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This progress Report on nuclear data research in
"Poland /May 1970 - April 1971/ contains only- informations
on research,which is closely related tc the activities
of the Internattonal Data Committee of the International
Atomic Bnergy Agency in the field of neutron physics.
It does not include any information about other nuclear
reccarch as for example in the fileld of charged particles
nuclear physice or the ude of neutronz for solid state
physices studiesn.

The individual reports are not intended to be comple-
te or formal,and must not be quoted in publications without
the permission of the authors.

Raport ten zﬁwiera wylgcznie informmcje o badaniach
w gakresie fizyki neutronowej przeprowadsonych w Folsce
/oaj 1970 - kwiecied 1971/ 1 zwigzanych s dzialalnofcig
Xomitetu Danyeh Jadrowych Miedzynarodowej Agencji Energii
‘Atomowej.

Pominigto wyniki badafi w innych dziedzinach fizyki
Jadrowel ,w tym rémniei badaii prowadzonych przy ugyciu
cegetek naiadowanych oraz w zakresie fizykl cilata atatego
przy utyein neutrondw,

Fosgceeagdlne prace sawjerajg wstepne omdwienie wynikiéw
badaf nis wycserpujqece porussanych tematéw i nie powinny
byé cytowane bes usyskenia sgody autordw.,

3aueqyaENgE 0T DeXaRryny

CO6OpHHE 3TOT CONSDXHT AMME coclmedmH O nponexeuiux
B [lorsme B gepMox or xag I970 xo anpexs IS7I ECCXeXOBaNNEX
B o6xacta HelirponsHolt PHIMEM, CBEIGHHMX C XOSTOALHOCTHD
Houmrera nmo HAmepHru NanenM MeZXyHapexuoro Aremcrba Aromuofl
CHepPrEM.B XGHNHHX H6 BEEVYOHXH De2FILTATH PAGOT X3 Xpyrax
o6aecreldl axepdoll jmapEm a HWRERO De3IyIbTATH Hccxexosanni c
OOMONDD 3APAXGHEANE YacTED & TAERe ¢ OCZecTH HYMMOHEHNK )
ReliTpOEO® 2 QNIKEe TREpXOrO TYoNa. JloXEamy 3TM He XPIADTCH
OOXXMME R HO DeXOoMeHRXNPYETCZ CCHEBTLRCE Ha HEX 6e3 corxacms
APTOROB.
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Polarizaticn of neutrons from the'5H(d,n)4He reaction -

at low deuteron energies.

J.Rondio, M.Sieminski, Z.#4ilhelmi, W.Zych
and P.2upranski

Institute of Nuclear Research, Warsaw
and

Institute of Experimentel Physics, Warsaw University.

Polarization of neutrons irom the 3H(d,n)“He reaction
appears to be nagligible for deuteron energies up to
300 keV confirming the description of the reaction as ah
S-wave formation of a 3/2 + stal: in 5He. For deuteron
energy of 1.8 MeV in the region of 90° c.m. the polari-
zation amounts to as mﬁch as 16% /1/.

We have performed polarization measurements just in
the region of transition ffom a non - polarizing resonance
to a region of rapidly increasing polarizetion. Using
the method and'aparatus described in ref /2/ we have
measuréd the angular distribution of polarization at
deuteron energy 1.4 MeV and the energy Qistribution of
polarization for sngles 60° and 90° for deuteron energlies
from 0.5 eV up to 1.6 KeV. The results mre shown in
Figs 1 and 2.

The resulte of polarirati~a measurements have been
analysed together with the date on total and differential

c¢ross section, The compound nucleus fbrmation has been
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assumed to be mainly responsible for the reaction. Results
of the analysis point to the existence in SHe of a 5/2 +
state at an excitation energy of about 20 MeV and of a

1/2 + state aituaﬁed near the well known 3/2 + state at

excitation energy 16.70 LieV,

References:

1., I.Levintov, A. Miller, V.Shamshev, JETP 34, 1030 (1958).

2, M,Sieminski,Z.Wilhelmi, W,Zych, P.Zuprsnski, Nucl. Instr,.
and Meth., 64, 77 (1968).
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Cross Sections for the  'Ga(n,p)’ ®zn,
71Ga(n,2n)7°Ga,75As(n,p)75.60,75Aa(n.p)?560.
75Aa(n,an)'?qls,soﬁa(n,2n)79“33,8°80(n,np)79u,
825e(n,2n)81"80,117Sn(n.p)1171n,1178n(5.n)117‘8n
and M%sn(n,2n)""7%sn Reactions in the Weutron
'Energy Range from 13 to 18 MeV.

P.Decowski, S.F1l-Eomsolt, W.Grochulski, A.Marcinkowski,
J.Piotrowski,I.d.Turkiewicz, Z.Wilhelmi.

