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Editor’s Hote

" This progress Report on nuclear date research in Polaed
/May 1969 - April 1970/ contains only information on
research, which is closely related to the activities of the
Internaticnal Dats Committee of the Intermationsl Atomic
Energy Agency in the field of meutron physics. It does not
include any information about other nuclear research as for
example in the field of charged particles nuclear physics
or the use of neutrons for solid state physics studies.

The individual reports are not intended to be complete
or formal, and must not be quoted in pudblications without
the permission of the authors.

Uwagi od wydawey

Raport ten zawiera wykacznie informscje o badaniach
w zakresie fizyki neutronowe] przeprowasdzonych w Polsce
/maj 1969 - kwiecledd 1970/ 1 szwigzanych % dzialalnodcia
Komitetg Danych Jadrowych Miedzynarodowej Agencji Energii
Atomowej.

Porinieto wypiki badald w innych dziedzinach fisyki
jadrowe]), w tym réwniei badai prowadzonyech prazy uzyciu
czastek natadowanych orez w z sle fizykl ciala statego
przy uzyciu neutrondw.

Poszczegblne prace zawierzja wstepne oméwienie wynilkdw
badait nie wyczerpujgce porusganych tematé4w i nie powinny
byé cytowane bez uzyskania zgody autoréw.

BanevaHss 0T pejakuuy

COOpHEK 2T0T COACDENT XMEL COOONeHER O IPOBEZBHHEX
B llonsas 2 nepmox ot Mag I969 xo anpeus I97U mccuaexoma-
HAAX B o0nactik HeXrpoHEOoM HESKEN, CPASAHEWX ¢ Z2MTSXBROCTHD
HomnreTa mo AixopHuM JagHHM MOX7yEapOXHOro Aremcrna ATomHOR
SEeprus. B g cOOpENK 22 BENEYEEH pesyrirTats paldor
H3 Apyrax olOnacrell szepEOf QRPEEKE & MMOEEO DPO3yALTATH
UCCHE6AOBSHNE © MONORSY 38DANCHHNX “SCTRI &8 TAKES. POSYALTA-
ruﬁlccnenonanni P 00NACTA TREPAGTD Tena C NDEMOHAENOM
BelirpoHOB. '

ﬂg:xanu 9TH HS ABIADICH HONENME X KOSTOMY N& POKOKGHAM-
pyeTcs CCHEATHCH Ha HAX 683 OCOG0Or0 COrIacEs aBs?0pOB.
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Invedgtigation of the Nuclear Surface by Means
of (n,0%) Reactions.
N.Jagkota, W.Osakiewicz, J.Turkiewicz.
Institute oif Nuclear Research, Warsaw,

and
Institute of Experimental Phyzics of Warsaw

University

The cluster structure of the nuclear surface has
been investiecated using the (n,0,) reactions, induced by
the14 MeV neutrong. The uee of such reactions as a tool
for investigating the nuclear surface has been proposed
in our earlier works (1) , (2) . This method hes been
succéssfully used in several works (3) , (4),(5), (8),
tb obtain the information about alpha clustering at the
surface of heavy nuclei. In our model the (r,®&) reaction
is assumed to take place only in & thin nuclear surface
layer because of small mean free path of alpha parti-
cles in nuclear matter. The dominance knock-out méchanism
in this reaction is also supposed. If the cross section
and the energy spectrur of emitted alpha pu:tiéles are
¥mown it is pcssible to extract the alpha clustering
probabllity &t the nuclear surface.

Followiné the notation used in (2) the cross sectié‘

for the (n,00) reaction can bs writen as:

v ()

6(n,00= [ [ [ 7N, 6(9)sin ' dPdTav
V% 905
3



where [ is the fraction of the time the 'w;rf,a‘éo nucleon
. spends as A part of an alpha substructurs.

Recently we performed the cslculatlons of the factor

D tor the following muclei 1 '2ome, 127w, '62py, 1%y
and 1%9rm, The results are presented in Fig.t in -

which are algo presented our eéarlier results

/15 ‘9118., 1811‘&, 19724 / together with values obtained by
other authors.

