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Thls progress Report on nuclear data research in
Poland /May 1970 - April 1971/ contains only informations
on research,which is closely related to the activities
of the Internattonal Bata Committee of the International
Atomic Energy Agency in the field of neutron 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 comple-
te or formal,and must not be quoted in publications without
the permission of the authors.

Raport ten zawiera wyłącznie informacje o badaniach
w zakresie fizyki neutronowej przeprowadzonych w Polsce
/maj 1970 - kwiecień 1971/ i związanych z działalnością
Komitetu Danych Jądrowych Międzynarodowej Agencji Bnergii
Atomowej.

Pominięto wyniki badań w innych dziedzinach fizyki
jądrowej,w tym również badań prowadzonych przy utyciu
cząstek naładowanych oraz w zakresie fizyki ciała stałego
przy utycia neutronów.

fbezcBególne prace zawierają wstępne omówienie wyników
badań nie wyczerpujące poruszanych tematów i nie powinny

cytowano bes us^akania sigody autorów.

Сборавх этот содержит лишь сообщения о проведенных
в Пояьве в период от нал 1970 до апреля 1971 доследованиях
в обжастя нейтронной физики, ввязанных с деятельность*
Коивтета по Ядерным Данным Мехдунарсдного Агенства Атомной
S нар гаи, В данных не ввлхтегы результаты работ аз других
областей ядерлой физики а ямвнко результаты исследований с
помощью зараженных частиц а также с области применения:
вейтрогов в физике твердого тела.Доклады эти не являются
полжння я не рекоиенднруется ссылаться на них без согласия
авторов.
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Polarization of neutrons from the *H(d,n) He reaction

at low deuteron energies.

J.Rondio, M.Siemiński, Z.tfilhelmi, W.Zych

and P.Żuprański

Institute of Nuclear Research, Warsaw

and

Institute of Experimental Physics, Warsaw University.

Polarization of neutrons from the ^H(d,n) He reaction

appears to be negligible for deuterom energies up to

300 keV confirming the description of the reaction as ah

Sr-wove formation of a 3/2 + sta'-i in ^He. For deuteron

energy of 1.8 MeV in the region of 90° c*m. the polari-

zation amounts to as much as 16̂ S /1/«

We have performed polarization measurements just in

the region of transition from a non - polarizing resonance

to a region of rapidly increasing polarization* Using

the method and aparatus described in ref /2/ we have

measured the angular distribution of polarization at

deuteron energy 1.4 MeY and the energy distribution of ,

polarization for angles 60° and 90° for deuteron energies

from 0.5 MeV up to 1.6 Me?, The results -are shown in

Figs 1 and 2.

The results of polarisation measureaenfcs have been

analysed together with the date on total and differential

cross section. The compound nucleus formation has been



assumed to be mainly responsible for the reaction. Results

of the analysis point to the existence in Ĥe of a 5/2 +

state at an excitation energy of about 20 MeV and of a

1/2 + st-ate situated near the well known 3/2 + state at

excitation energy 16.70 MeV.

References:

1. I.Levintov, A. Miller, V.Shamshev, JEIP 54, Ю30 (1958).

2. M«SieminE3d.,Z.Wiliielm.t, W.Zych, P.Żuprański, Nuci. I n s t r .

and Meth., 64, 77 (1968)-
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Fig. 1 . The angular depeadenee of neutron polarization

at deuteron energy 1.4 MeV .



о fjQ f.5

E
o
 (MeV)

Pig. 2 . The energy dependence of polarization of
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Cross Sections for the 7 Ga(n,p)7 *Za»

& M 1<iaSn(n,2n)117iaSn Reactions in the Heutron

Energy Range from 13 to 18 MeV.

P.Decowski, S.Bl-Xonsol+

9 ««Grochulski, A.Mareinkovakl,

J.FiotrowskisI.M«,Turkiwicst Z.Wilhelai.

