l_:“c :

b .. tepmunes ercran wyo

.x.

IBM

e wmnesngyep

Puc. 3 [llocnesopaTessHas MHOrOKpe#THAA
cucrema

HMeeTcA B TPETHR BO3MOXHOCTD COeZMHeHMA ¢ IBM, rak nasupaeMoll nmocaeaoBaTexbHOA
WarMCTpanK®, CBA3uBanmel Bce KpeltTH cMCTEMH, YHCAO KOTOpMX MORET IOXOANTD RO 62

(puc. 3)

Onucan MOIYJR B cranzapre KAMAK, npeasa3Hauenyue AAA oGpadOTKM ZaHHNX B ANA
yNpaBfeh#A ANGPHHMK DKCTEPUMEHTaMK, [peAyCMOTPEHO HCMIONB30BAHNE THUX MONyAeR B

IHCAGPMMEHTRX C CHCTPHMM HeATpOoHAMN.

II, PaspadoTaHl MOAVAR

Caeayomue MOLYAR CMJIK pa3paCoTamh:

I. Kpeir-xonrposnep Tena A 3]

2. Iucnaeit marncrpanu xpefira (3321) [4]

3, Isodusn# cyeTHMX MMmyaBcoB (IIIO0) [5, 6]
4, fapasnexsuue sxonsue Bopora (I211) [7]



S. Oapaameanuuit BxoasoRt permcrp (I220) [81]
6. Napaxzensuull suxommolt permcrp (I420) [9]
7. Capoemmu#t rallwep (I3II) [10)

3T WOZYAR OHAN npexcrapuens B 1975 r. Ha VIl -ou Mexxymapozuos CuMmo3myme 1o
fineproll JnexrpoEmxe B r. JyOHe. LNA XETEPECYDEMXCA MMEETCA B pacnopAzesam xx-
reparypa. (1I]

Odcyxnanrcn emé ZBa HOBMX MOAYAA 3TOR CNCTeMy. Taxie ONOKN noka Oes npaseps aa
CYeT NOCREROBATEXLHOTO KCNOAL3OBAENR YNpaBEANERX ZeACTBEN M BOSMONHOCTE KOE-
TPOXA C NOMOKLD 3BM.

8. Mozyns-Ciox ZaR OCREX 3aza8% yNpPABIEHNA (HOMep xapakrepucran I520 mo momen-
xaarype [12)

PaapaGoranuuil GnoX WOEET OCYNECTBATH MEONECTBO OTACNBHMX ZedcTBNil ynpamaeans.
O mpEMemdeTcA, HanmpEMep, AN YNPABXGHEA BPEMEEHOTO PexNMA "crapr ~ cron” WM
Opx ynpaBAeHur NPACODPOBR BMe CHCTEMN "HAMAK",

Buox cocroxT ma uerupex MAeMTWUHHX KAHAAOB, KAK NOKA3AHO HA PHC. 4. He Bxoas B
NOAPOCHOCTN, 3XECH TONBKO YKB3aH NMPRHURN PaGOTH OAHOTO Kawana. C MOMONED SieK-
TPOHEOrO nepeimvarens £S5 7mHBepTApYDTCA BXOAMNE CATHANN. SAEKTPOHAEM Nepexm—
qarenen £S5 uoxHO mpomycTHTH BXOZHHE CNTHAAN, & TAKE® CO3ZATH HA BHXOZE BCOKME
WIH HN3KH# nOoTeRunan.

Kaxpau#t xaman sunoauser clexyomne

AUNFT) Wix) ] perycrp ynpabuenus Jazansf:

- Bxox anm 3anpoca: T.e. KOHTpOAB
JOTHYECKOr0 CRrHaza Ha NepexoA
or L. Ao Hyas uam saoGopor. Kam-

At ZNA nepexoA BN3NBaeT ApYroRt aa-

npoc.

- BXoa ¥ BuXOA CHI'HaNa BHIOAHeHH

KaK no ypopwn "N/M" rak n no

ypommw "TTL.

Bxoa ans BBOZA CHTHana 0T KA&-

BUEK.

lpeoGpa3zonanke CATHANBHHX CTAM=

naprop TTL sNIM , NIM BTTL,TTL

BN/M orpruanme, N/M B NIM oTpu-

OaHKe u T,.%.

- llepexmmyenne peryAupynmux KO-
TYpoB: 1.6, I3BM c momomin 2T0T0
0a0xa NOXET BKJNYATE KK BHIN-
9aTh 8BTONATRYECKOE ynpasaenne,
npuveM oxa noayunr gxdopuaipw
0 COCTOSNHE KOKTYpa.

Thn
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| 0. LAM 35

!

