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Editor s Note

This Progress Report on nuclear data research in Poland /May
1979 - April 1980/ contains only information on some research, re-
lated to the activities of the International Nuclear Data Committee of the
International Atomic Energy Agency in the field of charged partic‘:les
and neutron physics. It does not include any information about other
nuclear research as for example 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 publications without the permission of the

authors.

Uwagi od wydawcy

Raport ten zawiera informacje o badaniach w zakresie fizyki jg-
drowej $rednich energii przeprowadzonych w Polsce /maj 1979 -
kwiecied 1980/ i zwigzanych z dzialalnogcig Komitetu Danych Jadro-
wych Miqdzynarodowéj Agencji Energii Atomowej.

Pominieto wyniki badaid w innych dziedzinach fizyki jgdrowej,w tym
réwniez badafi w zakresie fizyki ciala statego przy uzyciu neutrondw,

Poszczegdlne prace zawierajg wstepne oméwienie wynikéw badaﬁ
nie wyczerpujace poruszanych tematéw i nie powinny byé cytowane bez

zgody autordw,

3aMevaHus OT pelaKIu

JTOT CGOPHUK conepan COOOIEeHAA O IIPOBEAEHHHX B lloublie
‘B nepuon or Mag 1975 mo ampess 1980 mccieloBaHUAX B O0Jac™
@U3IKY CpeIHMX SHEPTHUU,CBA3AHHHX C HeATeJbHOCThE KommTeTa
no fAnepHum JanHHM MexnmyHapomHoTo ATeHCTBa ATOMHON OHepPTHHU.
He BRJWYEHH De3yJaBTATH MCCJENOBaHU C OGJacTH IPUMCHEHUA
HelITpOHOB B (M3NKE TBEPIOTO TeJa.JoKIalH EHe ABIANTCA NOJ—-
HHMH I HE DEKOMEHIYeTCs CCHJATHECA HA HUX Ge3 COIVIacui aBTC-
POB. :
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THE REDUCED ALPHA WIDTH SYSTEMATICS
IN THE RARE-EARTH REGION |

W.Kusch

Institute of Nuclear Research, Dept. of Nuclear Reactions

Warsaw

- The application of mass separators on accelerator beams made the
spectroscopic inve Stigations of isotopes far from stability line possi~
ble. A great number of new isotopes was identified recently, and
a range of new data on neutron deficient alpha radioactive isotopes of
rare-earth elements was obtained, what stimulated our atten{i;t to com- .
plete and improve the alpha-decay systematics in this atomic ’x'flrlimber
region, | '

Most éxperiméﬁtal alpha—decay investigatioh; i'nn: the rare-earth
region were performed with great ?recision in the“last decade by
UNISOR [1-6] group. Recently the GSI gféup : Eo}ltribqted remark-
ably to the complement of data [7] . 'The"'co;ﬁﬁila:ﬁon published by
Gauvin and al. [8] was used in our systemétic as Well.

Our investigation was based.on experimental values of W (e = ?Lexp/ P,
primarily for the favoured transitions, The barrier penetrability P
was calculated for the pure Coulomb barrier using Bethe formula [9]
with the radius parameter T = 1.55 fm and then corrected using a
function taking into account the Igo [10] dependence of the potential
near the nuclear surface., The correction function was obtained by
comparing the Rasmussen results [1 1] with those calculated by Bethe

formula, using the same experimental data as starting point,



Estimation of all available experimental data in the rare-earth
region led us to the conclusion that in most cases the accuracy of
determination of the alpha particle energy E, the alpha branching
ratio R and decay half life T1 /2 was sufficient for calculation of W
with an error not larger than 30%. However, there ijs a certain num-
ber of results whose accuracy exceéds that limit, Thus the data for 8
transitions out of 49 analysed are not fully valuable, In several cases
the confidence to the experimental results could be inc;reased by an
analysis based on the:‘Geiger—Nuttal systematics.

The results of alpha reduced width calculations are pre sented in
Table 1 and in Fig.1l and Fig.2. They are, in general , consistent
with the fragmentary results given in published papers, as far as such
calculations were performed. |

, The traditional presentation: Wo =1 (N) for even Z elgments
(Fig. l) shows that the changes of Wee generally moderate, do ex~
hibit the odd-even effect. The Z dependence (Fig.Z) is characterized
by greater changes when passing from even to odd Z nuclei, it should
be kept in mind, however, that some of the analysed alpha transitions
were not identified unambiguously as the favoured ones.