Caloulations taking intc account, the deformations of

nuclel are in pregress.

1. W.Osakiewlcz, J .‘l‘urkiewidz, Z2.Wilhelml, M.Jaskoéla,
Rep. IBJ 515/1/1964/

2. W.Osakiewicg, J.Turkiewicz, Z,Wilhelmi, M.Jaskéla,
Nuclear Physics 66, 361 /1965/

3. P.Eulisié, N.Cindro, P.Strohal, B.Lalovié,
Nuclear Physics 73, 548 /1955/

4, N.Cindro, Rev.Mod.Phys. 38, 391 /1966/

5« D.Venelié, J.Tudorié - Ghemo, '
Nuclear Fhysics A_110, 225 /1968/

6. M.Jurcevié, P.Kaulieié¢, J.Tudorié - Ghemo
Fisyks 2, 27/1970/

7. P.E.Hodgson, Nuclesr Physica 8, 1 /1956/
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The tendency to alpha clustering at the nuclear
surface in its dependence on the mass numbers;

© this workgdref./3/;b6 ref./5/; X% ref./6/; @ ref./7?/.



Energy Spectra of Alpha Particles from the (n,of)
Reactions Tnduced by 14.2 MeV Heutrons in Dysprosium

Isotopes.

M.Jask6ta, M.Madej, W.Osakiewicz, A.Stodolska,
J.Turkiewicz, L.Zemio.

Institute of Nuclear Research, Warsaw
and '

Institute of Experimental Physics,University of Warsaw,

The studies of the (n,o¢) reactions induced by fast neu~
trons in heavy nuclei, results of which were aarlier described
/s /2/; /3/, have been continued. The emsrgy distributions
of alpha particles from the q61Dy(n,0£)158Gd.165Dy(n.0C)160Gd
and 1%%py(n,« )1®16a reactions at 44,2 MeV have been measured
using semlconductor detectors as alpha particle spectrometers.
The dysprosium targets were made of oxides and deposited on
the thick aluminium backings by means of sedimentation from
the suspension in isopropyl alcohol.

The results of the measurements are shown in Figs.1 -~ 2.
All the spectra were measured for the forwara englea. The
error bars.in the figures refer to statistical errcrs only.

FPig.1 shows aléo the theoretical predictions obtained by
applying the Weisskopf-Ewiag fofmula. The values used for
inverse cross sections were taken from the calculaticns of

Huizenga and Igo /4/° The energy depemdence of the level
T : ) -2
density was assumed in the form: Q{Uj ~ {J QXP( 2@),

-
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with the density parameter & taken from Erba et al./5/. The
calculated curves are not normalized and are givsm %o indi-
cate the shape and the position of the evaporation SPecfrai
only.
The theoretical snalysis is not yet finished and Further
calculations are in PTOBIe8S.
1. M.Jaskdia, W.Osakiewicz, J.Turkiewicz, Z.Wilhelmi,
Ruclear Physics 53, 270 (1964)
2. M.Jask6ta, W.Osaklewicz, J.Turkiewicz, Z.Wilhelmi,
Nuciear Physics A110, 71 (1968) _
3. M. Jaskéia, W.Osekiewicz, Z.Roguski, J.Turkiewicz,L.Zemlo,
Rep, IBJ 41175/1/PL  (1970)
4, J.R.Hulzenga, G. Igo,
Nuclear Physics 29, 462 (1962)
5. .EaErba.g U.Facchini, E.Saetta-Manichella,
Buovo Cimento 22, 1237 ( 1961)
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Isomeric Cross Bection Ratioe smd rotal Orose
o U 11 £y e
Sections for the 11 Ia(n,zn) V&« pming
115Im(xz:a.,an)“‘12"5']1'1111 Beactions

W.Grochulski,J. Ka.mlyi",A Marcinkowskl,J. Pi@trowski,
E.Sead™)  K.Siwek and Z.Wilhelmi

1. INTRODUCTION

The appiication of the nuclsar level demsity based on the
superconductivity model 1) for calculating the c¢cross section
ratios and total cross sections was presonted in ref./2/,/3/.
To collect more experimental material for coafirming the
correctneas of the description of ieomeric ratios by the
superccnductivity model the cross sectlonz for the
1151&(119?41)1125'“111 apd 1151n(n,2n)1145" reactions were
meagured in the neutron energy range from 13.1 MeV to 18,.2HeV.
The resulte obtained were compared with the statistical model
predictions calculated as in ref. /2/.