Institute of Nuclear Research,Warsaw

and

Inst i tute of Experimental Physics of lavpaav

University

'She absolute croa» sections for the ™Q«(n,p)' "Za,

aiad

reactions were evaluated fre» the gama activity ateaeurenente

with the use of the scintillation epeotros*««r. The reaction

final products «ere identified by their cheraeteristic

gasum-ray transition energies and the least square analysis

of the decay curves, the neutrons ««re obtained in the Tan de

Graaff accelerator fron a ̂ H(dea)^H« reaction. The proper

choice of the irradiation aagle and the deuteron energJ

allowed to get neutrons in the energy range from 13 to 18 MeV«

the measurements were ref«r«d to the «ell ksoen cross section

of the ̂ jFeCnpp)^6!^ rattctioa. !h» results are shown in

Tables 1 - 11 ,

в



Table 1
71 / v>1tt

Cross Sect ion for the Ga(n,g> Zn Reaction

EQ MeV mb

13.36 i o.14 10.4 i 0.1

13-90 * 0.09 9.5 i 0,1

14.47 ± o.11 10.4 i 0.3

15.06 i 0.17 41.5 ź 0.1

15.36 i 0.20 9.6 i 0.2

15.88 i 0.19 7.1 - 2.0

16.51 * 0.11 9.5 * 2.1

Table 2

Croes Section for the 71Ga(n,2n)' Ga Reaction

mb

1098 - 26

1153 i 25

1135 i 25

1150 - 32

1148 i 23

Ю46 -127

Table 3

Сгозв Section for the 7 5Aa(n,p) 7 5 mGe Reaction

En MeV mb

15.02 - 0.14 12.4 i 1.6

13.36 i 0.14 23.3 t 0.5

13.90 i 0.09 20.7 - 0.7

14.47 i 0.11 21.1 - 0.7

15.06 i 0.17 18.2 i 0.8

15.36 i 0.20 17=9 t 0.7

15.88 i 0.19 10.7 ż 1.2

16.51 - 0.11 8.9 - 1.1
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Table 4

Gross Section for the ^As(n f py*Ge Reaction

E_ MeV mb

13.02 - 0.14 28.5 * 0.9

13.36 * 0.14 28.8 i 0.7

13.90 * 0.09- 38.1 i 0.8

14.47 i 0.11 31.2 i 1.0

15.06 - 0.17 26.5 ~ 0.8

15Ó6 i 0.20 30.4 i 0.8

15.88 - 0.19 27.6 i 0.9

16.51 * 0.11 19.9 - 0.6

17.32 i 0.20 12.5 ż 1.0

17.78 i 0.15 12.4 i 0.8

Tubie 5

Gross Section for the ™-*Дэ(в,2п)̂ *Аз Reaction

Ед MeV тЪ

13.02 i 0.14 955 i 15

13.36 i 0,14 890 - 6

13.90 - 0.Q9 955 t 21

14.47 i 0.11 1027 - 10

15.06 i 0,17 1109 i 14

15.88 i 0.19 1299 ż 19

16.51 * 0.11 1312 * 20

17.32 i 0.20- 1245 ±186

17.78 ^ 0.15 1321 ±122



Table 6

Grose Section for the 8e(n,2n)'^mSe Reaction

£Q He? mb

13.02 - 0.14 195 ± 37

13.36 * 0.14 196 i 4 .

13.90 - 0.09 " 165 i 6

14.47 * 0.11' 189 * 5

15.06 i 0.17 203 i 14

15.36 i 0.20 186 i 5

15.88 i 0.19 192 i 36

16.51 i 0.11 178 i 32

17.32 - 0.20 190 - 36

17.78 i 0.15 180 i 21

Table 7

ОГОБВ Section for the Se(h,np)7°As Reaction

13.36 - 0.14 3.8 - 3.0

14.47 - 0.11 . 1.0 i 3.2

15.06 - 0.17 8.4 t 4.4

15.36 i 0.20 7.3 ż 2.4

15.88 i 0.19 4.1 i 9.2

16.51 ł 0.11 13.2 i 4.2

17.32 i 0.20 35.3 ±10.6

17.78 i 0.15 71.2 ±13.5
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Sable 8

Crou Section for tli* 82Se(o,2n)SiB8» Suction

Sn " • * «b

13.02 * 0.14 1506 t 285

13.56 £ 0.14 1702 t 20

13.90 ^ 0.09 1692 i 57

14.47 ± 0.11 1587 £ 37

15.06 i 0.17 162ft i 18

15.36 i 0.20 1616 * 18

15.88 i 0.19 1796 * 190

16.51 - 0.11 1715 - 161

17.32 * 0.20 1520 ± 231

17.78 i 0.15 1425 - 142

fabl* 9

Oroea flection for the 11?8п(а,р)1171п Suction

13.02 i 0,14 10.7 i 2.1

13.36 ^ 0.14 10.6 i 0,3

13.90 i 0.09 10.0 i 0.3

14.47 i 0.11 » 10.1 i 0.4

15.06 i 0.17 12.7 - 1.4

15.З6 i 0.20 П.6 i 0.3

16.51 * 0.11 I6.9 S 2.6

Table 10

Oroaa Be«ttioa fox the 1 i 7 l a ( » # * ^ i 7 B a » Reaction

In HeY в*

13*36 t o.14 2в7 - 31

13.90 * 0.09 272 ± 14

14.4? * <М1 гв4 i 14

1^06 i 0.17 235 t 25

15.5* £ 0.20 286 i 8
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Table 11

Cross Section for the 118Sn(n,2n)117mSn Reaction

^ MeV mb

13.02 i 0.14 624 t 80

13.36 i 0.14 761 i 41

13.90 t 0.09 808 i 28

14.47 ± 0.11 745 ± 59

15.06 i 0.17 8°5 ^ 21

15.36 i 0.20 890 i 34

15.88 i 0.19 *

f3



Calculations of the Compound Reaction

Cross Sections with Accounting for the Effect

of the Gamma - Particle Competition.