For N=84 and even Z, Wy preservesan almost constant value
in the inve stigated interval., We have plotted therefore the ratio log
(WN/W84 for the remaining even Z 1sotopes in Fig. 3. A quite
regular set of curves Wwas obtained with minima at Z = 68 - 69, i.e.

near the half of the filled hll /2 proton shell;
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Table 1. The reduced alpha widths in the rare -é:%r*thregion, calcula-

ted according to the Bethe formula [9_] and corected by the
function accounting for the Igo dependence of the potential ‘
near the nuclear surface [10] . The full dots and squares -
as in Fig.1 ,‘ the asterisk denotes that the alpha particle en-
ergy has been measured with an error exceeding 10 keV

and triangles indicate results based on estlmatlons [12]

In paranthesis are errors in percent
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Fig.3. The dependence of log (WN/W84 on Z
(even Z only).
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ANGULAR DISTRIBUTIONS OF ALPHA PARTICLES FROM THE
143a(n, o) *Oce REACTION INDUCED BY 14.1 AND 18.2 MeV
NEUTRONS

W, Augustyniak, L .Glowacka, M.Jaskdta, Le Van Khoi®
J.Turkiewicz, L.,Zemlo

Institute of Nuclear Research,Dept. of Nuclear Reaction , Warsaw

Angular distributions of o -particles emitted in the 143Nd(n, OCQ)
M'OCe reaction at En = 14,1 and 18,2 MeV were measured by direct
registration of oK - particleé using an n-type sur'face barrier silicon
detector, The experimental arrangement used in the measurements
was described in our earlier work [_-l] . The neutrons were obtained
from the 3H (d,n) 4He reaction with deuterons accelerated up to 2 MeV
in the Van de Graaff accelerator‘ "LECH". The neutron energy was
selected by a suitable choice of the emission angle. The neutron en-
ergy spread due to the deuteron energy loss in the 3H-Ti target and
geometrical conditions were 120 and 140 keV for 14.1 and 18,2 neu-
trons, respectively. The neutron flux was measured by counting the
recoil protons from a thin polyethylene foil, The recoil protons were
registrated by a thin CsI(Tl) scintillator followed by photomultiplier
and standard electronics, The absolute calibration of the neufron mo =
nitor was performed by measuring of the 847 keV §’ -transition in
Fe produced in 56Fe (n,p) 56Mn reaction with successive /3 ~decay.
of 56Mn. The cross sections for the 56Fe (n,-p) 56Mn reaction were
taken as 110 mb and 57 mb for neutron energies 14.1 and 18,2 MeV,V

respectively [2} . Uncertainty of the monitor calibration amounts to

about 15%.

* . . . . '
on leave from University of Hanoi, Vietnam



The investigated targets were made of Aneodymium oxide enriched
with 143Nd to about 88,4%., The Nd O3 layers of about 3.0 mg/cm
were deposited onto a thick aluminium backings by the sedimentation
technique. '

The energy calibration of the alpha spectrometer was performed
with employment of alphas from ThC and ThC’ and from the reaction
2851 (n,oC) 25Mg produced in the silicon detector by the incident
neutrons, |

The angular distributions of oK -particles emitted in the
143Nd (n,DCO) 14OCe reaction at 14.1 and 18,2 MeV neutrons are
listed in tables 1 and 2 and also presented in Fig.,1., The déta are
given .in laboratory system, These distributions contain all ol -par-
ticles with energies corresponding to the ground state transition of
tfle final nucleus 14OCe. In the bottom of the tables the angular
spreads of the measurements are also shown. These spreads were
calculated by Monte—Carlo method [3] . The errors indicated in

the tables are only statistical,
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TABLE 1

reaction at En = 14.1 MeV

- Angular distribution of X -particles for 143Nd (n,

050)140Ce

eiab [deg] d& /d&?.. [mb/sr]

26 0.078 ¥ 0.007
46 0.068 ¥ 0.011
63 0.039 £ 0.009
90 0.003 ¥ 0.002

117 0.006 £ 0.004

135 —0.003 ¥ 0.010

156 0.001 £ 0.002 |
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TABLE 11