2. EXPERINERTAL PROCEDURE

Sanples of spectrally pure indium were irradiated with
neutrons obtained in the 3H(é’i,n)"’]!es reaction, The deuterons
wers accelerated in a 3 HeV Van de Graaff accelerstor. The
ché.nges of the neutron flux during irradiation were determi-

%*lon 1eeve from the Institute of Nuclear Reszearch,lebrecen,
Hungary, A ’

=
)qp leavo from the Atomic Bnergy Establishmeat of UAR

-
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ned by counting in a Csl scintillator the prcocvons recoiled
from a polyethylene foll. |

The gamma activity of the irrsdiated samples was measured
using the spectrometer wita & single 3 x 3 inch. FaIl(71)
crystal, The photo-peak efficiencies of the spectrometer were
taken from tables of Crouthamel 74/, The (%— were measured
using a GM counter. In the case of the 1151n(n92n)1123’m1n
reaction the 4.3 m and 20.7 m ﬁ+activities allowsd to deter—
'mine the isomeric ratio by measuring the amnihilation gusnta.
The cross section &, for the population of the metastable
state was measured.:ra-iative %o the known cross secticn of »
the 6‘*Zm(n,2:1)632«,11 reaction., Having &, and the isomeric ra-
tio the total cross section was determined.

In the case of the ''2In(n,2n)"*€sP1n resction ,, was
déteﬁﬁed by measuring the 51 & activity of the 191 keV

¥=- r;ya relative to the cross section of the

szb(n,Zn)2°3Pb /5/ reaction. The attenuation of the gamma
rays in the samples was taken into s&ccount. The 6! cross
gection for the population of the ground state was .detemined'
by meazuring the 72s - fb-activity refering to the 51d~- [b—
activity resulting from tiie decay of the 11“"‘1:1 atate._.

3+ RESULLS

The resulis of measurements of the lsomeric retios and
total eross section are shown in Table 1 and in Figs.
from 1 %0 4, The experimentel errors are statistical errors

only. The neutron enerzy spreesd was determined accordinmg to

11



the method described in ref, /2/.

The results of the isomeric ratios for the 115In(n,‘an)
1125§m1n reaction confirm the single measurement at
E, = 14,7 MeV done by Rbtzer /7/ who obtained the wvalue
S¢G,. = 0-2. The result obtained in ref, /6/ is much
higher.

The total cross section values preaented in ref. /6/
ard ref. /7/ agree within the sxperimental errors with
cur measurementa.

Results for the '12In(n,2n)11*€s2In reaction sgree
well with the isomeric ratio for -i4.7 MeV neutroms given
in ref, /6/ and ref. /7/ and the cross sections measured
by Prestwood and Bayhurst /8/ but differs considerably from
those obtained by Menlove et.al. /9/.

4, COMPARISON OF THE EXPERIMENTAL RESULTS WITH THE

STATISTICAL THEORY

The theoretical calculations were periormed according
to the statistical method described in detailes in ref./2/.
The optical model transmissioﬁ coefficlients wera taken from
the tables of Mani, Melkanoff and Iori /10/. ,

Because of the high excitation emergies involved in both
‘ reactions the level density was used for describing the
excited statea. The nuclear level density was calculatad
using the superconductivity modeli. This model refers %o
doubly even muclei. For an odd-odd or odd-mass nucleus the

excitation energy was shifted in the way presented in chap-
ter 5 of ref, /3/0 )

12



pgble 1

ﬂz’ln(n,Zn)”aE"In,

.15.