P.Decowski, W.Grochulski, A.Marcinkowski, J.Fiotrowskl

Institute of Huclear Research, Warsaw

and

Institute of Experimental Physics 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 neutron 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 cross sections was obtained.

The superconductivity level density formulae [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 their exact energies,

spins and parities were known.

The results show that for neutron induced reactions

at 14 JleV the influence of the "yrast levels" on the cross

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



It was found that the calculated cross section of
the (& tn') reaction i s dist inctly influenced by the(n,¥ n")
prooose.

An extensive program of calculation of the Cntn*)
(n,2n) and ( p , ¥ ) cross sections for a wide range of
nuclei i s in progress.

References:

1. P.Decoweki, V.Groohulski, A.Mareinkowski, K. Siwek
and Z.Vilhelmi, Hucl. Phys. A110f 129 С19бв).
A.Abboud, P.Decowski, A.Marcinkowski, J.Piotrowaki,
K.Sivek and Z.Vilhelsi, Nucl. Pbys. A139, 42 (.1969).
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Energy Spectra of Alpha Part ic les from the "Eu(n foC)

toC)157Gdf
 1 6 2Dy(n,oC) 159G d a n d

Reactions with 14.2 MeV Neutrons..

L.Głowacka, M.Jeskóła, W.Osakiewicz, J.Turkiewicz, L.Zemło,

B.Zych.

Institute of Kuclear Research, «arsaw

and

Institute of Experimental Physics, University of Warsaw

The studies of the energy distributions of alpha

particles emmited in the (n,OC) reactions induced by

14.2 MeV neutrons on rare earth isotopes, have been con-

tinued. In addition to the energy spectra of alphas from

the 14.2 MeV reactions induced on 1 5 9La, 1 5 % b , 1 6 2Dy,
165Dyf 1 6 6Er, 1 6 8Er and 1 6 9Tm, which were earlier des-

cribed /1/, /2/, /3/, /4/ the present work gives results

with 1 5 7Eu, 1 6 0Dy, 1 6 2Dy and: 1 6Sy targets.

The 14.2 MeV neutrons used in the experiment were

3 \4

obtained from ^H(d,a) 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-
к

the neutroo target and geometrical conditions was about •

- 150 keV. The neutrtm flux incident on the target was

monitored by counting the recoil protons from a thin poly-

ethelene foil. The accuracy of neutron monitoring was

16



better than 2JS.

The targets were made of oxides and deposited.on thick

carbon backings by means of sedimentation from the suspen-

sions in isopropyi alcohol»

A description* o£ the investigated targets is given in

Table 1.

Table 1

target

162Dy
164Dy

isotoplc
.abundance %

90

77.6

94.0

97.8

chemical
compound

Eu2°3
By2o3

D72°3
Ъ
2
о
3

Thickness ?

mg/ cm

3.0

3.9

5.4

4.9

The alpha particle energy was measured using- n-type

surface -barrier silicon detectors of 15 mm diameter. The

experimental arrangement was described in our earlier

work /3/.

The results of alpha aprticle spectra measurements

are shown in Figs 1-2. All the spectra were measured for

the forward angles (0° i 60°). The error bars in the figu

res refer to statistical errors only.

In Figs 1 and 2 the theoretical predictions obtained

by applying the Weisskopf-Ewing formula are also shown".

The energy dependence of the level density was taken in

the high excitation energy limit of the free ferniion gas

17



model with the density parameter "a" given by Efcba et al.

/5/.

The values used for inverse cross sections were taken

Irom the calculations of Huizenga and 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 donsity parameters

much smaller than those reported by Erba et al./5/ were '

found, 'i'ne comparison of these a-values is shown in table 2,

Table'3

iśuc 1 eus
present work Erba et al./5/

ш 7, 7

d 4.9 20.2
1 5 9Gd 7.2 21.6
1 6 2Gd 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

reactions.



rtexereaces

1. Aii.Jaskóła, Vi.Osakieivicz, J.Turkiewicz, Z.^i

Nuclear ./iwcios £=>, 270(1964).

2. LI.JaskółŁ , w.Osakiewici, J.'I'urkiewicz , :L, .V.Lliiol..d ,

Nuclear ^.i-sica A11O, 11 (1^68).