Institute of Nuclear Research,VWarsaw
and
Institute of Experimental Physics of Warsaw
University

~ The absolute cross sections for the ﬂ(h(n;p)'n.Zn,
?1Ga(n, 2n)7°Ga ,75Aa (n.p)'?s'ﬁ_e .7555(1:,9)7560,75.43 (n, 2n)7“As .
8056 (n,2n)"ge , 8050 (n,np)" 218, %%5¢ (0, 20) 1250,
‘”7Sn(n9p)117In,q173n(n.n')117‘3n and ‘HaSn(n,an)ﬂ?uﬁn
reactions were evaluated frcm the gamma activity measurements
withk the use of the scintilhtionipectmter. The reaction
final products were identifisd by their characteristic
gamma-ray transition ensrgies and the least square asnslysis §
of the d=cay curves. The nsutrons were obtained in the Van de
Graaff accelerator from a ?H(d,n)“ﬁc reaction. The proper
' choice of the irrsdiation angle and the dsuteron enexgy
allowed to get meutrons in the energy renge from 13 to 18 MeV,
The measurements were refered to the well known cross sestion

of the %Fo(n,p)s’eh reaction. The results are shown in
Tables 1 - 11 ,



Table 1

Cross Sectiou for the 71Ga(n,ﬁf1nZn Reaction

E, MeV mb
13.36 £ 0.4 10.4 ¥ 0.1
13.90 X 0.09 9.5 ¥ 0.1
14.47 £ 0,11 10.4 £ 0.3
15,06 % 0:57 11.5 2 0.1
15.36 £ 0.20 9.6 £ 0.2
15.88 % 0.19 7.1 ¥ 2.0
16.51 £ 0.11 9.5 ¥ 2,1

Table 2
Cross Section for the 71Ga(n,2n)70Ga Reaction

En MeV mb
13.36 £ 0.14 1098 % 26
13,90 £ 0.09 1153 £ 25
14.47 £ 0.11 1135 £ 25
15.06 X 0.17 1130 % 32
15.36 £ 0.20 1148 % 23
16.51 = 0.11 1046 %127

Table 3
Cross Section for the 75As(n,p)75mGe Reaction

E, Mev nb
13.02 £ 0.14 12.4 £ 1.6
13.56 £ 0.4 2343 £ 0.5
13.90 £ 0.09 20.7 £ 0.7
a7 011 21,1 £ 0.7
15.06 ¥ 0,17 18.2 £ Q.8
15.36 £ 0.20 17.9 = 0.7
15.88 ¥ 0.19 10.7 £ 1.2

16,51 I 0.11 8.9 % 1.1



Table 4

Cross Section for the 75As(n,p)75Ge Reaction

l's:n MeV mb
13.02 £ 0.14 28.5 ¥ 0.9
13.36 * 0,14 28,8 £ 0.7
13.90 £ 0.09. 38.1 £ 0.8
14.47 £ 0,11 3.2 1.0
15.06 £ 0,17 26.5 £ 0.8
15.56 ¥ 0,20 30.4 X 0.8
15.88 ¥ 0.19 27.6 ¥ 0.9
16.51 ¥ 0,11 19.9 ¥ 0.6
17.32 £ 0.20 12.5 £ 1.0
17.78 ¥ 0.15 12.4 ¥ 0.8

Table 5

Cross Section for the 75As(n,2n)7’4As Reaction

E, MeV b
13,02 £ 0.14 955 15
13.36 < 0.14 800 ¥ 6
13.90 ¥ 0.09 955 * 21
14.47 X 0,11 1027 ¥ 10
15.06 £ 0.7 1109 14
15.88  0.19 1299 % 19
16,51  0.11 1312 ¥ 20
17.32 ¥ 0.20. 1245 ¥186
17.78 £ 0,15 1321 Iq22
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Table 6
Cross Section for the 808°(n32D)79mS° Reacticn

E, MeV mb

13.02 £ 0.14 193 ¥ 37
13.36 ¥ 0.14 196 *

13.90 £ 0,09 ° 165 * 6
14.47 £ 0,11’ 189 * 5
15.06 £ 0.17 203 X 14
15.36 ¥ 0,20 ' 186 ¥ 5
15.88 ¥ 0,19 192 £ 36
16.51 ¥ 0.11 178 ¥ 32
17.32 £ 0.20 190 £ 46
17.78 ¥ 0.15 180 ¥ 21

Table 7

Cross Section for the BoSa(h,np)79As Reaction

13.36 X 0.14 3.8 £ 3,0
14,47 £ 0,11 , 1.0 £ 3,2
15.06 t0.17 8.4 4.n
15.36 £ 0.20 7.3 2.4
15.88 % 0,19 4.1 9,2
16.51 ¥ 0,11 13.2 ¥ 4.2
17.32 ¥ 0.20 3545 $10.6
17.78 £ 0.15 71.2 13,5
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Table 8
Cross Bection for the 228e(n,2n)%'28e Reaction

