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INTRODUCTION

The distribution of fission fragments over mass numbers, A, and
atomic numbers, Z, is a basic characteristic of nuclear fission. The form
of those distributions is governed by the dynamics of the fission process
- between the saddle and scission points. This process 1s quite intricate; it
depends on a variety of factors: the energy surface relief] scission nuclear
shape, collective motion, nuclear viscosity etc. Therefore measuring
isotopic (by A) and isobaric (by Z at a given A) fragment distributions is
an important source of data on fission dynamics. Distributions of primary
fragments (i.e. fragments produced immediately after the scission of the
fissioning nucleus) are most informative.

However measuring those distributions involves certain difficulties.
Each of the methods in use is of limited application and efficient only for
fission fragments of a certain region. Therefore isotopic and isobaric
distributions of primary fragments are adequately studied for the fission
of Th, U and Pu induced by low-energy neutrons as well as for the
spontaneous fission of **Cf (data on those distributions are reviewed in
(1, 2D). |

At the same time, in order to understand the dynamics of the fission
process, there is a need for a larger volume of experimental data and for
new theoretical approaches to describe those data. One of the promising
lines of investigation in this region of nuclear fission is measuring
isotopic and isobaric distributions of fragments in reactions with y-quanta,
which are characterised by a number of peculiarities:

1. Interaction of y-radiation with nuclei is entirely of an
electromagnetic character, which is well-studied. Therefore this
interaction can be calculated correctly without resorting to any
models.

2. In the energy range 10 - 16 MeV, the interaction of y-quanta with
nuclei is of a resonance character (giant dipole resonance). Its
frequency corresponds to the frequency of proton oscillation relative
to the neutrons in the nucleus.

3. There being no binding energy and Coulomb barrier allows
fissioning nuclei to be produced of any, even the lowest excitation
energy immediately upon y-quantum absorption.



4. Over a wide range of y-quantum energies, the angular momentum
introduced into the nucleus remains practically unchanged (it is only

1% for dipole y-quantum absorption).

Those peculiarities of reactions with y-quanta enable new
information about nuclear fission to be obtained. For example,
experiments on nuclear photofission provided a large body of data on the
fission barrier structure and the potential surface shape [3]. Those
peculiarities of y-quantum-nucleus interaction may be expected to
manifest themselves in fission fragment production as well. This can be
illustrated by the unusual behavior of the y-quantum dependence of the
yield of symmetric fission fragments (‘'*Cd, ''’Cd) (a maximum at 6
MeV, a bend at 5.3 MeV), which was observed in work [4].

However data on isotopic and especially isobaric fragment
distributions for photofission (first of all, on independent distributions)
are much sparser than those for neutron- or charged-particle-induced
reactions. Mention may be only made of experiments carried out at Gent
(Belgium) for some nuclei [5, 8].

This work aims to measure the independent yields of fragments (Kr
and Xe isotopes) produced in the process of the 2Th, »**U and ***Pu
fission induced by y-quanta of the energy that corresponds to the giant
dipole resonance and compare those yields to similar data for neutron-
induced fission. The cumulative yields of those isotopes for the
photofission of *U are reported in work [9]; preliminary data on the
independent yields of Xe fragments for %*Th and **®*U fission are given in
our earlier work [10].

EXPERIMENTAL

To separate Kr and Xe isotopes from a whole host of photofission
fragments, the peculiarities are used of their chemical properties, which
differ greatly from the properties of other elements and manifest
themselves in a number of phenomena. One of them is the adsorption of
atoms by a filter and the walls of a capillary through which fragments are
transported from an irradiated target to radioactive radiation detectors. Kr
and Xe inert gases are intensively adsorbed only at the temperature of
liquid nitrogen (-210°C), whereas all the other fragments are absorbed at
room temperature. The experimental set-up described was built around
that peculiarity and included a reaction chamber, a cryostat and a teflon



capillaries for a gas flow (its schematic view is presented in Fig. 1; for a
more detail description see work [11]).

Targets to be irradiated were positioned in the reaction chamber,
which was a cylinder of inner diameter 40 mm and height 30 mm. The
cylinder walls were 1.5 mm in thickness. To let buffer gas in and out,
there were an inlet and an outlet, diametrically opposed. In experiments,
~ne or two targets, positioned on the cylinder ends, were used. The
characteristics (chemical composition, impurities, dimensions, layer and
backing thickness) of the targets are tabulated in Table 1.

