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Bditor’s Note

This Progress Report on nuclear datz research in
Poland /May 1969 - April 1068/ contains only information on
resegrch, which is closely related to the eativities of the
International Nuclear Data Committee of the Ioterneticnal
Atomic Energy Agency ixn the field of neutron physics. It
does not include any information about ovther unuclear resesch
as for exampleAin the field of charged particles uuclear
physics br the use of neutrons for solid state physics siudies.
Tﬁe individual reports are not intended to be complete
or formal, and musf not be quoted in publications without

the permission of the authors.
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1. (n,d) reactions on 23na, 35c1, 39k, *'k, %%y,
and “Br at 14.1 MeV.

M,Dgbrowska, B,.Sikorska, J,Toke, E.Wesoiowski

Institute for Experimental Physics, Warsaw University,

Warsaw, .

Angular distributions of the deuteron groups corespon-

ding to the reactions:

35¢c1(n,a,)**s g.s.
9k (n,do)59A GeS.
9 (1,44)%98%  (2.76 ueV)
1K (0,a)"08 g.s.
YK (n,a,)*00%  (1.46 UeV)

were measured with'a scintilation couﬁter telescope in ofder

tq obtain estimatea values of spectroscopic factors in the -

region of 2 s 1/2, 1 4 3/2 proton shells. The data are shown

in fig. 1, 2 and 3 together with results of preliminary DWBA
calculations and the resulting spectroscopic factors. An over

all good sgreement wes found between these values and the
predictions of the refined shell model of Glaudemans at al./1/.
Additionaly the PNa(n,d, ;)%%Ne g.s.,1 st.exc. Py(n,a, 4)Psr g.s
1 st. exc. and 141rr n,do 44°Ce g.5. transitions were inwestigated
with the aim to extend the expgrimental material of proton
pick—ﬁp reactions. In the case of 23Na /£ig.1/ and for the

ground state tramsitions of 88Sr and 14oCe /fig.4/ anguiar



distributions were obtained. The 141Pr(n,d°) 140ce reaction
has an expected low cross section and the results Jeald only
the order of the cross section and the cheracter of the an~-

gular distributién curve.

REFERENCE:

o

1. P.% .M. Glaudemans, G.Wiechers and P.J.Brussard,

Nucl. Phys. 56, /1964/ 529.
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2. Cross Sections for the S9%/n,n’/®9®Y ang
89¥/n,2n/882 reactions

A.Abboud? P.Decowski, W.Grochulski, A.Marcinkowski,
I.Turkiewicz, K.Siwek, Z.Wilhelmi

Institute of Nuclear Research, Warsaw,
end
Institute for Experimental Physics, Warsaw University,

Warsaw,

The excitation curves were measured for the 89¥/n,n’/89m1
and the 89Y/n,2n/881 resctions. The expérimental results are
presented on Fig.1 and Pig.3 together with the theoretical ‘
predictions.

The theoretical calculations of the cross sections were
performed according to the statistical formelism described in
detail in our previous works [1], [2], [3]. Since the concept
of level density is meaningless for excitation energies invol-
ved in the 89Y/n, ’/89m1 reaction for the low neutron energy
range as well as in the 89Y/n 2n/88Y reaction for neutron
energies just sbove the threshold, the individual levels as
far as they are known with theirs spins snd parities were

teken into calculations.

»

B 0On leave from Atomic Energy Establishment, Cairo, U.A.R.



For excitation energies above the highest known level,.
the level density with no free Parameters as descrived in
1, [3] was assumed. The importance of the separafe levels
was neglected for the 89Y/n,n’/sng'reaction for neutron
energies higher as 13 MeV.,

The competiﬁion of the proton emission was taken into
account on each step of the reactions cohsidered. The O{ -par~
ticle emission was assumed to be neglegible.

