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ABSTRACT

The isomeric x-rays and g--rays emitted by fission products from the

thermal neutron fission of 235

U in the time window between 1 us and 80 mus
after the fission event were investigated at the gas-filled fission pro-
duct separator of the research reactor FRJ-2. Isomeric transitions were
detected at the fission product masses A = (88, 93, 96 - 100 and 132-136)
with about 90% of the ) ~lines being emitted in the regions A = (96 - 100)
and A = (132 - 136). An identification of the isomeric nucleides was achie-
ved in most cases. In the mass region (96 - 100) all identified or possi-
ble isomers have 58 or 59 neutrons. The identified isomers in the region
A = (132 - 136) are 13hTe and 136Xe with N = 82, The isomerism is discus-

sed.

INTRODUCTION

Fission fragments are highly excited nuclei which are de-excited by
neutron emission, emission of Iaradiation, and B-decays. The prompt neu-
trons are emitted within 10—1h s after fission, B-decays occur with half-
lives > 10-2 s. Gamma-radiation is emitted promptly as well as delayed
following B-decays. The overwhelming part of the prompt ) —rays has a
mean half-life of ca. 10—11s 1,2)

of the prompt y -radiation which is emitted from isomeric transitions

. But there is a considerable fraction

with half-lives up to 100 ms, as was first shown for fission products
3)

from 2:’DU by Maienschein et al. s who found an isomeric component with

a half-life of &~ 100 ns. In the meantime several authors have investiga-

L)

2520f—fission products in the time region (10 - 100) ns using NaJ-detec-

ted such isomeric transitions. Johansson measured isomeric p -rays of

tors. By measuring the kinetic energies of complementary fission products

with semiconductor detectors he determined the masses of the J‘-emitters.
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He found that the isomers were concentrated into a few narrow mass regions.
Popeko et al. 5) investigated with a Ge(Li)-detector the isomeric J -Teys
in the time region (10 = 100) ns after the thermal neutron fission of 235U.
Using the same method as Johansson they determined the masses of the isomers.
About 20 low energy ) —rays have been identified with half-lives ¢ 50 ns.
Walton and coworkers looked for isomers among the fission products of the
232Th, 235U, 239Pu and neutron fission of 235U, 239Pu in

times ) 2 ms. They detected the f—rays with plastic detectors or NaJ-cry-

photofission of

stals. No mass assignment of the isomers has been made. The authors have
identified about 10 y'-rays with energies up to 1330 keV and half-lives up
to 54 ps. Guy 9) 252

with a Ge(Li)-detector and the masses of the emitters with the technique

measured the isomeric y--rays of Cf-fission products
indicated before. This measurement was extended from 3 to 2000 ns after
fission. The authors determined the energies,half-lives, and intensities

of about 150 )~ -rays in this time region. The short-lived j -rays are emit-
ted by almost all masses that are produced with sufficient yields. The long-
lived radiation, however, is confined to narrow mass regions which are simi-

L)

lar to those in ref. .

Besides measurements of the J‘-radiation there have been done experi-

ments on x-rays emitted from isomers among the fission products due to in-

ternal conversion of the Y -rays. H.Hohmann 7

236

found a delayed contribution
U fission, whereas Glendenin et al. 8)
252 10) measured
Cf within 93 ns.

Kapoor et al. 1) investigated x-rays from fission products up to 1 us
235
U

in the x-ray spectrum from inves-

tigated delayed x-rays from Cf. For example Watson et al.

with a Si(Li)-diode the x-rays that were emitted by 252

after the thermal neutron fission of using & NaJ-crystal. Assuming
that the production of isomers is comparsble for the different fissioning
nuclei a comparison of the results of ref.‘o) 1)

10'_9 s after fission, see e.g.

and of ref. and of measu-

rements of the x-rays emitted within ca.
refqu2-1h), gives some information concerning the isomeric transitions of

the fission products.

We are doing an experiment with the gas-filled fission product sepa-
rator at the research reactor FRJ-2 of the Kernforschungsanlage Jilich
to investigate both the ) —rays and the x-rays of isomers with half-lives

from ca. 0.2 to 100 us produced by the thermal neutron fission of 235 .
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The interest in the Jv-radiation of fission products as a radiation
emitted by very neutron rich nuclei with initially high spins and defor-
mations has been reinforced during the recent years by the prediction of
a region of stable deformations for Z ¢ S50 énd 50 {N < 82 4, 15-18).
Isomeric transitions of the light fission products might give some infor-

mation concerning this problem.