Angular distribution of © -particles for 143Nd(n,0€j40 Ce

reaction at En - 18.2 MeV

Glab [deg] de/a [mb/sr]

27 0.110 £ 0.008

46 0.037 £ 0.010

63 0.030 £ 0.010

90 0.012 * 0.012

117 0.005'% 0,025

135 0.014 £ 0,018

156 0.026 T 0.009

051 2;‘ Af° sf' 9;1‘ n7° 135° 156°

AR
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CROSS SECTIONS FOR THE FAST NEUTRON INDUCED
REACTIONS ON Si AND Zn ISOTOPES

M .Hermém and A. Marcinkowski

Institute of Nuclear Research, Warsaw
and

J.Dresler and U,Garuska

Institute of Physics University, of £LédZ

The cross sections kfor the 2881 (n,p) ?SAI, 29Si(n, )29A1,
3081 (n,oC) 27Mg, 682n (n,oC) 65Ni- and 70Zn (n,Zn) 69mZn reac-
tions were measured by the activation method in the neutron energy
range from 13 to 17 MeV, Natural, high-purity Si and Zn samples
were activated in the neutron beams obtained from the 3}{ (d,n) 4He
reaction, Tritium absorbed in a Ti foil wvas bombarded with deuterons
accelerated in a 3 MeV Van de Graaff accelerator, In order to obtain
the absolute neutron flux, use was made of the 56Fe (n,p) 56Mn mon -
itoring reaction [1] . The cross sections measured in the present ex-
- periment are summarized in Table 1, The neutron energy spread was
obtained by calculating the effective energy distributions of neutrons »

incident on the samples by means of the Monte Carlo code 1L0S [2] .

The indicated errors of the cross sections include the statistical errors.

¢

REFERENCES

1. D.C. Santry and J,P.Butler, Can, J,Phys, 42 (1964) 1030
2. L.Zemtlo, Institute of Nuclear Research report INR-1464,
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Neutron Experimentdl cross sections (mb)
e;{c;r\‘fgy 2881 (n,p) 28A1 2981(11,1)) 29A1$ 3OSi<n,OC)27Mg
13.0-0.4 328 T 24 117 = 30 79 =17
13.4-0.2 265 % 17 117 £ 11 113110
13.9%0.3 285 119 134 £ 15 118 ¥ 11
14.5%0.3 242 1 16 129 £ 13 110t 9
15.0%0.3 219 ¥ 14 137 £ 13 110 £ 9
15.4%0.2 196 ¥ 16 131 Y14 111 * 10
15.90.5 231 18 143 % 32 102 ¥ 20
16.6%0.1 195 ¥ 16 125 ¥ 31 ‘117t 20
17.4%0.4 171 ¥ 15 143 £ 29 86t 21
17.9%0.1 154 £ 13 144 % 28 123%24
68Zn (n,oC365Ni 70 Zn (o, 2n)69mZn

13.0%0.4 10t2 502 ¥ 40
13.4%0.,2 10t 460 ¥ 29
13.9%0.3 7% 442 * 28
14.5%0.3 8t 448 % 29
15.0%0.3 8t 475t 31
15.4%0.2 8t1 4637130
15.9%0.5 gto 565 * 45
16.6%0.1 611 501 L 42
17.4%0.4 6%2 583 T 49

17.9%0.1 511 575 * 47

measured cross section of the 29 Si(n,p) 29A1 reaction plus 0,67
0 2
times the cross sections of the 3OSi(n,pn) 29A1 and 3 S5i (n,np) 9A1

reactions,
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CROSS-SECTION MEASUREMENTS
OF THE (r,{) REACTION AT E_=14.6 MeV

U.Garuska, J.Dresler and H.Matecki
Institute of Physics University of Lédz

At the Institute of Physics of the University of 1.4dZ, | we have been
investigating the nuclear reaction induced by the 14,6 MeV neutrons
on 41 45 b3 68 79 8lBr and 92Mo. ‘The neutrons were
obtained from the H (d,n} OC reaction on the electrostatic cascade ac-
celerator, The neutron flux was 5 -« 109 neutrons/s, Samples of pure
elements, both natural and highly isotopic were used. The neutron flux
was determined by using 56Fe (n,p) 56Mn_ as the reference reaction.