Q-1 LAM 24

v

Pac. 4 [octpoenre oaMoro xanaza » Onoxe
Aan o0mmx 2azay ynpaszesua 1520
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B oTimume 0T pA3ANUMHX CNEUMARBHNX GROKOB 3TOT NPNGOD COGAMNAET OCHOBHHE WX
CBOACTBA, NpUYCM CJOK 3IAKNMECT TOABKO OANHOYHYD ENDNHY.

9. PeBepcuBHMZ CYETUNK (MONET DPAGOTATH KAK YCTAHOBRGHHNE CYETUNK, HOMED Xapax-
repucruin 1170) [I3]

Noxyns—GnOK npeAHa3HayeH, Ipexae BCero, AAs 38A8Y yNpa&BACHMA, 3ABMCAREX OT UNC-
1a RMIMyABCOB (KAK, HAanpmMep, yNpaBAeHNE NOTOKOM YACTHNI MAR NORANN3&IUMN NpPuGo-
POB). BOaMOXHOCTH CHATHA CHETHAAA, KOTODH{ 3aBRCRT 0T 3HAKA COAGDEAMEA CUETYHMHEA
(Gonsoe uAM MEBLEE HYXA), IO3BOAAET MCTMOAB3OBATH €r0 B ABTOHOMHNX DEryJANDYDEEX
KOHTYpax.

BROK uMeeT 3amuTHHE CXEMH, KOTOpHE Heé ZOMYCK2nT OWAGOK NpR YTEHNE COAGPEAHEA BO
BpeMs cyera., TaKxe He ONYCKAOTCA OUMOXE B CXyyae, KOr'Aa Ha COOTBETCTBYDHME
BXOAN ANA CYUMTHBAKNA BMNELEA M HA3AK ONHOBDEMEHHO NOCTYNapT MMNYABLCH.

Bnarozaps ero yHuBepca’AbHOMY MOCTPOEHVD CAOK MOXGT OHTD MCNORB3OBAH AAS PEHEHRA
MHOPRX 38284 CYeTa MMITYALCOB.

Pexun padoru ONOKa ONpEAGNRETCA COXEPRAHNEM DEermcTpa yApaBAGHNA C NOAGAPECOM
A(II). 3BH MoXeT yCTAaHOBMTH B CUETHYMKE TPM I'NABHNX pexMMa.

a) Bxom E+ cuuraer Bnepez.
Bxox E cumraer Ha3ax.

6) Bxox E, cumTaeT MMIYNBCH, a YPOBEHE CHI'HaNa K& BXORE E; OnpefieifneT CUMTHBaHME
Blepes WJM HA3aA.

B) JBM onpemenseT, CYMTANCH JM KMMYABCH, MOCTynaoume HA BXOA E, Bnepex wam Ha-
aaj.

3anpoc Ha 3BY n>nNOJHAETCA TAaK, KAK yKA3aro B Tadmune nepBoit. FaoB mueeT NAThH
BO3MOEHLUX MCTOYHNKOB 3&NPOCOYHOr0 CHrHanga, Bce OHH MOry? OHWTH MAaCKEPOB&HH ¥ 06~
pacoTaHy B OTZeNBHOCTH.

Kouep 3HayeHue
3anpoca

CUETUNK NepenonHed npu cuete Brepex
CUéTuyK NepenoniHed NnpW cyere Haaaj

np4 CYEéTe HA3AR COZEPXBHKE LOCTHIAO HYAA
TO Xe NpKt CUETe Blepen

Vi & oW o=

JpoBeHb BHewHero ynpaBjAnmero CHrHana nepemen
M3 BHCOKOTO COCTOAHMA B HH3KOG

Taonmya I+ 3ampoc Ha OBM or cyerymka II70

BamHhe TeXHRYeCKME LaHHHe:

- CTaHA&PT EXOZMHX CHPHanoB N/M mau TTL, 10 Xenassn NOTpECHTAHA
- Buxox mo TTL
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- MBKCEMANXHAH CKOpPOCTD cuera: I8 Nrmp m npm padore HZ coBnaxenme: 6 Mrn
- MS8KCEMANBHOC COAePEAHNE CYeTuUMKA: 24 ZBOAYBHX Pa3pAAOB, BRADYAA 3HAK

III. PexoweRfauEs JNA KONCTDYKUMN

lpu paapaGorxe GnaoxoB B craHaapre KAMAK i crapaimck NOBTODATH yAauHHe cxennue'l
KOMILIGKCH B DA3HHX Mprcopax. Pa3paCoTana PEKOMEHZANEA C YKASAHWEM [NA KOBCTPYX-
meu, npuMenssman » IIP [14].