E, MeV mb
13.02 % 0.1 1506 £ 285
13.36 £ 0.14 102t 20
13.90 % 0.09 1692 & 37
18,47 L 0,11 1587 & 37
15.06 ¥ 0.17 16282 18
15.36 ¥ 0,20 1616 £ 48
15.88 % 0.19 1796 ¥ 190
16.51 £ 0.11 1715 2 11
17.32 £ 0,20 1520 X 231
17.78 £ 0,15 1425 £ 142

Table 9
Oross Seotion for the 117Bn(n,p)1171n Reaction -
B, Mev mb
13.02 L 0,14 10,7 £ 2.1
13.36 X 0.14 10.6 ¥ 0,3
13.90 £ 0.09 , 10.0 £ 0.3
13,47 % 0,11 v 10.1 £ 0,4
15.06 £ 0,17 127 £ 1.4
15.36 X 0,20 11.6 £ 0.3
16.51 % 0,11 16.9 £ 2.6
Tadle 10
' Cross Bestion for vhe 'Vga(n,sf1™ay Reaction
By NeV ab
13.36 £ 0,14 287 T 31
13.90 ¥ 0,09 ' 222 1
18,47 £ 0,11 385 L 1
15+06 £ 0.47 255 L 25
15.36 £ 0,20 w62t 8
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Table 11
Oross Section for the 1188n(1£,2n)117m5n Reaction

B, MeV mb
13.02 ¥ 0.14 624 £ 80
13.36 £ 0.1 - 761 £ 41
13,90 ¥ 0.09 gog ¥ 28
1447 X 0.1 745 £ 59
15,06 £ 0.17 805 X 21
15.36 £ 0.20 890 £ 34
15.88 £ 0.19 1055 64
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Calculations of the Compound Reactiocon
Cross Sections with Accounting for the Effect

of the Gamma - Particle Competition.

'P.Decowski, W.Grochulski, A.Marcinkowski, J.Fiotrowski

Institute of Ruclear Research, Warsaw
and

Institute of Experimental Physice of Warsaw University.

An algol program for the statistical model calcula-
tions was elaborated. In the calculations the competition
of the gamma radiation was taken into account with respect
to the ﬁeutron and proton emissions on each step of the
reaction. When the experimental strenghts of the E1,E2 and
M1 transitions were used a satisfactory agreement between
the measured and calculated croes sections was obtained.

The superconductivity level demsity formulee [1]
were modified in order to introduce the rotational spin
cut - off ("yrast levels“). At low excitation energies the
real level sequences were used as far as theilr exact energies,

% ‘spins and parities were known. ‘
| The results show that for neutron induced reactions
at 14 YeV the influence cf the "yrast levels™ on the cross

sections is much lower than of the gamma-ray emission.

14




~ It wvas found that the calculated cross section of
the {5,n’) reaction is distinctly influenced by the(n,¥ n*)

Tocess.,

An extensive program of calculation of the (n,n’)
(n,2n) and (p, ¥} cross sections for a wide range of
nuclei is in progreas.

Refersncas:

1. P.Decowskl, W.Grochulski, A,Marcinkowski, K.Siwek
and Z.,¥ilhelmi, Nuocl, FPhys. A110, 129 (1968).
A.Abboud, P.Decowski, A.Marcinkowski, J.Piotrowski,
K.Siwek and Z.Wilhelmi, Nucl. Phye. A139, 42 (1969).
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Energy Spectra of Alpha Partirles from the 153Eu(n,o(.)150Pm,
1600 (n, o) 15%6a, "2py(n,o0)??%a ana **py(n,o0)®6a

Reactions with 14.2 MeV Neutrons..

. L.GXowacka, M.Jasééla, W.0sakiewicz, J.Turkiewicz, L.Zemto,
B.Zych.
Instituté of Luclear Research, warsaw
and

Institute of Experimental Physics, University of Warsaw

The studies of the energy distributions of alpha
particles emmited in the (n,0¢) reactions induced by
14.2 MeV¥ peutrons on rare earth isotopes, have been con-
tinued. In agdition tc¢ the energy spectra of alpnas from
the 14;2 ileV reactions induced on 159La, 159Tb, 162Dy,
163 166 168

Er, Er and 169Tm, which were earlier des~

cribed /1/, /2/, /3/, /4/ the present work'gives results
with 127gu, 190py, 182ny and 1®%py targets.

The 14.2 eV neutrons used in the experiment were
obtained frem 3H(d,n)q'He reaction with deuterons accele—-
rated up to 500 keV in a Van de Graaff accelerator. A .

: neutron energy spread due to the deuteron energy loss in-
the neutrop target and geometrical conditions was @bou; .

: ¥ 150 keV. The neutron flux incident on the target was
vmonitored by counting the recoil protons from a thin poly-

ethelene foil. The accuracy of neutron monitoring was

16




better than 2%.