We accepted the cross-section for this reaction as 1OSt4 mb [1] The

cross-sections measured are listed in Table 1.

TABLE 1 f

Isotope Cross-section (mb)
Ay 30 %3

LSSC 71 %19

63Cu - 43t2

68211 10 1

798r 165

Slp, 125

Mo 24 %3

The errors given in Table 1 include the errors of sample weight,
errors due to the efficiency of the detector statistical errors and
the error of cross-section of reference reaction,

REFERENCES
1. M.D.Goldberg et al, BNL 325, 1966,
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THE ENERGY DEPENDENCE FOR THE’ FUSION CROSS SECTIONS
6 9 12 ' 28

FOR "Li, "Be AND ""C IONS INTERACTING WITH “°Si NUCLEIL
K .Bodek,L.Jarczyk, B.Kamys, A.Magiera, A. Strzalkow ski, G, Willim
Institute of Physics, Jagellonian University,30059 Cracov,Poland

K.Jankowski, W, Zipper

Institute of Physics, Silesian University, Katowice,Poland

M.Hugi, J.Lang, R.Mlller, E.Ungricht
Laboratorium fur Kernphysik, Eidg.Technische Hochschule,
8093 Zurich, Switzerland

The angular distributions of the evaporation spectra of protons,

-

deuterons and alpha particles have been measured for 6Li+2 Si sys-
tem at the laboratory energies 13, 20, 25 MeV, for "9Be+288i sys-
tem - at 12, 14, 17, 20, 23, 30 MeV, and for »2C + 2%5i system -
at energies 22, 27, 36 MeV, Experiment was performed at the ETH
tandem Van de Graaff accelerator in Zlirich, The measurements of the
angular distributions were performed in the angular range from 40°

up to 160° in 20° steps in the lab. system. Experimental energy spec=
tra, angular distributions and integrated over backward angle range
were compared with predictions of the statistical model, The fusion
cuf-off angular momenta and fusion cross sections were deduced from
such analysis, Theoretical calculations were perfo‘r'med using GROGI-2
and EVAN codes, Obtained in this way fusion cross sections were com-

“pared with those estimated from the interaction barrier using the real

part .of the optical model potential,
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NUCLEAR REACTIONS IN THE 13C + 9Be SYSTEM

AT C.M.ENERGY OF ABOUT 11.6 MeV

K.Bodek, L.Jarczyk, B.Kamys, M.Porebska, J. Sromicki, A,Strzalkowski

Institute of Physics, Jagellonian University, 30059 Cracow,Poland

M.'Hugi, J.Lang, R.M'l'lller, E .Ungricht
Laboratorium fur Kernphysik, Eidg, Technische Hochschule,
8093 Zirich, Switzerland

The angular distributions of protons, aeuterons, tritions, alpha
particles nad 8Be have been measured for the 13C + 9Be system at
the c.m, energy around 11.6 MeV. Experiment was performed at the
ETH tandem Van de Graaff accelerator in Zlirich, The measurements
of the angular distributions were performed in the angular range from
10° up to 125° in 5° steps in the lab, system, The results concern-
ing the light particle emission have been analysed by compound nucleus
model,those for 8Be in the DWBA approxnnatlon It was found that for
alpha particle channel there exist the contmbutlon from the other pro-
cesses not predicted by the statistical model, The obtained results in-
dicate a very close similarity of reaction mechanisms for the two

13C + 9Be and 12C + 9Be sy stems,



18

9 10

ELASTIC AND INELASTIC SCATTERING OF "Be ON "B

TARGET AT ENERGIES Ec = 105 MeV AND 15.8 MeV

K .Bodek, M.Godlewski, L.Jarczyk, A, Strzatkowski

Institute of Physics, Jagellonian University 30059 Cracow,Poland

M .Hugi, J.Lang, R.Muller, A.Schiltz, E . Ungricht
Laboratorium flir Kernphysik, Eidg. Technische Hochschule
8093 Ziirich, Switzerland '