3. ^ .Jaskóła, „.Osakiewica , Z.kojn?£l:i , i ; ._ux-l:ie'.vic:'.,

b.Zenło, Itep.LiJ 1175/I/iŁ (1970)

4. - .caskóia, -*...iaclej , ..'.OsHkiewica , A.Łtociolska ,

J.Turivic-wicz, L.Żeniło, i.epoI^J 'I'lyy/i./^ ( i . y u ) .

ij. лгЬа, U.i'accaini, L. oc

liuovo Oiu.ento 22, "'оУ (1961).

to. J.?u

19



162 tSS
Dy(n.cc) Gd

8 9 Ю П 12 13 14 15
[ПеУ]

te 17 1в 19 20 & 22

120

ft

s

I
во

60

АО

го

Ł

153 GO,
Ей (п,а) Рт

в 9 Ю 11 1 2 t 3 H * > f ó 1 7 t 8

fMeV] Ел

JPig.1. The expsriaental oc - particle spectra from the
i 6 2 D ^ ( Q A )

1 5 9 D g a n d 1 5 ^ ^ ^ ) 1 5 0 ^ , r e a c t i o n S t

the predictiona of the statistical

22

2.0



Dy(n^) Gd

ю п в n is 9 it в т го « 22

I*г г

Ю4 W

Dy(n,«) Od

~io~w ~»~ a n в * w m & 20 21
£« [HeV]

Pi«.2. The e3tperi»ental ОС- particle epeatra fro*.the
16ODy(n foc)157Gd and 1 6 %(n t eC) 1 6 i Gd reectioae,

and the prediction* of the atatiatic&l theory.

21



On the Knock-On Mechanism in the (n,oG) Reactions

M.Kozłowski, M.Jaskóła, W.GsakiewicB, J.Turkiewice

Institute of Nuclear Research, Warsaw

and

Institute of Experimeatal Physics, Warsaw University

During the past few years th* Cn,oC) re«cti«B* on the

rare-earth nuclei were investigated in our laboratory /1-V#

It was shown that the compound nucleus mechanism for these

reactions must be excluded due to unphysical (too small)

values of the density level parameters which would have been

used.

"Sue existence of high eaergy oC -particles in experimen-

tal spectra and the small values of the separation energy of

oC-like structure in rare-earth nuclei suggests the assuming

of the direct mechanism of the investigated reactions. The

incident neutron remove the oC-partiele 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 I.S.

•Shapiro /3/.

T-oC T-oC*n



The cross section for the-reaction (a,06) which is

dominated by the knock-on mechanism may be written as

follows?

duo 2. + wros9
/ г\

I / Т А u / г л г faJ

arc tart I — — -У

- w(E„,a)

In the formula (1) E is the kinetic energy of neutrons

in Lab, system, Z ia the charge of the final nucleus. The

Кл. t Ttt a r e t i i e r e d-U C Q (i widths of the ОС -parti cle and

neutron respectively. The Q is the mass difference of the

entrance and exit ehannels# The L^ and £ л are the

binding energies of the Qt -particle and aeutron. The

formula (1) can be applied only for those nuclei for which

In this report we present the analysis of the reaction

Dy(n,0C) -*'Gde The experimental arrangement was the



same as described 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 final

nucleus. Tne solid "line represents the calculated relative

cross sections. .The neutron reduced width were computed

numerically. The Saxon-Woods well was assumed /6/. The

excitation energies of neutrons were taken from Uilsson

model. The final state interactions of ОС -particle with

final nucleus were also taken into account /7/. xaking into

account uncertainly in the assignement of the energy scale

the overall agreement of the theoretical predictions with

experimental data is quite good. The investigation of this

model in the.case of other nuclei are in progress.

24



EXCITATION ENERGY [MeVj

Pig. 1. The experimental and theoret ica l enargy spectra

of ОС- par t ic les from the Dy(n,oC)15 Gd reaction.
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Basrgy - angular distribution of alpha

particles emitted during the thermal

neutron f i s s ion of *-*U
E. Piasecki, M, Dskowski, T. Krogulski, J. Chwaszczewska

and J, Tys

The energy - angular distribution of alpha particles emitted

during a thermal neutron fission of *^U has been measured. The

FWHM of the angular distribution is equal 20 + ? degrees,

which is about 50 per cent less then in the case of ternary

fission of ' Cf, as measured by Fraenkel '. It suggests that

the kinetic energy of fragments at the scission moment can be

much less then 40 MeV, as calculated in ref. 2.

Unexpectedly high rate of the alpha particles «as 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 are evaporated in flight from the fully

accelerated fragments. The anisotropy of emission in the center

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

Referencesг
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2. I. Bimch et al. Phys. Rev. ̂ 6 /1967/ 1305
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Fig. 1. Contour diagram of the ?(**, в) distribution. The intensity is given in

arbitrary unite. The dashed contour Инее display Asulte extrapolated

using the energy spectra of alpha particles, The cross dashed line -

energy dependence of the maximum of the angular distribution, the thick dashed

curves - the sngular dependence of the mean value of об particle energy dietribution.