115In(n;2n)1145"in ‘
B,  (uev) . : ,
, H b;/G'n - Sgot (b} %m G:i;ot(mb)
12,98 £ 0.15  0.23%0.06 13692137  0.191%0.011 13942166
13.33 £ 0.10 0.13%0.01 1356 68  0.155%0.003 41623% 68
13.86 £ 0,09 0.15%0.01 1503t 74 0.173%20.003 1748% 82
1,52 ¥ 0,12 0.06%0.01 " 1527% 56  ©.19120.003 8051218
15,15 L 0.14 | 0.22540,004 1727% 78
15.17 £ 0,18 0.06%0.01  1557% 37
15.44 £ 0.16 17255 49 04173%0.003 1670% 73
15495 = 0,19 17858178
15.98 £ 0.19 0,10%0.02 1489% 99
46,28 £ 0,16 0.13%0.02 13773101
16,59 £ 0.09 » 0.188%0.015 1785%273
16.86 £ 0.25 0.188%0,009 1794%186
16.87 £ 0.25  0.17%0.04  1462%219 |
17.35  0.24 | 0.135*-0.017  192a%298
17.37 £ 0.28  0.16%0.03 1408*158 o
17.82 £ 0.17 0,147%0.009 2014%326
17,83 £ 0.13  0.1a%0.02  1uaSiq3g '



Figs.1 and 2 present the measured and the ocalculated

’ isomeric ratios for the 1135In(n,Zn)ﬂgs'nIn and '
115In(n,2n)1155'”1p reactions, respectively. The tGheoroti~
cal results (solid linss) describe correctly the measursd
values, The sygstematical enhavcement of the theoretical
total cross sectiora over the sxperimental ones (Figs.3
and 4) is less pronouwnced here as in the ceses of {n,2n)
resactions on lighter barget nuclei /2/, /3/.

This behaviour "¢could indicate thsé the compstition bet-
ween the emission of the sacond neutron and gazme deexci.-
tation in the excitation energy region near to the thres-
hold for ths emission of the third neutrom (about 17,5 MeV

for the reactions considered) is less important.

14
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Fig.1 The isomeric ratios for the 115111(111,211)"125'“‘1:1
reaction. & - our resuits; a4 - resgult of ref. /7/.
The solid line prevents-the statistical calculations
tased on the superconductivity model of the level
density.
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‘Fig.2 The isomeric ratios for the 112In(n,2n)1148:8yy,

reaction. o ~our resuits; & -result of ref./7/;
0 ~ result of ref. /6/. The solid iine presenta
the mzatistical calculations.
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Cross Sections for the ﬂ151n(n,n’)115m1n,
1151n(n,n')115m1n, 2O“Fb(n,n')zoam’l’b and
204Pb(n,Zn)ZOBPb Reactiong in the Neutron
Energy Range 13 - 18 MeV,

P.Decowski, W.Grochulski, A.Marciljkowski, J.Earolyi,
J.Piotrowski, E.Saad, K.Siwsk-Wilciyhska,
I.M.Turkiewicz, Z.¥ilhelmi.

University of Warsaw and Institute of Ruclear Research

Warsaw, Poland.

The absolute cross sections for the 113In(nﬁn")ﬂz’m'.[n
115In(n,n')115m1n, ZOQPb(p,n')aoamEb and4aqub(n,2n)205Pb
reactions were evaluated from the ) -activity measurements
with the use of the scimtilldtion spectrometer. The reaction
f£inal products Were identified by their charecteristic ¥ -ray
transitions and the least square apalysis of the décag CUET2d.
The neutrons were obtained in the Van de Graaff accelerator
from the 3T(d,n)qﬁe reaction. The proper choice of the irra-
diation angle and the deuteron energy allowed to get ncutrons
ip the energy range 13 - 18 MeV, Thevmeasurementa were refe-
red to the well known cross reacticns of the ssre(n,p)sﬁﬁn