EXPERIMENTAL SET-UP

2.1 Separation of isotopes

The gas-filled separator providing beams of fission products from
the thermal neutron fission of 235U has been described in some detail in
refs. 19 - 21). The pecularity of the separator is that fission products

having equal nuclear charge Z and
equal nuclear mass A experience the
same deflection in the magnetic field

of the separator, in spite of the fact

%z, that they emerge with different ionic
Ey =1215keV;tyy= 036 . ..
charges and energies from the fission

product source. The resolution of the

Coqpta/nﬂh
2
]

FwHM=42% | separator is not sufficient to resolve
'\ . single values of Z and A. At each value
of the magnetic rigidity B-y a mixture

of different nucleides is obtained. A
o [ given nucleide reaches the focus of the

. separator within a certain range of B¢,
Imax

i | its distribution over B-p being a Gaus-
a% 095 100 105 10
B- § [10° Gouss-cm]

sian function. In fig. 1 an example of
such a distribution is shown. The nuc-

leide has been identified by one of the
Fig. 1: B-p-distribution of an

isomeric y~-line isomeric y--rays that are the subject

of our investigation.

The calibration of the separator has been done by measuring the in-
tensity distributions of known J —rays that follow the B-decays of long-
21)

lived fission products . The B¢ -values at which these distributions

had their maxima were attributed to the masses of the r -emitters., The
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long-lived calibration nucleides themselves are not produced in the fis-
sion process and the subsequent prompt neutron emission, they are B-decay
daughters of primarily produced fission products. The deflection of the
calibration nucleides is determined by the mean primary charge ZP(A1) of
the corresponding isobaric chain as the time needed for the separation is
equal to the time-of-flight of the unslowed fission products through the
separator which amounts to 1 us. Consequently the calibration curve which
is shown in ref.bau) may be applied,without further considerations, for
the identification of long-lived secondary fission products which are de-

flected according to ZP(A) .

The identification of the isomers smong the primary fission products ,
we are interested in here,is achieved as described in the following. The
distribution of an isomeric radiation over B-g is measured and the value
Bo nax corresponding to the maximum of this distribution is determined.

To Bp corresponds a mass A* according to the calibration curve.

A mean primary charge ZP* may be attributed to A% for example from

the Z_—-curve of ref. 22) or by interpolation between the ZP-va.lues of
Wahl §3) , both A¥ ana Zl'): being usually non-integer. With these values
the candidates which are possibly the emitters of the isomeric radiation
can be calculated from eq. (1). This equation is obtained by expanding
the three-dimensional plane B'p (Z,A) starting from the calibration curve
in the Z-direction with B-¢ having a fixed value.

2

-7 (2,-2F aj./aa
aat = (zpezp ) —2 - 2F 2 (1)
Sx 2 £u
?N = ZP* JA® = charge density of the fissioning nucleus
" = (aB-¢/Be) / (o A/A) = mass dispersion of the separator
A $IEg

as derived from the calibration

curve.

All nucleides the charge Z and mass A of which fulfil the above equa-
tion have the maximum of their B¢ -distribution at the same value B
and may therefore be the isomer we are looking for. As the experimental
values of A*, ZP* , and F A &re uncertain to some extent the mass value

of a nucleide with a given Z has to fulfil eq. (1) within about # 0.7



Fig. 2: Region of light fission products. The hatched bands show the
' nucleides focussed simultaneously in the separator.

mass units. All candidates that are determined by equation (1) lie on cer-
tain sections through the Chart of Nuclides as is demonstrated by the hat-
ched bands in fig. 2 for light fission products. The full lines in these
bands are calculated from eq. (1) without any errors of the experimental
parameters. The slope of the bands are defined byJZ which is determined
by A% and the gas-filling of the separator. The bands in fig. 2 are calcula-
ted for 6.5 torr He-gas which is the gas-filling used during the measure-
ments in the light fission product group. It is seen that with helium the
separator at certain masses of thefission products works as mass separator
(A 88), at other masses it is almost an isotone separator (A = 100).

The region of nucleides which can be investigated with the separator is

indicated in fig. 2.