Inert gas was carried from a bottle to the reaction chamber through
a polyethylene capillary 4 mm in diameter. The chamber gas pressure,
measured with a manometer at the inlet, was adjustable with the bottle
valve. The buffer gases were chemical pure He, Ar and N,, the pressure
being 1-2 atm. The choice of an inert gas and a pressure depended on
experimental conditions (fragment collecting efficiency, fragment
transportation speed, levels of y-radiation background due to inert gas
activation by bremsstrahlung from the microtron).

Fission fragments were transported from the reaction chamber to
the cryostat through a 10 m teflon capillary of inner diameter 2 mm by
pumped buffer gas. There was a fibrous filter installed at the capillary
entrance. All the fission fragments except Kr and Xe were intensively
adsorbed on that filter. A comparison of the y-radiation of fragments in
the target, at the filter and in the cryostat showed that more than 90% of
fragments that are not related with Kr and Xe by decay chains were
adsobed by the filter and more than 50% of Kr and Xe fragments are
stopped in cryostat.

The cryostat was a copper tube in the form of a spiral placed in a
vacuum flask filled with liquid nitrogen. The total length of the tube was
2 m, its inner diameter and wall thickness being respectively 2.5 mm and
0.5 mm. The cryostat of such a design allowed the temperature close to -
200°C to be maintained in it, which enabled the condensation of Kr and
Xe, whose condensation temperatures at the atmosphere pressure are
-157°C and -112°C respectively. So, Kr and Xe isotopes were efficiently
and rapidly separated from the other fission fragments, which were
stopped by the filter and by the capillary walls.

It took 0.5-1.0 s for Kr and Xe fragments to be transported from the
reaction chamber to the cryostat, which was measured in special



experiments at varied pressure in the chamber (the valve was closed and
the pump was in operation). This time, which included the time for
fragments to diffuse to the outlet and the time for fragments to be
transported through the capillary, depended on the kind and pressure of
the gas used [11]. This time define a lower limit for the half-life of
fragments can be studied (~0.3 s). Kr and Xe predecessor fragments of a
half-life greater than the time that it took them to diffuse to the outlet
(0.1-0.2) also adsorbed on the filter without contributing to the yield of Kr
and Xe fragments that were brought to the cryostat. Therefore fragments
brought to the cryostat were produced in the process of nuclear scission,
and the yields of those fragments are considered to be independent.
Fragments of other elements might find themselves in the cryostat only
due to the B-decay of Kr and Xe isotopes; the yields of them must
correspond to the independent yields of the inert gases discussed. It was
the yields of those nuclides that were measured in experiment since they
had longer half-lives and more convenient y-lines. Short-lived fragments
(predecessors of Kr and Xe), which decayed in the reaction chamber, had
low independent yields and didn’t affect the yields of Kr and Xe. Fig. 2
presents examples of $-decay chains that contain Kr and Xe isotopes; the
nuclides that were used to determine yields are marked. The radioactive
decay characteristics of those nuclides (half-lives, T, the energy E, and
intensity I, of the measured y-lines) are tabulated in Table 2 [12]. Such an
approach to measuring independent yields allowed the measurement
sensitivity to be increased and fragments to be observed whose yields
were 107 of a number of fission events.

EXPERIMENTAL RESULTS

To measure independent yields of Kr and Xe fragments,
bremsstrahlung from the MT-25 microtron was used (Flerov Laboratory
of Nuclear Reactions, Joint Institute for Nuclear Research). For a
description of that microtron and its main parameters see [13]. The energy
of accelerated electrons (to which the ultimate energy of the
bremsstrahlung spectrum corresponded) was 25 MeV, the beam current
being 15 pA. The converter was a water-cooled tungsten disc of 4 mm
thick. There was an aluminium screen of 20 mm thick installed down-
stream of the converter to keep electrons out of the reaction chamber. The
electron beam was elliptical in shape, the vertical and horizontal axes

being 7 and 6 mm respectively.



Targets were typically irradiated for 30 min. Five minutes after
irradiation the copper spiral was taken out of the reaction chamber and
brought to a y-radiation spectrometer situated in a room protected against
radiation from the microtron. In this time the Kr and Xe isotopes
underwent B-decay.