The tafgats were made of oxides and deposited on thick
carbon backings by means of sedimentation from the suspen-
sions in isopropyl alcohol.

A descriptiod of the investigated targets is given in
Table 1.

Table 1
igotoplc  chemical  Thickness ,
target .abundance % compound ng/ em®
153Eu. 90 Eu205 3.0
160y, 77.6 Dy,05 3.9
62y, 94.0 Dy,05 . 5o
1645, 97.8 Dy,05 4.9

The alpha particle energy was measured using - n-type
surface -barrier siljicon detectors of 15 mm diameter. Tune
experimental arrangement was described in our earlier
work /3/.

The results of alpha aprticle spectra measureﬁents
are shown in Figs 1-2. All the spectra were measured‘ﬁor
the forward angles (0° * 60°), The error bars.in the figu-
res refer to statistical errors only.

In Figs 1 and 2 the theoretical predictions ubtained
by applying the Weisskopf-Ewing formula are also shown,
The energy dependence of the level density was taken in

tne high excitation energy limit of the free fermion gas

-

17



model with the density parameter "aﬁ given by'Erba et al.
75/ |

The values used for inverse c1oss sections were taken
irom the calculations of Huizenga arnd Igo /6/. The calcu-
lated curves are not normalized and are given to indicate
the shape and the position of the evaporation spectra only.

All experimental spectra are significantly shiffted
towards higher energies in comparison with the predictions
of the statistical theory. In addition from plots of the
reduced spectra the values of the_level daensity parameters
much swaller than those reported by Erba et al./5/ were '
found. ‘'he comparison of these a~-values is shown in table 2,

Table @

- ek WE R T WA e an A es W op W e e WM YR @S En SR OE WS W W S Oe e am m UM W

fucleus 0w e leeraittada ot ot et et e - - = - -
present work Erba et al./5/

150Pm 9.9 _

157Gd 4.9 20.2

19964 7.2 21.6

%264 5.0 22.8

This disagreement and the existence of high energy
- alpna particles in experimental spectra suggest the strong

contribution of direct processes in the investigated

resctions,

18
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On the Knock-On Mechanism in the (n,of) Reactions

.Koztowski, M.Jaskdla, W.Osakiewicz, J.Turkiewicz

Institute of Nuclear Research, Warsaw
and

Institute of Experimentsl Physics, Warsaw University

During the past few years the (n.aC) reactiens on the
rare-earth nuclel were investigated in our laboratory /1-4/,
It was shown that the compound nucleu; mechanism for these
reactions must be excluded dus to unphysical (%too small)
values of the density level parameters which woulﬁ have been
used. |

Tue existence of high energy o€ -particles in experimen-
tal spectra and the small values of the separation energy of
% -like structure in rare-earth nuclei suggests the assuming
of the direct mechanism of the investigated reactions. The
incident neutron remove the ai-particle from nuclei and
occupies the one-particle state in nuclear well. These types
of reactions correspond to the triangular graphs of the dis-
persion theory of nuclear direct reactions developed by 1.8.

.Shapiro /5/.

n
—gp
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The cross section for the reaction (n,6() which is

dominated by the knock-on mechanism may be written as

follows:

AG__ XL | + wcos 8 4/22
dio ——Bﬁ—z+w@9 a.rctan,(—————z ""7"5 )}

X = X(En, Y;t, T;.L’Z,Q,)

Z = Z(En’a)

(1)

W - W(En,a)

In the formula (1) E[1 is the kinetic energy of neutrons
in Lab. system, Z is the charge of the final nucleus. The
Yo » F;_ are the reduced widths of the OQ[-particle and
neutron respectively. The @ is the mass difference of the
entrance and exit channels. The E: and E: are the
binding energies of the Q( ~particle and meutron. The
formula (1) cen be applied only for those nuclei for which
Ee 20, Q20 . |
In this report we present the analysis of the reaction

162Dy(n,0{,)1596d, The experimental arrangement was the

23



same 86 aescribed in our previous papers /1-4/. Fig.1 shows
the relative cross-sections measured for the forward angles
as the functions of the excitations.energy of -the finezl
nucleus. Tne solid line represents the calculated relative
cross sections..Thé neutron réduced width were computed
pumerically. The Saxon~Woods well was assumed /6/. The
excitation energies of neutrons were taken from Nilsson
model. The final state interactions of O -particle with
final nucleus were also taken into account /7/. Yaking into
account uncertainty in the assignement of the eneryy scale
the overall agreement of the theoretical predictions with
experimental data is quite goad. The investigation of this

model in the case of other nuclei are in prbgress.
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Energy - angular distribution of alpha
particles emitted during the thermsl
neutron fission of 2350

E. Pissecki, M. Dskowski, T. Krogulski, J, Chwaszczewska
and J, Tys

The energy ~ angular distribution of elpha particles emitted
during 8 thermal neutron fission of 2350 has been measured, The
FWHM of the angular distribution is equal 20 + 3 degrees,
which is about 50 per cent less then in the case of ternary

fission of 252

Cf, &s measured by Freenkel 1/. It suggests that
the kinetic energy of fragments 8% the scission moment can be
much less then 40 MeV, as calculated in ref. 2.