1)

reaction'’ except the 1151n(n,n’)115m1n case in which the

cross sections were related.to the cross sectlonﬁ of the

qun(n 2n)652n reactiona)

18



Specjal care was taken about the influence of low cneigy
neutrons from the 2D(d,n)BHe reection on deuterons gathered
in the tritium target during the deutercan bombardment. To baks
into account thialeffect a target made from the same material
ag the tritivm target but not containing tritium was boumbar-
ded with deuterons snd the activity inducedéd in the irradiated
sapples was investigated. Correction connected with this effect
were significant for the higheetv deuteron energics and small
angles of neutron emission,

The results are shown in Tables 1 ~ 4 and in Figs.1 = 4o

Refereaces

1) D.C.Santryand J.P.Butler. Can.J.Pays. 42 (1964) 1030
ﬁoLisken and A.Paulsen, J.Nuclear Energy 19 (1965) 73

2) D.R.Kochler and\w.L,Alfem, Phys.Rev. 119 (1960) 311
C.A.Rayburn, Phys.Rev. 130 (1963) 73



Table 1

Cross Sections for the 1In(n,n’) 2In Reaction

En
Me¥ mb
12.98 £ 0.15 104 £ 2
13.33 T 0.10 62 % g
13.83 ¥ 0,09 3779
14,52 £ 0.42 42 X g
15.05 ¥ .20 , 306
15.14 £ 0.14 I
15.44 £ 0,17 19 %3
15,98 £ 0,17 386
16.59 ¥ 0.09 45 * g
17.85 ¥ 0.14 34 £ 29

Tsble 2

Cross Sections for the 1151n(n,n')115mln Reaction

En

HeV mh
12.98 X 0.15 152.,0 ¥44,3
13.33 ¥ 0.10 S 1041 % 4,9
13,84 * 0,09 83.5% 1.5
4,52 X.0.12 83.8% 1,2
15.14 3 0.14 65.0 % 0.5
15,98 X 0,19 a4.5% 2.3
16.28 * 0,16 55.8 £ 2.9 '
16,87 2 0.25 . 51,6 11.4
17037 210,24 62,6 212.9
17.85 0.3 60.8 1 12,4

20



Table 3

Cross Sections for the 20l"’E‘b(n,n’)204‘“%

En
YaV mb

12,85 = 9.17 80.9 1.9
12.98 £ 0.15 v 71.8 T 1.7
13.56 = 013 80.1 £ 1.0
14,18 = 0.15 63.3 = 0.5
15.05 ¥ 0.26 56.8 £ 0.4
15.41 £ 0,27 , 48,8 ¥ 0.3
15.48 £ 0,19 : 40,1 £ 0.4
16,59 * 0,09 - 19 0.4
17.83 % 0.13 33,2 9.7

Table 4

Cross Sections for the m“ﬁ(h,an)aoil’b Reaction

En
Me¥ mb

12.98 £ 0.15 1966 ¥ 60
13.56 £ 0.13 1963 * 19
14,18 L 0.15 ' 1856 & 18
15.03 £ 0.20 1830 % 17
15.41 ¥ 0.27 1759 £ 17
15.98 £ 0.19 1874 ¥ 90
16,59 £ 0.09 ‘ 1998 % 57
12.37 £ 0.24 | 2010 £ 73
17.83 £ 0.13 1896 £ &7
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Heasursment of High-energy Y -reay Spestre
in Strong Neutron Flux

J.S.Brzosko, B.,Gierlik, A.Soitan Jr.,and Z.Wilhielmi

vStafan Piehkowski™ Institute of Experimental FPhysics,
Oniversity of Warsaw :
and
Institute of Nuclear Research

Figure 1 shows the geometrical arrangement of the system
measuring high esnergy B” -ray emitted in fast neutron caphurs,
The NaI(T1) (4"x4") crystal was placed in a lead cylinder with
walls 10 cm thick, enclosed in a 20 cm paraffin iayer contal-
ning boron cerbide; the target side, where the Fal crystal
was not shielded with lecd, paraffin with lithium hydrics =22
used.

