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Shell effects are most pronounced in mass and energy distributions of fission fragments at the lowest excitation energy
of compound nucleus. To study shell effects the mass and energy distributions of fission fragments of 2!Am* compound
nucleus in 24%Pu(p,f) reaction were measured at incident proton energy of 7 MeV. This energy is substantially lower than
coulomb barrier for this reaction leading to very small reaction cross-section and low speed of data acquisition. Due to
that the results we provide are only preliminary and final results will be provided later after acquisition of additional
statistics. The measurement was carried out by 2E method on U-150M accelerator of Institute of Nuclear Physics, Almaty
city, Kazakhstan. The acquired preliminary mass and energy distributions were decomposed into yields of separate fission
shells assuming that the shape of mass yield of each fission mode is gauss distribution.
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INTRODUCTION

Low excitation energy of fissile compound nuclei al-
lows for very pronounced shell effects in mass and en-
ergy distributions of fission fragments [1]. This allows
for better study different nuclear shells and their effects
on the process of fission. Studies aimed at energies deep
below coulomb barrier are rare due to one of the main
features of low excitation energy nuclear fission which is
small cross-section due to low incident particle energy.
Small cross-section is a serious obstacle to acquisition of
high statistics experimental data. Unlike the reactions
with neutrons, light charged particles allow to study very
wide ranges of both nucleon composition and excitation
energy of compound nuclei. As a part of series of studies
of fission of actinide nuclei by light charged particles we
present the preliminary results of measurements of mass
and energy distributions of fission fragments of 2*2Am*
compound nucleus in 2*%Pu(p,f) reaction at incident pro-
ton energy of 7 MeV. The results are preliminary due to
incident proton energy being around the half of coulomb
barrier for this reaction (~13.6 MeV) leading to acquired
statistic being only around 150 thousands events. 2*!Am*
compound nucleus can hardly be studied by other types
of nuclear reactions as it is itself radioactive or requires
even more exotic target materiel like even more radioac-
tive 24°Am for reactions with neutrons.

Besides shell effects the mass and energy distribu-
tions are also affected by the charged liquid droplet ef-
fects. Their combined influence is described by random
rapture model [2]. According to it there are several fis-
sion modes that influence mass and energy distributions:
fission mode S formed by charged liquid droplet effects
and maximum mass yield at Acn/2, asymmetric fission
mode S1 formed by closed nuclear shells Z50 and N82,
asymmetric fission mode S2 formed by deformed nuclear
shell N88 and asymmetric fission mode S3 formed by

closed nuclear shell N50. Newer researches predict the
presence of influence of additional deformed shell N84
and deformed shell Z52 [3,4]. Said researches have
given a new impulse to studies of deformed nuclear shells
[5-9] which delve into theoretical calculations, experi-
mental mass and gamma photon distributions. Since nu-
clear shells first and foremost are determined by energy
of their formation it is most fitting to also study the en-
ergy distributions of fission fragments. The novelty of
our research stems from experimental study of mass and
total kinetic energy distributions of fission fragments to-
gether. To find influence of different deformed and
spherical nuclear shells and to separate them from each
other and liquid droplet effects new and more sensitive
method of decomposition of mass and energy distribu-
tions into yields of separate fission modes was used [10].
The sensitivity of that method to smaller separate yields
is increased due to usage of assumption of form of mass
yield being gauss-like and due to inclusion of variance of
average total Kinetic energy of fission fragments into the
analysis.

In this work we present preliminary results of the
study of mass and energy of fission fragments of 2:Am*
compound nucleus in 2*°Pu(p,f) reaction at incident pro-
ton energy of 7 MeV. Acquired preliminary mass and en-
ergy distributions of fission fragments were decomposed
into yields of separate fission modes including additional
deformed shells and assuming the shape of mass yield
being gauss-like. Possible presence of deformed shells
N84, Z52 [3] and, probably, deformed shell Z38 [11, 12]
was found.

EXPERIMENTAL SETUP

The experiment was carried out at U-150M isochro-
nous cyclotron of Institute of Nuclear Physics, Almaty
City using Dinode experimental chamber. Proton beam
energy was 7 MeV. The target was a layer of *°Pu of
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~50 mcg/cm? thickness on ~50 mcg/cm? thick aluminum
backing. Methodology of the experiment was described
in [10].

RESULTS OF THE MEASUREMENTS AND ANALYSIS

OF EXPERIMENTAL DATA

Experimental results are presented on Figure 1 with
black color. Measured mass yield Y (m) is shown in linear
and logarithm scales, both normalized at 200%. Average
total kinetic energy of fission fragments <TKE>(m) is
shown in linear scale. In mass and energy distributions it
could be seen that the yield of asymmetric fission frag-
ments is much higher than the yield of symmetric fission
fragments. Due to low excitation energy of compound
nuclei the shape of mass and energy distributions are
mainly formed by shell effects. Peak of mass yield of fis-
sion fragments is at My=138 a.m.u. Peak of average of
total Kinetic energy is at Muy=~132 a.m.u., which is corre-
sponding to double magic **2Sn nucleus.