The solid lines on figures 1, 2 and 3 present the results
of our calculations. A rough approximation in accounting for
the competitive gamma reys emission with respect to the eva-
poration of the second neutron [4}, [5], which involves an
effective increase in the binding enefgy, in our case that
of the neutron in 89Y nucleus by A Sn’ is marked by
A Sn = 1,2,3% in MeV, This treatment is equivalent fo gssuming
that in the energy interval A S"above the /n,2n/ reaction
threshold, the /n,n?/ reaction predominates because of the
spin forbiddeness of neutron emission.

From the comparison of the experimental and caiculated
values of cross sections for the 89Y/n,2n/58¥ reaction(fig.1)
it is seen that over the whols range of the incident neutron
energies the experimental cross sections lie much below the
theoretical Enes. This systematical deviation was observed
in all cases investigated by us [3], [2]. According to the
explanépion of this effect suggested, we can expect that the

89m

measured cross sections for the 89Y/n,n’/ Y reaction will

exceed the calculated values, From fig.? 1t is visible that



this is the case., However the quantitative description of this
effect is unsatisfactory. As it was shown in [2}-end [3], the
iéomeric ratios are well described by the theoretical model
used in calculations, Taking this into account a following

summe~rule can be written

6(n,2n)-6(n, 0] dEn»—f(n—g) o‘fﬁo‘f,) O“(n,n )]dEn

Prom the results presented in Fig. 1,2,3 we obtain
1920 MeVemb # 995 MeVemb .

theor. exper
It

This means that the disagreement between experiment and .
theory for the 89Y/n.2n/881' reaction; can be ascribed only

in rart to gamma decay competition.
REFERENCES

1. P.Decowski et al. Nucl. Phys. & 110, 129 /1968/
2. P.,Decowski et al. Nucl. Phys. A 112, 513 /1968/
3. A.Abboud et sl, /published in this issue/

4, J.R.Grover, Phys. Rev. 123, 267 /1961/

S5« JJ.R.Grover, FPhys.,Rev, 127, 2142 /1962/
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3. Isomeric ratios snd total cross _sections for the
T4se nl2n.735'mSe 90zp n,2n 898,15, and
- 92y, n,2n gy, reactions.

A.Abboud®, P.Decowski. W.Grochulski, 4.Marcinkowski,
J.Plotrowski, K.Siwek, Z.Wilhelmi
Institute for Experimentsal Physics; Warsaw University,
Warsaw, and

Institute of Nuclear Research, Warsaw,

The excitation curves and the isomeric ratios for
?45¢ n,on 72818ge  07p 1 on 898eBgr ang 924o n,on 91898y
reactions have been measured in the neutron energy range
12.6 - 18.2 MeV,

The activation method with the use of fast-slow coinsidence
spectrometer was applied.

" Experimental results presented in Figs 1-6 are compared
with the predictions of the statistical model based on the
developed superconductor level density /1/+. The calculations
account for the chenges in the level density in the viecinity
of the closed shells. ,

In the case of the 9%2r(n,2n)®9%8'%zr and 92Mo(n,20f18%M0
reactions the calculated isomeric fatios show good egreement

with-é;perimental data (Figs 1,2.) The calculations for these

¥ On- leave from Atomic Energy Estabilishment Cairo, U.A.R.
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two reactions were performed for the real levels of final
nucleus. ' .

In the case of 7459 n,2n 735'mSe reaction Fig.3? thei
divergence between theory and experiment is pronounced.
This divergence may be ascribed tb incorrect sﬁins &s-
signment in the decay scheme of 7359'/2/.