Investigation of the neutron capture high energy

gamma г ay в

J.S.Brzoeko, E.Gierlik, A.SołtguJr., Z.Sgefliaeki and

Z.Wilhelmi

"Stefan Pieńkowski" Institute aZ Experimental Physics,

University of Warsaw

fixe measurement of "fl" -ray spectra from (n,

reaction for heavy nuclei; In, Sb, I, Co, Zb, Но, Та, Au

and U have been performed in the neutron energy range

0.05 - 1 . 5 LieV. The experimental set-up i s described in

ref / 1 / . Some spectra for the neutron energy E a = 400 keV

are. shown in f igs 1,2 and 3. A distinct reinforceuent of

the 7"-ray intensity ia the high energy part of the Г-

spec trim i s observed. *^

The ratios ^ i B p > 3.75 MeV)/6 fcQt versus neutron

energy for In, Та and Au nuclei are shown in f ig .

The cross-sections &IB*. > 3.75 Me?) and ratios

>. с at 400 keV neutron energy for In, Sb, I, Cs,

Tbf Но, Та, Au and U nuclei are shmmarised in table I.
of

The theoretical predictions', cross-sections and cross-

section ratios obtained nith the assumption of compound

nucleus mechanism /2/ are shown in f igs 1,2,3 as «olid

l ines and in table I. Comparison of the experimental

values with theoretical ones points to the correctness of

the description. The quantitative and qualitative agree-

ment i s obtained when in the probability of the T-ray
29



emission an existan.ce of a "pigmy" resonance /2/ is taken

into account.

The theoretical expectation based on direct interac-

tions are three orders of magnitude lower then the measu-

red ones (table I).

References

1. J.S.Brzosko, .u.Gierliii, A.Sołtan Jr, and Z.rfilhelmi

rieport IUR 122'+/I/PL (1970).

2. J.S.Brzosko. E.Gierlik, A,Sołtan Jr, and Z.Wilheimi,

Cau.J.Pnys. 42 (1УЬ^) 2849.

30



*
t5

Ю

ш]Csfri.r)

1 2 Л 4 5 6 Т
Е? [MeV]

i-

5 в Г

Fig. 1 - 3 . The gamma-ray epectra at neutron energy

400 keV.



te

Ь
aa

0Л

b
U9

CL7

05

03

Аи

100

In

Та

too

кто Ъв¥

WOO &¥

"mo

Pig« 4 . ^.(Br>3.75 MeV) - the cross section of the

(п,У) reaction with emission of high energy

If- rays ( B^ > 3.75 MeV ; €+„* - cross

of the(n,Г) reaction.

52



Table I

Ta
rg

et

In
Sb

' " l
asCs
139 ть

wTa
iO7 .

Аи
Tl

Measured
En =

(mt)

106*7

65*5

67*5

60*15

t29±9

102*7

68*5

104 ±8

28 ±3

6.3* as
i

Imb)

250

130

150

150

350

300

205

190

40
127

values
0.4 rteV

0.43 * 0,05

U50 * 0.05

0.44 * 0.03

Q40 * 0.08

Q37 * 005

0.37 ± 0.05

0.34 * 0.05

0.53 ± 0.03

0.70 * 0.07

0.050 * 0.005

Theoretical

CN
(mb)

127
74

67

65

145

107

55

108

32

7.1

caicul
3.73 tfeV)

Dl

a 026
01

0.17

230
—

0.055

0.08

0.021

0.1
—



V.S. StrseyeV*", Т. Ко złów ski", V.8. Roganor*

and J. fo^tkowska*

NEUTHOH XHBRGT SPBCTR1 FROM HSGAXIVX Ш О Н

ABSORPTION OH COMFLBZ HUCLBI

It has been proposed in some theoretical works

that la nuclear muon capture the excitation of collective

states of the intermediate nucleus is dominant. These states

should be the isotope analogies of the giant dipole 'resonance

etates excited by photon absorption ex inelastic electron

scattering. In indirect confirmation of this mechanisn «as

the agreement of the experimental total muon capture rates

with the theoretical ones obtained under this assumption. It

was shown by theoretical calculations that more direct evidence

should be the measurements of the energy spectra of neutrons

emitted from these particle unstable giant resonance states.

In these spectra some structure similar to those ebserred in

the particle spectra from photo absorptism,; should be seen.