Unexpectedly high rate of the alphsa particles was registered at
angles close to 0° and 180° /about 5 per cent of the total
tripartition yield/. The energy spectra of these particles
evidences that there srs avaporatedvin flight from the fully

accelerated fragments. The aniéotropy ¢f emission in the center

of mess system can be caused by the angular momentum of fragments.

Reéferences:
1. Z. Frses¥el, Phys. Rev. 156 /1967/ 1284
2. Y. Bonch et al, Phys. Rev. 156 /1967/ 1305
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Pig. 1. Contour diagram of the Y(E,, ) distribution. The intensity is giver in
arbitrary units. The dashed contour lines display :&éﬁlte extrapolated
.using ihe energy spectra of alpha particles. The croses dashed line -
energy dependence of the meximum of the engular distribution, the thick dashed .

) 'cpbves ~ the engular dependence of thes mean value of ol particle energy distribution.



Investigation of the mwvutron capture high ensrgy

gamma rays .

J.S.Brzocko, E.Gierlik, A.Solteadr., Z.8gefliteki and
) Z.Wilhelmi

Y"Stetan Pienkowski" Institute of Experimental Physics,

Upiversity of Warsaw

$he measurement of Y -ray spectra from (n,§)
reaction for heavy nuclei; In, Sb, I, Cs, Zb, Ho, Ta, Au
and U have been performed in the neutron energy range
0.0% = 1.5 LieV. The experimentsl set-up is deserdbed in
ref /1/. Some spectra for the neutron emergy E, = 400 keV
are shown in figs 1,2 end 3. A distinct reinforceusnt of
the J -ray intensity ia the high snergy part of the [ ~-ray
spectrum is observed. - A

The ratios G{E, ) 3.95 MeV)/ 6., Versus neutron
energy for In, Ta snd Au nuglei are shown in fig.4.

The cross—sections 6‘(3‘. » 3.75 leV) and ratios

G;/Gtot at 400 keV peutron energy for In, 8b, I, Cs,
Tb, Ho, Ta, Au and U nuclei are stimmarised in table I.

The theoretical predictions_f. cross—se.ctions and crose-~
" section ratios obtained with thé agsumption of compound
pucleus mecnanism /2/ are shown in figs 1,2,3 as sclid
lines and in table I. Gor_npariaon of the experimental
values with theoretieal ones point's to the correctness of
the description. The guantitetive snd qualitative agree-
ment ‘15 obteined when in the probability of the ¥ -ray
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emission an existance of a "pigmy" resonance /2/ is taken
into account.

The tneoretical expectation based on direct interac-
tions are three 6;ders of magnitude lower then the measu-

red ones (table I).

HReferences

1. J.S5.8rzosko, m.Gierlik, A.Soitan Jr, and Z.dilbhelmi
RrReport IWR 1224/1/FL (1970).
2+ Je5.Brzosko, E.Glerlik, A.Soltan Jr, and Z.wWilhelmi,

Can.J.Phys. 472 (1909) 2849,
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Table

calcul

Measured values Theoretical

g T —£0 =04 Hev Gar (Er > 3.75 Mev)

S F’v{ma} /m'g ) | Gl Ep33.75Me¥)/G {Is;g ) ( ﬁ 2)
“In| w8y | 250 043 * 005 127 0026

Sb| 655 | 130 aso = 005 74 o1
1 | 6725 | 150 044 = 003 67 0.17
Pes| 6015 | 150 Q40 * 008 65 230
P9y | 12929 | 350 a3z + 005 145 —~
o | 102=7 | 300 037 £ 0.05 107 0.055
*"ra| 685 | 205 034 = 005 55 008
%7 | 10428 | 190 053 = 003 108 0.021

| 28:3 40 070 = 0.07 32 0.1

oy | 63=as5 | 127 0.050 * 0005 7.1 —




V.S. Bvseyev', T. Koztowski®, V.8. Rogsmov'
and J. Wojtkowska®

NEUTRON ENERGY SPECTRA FROM NEGATIVE RUOE
ABSORPTION ON COMPLEX RUCLEI

It has been proposed in some theoreticel works [i-4],
thet im nuclear muon cépture the excitation of collsctive
states of the intermediate nucleus is dominant. Thege states
should be the isotope analospel of the gisnt dipole rescn&nss
states excited. by pkhoton &bsorptiom er inelaatic electrox
scattering, 4n indirect confirmetion of this mechanism was
the agreement of the experimental total muon ceapture rates
with the theoretical ones obteined under this assuEption. It
was shown by thecretical calculations that more direct evidense
‘should be the measurements of the energy spectra of neutrozms
emitted from these particle unstable giamt resonamce states.