From the y-radiation spectra measured on that spectrometer, the
.areas were determined of the y-lines due to the nuclides of the daughter
products of the B-decay of Kr and Xe isotopes. Those areas are related to
the yields of the corresponding isotopes by the relationship:

Y(4)= S(1+a)NF(e) (1)

1, £¢,6,n

where S is the y-line area on subtraction of the background; t the
measurement time; €, & and €, respectively the efficiencies of
transportation through the capillary, adsorption in the cryostat and y-
detection for Kr and Xe fragments; I, the relative y-line intensity for the
decay of the nuclide measured; o the internal y-radiation conversion
coefficient; f(t) the temporal factor, which takes account of the decay of
Kr and Xe nuclei during transportation to the cryostat, the accumulation
and decay of the nuclides measured; N the number of fissioning nuclei in
the layer from which fission fragments escape; n the intensity of
bremsstrahlung y-quanta that induce nuclear fission. Using this technique,
measurement was for the first time carried out of the independent yields
of 4 Kr isotopes (A=89-93) and 6 Xe isotopes (A=138-143) for the
photofission of #*2Th, 23U and***Pu.

Since the Kr and Xe isotopes under study were produced in the
same session of irradiation, and the measuring technique used was totally
the same, the relative yields of those isotopes are obtainable from the
measured y-line areas taking account of the above parameters I, a, €; and
f(t) and without using the parameters g, and €, known with an inadequate
accuracy. The yields thus obtained and normalised relative to *'Kr and
139X e isotopes are tabulated in Table 3.

The absolute independent yields for those isotopes are obtainable
by using reported data on their yields in reactions with y-quanta [6-8, 14]



and neutrons of the fission spectrum and of the energy 14.7 MeV [2]
(both reactions have similar isotopic distributions, and the yields are close
in magnitude [15]). From those data the independent yields of °'Kr and
*"Xe referred to the sum of the all the isobars with A=91 and 139
(fractional yields) were adopted (they presented in the Table 3). The
fractional independent yields of other measured Kr and Xe fragments are
deduced from those magnitudes and are included also in Table 3. The
mass-number dependence of the independent yields of Ke and Xe
fragments referred to the total number of fission events is given in Fig. 3.

Due to bremsstrahlung having a continuous spectrum, those yields
correspond to a certain range of excitation energy. That range is
obtainable from a measured excitation function for the 2*U(y, f) [16] (it
was supposed that the other fissioning nuclei have similar excitation
functions) and a bremsstrahlung spectrum calculated for those conditions
[17]. The average excitation energy and the distribution half-width proved
to be 12.5 MeV and ~5 MeV respectively.

DISCUSSION

The mass-number dependencies of the independent photofission
yields of Kr and Xe, presented at Fig. 3, are characterised by a maximum
at a certain magnitude of A in whose vicinity a smooth drop is observed.
Dependencies of this form are describable by a Gaussian distribution with

the parameters: 4 (average mass number), ¢ (dispersion)

Y(A) =K exp[— (Az_lj )Z' ] (2)

g

where K is a normalising factor. The experimental mass number
dependences are approximated by these distributions. They are presented
on Fig.4 and, for comparison, the similar dependencies for the fission of
33U induced by neutrons of an energy of 14.7 MeV and for the fission of
23U and **U induced by thermal neutrons are showed.

The parameters of these distributions for *Th, #**U and ***Pu
photofission nuclear reactions are tabulated in Table 4 (the magnitude of
the A for #*U is in good agreement with that obtained in work [7]). For
comparison the similar parameters are presented for the fission of *°U,
23U and *U by the neutrons [2]. A comparison of those parameters
permits a number of conclusions to be drawn:
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1. The average mass number for Kr and Xe fragments shows a slight
increase as the Z and A of the fissioning nucleus increases. It is close
to the magnitude of the A for the fission of ***U induced by 14.7
MeV neutrons, but substantially larger than that for the fission of
23U and ***U induced by thermal neutrons. This points to the fact
that an increase in the neutron excess of the fissioning nucleus
results in an increase in the A (this excess can be characterised by
the ratio (N-Z)/N, which is tabulate in Table 4).

2. At the same time the distribution dispersion shows a noticeable
increase as the atomic number of the fissioning nucleus increases
(for example, it increases by a factor of 1.5 from *2Th to 2**Pu). This
means that the yields of the most neutron-rich fragments differ
significantly. For example, the yield of 'Xe for the photofission of
24Py is one order of magnitude larger than for the photofission of
22Th, this difference increasing rapidly as the number of neutrons in
the fragment increases.