In all investigated reactions the calculated total
cross sections (dashed lines Figs 4,5,6) do not egree with
the measured values. The divergence may be caused by the
fact that no account was teken for the gamma~neutron com-
petition. & rough method of providing for tﬁis process,
consistirg in increasing the meutron binding energy by the
value A Sn has been epplied. ,

Figs 4,5,6 show the excitation curves for 74$e(n,2n)753'm5e,
90Zr(n,2n0°95’m2r, ‘92Mo(n.2n)9qg'mMo reactions respectively

our results ¢'. The curves ascribed as Sn + 0.5, Sn + 1,

Sn + 2 and Sn + 3 are the results of calculations for

A sn = 0.5, 1,2,3 MeV.
REFERENCES

1. P.Decowski et. al., Nucl.Phys. A 110, 129 /1968/

2, B,S.Dzelepow, L.B.Peker, ]
Decay Schemes of Radioactive Nuclel /1968/.— Academy of
Sciences of ZSSR Press. - |

3. J.Mattaucp, W.Thiele, A.Wapstre,
Nucl.Phys. 62, 1, /1965/.

4, W,D.Myers, K.J.Swiatecki, UCRL 11980, /1966/.
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¢ our results
Solid line -presents the statistical model predictions
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4.'Polarizatggg*of neutrons from the 3§(d,n/“ﬁa reaction

- at low deuteron energies

M.Siemidski, Z.Wilhelmi,W.Zyck, P.Zupranski
Institute of Nuclear Research, Warsaw, and

Institute for Expefimental Physics, Warsaw University

Warsaw,

Using the method of ref;[1] we have measured the angular
distribution of neutron polarization for deuteron energy
1.4 MeV and the polarization of neutrons emitted at 60° and
90° /lab/ at several deuteron energies from 0.4 MeV up to
1.6 ¥eV. The results are shown in Figs 1,2a,2b.

The character of the angular distribution of polarization
is quite similar to that obtained at deuteron energy 1.8 Mev
by Levintov et al {2] and at 2.1 MeV and 2.9 MeV by

'Christiansen et al [5]. An approach to the theoreticel ex-
Planation of the measured polarization either in terms of
distant levels contribution or a resonance plus direct am~

Plitudes is being carried out.

REFERENCES

1. M.Siemitgki, Z.Wilhelmi, W.Zych and P.Zuprafiski
Nucl, Instr, and Meth. 64, 77 /1968/

2. I.I.Levintov, A.V.Miller, U.N.Shamshev
Nucl.Phys. 3, 221 /1957/

3. J.F.Christiansen, W.Bﬁsser. F.Nievbergall, G.S8hngen
Nucl.Phys. 67, 133 /1965/ S
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5. BExcitation of isomeric activities for some N=81 isobtones

using 4.5 MeV neutrons

E,Rurarz, Z.5aretyn and 4.8ulik

Institute of Nuclear Research, Swierk

During searches for short-lived nuclear species excited
by 14,5 MeV neutrons we have ohserved many jsomeric states,

1
four of which are identified as 37mBa, 390, WG, ang

14§mSm.

Thefe’are marked disagreements by factors ranging from
Z *u several orders of magnitude between published isomeric
activities close to maglc nunber N=82,°

The cross-sections for the production of the isomeric
staves through the /n,2n/ reaction in the present work have
been measured by the activation method,

The following cross sections /in mb/ have been found:
- V38sa/n,20/"3"™8a /153 secs, 1105 110
0ce/n,2n/1%90ce /50,8 sec/, 1280% 130
Y2n4/n,2n/ 1 ®Na/60.3 secs, 1069 120
Msn/m,on/ 3 en/65 secs, Se4t 120

The experimental data of this work have been comparedv

with the results obtained by other authors. T

21




6. Excitation of isomeric activities in 71Ge, 7an and 79Br

using 14.8 MeV neutrons

E.Rurarz, Z,Haratym, T.Kozlowski and J.Wojtkowska

Institute of Nuclear Research, Swierk

The cross section for the production of the isomeric
states in 71Ge, 783r and 793r have been measured using
14,8 MeV neutrons. The half-lives and energles of these
isomeric activities were remeasured for checking the as~
signments. As 2 result of experiment +the following values

were obtained for the measured activities:

Targgt, regctioh Half-life Cross~sections
and isomeric E /keV/ /sec/ . /mb/.

nucleus

726e/m,2n/ Mge | 75 /20,441/103| 487450
798r/n,2n/7"py 150 /111410/4078| /2204407714 L 1/
798r/n,n?/790pr 208 5 230430

Experimental results for isomeric ratios in /n,2pn/ reaction

are compared with the atatistical theo;y predictions.

