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Abstrac ty

The fission product ylelds of the members of the decay chains
132-137, 99, and 102 in 235U(nth,i‘) were measured’ at various

kinetlc energles and ionic charge states of the ffagments us-
ing the mass separator for unslowed fission products !'LOHEN-

GRIN'.

The results are discussed with respect to four aspects:

l. /i preferential formation of neutron rich chain members
found at high kinetic energy of the fragments is predomi-
nantly due to decreasing pomnt neutron evanoration. A& par-
ticularly large effect in chain 132 i1s attrituted to the
double shell closure in Sn-13Z.

2. The persistence of en even-odd vairing effect in the
yields throughout the range of kinetic energles studied
leads to the conclusion that the high internal excitation
energy of the fragments i1s tied up mainly in the form of
collective energy (e.s5. deformation energy)rather than
single particle excitation.

5. Generally, the ylelc distribution at constant kirctiz en-
ergy 1s invariant with respect to the ionic charge st..te
of the 1sotopes separated. Deviations from this behaviour
found in chains 95,102,133,and 136 are interpreted es be-
ing due to Auger events followinz a converted transition
in the decay of ns-isomers takinzg place in the vacuumn of
the separator. .

4. & pronounced variztion of the independent formatlon ratio
of single 1someric states with the kinetic energy of the
fragments is providing direct information on the contro-
versial toplc of the chaonge of angular monmentum of fission
fragments as a function of deforiation(scission distance).

+ (Guest scientist st Universitiit =zinz.



l.Introduction

Radiochemical yield measurements have been a useful tool in
the study of nuclear fission,providing sore information on
nuclear, temperatures and angular momentum at the scission
point §§~%%§ determination of odd-even factors and of iso-
eeric yleld ratios.

Radiochemical measurements generally supply information,on
quantities averaged e.g. over the kinetic energy. e emiss-—

ion of prompt neutrons (or y-rays) are—faesters—that tambe- ‘Sf*&i

| %m%

corrected~for-by their average values thus producing a some-
vhat blurred picture of the initial conditions.

The mass separator LOHENGRIN [1,2,3] may be used to improve
this situation as it allows the separation of fission pro-
ducts according to their initial kinetic energy. The total
energy of a tission into two given products is cornstant. In
consequenca, the kinetic energy of fission fragments is in-
versely correlated to their internal excitation energy. and

a2 fission fragment pair of particular kinetic energy will
possess a well defined total excitation energy and will
therefore ewit a particular number of neutrons #nd/or y-rays.
A particular kinetic energy 1s also presumably connected to

a well defined distance of the charge centers at the scission
peint, l.e. a particular scission configuration.

Measurements of the yleld distribution of the light-wing
fission products nhave been carried out at LOHENGRIN using
various kinds of dE/dx-detectors [4-11] for the elemental as-
signment of the isobars. These measurements were concentrated
on the mean kinetic energy of the fission fragments, but some
measurements at other kinetic energies were included {7,8,10].
The most recent survey will be given in these proceedings[11].
Unfortunately, this method is limite o the light wing
fission products ,df;':efi:g resolution PoCSons dlqeu._n reesens. 'Therefore, the
study of the heavy-region fission products presented in the
following 1s based on a radiochemical method. This method has
the disadvantage of depending on the decay characteristics of
each single nuclide measured. In consequence, it is much uore
" laborious than the physical methods. It has the other draw-



back that nuclides near stability cannot be measured with
high accuracy. It has, however, the advantage that the y:ields
of individual isomers cen be differentiated. The possibility
of measuring the independent yields of individual iso=ers has
induced us to include light wing chains 99 and 102 into our
programme.,

2. Experimental

q?
Due to space 1imitations only tkhe drinciplre approach will te

described here, and further details will be given in sererate
rapers [12].

The fisslon products were produced *nside the mass separator
LOHENGRIN of the Institut Laue-Lzngevin 1n Grenoble. UO2 Tar-
gets with a thickness of 40 or 1CO ug/cm were used. Iz scae
of the experiments they were covereé with a nickel foil o=
035 pm thickness. In all cases th2 energy loss of the Irzz-
ments was determined experimentzlly by measuring the Ifrag-ent
bearr intensity at various kinetlc energies and comparing ta
mexicua of the distribution with t%Ze most probable kineti:
energy of the same mass as obtaireé by Schmitt et 21. [131.
The values of kinetic energies given In this paper have gll
been corrected for energy loss in the target and due to
proapt neutron emission.