Angular distributions of 9Be scattered on 1OB nuclei have been
measured‘ at c,m, energies 10,5 MeV and 15.8 MeV, In the present
experiment. the 9Be beam from the ETH tandem accelerator wés
used., The measurements of the anigular distributions were performed
from 21° to 1700 and from~700 tor~ 170.0 for ngund state and exci--
ted states of 1UB /0,72 MeV, 1.74 MeV, 2.15 MeV, 3.59 MeV/ res-
pectively, Experimental angular distributions show backward increase
of cross sections. Elastic scattering data were analyzed by use of op-
tical model potential. The failure of the optical model to explain the
backward increasé of the cross sections was removed to some extend
by adding the proton elastic transfer, |

Inelastic scattering data /at backward angles/ were compared
with theoretical ones obtained from Mars-Saturn DWBA code for par-

ticle transfer,



NEURTON TRANSFER REACTIONS on 9Be, 120 13¢, 28;

AND 4OC{:L NUCLEI INDUCED BY 9Be BEAM

L.Jarczyk, B.Kamys, A.Strzatkowski, Z . Wrébel

Institute of Physics, Jagellonian University, Cracow, Poland

M.Hugi, J.Lang, R.Mﬁller, E.Ungricht

Laboratorium fur Kernphysik, Eidg. Technische Hochschule
Z'l'lrich, Switzerland

Angular distributions of 8Be-ions for well separated states of the
residual nuclei at beam energy of 9Be equal ZO;MeV /1ab/ .have been
measured for the 9Be, 12C, 13C and 4OCa as a target. For the
~ Si-target the measurement has been carried out at the energies 14,
20, 26 and 30 MeV /lab;/. The 9Be-beam was produced at the ETH .
tandem Van de Graaff accelerator in Zurich. For the 9Be-target the
angular distributions of 8Be-—ions are symetric around 90° in the can,
system, in the case of carbon targets pronounced enhancements of the
cross-sections were observed at backward angles, For 28Si and 4OCa
targets the angular distributions are peaked at the forward angles,

DWBA calculations were applied to describe the angular distribu -
tions for all observed excited states using computer-code MARS-
SATURN, The angular distributions are very well reproduced by the
calculations, This allows to estimate the neutron spectroscopic factor
of 9Be. For 12C and 13C target nuclei the additional transfer of éHe

or 5He must be included to the calculations to reproduce the behaviour
of the cross-sections in the full angular range, For 9Be-target the ex-
istence of the identical particles in the incoming channel was taken into
account, The neutron-transfer together with compound contribution,cal -

culated according to the Hauser-Feshbach model, do not reproduce

very well the angular distributions, in that case.
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ENERGY DEPENDENCE OF REACTIONS IN THE 9Be+ 12C SYSTEM
K.Bodek, L.Jarczyk, B.Kamys, J. Sromicki, A. Strzatkowski, H, Witata

Institute of Physics, Jagellonian University, 30059 Cracow,Poland

M .Hugi, ].Lang,‘tR.M‘l'llle‘r, E .Ungricht
Laboratorium fllr Kernphysik, Eidg. Techn., Hochschule,
8093 Zurich, Switzerland

12(: induced reactions with emission

Excitation curves for 9Be'+
of protons, deuterons, tritions ©C -par'ticles,j 8Be and 12C ions
have been measured at some fixed lab,angles in the energy range
from 5.851t0 15,43 MeV,can.in energy steps of 107 keV,

For light particle emission in the backward hemisphere, where
a 9Be target and a 12C beam were used, the measu"rements were
performed at 50, 100, 20° and 300 lab.angles, for emission in the
forward direction, where the roles of target and beam particles
were interchanged, at the 14.6524,6°44,6° and 54.6° lab, angles.
Excitation functions for emission of 8Be ions were rhe_asured at7.50,
27.5° and 47.5° lab. angles with 12C beam and for emisy‘sion of 12C
jons at 170.0°, 160.0°, 1£0.0°%, 120. and 35.2° c.m. angles with
V9Be beam,
The absolute values of the cross sections were obtained from com-
parison with the cross sec~tions for elastic scattering measured
simultaneously,
For proton, deuteron and triton outgoing chanﬁe]s average Cross
sections agree well with the Hauser-Feshbach predic{ions. In exci-
tation curves for O0C -particles, 8Be and 12C outgoing channels

strong structures could be noticed. In search for some correlated

structure a statistical analysis of excitation curves has been done,
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INVESTIGATION OF NUCLEON-UNBOUND STATES