If isomeric x-rays are emitted from the primary fragments, the B¢ -
distribution and the energy of these x-rays allow an almost unambiguous iden
tification of the emitter. From the x-ray energy the nuclear charge Z of
the emitter can be determined, and the isomer is located at the crossing

point of the horizontal line for Z = const. in the (N, Z) plane, and the
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section determined by eq. (1). A certain ambiguity remains if several

isotopes are admitted by eq. (1).

2.2 Detection of isomeric radiation

The experimental arrangement installed at the focus of the separator
is shown in fig. 3. The fission products are stopped by a Hostaphan-foil
which is the end-window of the vacuum system. Immediately before being

2k)

stopped they pass a fast transmission counter as proposed by Muga .

FAST TRANSMISSION GelLi)-or
COUNTER Si(Li)-DETECTOR
BEAM FROM MASS-SEPARATOR -
{ 1 wsec TIME OF FLIGHT
MlPm|sEwriiator storeine 3l 3
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Fig. 3: The experimental arrangement at the focus of the separator

The fission products produce in a thin plastic scintillator foil of NE 102 A
light which is seen by a 56 AVP-photomultiplier. By a coincidence between
two such detectors we reduce the J’-induced background by two orders of
magnitude. This transmission-counter system starts a time-to-pulse height
converter (TPC) the time range of which can be varied between 0.05 and
80‘ps. The TPC is stopped by the isomeric radiation. For the measurement

of isomeric ) -rays a Ge(Li)-diode (resolution 3.0 keV for 6000 ¥ -reys,
size 38 cm3) and of the isomeric x~rays from internal conversion of iso-

5F{Co, ares = 1 cm2)

meric j)-rays a S8i(Li)-detector (resolution 300 eV for
are used. A 4096-channel analyzer is used in the two parameter mode to
store the results of the measurements i.e. the time signal of the TPC and
the energies of the isomeric J -rays and the energies of the isomeric

x-rays, respectively. Typically the 4096 channels are divided into 32
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time-channels and 128 energy-channels. The time resolution of the elec-
tronic system amounts to about 50 ns with the Si-diode and to 100 ns
with the Ge-diode for low energy ' -reys- For high energy

J--rays it is considerably better. ( y- x)- and ( f—f)-coincidences
between the detectors are possible.
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Fig. 4: A typical decay curve

Some typical experimental results are shown in figs. 1 and 4 - 6.
As discussed before fig.1is theB-¢9distribution of the intensity of a cer-
tain isomeric y -transition measured to identify the isomer. Fig L shows
the decay curve for a certain isomeric J‘-tra.nsition measured for a fixed
value of B-g. Several of the y- -lines have a time-independent component
which is produced by random coincidences between fission products and
J-rays with the same energy as the isomeric transition but following
B-decays of fission products which have arrived earlier. This time-inde-
pendent component is determined by delaying the stop-signals of the TPC
in order to store in the first time-channels only random coincidences.
The known time-independent component is then subtracted from the whole
intensity measured for a certain J —energy to obtain the true isomeric
component. Fig. 5 shows an energy-spectrum of the Ge-diode measured for

two times, i.e. just after the fission products have arrived and about
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B/us after the arrival of the

fission products. y* -lines are

seen that disappear completely

v
S

Counting rate

within these 8 us. Other lines
are reduced considerably or are
apparently time-independent .The

226" resolution in this picture is

bad as the number of analyzer
channels used is small. Fig. 6

shows the x-ray spectra just

after the arrival of the fission

products and random coincidence

spectra.

.
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{
)
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The intensities we measure

Eg (rev1 amount typically to 10/min and

Fig. 5: Gamma-spectra measured for 1/min for isomeric Jv-transitions
the mass region near A = 99,
duration of the measurement .
= 975 min. Full line and da- ducts, respectively. For x-rays
shed line = spectra measu-
red after the arrival of the . .
fission products and § us nitude smaller. The (y-x)-coin-

later, respectively. cidence rates are smaller than 6/h.

of 1light and heavy fission pro-

they are about an order of mag-

3. EXPERIMENTAL RESULTS

Our results are compiled in tables I, ITI, and III for light and hea-
vy fission products, respectively. Tables I and II are divided into five
parts. Part 1 gives the candidates for the isomerism calculated from eq.(1).
Only the possible emitters with fission yields greater than 0.1 % are lis-
ted as we estimate the absolute intensities of our J‘-lines to be higher
than 10-3 photons/fission, Part 2 shows the experimental facts about iso-
meric x-rays, part 3 gives our results of the‘;~-ray measurements. In part
4 we have added the results of Guy, ref. 9),for isomeric J~-transitions
to compare with our J'-lines. In part 5 we listed the one or the few can-
didates which most probably emit the isomeric radiation cf. the following
section. Table III contains the information about high energy isomeric
¥ -~rays we found for light fission products. For these g —rays the values
of B-?max have not yet been determined and thus we cannot name the possible

emitters.
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Fig. 6: x-ray spectra measured in the mass regions near A = 99 and A = 135

with different fission product intensities. Full lines = spectra
measured just after the arrival of the fission products, dashed
lines = random coincidence spectra. Duration of the measurement

= 3761 min and 7528 min for light and heavy fission products, re-

spectively.