In these spectra some structure similar to those ebserved inm
the_particlo spectra from pbhoto absorptisa,.should be seen,

In this work the results of nesutrox energy spectra measursments
from muor cépture on ﬁso, 328, 403. #nd Pb /previousgly repoxted
[5]/, sre pregented. T™is work was performed using pure muon

+ JIER = Dubna )
s Institute of Nuclear Research - Swierk nesr Warsaw
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beam with momentum 150 MeV/¢, from the muon channel of the
Dubna 680 MeV synchroe¢yclotron. Detector and target configuration
is shown in Pig. 1. Muon stop @gvents were detected by 1234
coincidences. The farget thickness in neutroa counter direction
was 2 g/cna, 4 glcna, 4 g/cmz, 6 g/cm2 for water, melted sulfur,
metallic calcium and lead, respectively. 4s neutron detector
the stilbens crystel %20 mm iz dismeter and 20 mm thick with

56 AVP photomultiplier was used. Neutron events were sepzrated
from gamma events by pulse chape discrimination system [6].
Pulses from neutrom detector passed 0.05 jusec after muon
stopping were registered during 2 jasec, 1 Jusec, 1 Jueec and
0.3 pusec time interval for water, sulfur, calcium and lead,
respactively. In muon stopping 8nd neutron spectrometer channel
the anti—ﬁils-up circuits with 6 /usec desd time were used.

The bnckgrougd wag meagured with LiH s a target. The =nergy
calibration of neutrom spectrometer was performed using rumay,
Po-Be Sources, and 14 MeV neutrons from & neutron generator.

The pulse height spectres were transformed into recoil proton
energy spectira. These spectra were them diffarentiated anq
corrected for the efficiency of neutron detector. The energy
resolutien /FWHM/ for neutrons was: 0.6 MeV for E = 3 MeV
and 1 MeV for En = 10 MeV,

Fo corrections for multiple scatterimg in the stilbens crystal
and the target were applied,
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In Pig. 2-5 neutron enargy spectrsa frea muen capture on

16O, 5?8. 10ce 2nd Pb are presented. As car be seen in

these spectra there aro some narrow peaks and contimous
background. The latter for sulfur, calcium and lead caén de
interpreted as due to the evaporation mechenism. Dotted
curves in Figs. 3 and 4 present the evsporatiom neutroa
spectra assuming constant nuclear tsmperature [7]). Ia

the caae of lead, Fig, 5, the part of the specirum bdelow

5 MeV can be described by Le Couteur’s meny neutrons
evaporition formula. The oxgorn data, Pig. 2, show the

large peak centered at about 4.5 MeV which was theoretically
predicted [4), as result of the transition from 2~ gient
resonsnt state in 16! to ground state of 15!.

Ii general All thees specira sre similar to photeabsorptiocn
perticle spoctra. The resonance mechamism of nuclsar muon
capture is supported by this experiment. It is concluded
that nuclear muon capture can be applied to the imvestigations

of high sxcited nuclear stafos which canmot be reached im
another way.
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Excitation of isomeric activities in RD,
"Y, M, Cd, ¥, Os and Pb using 14.8 MeV.

neutrons

E. Rurargz, J. Chwaszczewéka, 2. Haratym,

K. Pletrzykowski and A. Sulik

Institute of Nuclear Resegrch
Department of Physice IA
Swierk near Otwock

Activation cross-sections of 84mRb, gstb, 89m¥

185m" 190m, and 203m

107de 1°9de, 11""0:1

’ ’ Po for

14.8 MeV neutrons were measured using Ge(Li) and NaI(T1)
datectors, The following values in millibarns were
obtained: Bst(n.?n)84mﬁb (20.5 minJ 412 ¥ 40;

STRb(n,20) %m0 (1 min.) 432 * 45; (@0 (16.5 o)
438 * 445 '%®ra(n,2n)' "m0 (21 ) 590 £ 60;

"0p4(n,2n)'%9%ps (4.8 min) 554 % 55; ''2ca(n,2n) ' ®ca
(48 min.) 812 £ 805 "Mca(a,n”) """%ca (48 min.) 167 * 17;
188 (n,2n)'®™ (1,7 min.) 1152 £ 110;- 1%%s(n,n )'90s

(10 min.) 15 * 1.5; 2Py (n,2n)2%3%p, (6.1 8) 1020 £ 100.
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Excitation of 3 min activity in 190Re

19005@n,p)19one reaction using 14.8 MeV neutrons.