IN 2981, 29P, 2SMg AND 25A1 NUCLEI

BY THE REACTIONS 2851 (d,pn) AND 24Mg @@,pn).
K.Bodek, L.Jarczyk, B.Kamys, K. Seliger, Z.Wrdbel

Institute of Physics, Jagellonian University, Cracow,?oland

J.Lang, R.Miller, C.M,Teodorescu,].Unternahrer
Laboratorium fur Kernphysik, Eidg.Techn.Hochschule

Zirich, Switzerland

Deuteron stripping reactions leading to unbound states were inves-
tigated by measuring proton-neutron correlations, Triple differential
cross-sections d36' /d 8 d R dE were measured in the angular
range from 15° to 165° inp steps Cl;f 15°, The experiment was carried
out at the ETH tandem Van de Graaff accelerator in Zurich .

In the case of 24Mg(d ,be reaction the study has been carried out
at Elab. = 10.5 MeV, Twenty-six states of ZSMg were obzsserved in
the energy range from 8.1 to 11,6 MeV and 29 states of “2Al in the
energy range from 4,6 to 9.2 MeV,

In the case of 2881 (d,pn) reaction the study has been carried
out at Elab. = 11,0 MeV, Twenty~three states of 2981 were observed
in the excitation energy range from 9,00 MeV to 13.43 MeV and 17
states of 29P in the energy range from 5.48 to 9.‘81 MeV,

For most of the excited states spin, parity, widths and decay modes

were derived. A spin of 5/27 for the ground state of 2581 was deduced, .
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THE ENERGY DEPENDENCE OF FUSION AND REACTION
9

CROSS SECTIONS IN THE "Be + 12C’ SYSTEM
K.Bodek, L.Jarczyk, B.Kamys, A. Magiera, J. Sromicki

A. Strzatkowski, G.Willim, Z.Wrdbel
Institute of Physics, Jagellonian University, 30059 Cracow ,Poland

D.Balzer, M.Hugi, R.Muller, E.Ungricht
Laboratorium fir Kernphysik,Eidg.Technische Hochschule,
8093 Zurich, Switzerland

Angular and energy distributions of protons, deuterons, tritions
and alpha particles have been measured for 9Be + 12C system at the
lab. energies 12, 14, 17, 20, 23,' 23.5 and 27 MeV. The 9Be beam
was produced at the ETH tandem Van de Graaff accelerator, The me-
asurements of the angular distributi'ons were performed in the angu-
lar range from 15° up to 1650 in 5° steps in the lab, system. The
fusion cut-off angular momenta and fusion cross sections were estima-
ted from the analysis of proton ,' deuteron and triton data by perfor-
‘ming the Hauser-Feshbach calculations. The energy dépendence of
the fusion cross sections was established and compared with the reac-

tion and fusion cross sections calculated with the optical modél, re-
producing elastic scattering data;

The behaviour of the alpha particle distributions cannot be explained
by the compound nucleuis process only, but indicates contributions
from other processes, The latter was analysed in the DWEA »model

assuming a direct transfer reaction mechanism,
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THE NUCLEAR REACTIONS IN THE 9Be +9Be SYSTEM
AT C.M, ENERGY 7 MeV

K.Bodek, L.Jarczyk, B.Kamys, A.Magiera, J.Sromicki
A, Strzatkowski
Institute of Physics,Jagellonian University, 30059 Cracow, Poland

M.Hugi, J.Lang, R.Muller, E,Ungricht
Laboratorium fur Kernphysik, Eidg. Technische Hochschule
8093 Z{irich, Switzerland

The angular distributions of protons, deuterons, tritons, alpha
particles and 7Li nuclei have been measured for 9Be + 9Be system
at the c.m, energy 7 MeV. Experiment was performed with the 9Be
beam from the ETH tandem Van de Graaff accelerator, The angular
distributions have been measured for Lab. angles 15°-85° in 5° steps,
and for 100°, 1205 140°. 1t was found that the formation of the com-
pound system is the dominant process in the proton, deuteron and tri-
ton channels, and that for the alpha particle and 7Li exit channels
the transfer processes are possible., The fusion cut-off angular mo-
mentum and fusion Cross section have been determined from the per-

formed analysis.,