In this work the results of neutron energy spectxa measurements

from muon capture on 0, * 3, Ca and Fb /preriousfily reported

f 5]/« ere presented. Xhis work was performed using pure muon

+ JIER - Oubna
• Institute of Nuclear Research - fiwierk nesr Warsaw
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beam with, momentu» 150 Me7/c, from the muon channel of the

Dubna 680 MeV synchrocyclotron. Detector and target configuration

ie shown in Pig. 1. Muon stop events were detected by 1234

coincidences. The target thickness in neutron counter direction

was 2 g/ca , 4 g/cm, 4 g/cm2, 6 g/cm2 for water, melted sulfur,

metallic calcium and lead, respectively. Is neutron detector

the stilbeae crystal 30 ял in diameter and 20 an thick with

56 AVP photoBUltiplier was used. Neutron events were separated

from gamma events by pulse shape discrimination system [б] .

Pulse» from neutron detector passed 0.05 yusec after muon.

stopping were registered during 2 yusec, 1 yusec, 1 yusec and

0.3 yueee tirn* interval for water, sulfur, calcium and lead,

respectively. In muon stopping and neutron spectrometer channel

the anti-pile-up circuits with 6 yusec dead time were used.

The background was measured with LiH as a target. The energy

calibration of neutxom spectrometer was performed using y'-ray,

Po-Be Sources, and 14 MeV neutrons from с nexxtron generator.

The pulse height spectre were transformed into recoil proton

energy spectra. These spectra were then differentiated and

corrected for the efficiency of neutron detector. The energy

resolution /FWHM/ for neutrons was: 0.6 MeV for B n = 3 MeV^

and 1 MeV for В„ = 10 MeV.n

Ко corrections for multiple scattering in the stilbene crystal

and the target were applied.



la fig. 2-5 neutron energy spectra frea aooa capture oft
Л 6 0 , 5 2 S , 1 0Ca and Fb are presented. Ae can b# seen la

these spectra there are some narrow peaks and continuous

background. She latter for sulfur, calcium and lead can be

interpreted aa due to the evaporation mechenisa. Dotted

curves in Figa. 3 and 4 present the evaporation neutron

spectra assuming constant nuclear temperature [7]. In

the case of lead, Fig. 5» the part of the spectrua below

5 MeV can be described by Le Couteur's many neutrons

evaporation formula. £he oxgen data, Fig. 2, show the

large peak centered at about 4.5 lfeV which was theoretically

predicted [4), as result of the transition froa 2" giant

resonant state in 41 to ground state of %f.

In general all these spectra are similar to photeabsorption

particle spectra. The resonance mechanise of nuclear soon

capture is supported bj this experiment. It is concluded

that nuclear nuon capture can be applied to the investigations

of high excited nuclear states which cannot be reached in

another waj.
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Excitation of ieomeric activities in Rb,

~ Y, Pd, Cd, V, Os and Pb using 14.8 MeV,

neutrons

Б. Rurarz, J. Chwaszczewska, Z. Haratym,

II. Pietrzykowakl and A. Sulik

Institute of Nuclear Research

Department of Physics IA

Świerk near Otwock

Activation orose-sections of 8 4 mHb, В б шИЬ, 89mY,

1 0 7 m Pd, i 0 9 m P d , 1 1 l n C d , 185mW, 1 9 0 m 0 s and 2 0 3 m P b for

14.8 MeV neutrons were meaaured using Ge(Ll) and Nal(Tl)

detectors. The following values in millibarns were

obtained: 85Rb(n f2n)84mKb (20.5 min.) 412 t 40;

87Rb(n,2n)86mRb (1 шШ.) 43? ± 45; 8SY(n,n'f9mZ (16.5 s)

438 t 4 4 i
 1 0 8 P d ( n , 2 n ) 1 0 7 m H (21 e) 590 t 60;

1 1 O Pd(n,2n) 1 O 9 °M (4.8 min.) 554 i 55; 1 l 2Cd(n,2n) 1 1 1 mCd

(48 min.) 812 t 8 0 ; 1 1 1 Cd(n,n' ) 1 1 1 mCd (48 min.) 167 - 17;

1 8 6w(n,2n)1 8 5 MW (1.7 min.) 1152 ± 110; 1 9 O Os(n,n' ) 1 9 O m Os

(lO min.) 15 t 1.5} 2 0 4 Pb(n,2n) 2 0 3 m Pb (6.1 s ) 1020 ± 100.



Excitation of 3 min activity in

in Os(n,p) y Re reaction using 14.8 MeV .neutrons.

E. Rurarz and B. Myełek

Institute of Nuclear Research, £wier!c/0tv»ock

and

P. Oblozineky

Institute of Phyeice, Slovak Academy of Sciences,

Bratislava,

Introduction

After irradiation of natural osmium with H L'eV

neutrons gamma lines with the 3 min. half-life have been
i

observed. They have been assigned to the decay of the

°Tte ground state to excited states of Os [i] . Иге

nucleus considered was a subject of considerable number

of studies by neutron capture gamma-ray spectroecopy С2»з],

charged particle excitation [4], decay of .the ground and

isomeric states of Ir [5] and decay of the ке ground
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ground eta te created In Oa(X,pn) reaction [1]. The aim

of the present work «as to study the production of ке

In the 1 Os(nep) Tie reaction.