22



?. Investigation of prompt neutrons accompanying
spontaneous ternary fission of ~22ce®

H.Piekarz, J.Btocki, T.Krogulski, E,Piasecki
Institute of Nuclear Research, Swierk

) The properties of prompt neutrons accompanying the
spontaneous 292Cf ternary fission with Ol -particle as a
third fragment have been examined. The angular distribu- .
tions of neutrons with respect to the direction of fission
fragment flight were measured for the ternary and binary
fission. The average number of neutrons and the ielative
Yield of neutrons emitted from the light and heavy fragments
in the ternary fiésion were determined by comperison with
thoae observed in blnary fission. Tne neutron yield as a
function of the Ol ~particle kinetic energy was aiso found.

fhe kinetic energy of the single fission fragment was
measured in coincidence with neutrons and the alpha particle.
The neutron counter consisted of a stilbene ceystal 40 X 40 mm
and 56 AVP photomultiplier. A pulse—shépe discriminator al-
lowed to separate the neutromns from ¥ -reys. Silicon surface
barrier deéectors registered fission fragments and alphe parfL
ticles from tripartition (the last in the eneigy interval
10-30 MeV).

A typical fest-slow coincidence system was applied.

5/ The measurements were taken at The Nuclear Chemistry
Group of CERN in Geneva, .

23




Ve

5.

can conclude that: . ,

The angular distribution of neutrons with respect to
the fission fragments is quite similar in the binary
and ternary fission. (see Fig.1)

<v>ternary = 3.10%0.08. » .

The ratio of the number of neutrons emitted from the
light fragment to that emitted from the heavy one is
s;gi;gr in the binary and ternary fission
) O =1.1%0.7)

The -neutron yield decreases with increasing alpha par-
ticle energy: <—aa—g;>= ~0.042%0.01 Mev™ ",

The total kinetic energy released in ternsry fission

is higher by 3.811.3 NeV than that in binary fission.
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8. Correlated emission of light nuclei end neutrons

in fission of 2350 and 2520f§/

J.,Btocki, J.Chwaszczewska, M,Dakowski,
T.Krogulski, K.Piasecki, H.Pickarz and J.Tys,

Institute of Nuclear Research, Swierk

The relafive yields of protons and tritons with respect
to the ol ~particle yield were measured in coincidence with
prompt neutrons from thermal neutron - induced fission of
255U and spontaneous fission of 2520f.-

We used the telescope counter snd epplied the two-parame-
ter analysis fop particle identification, The neutron counter
consisted of a stilbene crystal 30 x 5 mm coupled with a 56 AVP
photomultiélier. Separation of the neutrons from gemma rays was
" reslized by a pulse-shape discriminator. A typical fast-slow
‘coincidence system ﬁas used, The random coincidences did not
exceed 5% of the true ones.

Several runs with and without coincidence with the neutrons
were performed. For both kinds of measurements the relative
yields of tritons and protons with respect to the emission
of 100 o« -particlés were measured, The results are presented

in the second and third column of Table 1,

®/ A pért of the measurements wes carried out at the Nuclear

Chemistry Group of CERN in Geneva.

26



Table 1

' i Relative yield /%/ ;
Particle without with coincidence
. coincidence non corrected corrected

protons 2.5 + 0,15 2.3 £ 0.3 2.6 £ 0.3
252¢¢
tritons 9.3 £ 0.3 8.2 X 0.6 8.3 0.6
protons  0.96% 0.02  0.77% 0.10 0.860,10
235
U
tritons 8.0 * 0,5 7.3 £ 0.3 7.4 £ 0.3
o -.particle 100 100 100

The resultats with correctioms providing for the finité
sizes of the target and both detectors, and for the differences
between the angular distributions /with respect to the heavy
fragments/ of o - particles, tritons amd protons /1/ are
shown in the iast column of Table 1., The angular and energy

-distributions of prompt neutrons was assumed to be independent
of the type of particle.