Omrpmna GaokoB 17,2 MM, mmpuHa KpelT-koHTpoJsepa K Taluepa 34,4 umm. Bce Gaokm
KpoMe Kpelir-KOHTpPOJZNEpa 0CNAZADT NMOKA3aTEXeM MOAYAA [IZ]. Yrenme noKacaTend
NPOM3BOZRTCA ¢ KomaHZo# A(IS)F(7). B MORYNAX MCTIONB3YETCH GAMHEA CTLYyKTypa 06—
padorrm 3anpocos L. Mcxoad M3 npernoxesmidl ANA MHOIMX HCTOYHRKOB 3aNpocoB [}, I#]
MH NpPEeRNUusYaeM B MOAYNAX CHEAYOMHE HOMEHJ:

YTEHNE 3ANpOCOB 6€3 MACKH

BHOOPOURHA COpPOC perncTpa 3anpocoB
YTEHKE DPErnCTP8 MACKE

3ameCh PerucIpa MacKe

YTeHNe MACKKDOBAHNHX 3&NpoCoB

NpOBEpPKA BCEX MACKMPOBAHEHX 3anpocod .~

Ins AEKOMMDOBEBHAA CATHAJNOB K MOZANPECOB A mCnoabayercR fAsundpaTop HAE OCHOBe
WHTETpanbHHX CXeM 7442 (puc. 5).
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I. 3rcnepmusaTy

Bume yxasaimne GZOKR B cramzapre HAMAK pwecre ¢ Oxoxaum, pa3padoranuums B3 OUAHR
Lyone (AAll), nxammpyercAa NCIORF30BATH [0 KONICHILRN [IS]. Ixa 3TOr0 CO3ZAHM
OAOK-CXeMH ANA SKCNEDAMOHTOB, KOTODNE NPOBORATCA B AAepHOH cexmmm Texmmuecxoro

Jensepcurera Lpeanenma:

I. (n,f), aKCNepEMEHT ABYXME[HOTO ANAAN3A NMAPAMETDOB BHEPTNR N BPEMEHN, Kax
YKR32HO B pmC. 6.

tren
Cal
a

SE
-
e
=] §
o=
[~]
FL TR

.

2!
b
[ ¥ 3]
o

Puc. 6 Dbaox-cxema axcrepmuenra (n,f )

2. (n.2n), aKCNEPHMEHT, RCMOABIYDREA BPOMA-ITPORGTEYD TOXERKY, KAK YXa3auo B
pre. 7.

to I"e compynw
Moy trgnfer mate

Puc, 7 Baox-cxewa axcnepwuenzs (n Zn)
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3. (n,Z), sxcnepmmesT C MEOTOMODMHM 3HANN3OM CNTRAX0B OT KpeMMeRuX E m B ze-
TEKTOPOB, KAK YKA3aMO B pmc. 8

[
|
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Pac. 8 Bnok-cxewa sxcnepmuenra (,7)

-~ Bce aTH akcnepmMeRT: NOIJNYANTCA "on-line " Ha TUNKYHYD Maayw JBM KRS 4200 xou-
O6agara Robotron, uuMenlyP AAMHKY CNOB B 16 OXT? m emxoc?h naMpT™k B 16 K, flpn artom
SBM ynpaBnser KAMAK xpefiTaumu COJEpRALMMY SACKTPOHNKY OKCNEPHNEHTE ¥ BHIIOAMAET
pons naMATH ANA IKCNEPHMEHTANBHHX AaHHNX, Kpowe TOro, MCRONB3YNTCA pasIXYHNE
6noxm B cranzapre KAMAK zns BBOAA ASKHHX M BHBOZA HAKOJUIGHHHNX CHNEKTPOR HR ARC~
nnell, Ha pucypnee ycrpoAcTBo ¥ itmpponedsrs. Peannsamms nepBoro ynpamaseworo 3BM

3KCMEPMMEHTE HAXOAWTCA B NOATOTOBMTEABHOH dasae.

3Ty Tpm cxeumt OwaM paspacoTaHd COBMECTHO C 3xcnepnnenraropaun K. Anrzepr,
P, Apasr, K. 3elizens, B. Barsep m C. Cacconos.
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[lpenycumurens D
Taltuep c
Hurerparop Amp
JBCKPUNREATOD AD
: BucTpult ycuaurens PS
: PoTODAEKTPOMHNA YMHORRTENAD cLD
: KazuOpoBoyHNR TeHepaTop ADC
: LBCKpNMMHATOP C BPEMeHBO{ npasA3xM DI

Kospeprop "BpeMA-ZBOMYHOE CJOBO"

Jusns 3aa6pxXKH
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Yepmurens

flopoyosoft ycuagrens
InpaBAALLKA CYSTUHK
HuTerpansnui AMCKPHMEHATOP
Amantyanust npeoGpasosarend
LHCKPAMREATOD ANUTENBHOCTH
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