For the light fission products we found isomeric radiation in three
different mass regions as is shown by the horizontal subdivision of table
I. We want to mention that the isomeric radiation of each mass group as
well as all the radiation ip the heavy fission product group has the same
value of B mex® 2 fact caused accidentally by the properties of the se-
parator for the special gas-filling, i.e. 6.5 torr helium for light fis-
sion products and 0.5 torr nitrogen for the heavy fission product group.

We have identified some 40 isomeric Y rays in the range of half-
lives we investigated (0.3 to 80 us) and with intensities > 1073 pho->
tons/fission. It is obvious from tables I and II that the candidates we
have determined are concentrated in narrow fission product mass regions
around A = 88, 93, 99 and 135. While the candidates in the regions around
A ~» 88, 89 emit together only three of the ) ~lines in these tables the
bulk of the y -rays comes from the candidates near A = 99 and 135.
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4, DISCUSSION OF NUCLEIDE ASSIGNMENTS

As is discussed in sect. 2.1 eq. (1) admits several nucleides as can-
didates for the isomeric J‘-—lines detected at a certain value of B-ym.
The uncertainties of the experimental parameters in eq. (1) which cause
this ambiguity cannot be reduced essentially. The identification of the
emitters of several y-lines of tables I and II and the reduction of the
cendidates for the others is achieved by comparing our ) rey results with
the results of our x-ray and ( - x) coincidence measurements, and with the
results of the ) -ray measurements of other authors. The most probable emit-
ters one gets considering all data we have are listed in part 5 of tables
I and II.

4.1 Light fission products

The ¥ -lines with 1110 keV and 1590 keV which are emitted by fission
products with masses around 88 have the same half-lives within the experi-
mental errors. We find the same half-life for the x-rays of Br which is the
only x-ray emitter in this mass region. Therefore we conclude that Br is
the emitter of the two y -rays. The only Br-isotope which fulfils eq. (1)
is 88Br and thus we assign the two j -lines to 88Br. In ref.9) the 111.2 keV
¥ -line is assigned to the mass 89. From our results 89]3r cannot be the
emitter unless we increase the errors of the experimental parameters we
insert into eq. (1) unreasonably.

We attribute the a‘—line with EJ" = 25T keV to 93Rb as the x-ray mea-
surement reveals a half-life > 10 ms for Rb.

In the mass region near A = 99 twelve f—lines must be attributed to
eleven possible emitters. The situation is complicated by the fact that
the line E r = 169.8 keV as well as the x-rays of Y show two different
half-lives. The two half-lives might belong to different nucleides or

might be caused by two isomeric states in one nucleide.

The half-lives of the long-lived component of the line with E y =
169.8 keV as well as of the 120.1 keV and 203.T keV lines agree within
the errors with the long half-life of the Y x-rays. Thus, 97Y or 98Y is
most probasbly the emitter of this 8 /us-ra,dia.tion, in agreement with the
mass assignment of ref. 9) for the 20L4.0 keV line. A first (y--x)-coinci-
dence measurement gives coincidences between these lines and the x-rays
of Y.
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The assignment of the short-lived ) -transitions in this mass region
is complicated by the fact that the short half-lives of the ) —rays as well
as of the x-rays are very similar. Thus, the comparison between the half-
lives of y —rays and x-rays provides no unique identification of the nuc-
lear charge of the isomer emitting a certain 3~-line. The j*-lines with
ED~ = 101.0, 110.7, 130.0, 158.9, and 185.3 keV are in coincidence with
the x-rays of Y. They are grouped in table I according to their half-lives
including the short-lived component of the 169.8 keV-line. The half-lives
of these lines agree within the errors, excegg the line with EET = 130.0 keV.