3. The deviation of the measured yields from the Gaussian distribution
as well as their even-odd distinctions is not great and lies within the
limits of experimental error.

The Kr and Xe fragments produced in the fission of **2Th are
complementary, i.e. they are produced in the same fission event. A
comparison of the sum of their average mass numbers (4 (Xe) = 138.9
and 4(Kr) = 91.3) with the mass number of the fissioning nucleus (A =
232) allows the number of neutrons emitted from those fragments to be
determined. This number proves to be equal to v = 1.8(2). With the
fractional yields of *’Kr and *’Xe equal to 0.8 and 0.85 respectively, it is
in good agreement with reported numbers of fission neutrons from
fragments of a specified mass number and their excitation energy
dependence [15, 18]. From those data it follows that in this region of
fragment mass numbers the ratio of the numbers of neutrons from the
light and heavy fragments is 1.3 and has only a weak dependence on
excitation energy. This corresponds to v = 1.0 for Kr isotopes and v = 0.8
for Xe isotopes.

The magnitudes of v obtained allow one to determine the fragment
charge shift relative to the unchanged charge distribution Z/A,, which
corresponds to the ratio of the atomic to mass number of the fissioning



nucleus. For a fragment of atomic number Z, the charge shift is expressed
as

AZ=i° (A4+v)-Z. (3)

(]

The thus obtained magnitudes of the AZ for the average mass
numbers of Kr and Xe fragments produced in the photofission of *?Th,
23U and **Pu are tabulated in Table 5. They prove to be close to the
corresponding magnitudes of the AZ for the neutron-induced fission of
heavy nuclei [1, 19].

To describe isotopic and isobaric fission fragment distributions, a
number of models are used. In the last years, the diffusion model has
gained wide acceptance [20, 21]. This model assumes the break-up of the
nucleus to be a quasi-equilibrium process from the charge mode
standpoint, which allows a statistical approach to be used to describe the
charge distribution. The main mechanism that governs fragment charge
isobaric distributions is associated with the collective motion of nucleons,
which manifests itself as dipole isovector oscillations. However the one-
particle motion of nucleons is likely to make a certain contribution. The
characteristic time for both kinds of motion (~10"%2 s) is far less than the
time it takes for the nucleus to descent from the saddle point to the
scission point (~3:10%° s). To find the charge of a fragment, the minimum
potential energy criterion is used. The deformation dependence of
potential energy was calculated by the liquid drop model, taking account
of shell corrections. Calculations of isobaric charge distributions for
nuclear fission in the region of Th - Pu carried out by that model showed
that the charge shift relative to the unchanged charge distribution is 0.2 -
0.4 [22]. Those magnitudes of the AZ correspond to experimental data
obtained in our work on photofission as well as in other works on the
fission induced by various particles.

Experiments showed that the isotopic photofission fragment
distributions for heavy nuclei are close to the similar distributions for
neutron-induced fission. Obviously the dipole oscillations of the electric
charge of nuclei that are induced during the absorption of y-quanta are
damped out by the moment when fragments are formed. The other
peculiarities of the interaction of y-radiation with nuclei that have been



mentioned above are likely to affect fragment production at lower
excitation energies (in the vicinity of and below the fission barrier).

The results of this work allow the conclusion to be drawn that the
nuclear fission induced by y-radiation is an efficient way for producing
the most neutron-rich nuclides. That the fraction of those nuclides is large
i1s due to the following: the fragments produced have low excitation
energy (therefore the number of neutrons emitted from them is small); y-
radiation has high penetrability, which enable large amounts of
fissionable matter to be used; the isotopic fragment distribution dispersion
1s quite wide. So photofission is a promising way both for research on the
nuclear structure of fragments and for producing intense beams of the
accelerated neutron-rich radioactive nuclei. The study of the reactions
induced by these nuclei is very interesting, since it allows to get the
principle new information about nuclear structure. For example, the
unusual wide space distributions of weakly bound neutrons in some
nuclet (neutron halo) were observed in such kind reactions. Lot of project
for the acceleration of neutron-rich nuclei are developed now. One of
these is the project DRIBs in Laboratory of Nuclear Reactions JINR [23].
The fission fragments are produced at the irradiation of thick uranium
target by the bremsstrahlung of microtron and after the mass-separation
are accelerated on the 4-meter isochronous cyclotron U400.
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M.G. Itkis and S.N. Dmitriev for supporting the work, J. Kliman and V.V
Pashkevich for the useful discussions, G.V. Buklanov and A.G. Belov for
helping with the experiments. This work was supported by RFFI grants
nos. 01-02-97038, 01-02-16455 and INTAS grant INTAS-2000-00463.