A significant reduction of the background was achisved
owing to the uss of & pulsed protea bsam, After a serses of
test it was found that the following ponditiqga of beam pul-
sation are optimal: lemgth of the current pulse 30 as, repe-
tition time 1.2 ms, and pulse height analyser opening time
0-30 ns. In our experiments 3'H(]gu::m)z'ﬂa reaction served as source
of neutrons.-

The tritium targets consisted of a copper backing on which
15 pm silver and subsequently 0.45 mg/cm® of titanium. with
0.8 Ci tritium abgorbed were deposited. Such 8 comstruction of
the target allowed to 1limit the number of ¥ -guenta from
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the (n,zamma) and (p,gamma) in the target backing itself,

- In Fig 2 ¥ ~-spectra for the reactions In(nY),
"BqTa(nj{) and 197Au(n,f) measured by this method are given

&8 an example,

ﬂan 1 Paraffin - HLi
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Excitation of uuort-living Isomeric Activities
in 77.‘:‘ae, 122812, 1373&, 167Er and 179}1‘6 using 14,5 MsV
Neutrons. |

E.Rurarz, Z.Haratym, M.Pietrzykowsli and A.Sulik
Institute of Nuclear Research, Department of Physics

/IA/ Swierk near Otwock

Abstract

The creoss-sections for the production of short-living
isomeric states in //Se, 1228b, 12/Ba, 1%7Er and 7%s
through the /n,2n/ and /n,n’/ reactions using 44.5 MeV
neutrons have bee# measured. The confribution due to the
second reaction may be studied using natursl and enriched
aample.s. A

.In our work isotopically enriched samples were used
/"%ge, 133gp, 137pq, 1685y, 180ys,,

For Se; Ba And Er the contribution of the /o, T/
reaction for 14.5 MeV neutron energy was estimated.

The measured croas—~sections and the spectr.oscopic
data used in the -svaluation of the cross-sections are
sumnarized in Table I.

For the reactions considered in this work. and in our
earlier work [4] only the metastable cross-secticn 6 0
was measured. The ground state cross—=section 6 g cannot
be measured with the activation method because of it
is stable or very long living . Where G‘m was measured
& was evaluated by subtracting the experimental (‘Tm

e
value from the theoretical total cross-section / @'T-.: 5'm + G'g/ .
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Table 1

WaTeot, reactions Half life  Energy Conver- Crosa-sec—
aidsisémeric A of product of glon tions mea-
nuclsus - gammna coaffi- pured in
/sec/ ref.transgi- cient our work
tion .
/keV/ ref. ref. En=14. 5 MeV
7850/n,20/7 " Bse 9.5 [1] 161 [1] 0.79£0.06[2] 703470
77Se/nyn” /77 Pse 593450

- Er Gw ma e e G e T WS Sm e ME EE S mo CE DD WS MR Om G e Gy G s G me G B s BB ww o e

- e ew W G MR aw R ows ms (W TR mm W W e GN AR W Om G D D e S W G me W OF D e me o

16851 /n, 2n /1870y 2.3 [11 208 [11 o.46  [2].403440
167gr/n,n’ /157050 | 43134

- o W ms AE wa Wn s S MR G G GO B WE @A @ SR ON ED AN Ge WM OGP OB AR e G WM GR WD e 3 G ;e

If we assume a compound-nucleus mechanism for the
/n,2n/ reaction and the spins of the isomers considered,
the isomeric ratlo should yield information sbout the gpin
cut-off parameter /which characterizes the spin dependence
of the assumed nuclear_level;density Ao

The method of Huizenga and Vandenbesch [5] was applied
in computations for the nuclei investigated. The values
"of penetrabillty factors for neutruns were taken by us

from Mani and Melkanoff [6] . The composite model
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for muclear level densities proposed by Gilbers and
Cameron [7] was used.

. In table II a comparison is made between the calculsted
and experimental isomerie cross-section ratios. The
accordance is satisfactory for Se; Sb, Ba, Ce and Nd.