Methodology of decomposition of mass and energy
distributions into yields of separate fission modes and its
advantages were described in [10].

The results of decomposition of mass and energy dis-
tributions are shown in Figure 1. For mass distribution in
the area of S1 fission mode 3 gauss shapes have been
used. For Z50 closed shell position of the peak of gauss
was Mp~128.5 a.m.u., amplitude was Ain=0.45%. For
Z52 deformed shell position of the peak of gauss was
Mu=132.5 a.m.u., amplitude was Ain=0.7%. For N82
closed shell position of the peak was Mn=135.8 a.m.u.
and amplitude was Ain=0.55%. Widths of all abovemen-
tioned gausses were equal and taken as ¢%m=3 a.m.u., the
basis of such approach was shown in [13]. For energy
distributions, due to close proximity by mass of deformed
nuclear shell Z52 and closed nuclear shell N82, they were
described by the one shared distribution of average of to-
tal kinetic energy of fission fragments with peak value
<TKE>=190 MeV. For Z50 closed nuclear shell separate
distribution of average of total kinetic energy of fission
fragments was used with peak value
<TKE>=177.5 MeV. For all abovementioned shells co-
efficients of bj=0 were used. Deformed nuclear shell N88
(fission mode S2) by unchanged charge density hypothe-
sis should have its peak around Mu=145.2 a.m.u. for
21Am* nucleus, but in experimentally measured distri-
bution position of the peak of heavy fragment is at
Mp=137-138 a.m.u. This position corresponds to de-
formed nuclear shell N84 in heavy fragment [3]. Due to
it S2 fission mode was assumed to be a sum of two
gausses: 1) first one corresponding to deformed nuclear
shell N84 [3] with position at My=139 a.m.u., amplitude
of Ain=3.8 % and width of ¢%n=6 a.m.u.; 2) second one
corresponding to deformed nuclear shell N88 with posi-
tion at Mu=146 a.m.u., amplitude of Ain=1.335% and
width of ¢%»=5.7 a.m.u. Both deformed shells are de-
scribed by the same distribution of average of total ki-
netic energies with peak value <TKE>=181 MeV, coef-
ficient bi=0.05. Fission mode S3 was described by one
gauss corresponding to N50 shell with position at

M ~84 a.m.u., amplitude of Ain=0.215% and width of
o%m=3.5 a.m.u., distribution of average of total kinetic
energies with peak value <TKE>=188.2 MeV, coeffi-
cient bi=0. Mode S which is formed by charged liquid
droplet effects is described by one wide gauss with posi-
tion at M=120.5 a.m.u., amplitude of Ain=0.505 %, and
width of ¢%iz=12.9 a.m.u., distribution of average of total
Kinetic energies with peak value <TKE>=168 MeV, co-
efficient bi=0.
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Figure 1. Experimentally measured mass and energy distribu-
tions of fission fragments of 2*!Am* compound nucleus formed
in 2°Pu(p,f) reaction with incident proton energy of 7 MeV
(black) and decomposition into yields of separate fission
modes (in colors)