E:. Rurarz and B. Mysxek
Institute of Nuclear Research, SwierX/Otwock
and
P, Oblozinsky
Institute of Phye;cs, Slovak Academy of Sciancea;

Bratislava,

Introduction

- e > W —

After irradiation of natural csmium with 14 eV
neutrons gamma lines with the 3 min, half-life have begn.
observed. They have been assigned to tge deca& of the
190pe ground state to excited states of 13008 [1] . Thei
nucleus considered was a subject of considersble numbgr
of studies by neutron captﬁre gamma-ray spectroscopy [2,3],
charged parti¢1e>exc1tation {4], decay of the ground and
! 190 )

isomeric states of Ir [5] and decey of the 190ge ground
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192

ground state created in oa(¥,m) reaction[1]. The aim

of the present work was to study the productien of 19OBe

190

'in the Os(nﬁp)19°Re reaction.

Bxperimentsl procedure

Radioactive sources of Re were produced through the
{n,p) reaction on patural osmium metal powder (5g) of
spectroscopic purity,using 14.8 MeV neutrons. The neutron

flux varied at the esample position between 5:10° - 1.10°
neutrons/aec-cmz. The gamma spectrum wees measured using a
5 cm’ Ge(Li) spectrometer. In view of small intensities
of gamma lines from the decay of Re, the Ge Ii detector
¥es shieided witu 15 cm Pb (Ca+Cu lined), In this experi-
ment a cﬁcle of 10 min. irradiation ard one minute pause
to avoid the 6 sec 192 192

Re activity from the °-0s(n,p)'%Re

reaction, and 10 min. counting period was applied.

Reaults and discusseion

-

The measured gemma spectrum of 1908Ra and 190“05 is
shown in fig. 1. The energy values and intensities of gamma
linee from the decay of 19°3Ra are in good agreement with
the “esults of Haustein and Voigt(1] . These authors show
that one particular level 3~ in '°%0s at 1387 keV is popula- .

ted in ~ 100% beta decay branch. Besides the gamma lines
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from thh decay of '190_88e there are prominent lines Belonging
to the io min, isomer in 1‘9003. Phie fact allowe us to deter-

mine the ‘0

Os(n.p)1gosne reaction cross section relative to
the ‘9003(n,n‘TT9°“05 reaction by cbmparing the‘intensities
of the neighbourmé lines in the spectrum belonging to Re and
Os respectively. The comversion cosefficients and branching
ratios were taken from reta.[1.5]. Ueing the 19005(n,n'7i90m09
reaction cross-section as the internal munitor with

6 = 15 £ 1.5 mb [6] the cross section of the 19003(11,11)1903123
reaotion was found to be S = 1.95 T 0.20 mb.

Attempts were made to produce the 2.8 h activity reported

by Baro et al,[7]and Aten and de Feyfer [8] and aseribed to
the isomer of 1909Be. Our resulis confirm the existence of

few -1inés with similer half-life. The half -life of the stron-

gest lino with energy 187 keV was found to be Ty ;= 3 = 0.5 h.

Acknowledgmeant : The aunthors are indebted to &. Sulik for

operation of the 200 kV accelerator.
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The decay scheme of 232py %/

R. Kaczsrowski, W. Kurcewicz, 4. Plochocki and J. 2ylicz
Institute of Nuclear Research, Dept. of Physics/IA/, Swierk

Abstrocts Megnetic and semiconductor /Ge 8nd Si/ spectrometers
2521,'a ; 232U

following ¥ lines, new with respect to the earlier data

were used to study che decay scheme., The
reported by Bjfrnholm et al.’’, were observed: 922.7, 1003.3,
1016.4, 1051.4, 1055.4, 1085.4, 1125.1, 1132.7 end 1164.5 keV.
Conversion coefficients and multipolarity assignments were
determined for several of these transitions. Due to the e-f
coincidence studies it was possitle to show that the 1125.1
and 1055.4 keV E1 transitions feed respectively the 2% end 4
levels of the 222U ground stste band. This indicates the
existence of the new 27°U levels at 1172,8 and 1212.1 keV
which &re interpreted as 2~ and 3'\members of the E§T= 17

octupole band. Another new level is proposed at 1132,9 keV.

As deduced from P-at coincidence esperimenta3, the

*/ Institute of Nuclear Research Report 1232/IA/PL /1970/
Acta Physica Polonics /im print/

1/ S. Bjgrnholm, F. Boehm, A.B. Knuteen and O.B. Nielsen,
Nucl. Physics 42 /1963/ 469
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decay energy of °22Pa is equal to 1337 + 10 keV, The
discussion of experimentel dsta in terms of npélur
models is concentrated on the octupole bands and their
Coriolis interactionm.
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250: 250

2350 i/
Levels oi Th and Vpy ¥

U ted in the decay of

Je:urcewics, :l.Otryezniewicz and J.sylics

Inositute of wcleur ier~esrch, Dept. of Jhysics /14/,

Swicox nesy Jersaw, <olsand

—

ks . i
Teorojnueiki =R D.lorek / and I.Yutlandov

Joint Inrtisube of duclear Research, Dubna, USRR

250 230 25OU

abstract: Th s decay to levels of Th and
is investicuted using wi{.i) and Ge(li) spectrometers
for cingles-siectra neasurements, and a Ge(li) spectro-
veter coubined with a six-gap ff specirometer or with

a :'aI{?l) detector coincidence measurements. The decay
scheue is proposed witih accounts for all but one of

tue 50 transitions obgerved in the present investigation.
“Wne rollowing bands of the 250Th excited states are
established or proposea (in parantheses: level energies
in keV, spin values wund parities of the levels): the
sround-state band (53.19, 2% and 174.12 &%), the
quadrupele bands (ﬁV: 63447, o* ana 677.8, 2+; T

7814, 2% and 825.4, 375 f+ ¥ (2): 1009.61, 2% and

%/ Institube of iiuclear kesearch, Report 1251/IA/FL(1970).