The beam of fission products separated according to mzss,
ionic charge state, and kinetic ererzy was stopped in 2 fzst
transport tape cutside the separator. The collection orf ec-
tivity was restricted to-a length of 200 mm of tape (as coa-
pared to the total length of 720 = of the exit slit) in or-
der to maintain an energy resolution of + 1,5% (ca.l i%eV) and
to have a uniform deposition profile along the collection
length. The collected fission producfs were transported to e
shielded and absolutely calibrated counting position (Ge(Li)-
detector and zig-zag mechanisn) either continuously or in a
stert-styp mode, and the y-rays essoclated with their E-c=cay
wvere counted. The velocity of trars»ortation was chosen zc-
cording to the half-lives of ti:e nuclides studied. Appropri-
ate ‘corrections for growth and decazy during ccllcction,trans- -



port, and counting, and for detection efficiency allow the

calculation of the number of atous of the individual chain

members produced. The fractional yields were obtained by two
methods: ' _

a) It was determined from the absolute activity of a descend-
ant with a fracticnal cumulative yield nearly equal to
unity (e.g. 134y 137Xe, 99m+gNb, and 135Xe). Descendants
too long-lived for on-line counting (e.g. 78 h - 132Te,
20-8 h-1331, and 9-35 h-139Xe) were (partly) collected on
a strip of aluminium foil (generally 25-50 mm wide) main-
tained fixed during the whole experiment in front of the
moving tape syétem. The activity on this collector strip
vas measured after the on-line experiment using a well
shielded Ge(Li)-detector.

b) In chain 136 this method could not be used due to the
stability of Xe. Therefore, the total number of fragments
was counted directly by inserting a surface barrier de-
tector irnto the beam cf fragments inside LOHENGRIN

Method a) is preferred over method b) as it foﬂrs less sen-

51t1m¢£y to impurities in the separated masses.

Generally, the limited count rates required a fair detection

efficiency (source-to-detector distance cz. 2 cm). This in

turn made necessary a careiful correction of summing loss

[14,15] both in the calibration of the detectors and the

actual measurements.

The evaluation of the data relies on the decay properties

(half-lives, absolute Y-line intensities, conversion coeffi-~

cients, branching ratios, etc. ) of the nuclides measurcd. In

many cases these c%ég%%nts were not known and had to be de-

termined in separate radiochemical experiments. Space does

not allow the description of these measuremenls here. The V(bat(eg

¢onstants used are, however, given in tabular form (Table I).

5. Results and Discussion

The fractional independent yields obtained will be presented
and discussed in two chapters. lhe first chapter will deal
with the influence of the ionic charge state of the fragments



on the yields observed. In the second chapter the varlation
of the yields with the kinetic energy of the fragments will
be treated. : o

:.i. Fractionzl indevendent yields at various ionic charge
states of the fragments

esserally_{ize. In chains 132, 134, 135, and 1373, the yield
distribution at constant kinetic energy was found to be in-
variant with respest to the ionic charge state of the iso-
topes separated. An example of this type of behaviour is
shown in Fig. 1 for chain 134. -

In chains 136, 99, 102, and 133, however, a marked depesndence
of the yields on the charge stete of the ions is observed.
The results of the first three chains mentioned are shown in
Figs. 2 - 4. ' .

Similar effects were observed by Siegert et al. [18] and by
Clerc et 21. [7,19] for the light-wing fission products. They
were explained es being due to the emission of Auger elec-

- trons following converted y-ray-transitions of nanosecond
(ns) un isomers taking place while these isomers are flying
through the vacuum of the separator before entering the mag-
netic and electric fields (time period from 10714 s wntil
2-.10—6 s after fission). The increase in the mean ionic
charge %&E& t%gﬂ&e& mezfcfec'lé will lead to an increased
yield of th#s£§==$ope at high ionic charge states as is ob-
served for Y20I[5-] and 1301[27] (Fig.2), %%zr (Fig.3),
102y, 1+] (Fig.%), and for 137™Ere (not shown). The fact :
that fractional yields have been plotitted leads to seemingly
decreasing yields for the other unaffected isotopes (13GXe,
136q¢ in Fig.2, 2°Y in Fig.3, 192zr, 192yp[n] in Fig.4). The
yields of the isomers of 9N (Fig.3) appear to be practi-
cally constant. This could be Interpreted as indicating the
presence of another - less effective - isomeric trensition
in +hat chain feeding the two isomers and compensating for
the expected decreese in yleld. In this context it is inter-
esting to note that in chain 102 the nskisomer seems to be
feeding only the low-spin isomer of Nb whereas in chains 99




and 136 both isomers are apparently fed to nearly the same
extent. It should be statcd here that the results concerning
chain 102 require further confirmation as they are based on
preliminary information concerning the decay characteristics
(see Table I). In the present examples as in the cases
identified in Refs.[18] and [19] nsiisomers that could be
responsible for the effect have been detected independently
by Clark et al. [20] (Table II). _

However, the identification of these isomers is not fully
conclusive as nurerous additional ns*isomers have been de-
tected [20], in particular in chains 132, 134, 135, and 137.
These chains, however, have shown no dependence on the ionic
charge state. ]
It seems desirable tc give additional support to the inter-
pretation given above, e.g. by measuring the half-life of
the parent assumed responsible for the ircreased ionic charge.
This can be decne by introducing into LOHENGRIN a thin foil
which will re-eéuilibrate the ionic charge of the ions in
flight. A 're-equilibration' prior to the decay c¢f the iso-
mer will not affect the increased average charge while a re-
equilibration after decay will remove the effect. Therefore,
the measurcment of the average ionic charge as a function ot
the target-to-foil distance will allow the calculation of the
desired lifetime as the velocity of the ions can be calcu- '
lated from their energy.