Basing on the ;;sults listed in ?gble 1 we can conclude

2526f the amount of prompt

that for 235y as well as for
neutrons accompanying the proton and triton tripartition

is smeller by sbout 10% compared with that in the O ~tripar-
tition. This difference lies within the limits of a single'
and two standard deviations for the protons and tritons, re-
spectively. These results indicate that the- amounts of ex-
‘citation energy released by prompt neutrons do not differ

(o] 39

very much, when the values of == are similar for the various

ov
kinds of the triperititions investigated.

{11.G.M.Raisbeck, T.D.Thomes, Fhys.Rev. 172, 1272 /1968/
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9. Emission of light nuclei in thermal

neutron fission of 259Pu

T.Krogulski, J.Chwaszczewska, M.Dakowski,
E.Piasecki, M.Sowinski and J.Tys.

Institute of Nuclear Research , Swierk

The relative intensities and energy spectra of 4H, 2H,
4 i

BH, He, 6He and 8He particles from the thermal neutron
fission of °?9Pu have been measured. |

The 6 mg/cm2 thick 239Pu target was irradiated in thermal
neutron rlux of 6 3;108 cn™?sec™", The semiconductor counter
telescope permitted to distinguisn between the registered
particles so that the energy spectra of hydrogen and helium
isotopes could bé measured,

A Gaussian aistribution was fitted to the spectra by the
‘lesst-squares method, We conclude that all the spectra are su-
fiiciently well described by a Gaussian distribution althouéh
there are small deviations ffom it. The most striking feature
of measured spectra is almost the ssme energy distribution
for all isotopes of hydrogen and regularly decreasing maximum
of aistribution with the mass of isotope in the cese of helium.

The intensities relative to the emission of 100 slphas
have been calculated by assuming that the low energy part
of the spect:um which is not registered is symmetrical to
the cdrresponding hign~energy parb.

The results are presented in Table 1 and Figs 1 and 2.

28



Table 4

Energy range

Relative

Perticle of undistor-  intensity Epeak FWHY
ted spectra /extrapo=- (kev] [MeV]
[(MeV] lated/
P 4 4 1§ 1.9 £ 0.1 8.40%0.15 7.2 0.3
a 4,5 + 19 0.5%0,1 . 8.2%0,3 7.2%0,5
t 5.5 + 20 6.8 £ 0.3 8.20%0.15 7.6 ¥ 0.4
“He 10 + 29 100 16.0%0.1  10.6% 0.2
®He 11 & 28 1.9 0.2  11.8%0.4 10.6% 0.6
8ge 12 & 23 0.08%0,02 <12 >9

29
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10. Energy spectra of alpha particles from the
’ 16631‘ /By oL /16517.7 and 168E1‘ /a, ol /165D.7
Reactions with 14.2 MeV neutrons

8 -

M.Jaskéla, W.0sakiewicz, Z.Rogulaki, J.Turkiewicz
L. Zemlo ’

Institute of Nuclear Research, Warsaw, and
Institute for Ex?eriﬁental Physics of Warsaw
' University, Warsaw

The energy spectra of alpha particles from the 1665,
/ny ol / 1659.7 ana 18> /ny X / 165Dy reactions at 14.2 MeV
have been studied using the semiconductor technique.
Samples of 16,6Er /5.1mg;/cm2 - Er203/ and 1685 /6.lmg/cm2
- Eré03/ isotopically enriched to 96% were deposited
onto thick aluminium backing. ’

The results of the alphé~particle spectra measurements
are shown in fig.1. All the spectra were measured for
the forward angle /0° + 60°/. Fig.1 shows also the theore-
tical predictions /dashed lines/ obbtained by applying the
Weisskopf-Ewing formula. The values for inverse cross
sec?ions were taken from the calculation of Huizenga and
Igo [1] » The energy level density was taken in the form

0@ xu? axp(2 V av)
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.
‘ wiﬁh the level density parameter "a" teken from Erba et

al. [2] . The calculated curves are not normalized.