TABLE 1
CHARACTERISTICS OF THE TARGETS

Target B2Th 28U ##py
Material Metal U,04 PuO,
Content, % 100 99,85 96
Impurities, % - 0,15 (**°U) 4 (**°Puy + *?pu)
Thickness, mg/sm? 25 3 0,3
Dimensions, mm 15 & 20u 30 10x 10
Backing - Al Ti
TABLE 2
CHARACTERISTICS OF THE STUDIED NUCLIDES
RADIOACTIVE DECAY
Primary T, Daughter Tn E, keV I, %
fragment Isotope
¥Kr 32m ¥Rb I5Sm 1032 58
1248 43
SKr 9s Sr 9,5h 750 23,6
1024 33,4
2Ky 2s 2Sr 2,7h 1384 90,1
7y 934 13,9
PKr ls Ay 10,1 h 267 7,32
8% e 14m 138Cs 32m 1436 76,3
2218 15,2
9% e 40s 13%Ba 83 m 166 23,6
140X e 14 s 14084 12,8d 537 244
10 40 h 1596 95,4
141Xe 1,8s 141Ba 18 m 190 46
M1a 4h 1355 1,64
142¥e 1,2s 142] 2 93 m 641 474
i 2398 13,3
H3Xe 0,8s 3Ce 33h 293 42,8




TABLE 3

INDEPENDET YIELDS OF Kr and Xe FISSION FRAGMENTS

232Th(’}’,t) 238U(.Y’D 244PU(’Y,0
Fragmen
t
Yoo Yy Yo Yy Yoo Yy
¥Kr 0,15(2) | 0,10(2) | 0,29(1) | 0,18(2)
NKr 1,00 0,62(5) 1,00 0,60(5)
2Kr 0,95(1) | 0,59(5) | 0,80(2) | 0,46(4)
“Kr | 0,25(1) | 0,15(2) | 0,25(2) | 0,15(2)
B7Xe 0,27(3) | 0,16(2)*
18¥e 0,85(1) | 0,53(4) | 0,65(3) | 0,38(4) | 0,84(4) | 0,47(4)
1¥Xe 1,00 0,63(5) 1,00 0,59(5) 1,00 0,56(5)
10¥e 0,85(7) | 0,53(5) | 0,94(7) | 0,56(5) | 1,03(8) | 0,57(5)
H1Xe 0,19(1) | 0,12(1) ' 0,53(3) | 0,31(3) | 0,73(4) | 0,41(4)
142Xe 0,09(1) | 0,06(1) ; 0,26(2) | 0,16(2) : 0,46(4) | 0,26(3)
| Xe | 0,08(2) | 0,05(1) | 0,24(4) | 0,14(2) |
*paper [6]
TABLE 4
ISOTOPIC DISTRIBUTION PARAMETERS OF Kr AND Xe
FISSION FRAGMENTS
Reaction| N-Z Kr Xe Reference |
N S
A c A C
BTh(y,H) | 0,366 | 91,3(2) | L,1(1) | 138,9(2) | 1,2(1) *
Z2Uy,H) | 0,370 | 91,1(2) | 1,3(1) | 139,4(2) | 1,5(1) *
138,9(3) [5]
#*py(y,f | 0,373 139,7(2) | 1,8(2) *
30y, | 0,357 | 89,43) | 1,3(1) | 137,4(4) | L,4(1) (5]
33U(n,0) | 0,352 | 89,3(1) | 1,5(1) | 137,8(1) | 1,5(1) (1]
35U(n,f) | 0,364 | 90,1(1) | 1,5(1) | 138,4(1) | 1,6(1) [1] 4;
2Un,H | 0,379 | 91,5(1) | 1,6(1) | 139,5(1) | 1,8(2) (1

*this work
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TABLE §
CHARGE SHIFTS OF Kr AND Xe FISSION FRAGMENTS
RELATIVE UNCHANGED CHARGE DISTRIBUTION