We conclude that these lines are emitted by

9)

Y as the mass assignment of
for two of them is A = 98. The half-life of the 130.0 keV-line is

considerably smaller. If we assume a third isomeric state in Y ; the half-

ref.

life of 0.6}us of the x-rays of Y may be composed of the half-life of the

130.0 keV-line and of the half-lives of the lines assigned to 98
9)

Y. Accor-

the mass of the emitter of the 130.0 keV-line is 99 or 100

1ooNb. This mass assignment

ding to ref.
giving with eq. (1) the candidates 97> and
does not agree with the result of our (Zr-x)-coincidence measurement and

the assumption of a third isomeric state in Y isotopes.

The 140.5 keV-line is in coincidence with the x-rays of Rb. The assign-

ment of this a”-line to 96Rb is in agreement with the half-life of the x-

rays of Rb and with the mass determination of ref.9). The 167.2 keV-line

is also attributed to 96

ref, 9) agree with the values of the 140.5 keV-line.

Rb as its half-life and the mass assignment of

The 121.5 keV-line is in coincidence with the x-rsys of Zr. Thus,
99Zr is the emitter in agreement with the x-ray half-life of Zr and with
9)

the mass of ref. . As we see the 121.5 keV-line in coincidence with the
x-rays of Zr there must be another transition in Zr, which causes the cor-

responding x-ray emission and which we do not see as a J‘-line.

4,2 Heavy fission products

The relations are more transparent in the heavy fission product group.
The J‘-lines in table II are grouped according to the four half-lives we
found. In ref. 9) the lines with E p =~ 115, 297, 1280 keV are attributed
134,
to

Te. It is assumed that they are emitted in a cascade with the 115 keV
and the 1280 keV line as the highest and the lowest transition, respecti-
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vely. The same cascade has been detected by Ahrens et al. 25) following

13h, 3L

the B-decay Te. Our results agree with this assignment.

The J°-11nes with E3~ 197, 381 and 1313 keV and with half-lives of

9) to 1§§Xe. This assignment was supported

about 3{us are assigned in ref.
26)

by the 130xe (psp") 136

36Xe in which the ) —rays fit as a cascade going to the ground-state.

Xe measurement of Moore et al. who found levels
This attribution is in agreement with our half-life for the x-rays of Xe.
Walton et al. ) found p -lines with E y = 205, 390, 1330 and the half-
life 3.k + 0. L ps in their measurement with a NaJ-crystal. The g -lines
were also seen following the B-decay of L8 s-isomer of 36J with high spin
27‘30). While Lundan et al. 28) proposed a cascade 198 keV - 382 keV -
1320 keV - 1313.2 keV going to the ground-state, Carraz et al. 29) and
Monnand et al. 30) found a cascade 197.5 keV - 381.5 keV = 1313.3 keV
going to the ground state.

The 391 keV 2*-line is attributed to 131‘-136'1 according to the half-

life. Not identified is the emitter of the two remaining j-lines in tab-
le II with E e 324 keV and 1181 keV and a half-life of about 0.65 us.
The half.lives of the x-rays of Sn, Sb, Te agree with this y -half-life.
According to the mass determination of ref. 9) this radiation is emitted
from fission products with A = 134, 135. Thus 13h,1353b and 13h’135Te are

the most probable emitters.

CONCLUSIONS

A comparison of the detected J‘-lines from this measurement and from
9)

ref. shows good agreement for the y--energies and for the half-lives

shorter than 1 us. Intensities for the different fissioning systems have
not been compared. The lines with low intensities of table III have not

9)

been listed in ref,. .

10) 1)

A comparison between the isomericx-ray yields of ref. and ref.
shows that for times » 0.1 us x-rays may be expected from Rb, Sr, Y, Nb, Mo,
Tc and Sb, Te, J, Xe. X-rays from these elements have been found, except
from Mo, Tc. The time-dependent components of the x-rays with energies
corresponding to Mo and Tc in fig. 6 are caused by the KB-radiation of
nuclei with lower Z-values. Additionally we found a strong emission of

x-rays at Zr,
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As may be seen from part 5 of tables I and II the isomers we found are
concentraded, except of two single isomers 88Br and 93Rb,
regions, A = (96 - 100) and A = (132 - 136). This fact is in agreement

with the results of ref. 9) for 2520f, where an intense long-lived con-

in two mass

tribution to the isomeric a*-radiation near these masses has been de-
tected. Moreover, Johansson 4)
for A 96 and A = (130 - 135).