The evaporation theory with reasonable a-value is completly
inadequate to the description of the investigated reactiom.
The comparison of the a-values obtained from the statistical
analyses with that given by Erba et al. [2] is shown in
table 1. ..

level density parameter "a" (Mey™)
Nucleus present work Erba et al. [2]

The existence .of high—energy alpha particles in the
.experimental spectra suggest the presence of strong direct
effects in investigated reactions. Similar conclusions
have been drawn in the other papérs [3,4,5] . Supposing
the dominatiod of the direct interaction mechanism with
alpha particles emitted mainly in knock-out process, it
seems reasonable to expect the single neutron levels to
~ be strongly excited. The comparison of the results of the
 calculation of the single-neutron level density in 195Dy
and qs?Dy based on Nilsson work [6] with the experimental '
alpha gpectrum for thé 166gy /ny, o/ 16”51).7 ang 168gy /a, ol /
165D,y reactions is preseﬁtéd on £ig.2.
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The value of the deformation parameter § in boi:h
" cases were taken 0,3, A8 it can be seen for the 166y
/oy, < / 163Dy reaction the agreeinent is quite good.
The measurements and the analyses are not yet completse.
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1. The code MINIGASKET
J. Arkuszewskl, Institute of Nuclear Research, Swierk

The programme calculates thermal neutron scattering
function Sﬂid}/ in incoherent approximation for any
dynamical system that can be adequately described by a
continnous phonon distribution function /e.g. a polycrysta-
1line isotropic medium, free gas/. The algorithm is essen-
tially based on the code GASKET /GA-7417/Rev/, however
the employed method of numerical Fourier transformation
is different becouse of some acceleration technique ineluded.
The phoﬁon distribution,functioh for hep lattices /e.ém
Be/ will be caléulated from first principles by another
programme /czachor 13/. '

The code written in GIER ALGOL IV for the GIER computer
is being finally tested.

-12. The code MIXER
JeArkuszewski, Institute of Nuclear Research, Swierk

The MIXER code prepares the 26~group microscopic
constants in a form sultable for direct use in the 1D
criticality diffusion code EWA~TAPE. The programme library
is based on the 26~group russian ABN set. The corrections

to the cross sections from the self-shielding factors of
ABN library are calculated for 3000 only, the fission

spectrum iteration is also included. No corrections for
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*non 41/E" spectrum behaviour were introduced for elastic
scettering, The code can handle up to 15 nuclides in a
mixture. It is written in GIER ALGOL III for the GIER

computer.

13. ALGOL program for
Computation of the frequency distribution function
" of erystals

A. Czachor - Institute of Nuclear Research, Swierk
A.Rajca - Institute of Experimental Physics,
University of Warsaw.

A detailed knowledge of the frequency distribution
function /FDF/ of reactor materials is necessary for the
caleulation of scattering matrix. An ALGOL progrém for
computation of FDF, basing on the so called "sampling
method"® 41 has been elaborated. In this method t}.{e
eigenvalues of dynamical matrix /DM/ of the crystal are
calculated for a finite number of points in the "irreducible
part of the Brillouin zone" /IPBZ/ s and then selected wi’ali
a proper welghting into the frequency intervals of desired °

width. The elements of the DM are assumed $0 be given.

1 ' -
Al.A. Maradudin, E.W.Montroll, Ge.H.Weiss,

Theory of Lattice Dynamics in the Harmonfic Approximation,
Solid State Physics, Supplement 3, '
Academic Press, New York and London, /1963/.

-4
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The program may be used of any crystal stmacture.
The shape and size of the IPBZ and the rank of DM must be
specified. The accuracy of computation is limited by the
time of computation of one set of eigenfrequencies at a
given point of IPBZ. Using the GIER computer at Swierk,
the time for a 6 x 6 matrix is 6 sec.

Program has been-verified by computating the FIF for

Bismuth,