Experimental procedure

Radioactive sources of Re «ere produced through the

(n,p) reaction on natural osmium metal powder (5g)of

spectroeeoplc purity,using 14*8 MeV neutrons. The neutron

8 9flux varied at the sample position between 5*10 - i'1Cr
2

neutrons/sec*cm . The gamma spectrum was measured using a

5 cm-* Ge(bi) spectrometer. In view of small intensities

of gamma lines from the dec&y of He, the Ge 11 detector

was shielded witfc 15 cm Pb(Cd+Cu lined). In this experi-

ment a cycle of 10 min. irradiation and one minute pause

to avoid the 6 sec 1 S 2Re activity from the 1 9 2Os(n ep)
1 9 2Re

reactions and 10 min. counting period was applied.

Results and discussion

The measured gemma spectrum of % e and Os is

shown in fig. 1. The energy values and intensities of gamma

llnee free the decay of ^ ^ R e are in good agreement with

the "eeulte of Haustein and Voigt[i] . These authors show

that one particular level 3" In 1 9 00s at 1387 keV is popula-

ted la. —> 10OS beta decay branch. Besides the gamma lines



from tbfc decay of 1 9 O s E e there are prominent lines belonging

to the 10 min. isomer in ^ Os. This fact allows u"s to deter-

mine the Oa(n,p) % e reaction cross section relative to

the 9 Os(n,n'f) Os reaction by comparing the intensities

of the neighbouring lines in the spectrum belonging to He and

Oe respectively. The conversion coefficients and branching

ratios were taken from refa. [i,5j. Using the 19°Os(n,n'r|9OmOs

reaction cross-section as the internal monitor with

6 « 1 5 - 1 . 5 m b [ 6 i the cross section of the 19OOs(n,p)19OgRe

reaction «as found to be 6 » 1.95 - 0.20 mb.

Attempts «ere made to produce the 2.8 h activity reported

by Baro et al.[?Jand Aten and de Feyfer[s] and ascribed to

the ieomer of ^^ке. Our results confirm the existence of

few lines with similar half-life. The half -life of the stron-

gest line with energy 187 keY was found to be ^ л » 3 - 0.5 h.

Acknowledgment : The authors are indebted to A. Sulik for

operation of the 200 kV accelerator.
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The decay scheiae of 2 ? 2Pa */

R. Kaczarowsici, W. Kurcewicz, A. Płochocki and J. Żylicz

Institute of Nuclear Research, Dept. of Physics/IA/, świerk

•Abstracts Magnetic and semiconductor /Ge and Si/ spectrometers

were used to study the ^ Pa —•£• ^ U decay scheme. The

following £ lines, new with respect to the earlier data

reported by Bj^rnholm et al." t were observed: 922.7, 1003.3,

1016.4, 1051.4, 1055.4, 1085.4, 1125.1, 11J2.7 and 1164.5 keV.

Conversion coefficients and multipolarity assignments «ere

determined for several of these transitions. Due to the e-£

coincidence studies it was possible to show that the 1125.1

fand 1055.4 keV S1 transitions feed respectively the 2 + end 4 +

levels of the J U ground state band. This indicates the

existence of the new * U levels at 1172.8 and 1212.1 keV

which are interpreted as 2" and 3" members of the К = 1"

octupole band. Another new level is proposed at 1132.9 keV.

As deduced from ft-^jf coincidence experiments, the

x/ Institute of Nuclear Research Report 1232/IA/PL /1970/
Acta Physice Polonica /in print/

*
1/ S. Bjjrfrnholm, P. Boehm, А.Б. Knuteen and O.B. Nielsen,

Nucl. Physice 42 /196?/ 469



decay «в**®* of 2-*%a ie equal to 1337 ± 10 keY. The

dieouesion of experiment*1 data in teras of nuclear

modele is concentreted on the octupole bands and their

Coriolie interaction.
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Levels oi' 25°2Ji and 25°lT_fed in the decsy of 2 5°Pa

„-.^urceivics, ii.Ctryezniewicz and J.^ylics

Institute of ::ucleiir -c'-esrch, Dept. of .Sissies /1A/,

&.vi'.;-r".c neyv1 ./sruaw, Poland

:.. Ji-.oanriclci **/1 Т.шо:ее1с ̂  and I.Yutlandov

Joint Inr/tUute oi" Nuclear Research, Dubna, USRR

Abstract: Th 2^O1^ decay to levels of 25°Th and

is inveatic;uteu. u.sxu=; .^K^i) and Ge(Li) spectrometers

for singles-spectra neusurements, and a Ue(bi) spectro-

ireter combined vvifcii a cix-^ap fr spectrometer or with

a ::al(i4) detector coincidence measurements. The decay

ache^e is proposed .vitii accounts for all but one of

the 50 transitions observed in the present investigation.