We point out however that in caleculations for these
nuclal the spin cut-off parameter obteined simply from
Gilbert and Cameron model was used. It seems that the
method of Huizengs and Vandenbosch and Cameron level
density model is quite useful for some nuclei. Experimental
results for Sm, Er and HE seem bo éuggest & different
‘values of spin cut-off parameter than predicted by
Gilbert and Cameron model. Theigomericratio for Sm /for
which exist : experimental values of Gm and 68 (81 /
Er and Hf were calculated for different spin cut-off
parsmeters end different V of the 0 -rays emitted in
tﬁe de-excitatiox\x processes. The gpin cut=off parameter
was considered energy indepgndent., Results are given in
Pig.1« The ezperimental isomeric cross—gection ratio wase
defined as the ratio of the cross-section ﬁl for the
popuiation of the lower spin state o the cro:as—s;action
Of for the population of the higher spin state. The meen
values of the spin cubt=-off parsmeter can be evaluated.:

/3,810,3/ for “3sm, /2,5 + 0,3/ for 17Er and o
/24440,3/ Lor 1793& These valueg are lowa'ir than the c¢al.-
culated ones oiatained from the formula given in {7] .
Further study of rare-earth reglion /for which scare informa-
tion can be fourd/ might leed %o mere ezamples of this type.
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Tabls

II

Reaction :n

G, aum
e "') Gl

[mM

Spin cut-off pa-
ranster eatimated
fror
atﬂl%fnun.our @xp.

785e/n,20/ 7780 7/2
123g0/m,2n/1250 8

138pa/n,2n/137Ba 11/2
1#009/n,2n/15ace 11/2
M2y /n,20/" " Ra 1172
Vgn/n, 20/ 11/2
168gr/n,20/ 1782 172
18@Ef/n,2nf‘79mé 1/2

1/2

3/2
3/2
- 3/2
3/2
7/2
9/2

703 1030 0.70 0.82
731 1750 0.42 0.44
1105 1900 0,60 0,63
1280 1850 0469 0.57
1069 1720 0.62 0.66
564 1530 0,37 0.65
403 2150 0.13 0.10

80 1900 0.36 0.17
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FPigure captions

1.

Comparison of the measured isomeric erosg-séction rati.o'a
with the theoretical curves plotted in terms of the
spin cut-off parameter (- and the mul'e;:upliqit:\?

of gamme rays in the cascade.
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THE CODE "MINICASKET"

e a

Je Arkuszewski
Institute of HNuclear Research, éuierk

The MIEIGASKET code reported, ‘praviously ohas beceme
operational ,The code whicH is based on the Gulf Genersl
Atomic code GASKET computes the thermal scattering law
Ssﬁ.”/ in lncoherent spproximation for polycrystsla.
Reliable d;ta for isotopic graphite with Eoppel-Young
phonon distribution has been obtained.The code is tc be
supplemented with a FLANGE code,wh:!.ch calculates single
and double differential cross sections aund its monents,

involving the elastic coherent cozponent.

IBJ /1184 /XX1/FR.Report.
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Estimation of Quality Factor /QF/ in Tisuue~like
Phantom Irradiated with 14.8 , 5, 3.3 MeV Neutrons.
S.Pazons

Institute o Nuclear Research , Swierk

The dependence of the light ocutput of the NE102A
plastic scintillator upon the LET of the cherged particle
has been applicated to quality factor estimstior at
different depth of a tissue like phantom. [1] .

A cylindrical TE phantom /30 cm. dia. x 60 cn./ was
exposed to 14.8 , 5; 3.3 MeV neutrons from D/dn/sﬁe
reaction. The set of the d@tectors comnsists of a TE ioniza—
tion chamber and NE102A B_cintillator optically connected
with EMI 95248 photomultiplier. The set of the detectors
were moved accross the phantom and the currents from
ionization chamber and scintillation counter were
simultaneously measured.