’Thy,f) U (r.h Pu(y.f |
Zy/A, 0,388 0,387 0,385
36 54 36 54 54
4 91,3(2) | 138,9(2) | 91,1(2) | 139,42) | 139,7(2)
v 1,0 0.8 1,0 0.8 0.8
AZ -0,19(8) | +0,20(8) | -0,36(9) | +0,25(8) | +0,13(6) |
Ar
REACTION
CHAMBER
VYITH T_ARGETS
£ = {:::r’i
-
”——‘—J-O
LL CAPILLARY
: PUMP
CRYOSTAT

Fig. 1. Block diagram of the experimental set-up.
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Fig. 2. Examples of B-decay chains of fission fragments that contain Kr
and Xe isotopes. The isotopes whose y-spectra were measured are
marked.
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Fig. 4. Mass number distributions of the independent yields (referred to
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[anrpekuit 10. I1. u op. E15-2002-147
Hesasucumele Bbixoanl H3oTonos Kr u Xe
npu OTORENIEHHH TAXKENBIX A1ep

[pencrasnens! pe3ysnbTaThi HIMEPEHHUI BLIXONOB NIEPBHYHBIX OCKONKOB (06pasylowmxcs
HEeNoCPeaCTBEHHO npH paspbise aapa) Kr (A=87-93) u Xe (A=148—-143) upu dotoneneHunu
szep 232Th, 238U u 2% Pu. DxcnepuMeHTbI IPOBENEHBI Ha TOPMO3HOM HANYYEHHH MHKPOTPO-
Ha [1PH 3HEPIMH YCKOPEHHBIX 3MeKTpoHOB 25 MaB. Henonb3osanack MeToNMKa nepeHOCa BbI-
NETEBLIUX U3 MULIEHH OCKOIIKOB [230BbIM MOTOKOM [10 KAMWINAPY H KOHASHCAUHY HHEPTHLIX
razos Kr u Xe B kpHocTaTe NpH TeMIepaType XHAKoro a30Ta. OCKOJIKH BCEX OCTATbHBIX 3Me-
MEHTOB 3alepXUBanuchk PUILTPOM HA BXxode B Kamwunsp. HMaentugukaums wusoronos Kr
1 Xe TpOBOQWIIACE 11O Y -CMIEKTPaM HX JOYEPHKX nponykTos. [lonydeHo pacnpeeneHue Hesa-
BUCHMBIX BLIX00B M30ToNOB Kr 1 Xe 1Mo HX MaccoBbM YHcnaM, NPOBEAEHO CPaBHEHHE ITHX
pacnpenesieH1il ¢ aHANOVYHBIMH JaHHBIMH TIPH €NEHHH TEMIOBBIMH H ObICTphIMH HEATpO-
HaMH, OfpedesieHbl COBHIH 3apAloB OCKOJKOB OTHOCHTENBHO HEHCKAaXEHHOIO 3apsIoBOro
pacnipeneneHus. O6CyXkaalTcs NepcreKTHBb! HCONMb30BaHHA OCKONKOB OTONENCHUS B HC-
CIEJOBAHUSX CTPYKTYPHI $A€p ¢ 6OBUIMM H36BITKOM HEATPOHOB.

Pa6ora sbinonuena s Jlabopatopuu anepHsix peakuwit um. I'. H. ®neposa OHUAH.

[penpuut O6LEAUHEHHOTO WHCTHTYTA ANEPHBIK Wecnenosanuit. lyGua, 2002

Gangrsky Yu. P. et al. E15-2002-147
Independent Yields of Kr and Xe Isotopes
for the Photofission of Heavy Nuclei

Presented are the yields of primary fission fragments (produced in the process
of the rupture of the nucleus) of Kr (A=87-93) and Xe (A =148-143) for the photofission
of 232Th. 238(J and 244py. which were measured using bremsstrahlung from a microtron,
the energy of accelerated electrons being 25 MeV. A technique was used that includes trans-
portation of fragments escaped from the target with a gas flow through a capillary
and the condensation of Kr and Xe inert gases in a cryostat at the temperature of liquid nitro-
gen. Fragments of all the other elements were retained with a filter at the entrance of capil-
lary. Kr and Xe isotopes were identified by the y-spectra of their daughter products.
The mass number distributions are obtained of the independent yields of Kr and Xe isotopes,
which are compared with the similar characteristics for the fission induced by thermal
and fast neutrons; the charge shifts for the fragments under study relative to the unchanged
charge distribution are determined. The perspectives of the photofission fragments using
in the study of neutron-rich nuclei structure are discussed.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.
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