'•j-he following bands of the ^ Th excited states are

established or proposed (in paranthesec: level energies

in keV, spin values and"parities of the levels): the

ground-state band (53.19, 2 + and 174.12 4 + ) , the

quadrupole bands ({^i <Q$H.7, O + and 677.8, 2+t J" :

761Л, ?+ and 825.4, 5+; ft + f (?): 1009.61, 2 + and

K / Institute oi" Huclear kesearch, Heport 1251 /IA/ib( 1970).

Acta Physica Polonica /in print/

^"fernianent address: The ..'arsaw, University, «̂ arsav/
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1052.6, 3+) and the octupole bands (K = О" з 508.20,

1" and 571.71. У i * * = 1" : 951.91. 1" ; 971.70, 2"

and 1012.2, 3" : К* * 2" : 1079.20, 2" and 1127.35, 3")'.
2-50 540

The ' Pa —•-**' Th decay energy, Q, i s deduced from

the measured- r e l a t i v e p r o b a b i l i t i e s of the К capture

transitions to several excited states in ^ Th:

Q = 1315^0 k e V ł F o r 2 5 O u * t h e f i r s f c excited 2+ state is

observed at 51.72 keV and the bandiaead state of the

K* = 0"" octupole band is proposed at 366.5 keV. The

experimental data are discussed in terms of nuclear

models, with emphasis on the band-iaixing efx'ectc.
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The Code FLANGE - ЛЬ 4

J.Arkusaewski, W.Baran, K.Kowalska

Insti tute of Ju.clear Research, świerk,

The code based on the algorithm of the General Atomic

FLAITGB code computes tiie double differential scattering

JI'OSS section 0(.й',дО» tiie zeroth and f irst Legendre

moments of the scattering kernel б^з'-^мй) t 01(ji'-*-E) t

the zeroth and f i rs t Leyendre iMOiients of the single dif-

ferential scattering cross section 6fc,(2i'), €>,,(b').

All tJiese quantities are calculated i'roa the scattering;

law incoherent ineiastic thermal scattering of neutrons

from polycrystalline materials.

rBJ/1260/XXI/Hl Report.

The Code HEXSGAO? - S

Б«Bogumił, K.Kowalska

Institute of Nuclear Research, świerk, Poland

The code based on the General Atomic HEX3GA2 code .

calculates the zeroth and f i rs t Legendre moments of the

coherent elastic neutron scattering cross section

polycrystalline moderators with hexagonal l a t t i c e .

IBJ/1300/m/FK Report.



The Routine Production of Thin Tritium-Titanium,

Tritium -Zirconium and Deuterium-Titanium» Deuterium-

Zirconium Targets.

R.Plejewski, R.Sochacka

Institute of Nuclear Research» iVarsaw

A method of production of thin 0 and T targets has

been devised. The targets posess the following desireable

features:

1. Negligible lose of hydrogen la vacuum.

2. Negligible loss of tritium and deuterium in tempera-

tures up to 3OO°C.

3« Strong binding between the absorbing metal and the

backing.

The'targets produced have been used in a range of

experiments conducted in the Institute of Nuclear

Research IBJ.

Also, targets of special construction have been

produced such as targets with a copper backing on which

15 JU silver and subsequently О.Л5 mg/cm2 of titanium

with 0.8 Gi tritium absorbed were deposited. Typical *

targets have.following characteristics:

Tritium targets

Targets ere 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 ia the titanium or zirconium.

The tritium/titanium, tritium/zirconium atonic ratio-

varies from 1.2 - 1.9 •

trifeiated
titanium
zirconium
0 ТПТП

25.4

= = * = = =

25.4

titanium
zirconium
^ug/cnr

200-350

350-600

600-900

= = = = = =

200-350

350-600

600-900

backing
0 mm

28,5

= = = = = =

38.0

backing
thickness

ШШ

- •

0.5

= = = = = =

*

0.5 or 1
•

Average
act.Ci
(* 10%)

1,1

2.2

3.5

= S = S! = = 9

1.1

2.2

3.5

Backing metal-cooper or silver.

Deuterium targets are manufactured exactly in the sane

way as tritium targets, (see above)

The same dimensions are available.

'•the deuterium titanium - deuterium zirconium atomic

ratio varies from 1.4 - 1.9 .

The amount of deuterium varies from 0.5 - 2 ml accor-

ding to thicknes of titanium or zirconium laya?.

Tritium targets emit bremsstrahlung radiation with

a continuous spectrum of maximum energy 18 keV. This

provides means of differentiating between tritium and

deuterium targets, as well as providing a rough check on

the. tritium content of a target.