The quality factor wase estlmated from the approximated
formula {1] :

Ie

Ix
whers Jf - gnrrent of the scimtillaetion counter

@ =11/ = 0.9

Jy — current of the ionization 'ehgmber
K = factor, which normalizes —K—%—— = 1
4

6000.

for gamma rays of
The results of the messuremenis wers lllustrated on Pig.1

and compared with Snyder’s calculations.

‘[1] 8.Pszona, Health Physics, 16, 9 , 1969
[2] WQSQSHWQI" NuB:Be MbOOk 67, 1959 °
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Fige 1 . The quality factor-depth distributions in
tissue like phantom for 14.8, 5, 3.3 MeV meutrons.

[ ]
A - Repults of Bnyder's calculastions for 5 MeV reutrons.
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Penenetretion of a Two-dimensional Fission Barrier

7 .Szymafiski, A.Sobiczewski, M, Zielinska-Pfabé

Institute for Nuclear Research and University of Warsaw,

Warsaw, Poland

Summasry

The understanding of thé nﬁclear fission phenomenon
requires a knowledge of the potential and kinetic energy of
the nucleus in a‘fairly extensive region of nuclear deforma-
tion 172, The description of the process in terms Qf the
quadrupole { A =¥) deformation parameter only, proves to be
insufficient.'The role of the other deformation modes such as
hexadecapole ( A = 4) and octupole ( A = 3) have been proved
to be very importvant as well. In this paper we focus our attenw
tion on the dynamical aspects of fission treated as a two di-

mensional process with two degrees of freedom: quadrupole and

hexadecapole. In this case the collective nuclear Hamiltonian

cant be wrltten se

A\ l .’.. 22 Z 1 -2 .
H=V(Ea,Eal* 5By ¢ E1vB,  E8+3B; ¢ £y (1)
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where the potential energy V and the inertial parameters
BElEj are treated as functions of the gquadrupole and hexa-
decapole deformation parameters §, and Eq . The potential
energy surface V(&);, €4) that exhibits a saddle point (or
two saddle points) has been calculated earlier 1 o In the
present paper the three inertial parameters Bg £ ’BEZEA

by means of the microscopicd netHods 3
and I354Eﬂ are calculated of the nuclear structure theory

Then the effect of the existence of the two degrees of freedom
Eé and 64 on fission dynamics are.discussed. The c.nside-
rationa involve essentially the penetration problem of a two =
dimenslonal potenpial barrier. One of the possibilities dig-
cussed consists in performing the penetration calculation
along ‘the "steepest descent™ path in the potential energy sur-
face. The problem can then be reduced to the one - dimensio-

nal penetration of the barrier in the appropriate direction
N\

in the 82’ 54 plane,

Another possibility that is believed to be mere fundamen-
tal is then discussed. It consists in diagonalising first the
kinetic energy term in eq. (1) and then facing a fwo dimensio-
nal penetration problem. A rigorous solution of the last pro-
blem (ie. without the WKB approximaticn) may be obtained in
a simple case when the potential emergy V{x,y) (where x,y .

are deformation parameters after diagonalisation) is separable:.

V(x,y) = £(3) + g(x) (2)

and the inertial parameters are independent of the defcrmation.
In the particular case of the second-order polynomial form of
the potential
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1 2 2 2.2 , '

V(X-;U)"_'E( Byy®yr Y- Bxxwlong X*) : (3)
the solution of- the penetration problem is a straightforward
generalisation into a two-dimentional case of the well-known

Hill—Wheéler solution for the'parabolic barrier 4 .
In the presenx state it is difficult to estimate the

final effect of the inclusion of the second degree of freedom.

Very preliminary calculations show that disgonalisation of the
kinetic energy tends to lower the logarithm of the spontaneous
fission life time by a factor of 20 té 30 %,roughly.,

In the case of the separable potentlal the hight of the
potential barrier 1s not affacted by the sgecond dimention.
The zerc-point energlies for the equilibrium and saddle pdints
are the same in this case and they de not neesd té be taken

into account in the penetration prodlem.
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