Acty thysica Polonica /in print/

Y .
¥ permanent address: The Jarsaw, University, warsasw
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1052.6, 3*) and the octupole bands (K" = 0~ : 508.20,

17 and 571.71, 37 : E¥ = 17 : 951.91, 17 3 971.70, 27
sad 1012.2, 3~ ¢ K¥ = 271 1079.20, 2~ and 1127.35, 3°),
The ZBOPB —-QEOTh decay energy, Q, is deduced from

»
the measured. relative probabilities of the X capture

transitions tc several excited states in 230Th:

Q = 1315:18 kev. For 250U, the first excited 2% state is
observed at 51,72 keV and the bandhead state of the

k¥ = 0" octupole band is proposed at 366.5 keV. The
experimental data are discussed in terms of nuclear

. 9 2 . \\ L3 ol
models, with emphasis on thne band-uixing eflects.
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. The Code FLANGE -~ AL 4

" J.hrkuszewski, W.Baran, K.Kowalska

Institute of .iuclesr Research, $wierk, foland

The code based on the algorithm of the Generzl Atomic
PLAIIGE code computes the double differential scattering
cross section €5(E’,rl), the zeroth ond first Legendre
moments of the scattering kernel GfE—=z), &,(i—E),
the zeroth and first Legendre mowents of the single dif-
iferential scattering cross section éﬁﬁE'), e;(h').

A4ll these quantities are calculsted irom the scattering
law incpherebt inelastic thermal scattering of neutrons
from polycfysta}line materials.

IBJ /1260/XXI/FR Report.

The Code HEXSCAT - S
S.Bogumil, K.Kowalska

Institute of Nuclear Research, Swierk, Poland

The code based on the General Atomic HEXSCAT code .
calculates thg zéroth-and first Legendre mouments of the
coherent elastic neutron scattering cross section for. |
polycrystallipe modera;ors with hexiegonal lattice.
IBJ/1300/XXI/Pk Report.
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The Routine Production of Thin Tritium-Titanium,
Tritium -Zirconium snd Deuterium-Titenium, Deuterium-

Zirconium Targets.

R.Plejewski, R.Sochacka

Institute of Nuclear Research, warsaw

A method of production of thin D snd T targets has
been devised. The targets posese the following desireable
features:

1. Negliglble loss of hydrogen iz vecuunm.

2. Negligible loss of tritium and deuterium in tempera-
turas up bo-}OOoc.

| }o Btrong binding between the absorbing metsl and the

bagking. '

The* targets produced have been used in a range of
experiments conducted in the Institute of Nuclear
Research IBJ.

Also, targets of speclal coastruction heve beéq‘
produced such es targets with a copper backing on which
15/u silver and subsequently 0.45 mg/cm? of titanium
with 0.8 Ci tritium absorbed wers deposited. Typical °
targets have followlng characteristics:

Tritium targets
Pargets are made of a thick metod backing covered by

a thin layer of titanium or zirconium deposited in vacuum.
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‘The tritium is absorbed in the titanium or zircoﬁium.
The tritium/titanium, tritium/zirconium atomic ratio
varies from 1.2 = 1.9 .

i

tritiated titaniun backing backing Average
titanium zircogium ¢ m thickness agt.ci
zirconium pe/c ' mm (= 10%)
¢ mm . .
200-350 141
25.4 250600 28.5 0.5 2.2
600-900 345
200350 A 101
25.4 350=-600 38,0  0.50r1 2.2
600=900 ' : 345

.
- e EWs W SR Gp R AR WA W O G G W SR A EE e G P M P M S T T @y @ N I @

Backing metal-cooper or silver.

Deuterium Targets

Deuterium targets are manufactured exactly in the same.
way as tritium targets. (see above)

The seme dimensions are.available.

The deuterium titanium - deuterium zirconium atomic
ratio varies from 1.4 -~ 1.9 ., .

The amount of deuterium varies frod.a.s - 2 ml accor-
ding to thicknes of titanium or zirconium layer.

Tritium targets eﬁit bremsstrahlung radlation with
e continuous spectrum of maximum energy 18 kev,‘Thia
provides means of @ifferentiating botween tritium and
deuterium targets, as well as providing e rough check on
the. tritium content of a target.