CONCLUSION

Measurements of mass and energy distributions of
fission fragments of 2!Am* compound nucleus formed
in 24Py (p,f) reaction at incident proton energy of 7 MeV
were conducted. Proton incident energy is almost 2 times
lower than the coulomb barrier for said reaction. Ac-
quired preliminary data was decomposed into yields of
separate fission modes assuming the shape of mass yield
of each mode to be gauss. That allowed seeing the pres-
ence of previously predicted deformed nuclear shells. In
the future, after collecting additional statistics, the final
results will be published.
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MPOTOHJAPIBIH 7 M>B DQHEPTUSICBIHJIA 2°Pu(p, f) PEAKIIMSICBIHIA AJIBIHFAH *’Am* KYPAMA
AAPOCBIHBIH BOJIIHY ®PATMEHTTEPIHIH MACCAJIBIK-DOHEPTETUKAJIBIK TAPAJTYBIHIAT B
KABBIKIITA OCEPJIEPIH 3EPTTEYJAIH AJIABIH AJTA HOTH/KEJIEPI
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KaOBbIKTBHIH acepi OesiHeTIH Kypama SIIpOHBIH TOMEH KO3y dHEprHsiIapbl Ke3inae OesiHy (parMeHTTepiHiH MaccalbIK-
SHEpPreTUKANbIK TapalyblHa ailKblH ocep eredi. COHABIKTAH KaObIK oceplepiHiH opekeTin seprrey ymiin 2“°Pu(p,f)
peakimsachHAa 7 MdB  aTKbUIaHATBIH MPOTOHAAPABIH OHEPTHACHIMEH anblHFaH 2“Am*  sapochiHBIH  GeiHy
(parMeHTTepiHiH MaccasbIK SHEPTUSCHIHBIH Tapalysl eNIeHal. by sHeprus 6epiiren peakiys YIIiH KyJIOH/IBIK TOCKa-
YBUIIIaH €719yip TOMEH, HOTHXECIH/IE PeaKIUs KUMAChl TOMEH JKOHE IePEKTep KHUBIHBIHBIH KbUIIaM/IBIFbI TOMEH 00J1a/IbI.
OcpIFan OalIaHBICTHI 013 3epTTEY/IIH ANIbIH-JIA HOTIIKENIEPiH YChIHAMBI3, KOCHIMIIIA CTATUCTUKAHbI )KMHAFAHHAH KeHiH
KOPBITBHIH/IBI XKacayFa 0oiazbl. Oniey AJMaThl KalnachlHAAFbl SINpOJbIK (DU3MKa HHCTUTYTHIHBIH Y-150M yaerkiminae
2E opiciMeH ypri3iiui. AJbIHFAH Macca MEH DHEPIHSHBIH aJJIbIH-alla Tapalybl )KeKe KaObIKIIaaap IblH, COHBIH IIIiH/Ae
nehopManusIaHFal KaObIKIIaaapAblH J00TapbIiHa bIIbIPai Ibl, OYJ1 KAOBIK JIOOBIHBIH MilIiHi [aycc men Oomkaniabl.

Tyitin co30ep: Kabvikua acepinepi, si0poHviy 60ainyi, naymonuii-240, Amepuyuii-241, 6eniny gpacmenmmepi, 601iny
pedtcumi.
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HPEJABAPUTEJIBHBIE PE3YJIBTATBI NCCJEJOBAHUS OBOJIOYEYHBIX DOPPEKTOB
B MACCOBO-OHEPTETHYECKHUX PACIIPEJEJIEHUAX OCKOJIKOB JEJEHUSA COCTABHOI'O
SAPA 2Am*, TOJYYEHOI'O B PEAKLIUM %°Pu(p,f) IPU DQHEPTUU ITPOTOHOB 7 M>B
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Ob6omnoueunsie 3(h(EeKTH OKa3BIBAIOT HanOoJee BHIPaKEHHOE BIMSHHE HAa MAaCcCOBO-DHEPTETHUYECKHE pacIpeIeieHHUs
OCKOJIKOB JIeJICHHS NP HU3KHX SHEPrHAX BO3OYXKACHHMS HEIIALIErocs COCTaBHOrO simpa. [loaToMy mis mcciemoBaHHS
MOBEICHUS 000TI09eYHBIX 3P PEKTOB OBIIIO H3MEPEHO MACCOBO-IHEPTETUIECKOE pacIipeielieHIe OCKOIKOB JEJICHIS Sapa
21AmM*, nonyuennoro B peakuun 24°Pu(p,f) npu sneprum Haneraromux npotoHoB 7 MaB. DTa 5HEprus 3HAYMTENBHO
HIDKE KyJIOHOBCKOTO Oapbepa Juls IaHHOH peakIMy, YTO BEAET K HU3KOMY CEUCHHUIO PeaKlMKi U MaJloi CKOpOCTH Habopa
JIaHHBIX. BBHIy 3TOT0 MBI ITpEACTaBIIsIEM NPEABAPUTEIIbHBIC PE3YNIBTAaThl UCCIIEIOBAHMS, IOC)IE HA00Pa JONOIHUTEIEHON
CTaTUCTHKHU BO3MOYKHO OYyJIET clie/iaTh OKOHYATEIbHBIC BRIBOIBI. V3MepeHne mpoBoAniIock MeToioM 2E Ha yckoputene
VY-150M HHucTtutyTa sigepHoi ¢Gusuky, r. Anmartel. [loaydeHHOE MpeaBapUTEIbHOEC MAaCCOBO-IHEPIETHUECKOE pacipe-
JiefieHrne ObUIO Pas3lIoKEHO MO BKJIAAaM OTIENBHBIX 000JI04YeK, BKIOYast 1e(OpMUpOBaHHbIE 000JI0UKH, MPEAIoaras,
410 (hopMa BKIJIaaa 000JIOYKH MPEACTaBIsIeT co00M raycc.

Knrwuessie cnosa: obonoueunvie sghgpexmol, Oenenue aopa, naymonuti-240, amepuyuii-241, ockonxu Oenenus, mooa
oenenusl.
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