observed an intense delayed ba -radiation

« Ru 96| |98 9s|wolior|102] 104 J

3 Tc

42 Mo 92 94)95]96] 97|98 100

s Nb 100; 55 Cs 133

w0 2Zr |so]sr|s2 94 96 9 5 Xe |r28)129|130|131]132)  |134 g
I »Y 89 R9NR98 53 J 127

18 Sr 88 R96N 97 52 Te 126 128 130 b330 35
N 37 Rrp o M 9 51 Sh 36315

36 Kr 86 so Sn |2 84

35 Br R 56 57 58 59 s In 77 78 79 80 81 82 83

54 55 7 75 76
53
50 51 52

N —>

Fig. 7 : The most probable emitters (hatched) inserted in the Chart of
Nuclides. The stable nucleides are shown for orientation.

In the heavy fission product region isomers are found with N =(82+1),

13k 136Xe. The a?-li-

25, 27-30)

There are (g,g)-nuclei among the emitters, as Te and

nes emitted as isomeric radiation have been found after RB-decays

and some of them promptly within a few ns after fission 31)

. The x~-ray
spectrum emitted following B-decay (dashed line in fig. 6) has a similar
structure as the isomeric x-ray spectrum. The isomers from even-Z-nuclei
only seem to be populated more intensely primarily than after B-decay. The
136Xe and 13“Te are located at 1891 keV and 1692 keV

above the ground state, respectively. These states fit well into the syste-
29)

isomeric states of
matics of isomeric states of N = 82 nuclei . A low lying two-quasi-par-
ticle neutron state (37/2)2 with high spin I = (5 - 7). may have enhanced
life times in the nuclei of low level density near the closed shells

N = 82 32). The isomerism found is thus explained as spin isomerism of
states which are populateqboth~yrimarily and after B-decay. Isomers with

odd neutron or proton numbers may be understood as long-lived three-quasi-
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particle states of these nucleides which should be found at lower ener-
gies.

Fig. T reveals a striking observation in the mass region A = (96-100),
All nucleides we have identified or proposed as candidates have the neu-
tron number N = 58 or 59, i.e. the bulk of the isomeric y* -rays with half-
lives larger than 0.3 us among the light fission products is emitted from
nucleides with N = (58 -59). No even A, even Z nucleides are found among

96

the emitters,except “ Sr as possible x-ray emitter. The isomeric J°-lines
have not been observed until now among the ¥ —lines following B-decays of
the fission: products. The dashed x-ray spectra shown in fig. 6 is mainly
determined by x-rays following B-decays of short-lived fission products.
The x-ray yields following B-decays show no similarities with the yield
we found for isomeric k?rays‘ pointing again to the fact that the isome-
ric ) -transitions with their characteristic x-ray-yields are only found
among the primary fission products. From the energies and yields of the
primary a*-quanta we estimate that the isomeric states in the region of

N = (58-59) are about (300 - LOO) keV above the ground state.

We cannot offer a definitive explanation of the isomergim among light
fission products. Ah accidental pile-up of spin isomers, although not very
probable, cannot be excluded. We want to point out an unproved hypothesis
to explain the isomerism. According to calculations of Arseniev et al. 17)

N = (58~60) is a transition region to a new region of deformed nuclei.
Nuclei with N4 59 should have a stable oblate deformation with an energy
excess of about 2 MeV compared to a spherical shape. Excited states of
these nuclei may have prolate shapes as has been shown by Arseniev et al.33)
for nuclei in the mass region Z % 50 and N ¢ 82. These states may be found
at low energies, if the difference between the deformation energies of
prolate and oblate shapes is small. They may be observed as low lying one-
quasi-particle states with lifetimes enhanced due to large values of a K.
If these states are the explanation for the isomerism at N = (58-59), our
measurements tell that this shape isomerism is restricted to the transition
region and is not found with half-lives in the jus range within the region
of stable deformationsfor N > 60?'It should be pointed out that a further

transition region exists for Z = (45-46) in the mass range A = (110-115),

* The confinement of the isomerism to the transition region may be
explained if a co—-existence of deformed and sgherical states is
postulated, as has been found for Ir-nuclei®*).
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4),9)

Cf fission products. More extensive calculations

In this region, too, isomers are located, as has been shown in ref.

in experiments with 252

and new measurements in the transition region may help to prove or dis-

prove the hypothesis of the new proposed shape isomerism.
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