3.2. Fractional independent yields at various kinetic encr-

gies of the fragments

The yields measured for the various fission product chain
members and kinetic energies are given in Table III.

The yields indicated refer to the cumulative yield of the
last chain member shown. This yield can generally be assumed
to be identical with the chain yield. In some cases,however,
(e.g. in chain 133 at low kinetic energy), the independent
yield of the subsequent chain member (1331) is not negligible
even ‘though it could not be measured. In these cases,possible

" effects on Z_Wvalues and odd factors discussed subse-
- p evvq—odc‘ L
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quently have been taken into account.

Generally, the yields of individual isomeric states are indi-
cated in Table III. In two cases (chains 134 and 135), how-
ever, the yields of the individual isomers had to be deter-
mined in separate experiments, and therefore the fragment ki-
netic energies were not identical. In these cases the yields
(13xe) or the fraction of high spin isomer rei=tive to the

total, YFI(high spin isomer)
F

h = Y, (both isomers) ) 3

) are given separate1y<£%25%$ Table III{

In general, good agreement is observed between radiochemical
yield values [21] and the yields obtained in the present ex-
periments at the mean kinetic energy of the fragments. There
is also general agreement concerning chains 99 and 102 with
the data obtained at LOHENGRIN (at mean kinetic energy) using
physical methods [6,83].

A typical example of the change in yields with varying kine-
tic energy of the fragment is shown in Fig.5. This example
has been chosen as it allows a comparison with results of
Clerc et al. [7,7a] at two kinetic energies of the fragments.
The agreement seems reasonable. Other measurements at other

kinetic energies [8] agree in their trends. Some deviations

- at low kinetic energies are presumably due to the use of a
thick UO,-target (400 pg/cmz) and the consequent loss in en-
ergy resolutiocn.

The trend; observed in Fig.5 and common to all chains studied
(Table III) an increase with increasing kinetic energy of
the ! ‘eutren=rich) chain member¥ with the lowest nuclear
charge at the expense of the chain members of higher nuclear
charge. The sl&ght{ggizmum found for the intermediate chain-
member - 9921“e some gain in yield from 99Nb and some
subsequent loss to 99Y at higher energies is found even more
pronounced in other chains (e.g. chain 132). The observed
effects are among other reasons due to the decrease in prompt
neutron emission with decreasing excitation energy (increas-
ing kinetic energy) of the fragments.

Besides the change ir element yields mentioned, a strong va-
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rintion/in the independent yields of isomeric states is ob-
served besxe”for the first time. This effect consisting of a
decreacsc of ;hﬂ_inaci=an1£Fh§'o-—tne—h:gh—fptn-ise=ee—pela

tive~ta—vhe—toIal—yie}dﬂof~the—:seceae and observed in chains
99, 102, 132, 133, 134, 135, end 136 (Table ITI) is illustra-

o the rorioning, WASERS LS disisse!
In the following, will first be f—the—
chenges—ix-3yields in terms generally used for a discussion
for a discussion of ch‘Ige distribution in nuclear fission,

C
i.e. Zp, ¢, and %dd—eucn factors (EOF) [22,23,24]. Finally,
the changes in the independent yields of isomers will be dis-
cussed with respect to the angular momentum of the fission
fragments and scission point configurations.
In order to study the effects of kinetic energy on the charge
distribution, the ylelds oggfrv 1 were flitted to a Gaussian
type curve modulated by cdd—even factors as given below.

241/2
_g EOF(Z)-P(Z2)-dz , and
/2

(1) | FI(z) = N1

(2) Fc(z) = N1 23?1/2 EOF(Z)-P(Z)-dZ
> m

with: P(Z) = (2n6°)" 1/Z-exp[—o 5-((2-2 )/0)2]

FI (FC): fractional independent (cumulative) yields.
N is 2 normalisetion factor assuring that the sum of all
fractionzl independent yields within one chain rewmzins equal
to unity after the modulation by gr@=ttgn factors.
eu&rwmf
Z=tm -
N= (  EOF(2)-P(z)-az

Z=-m
This curve is described completely by a set of three vari-
ables:
the most probable charge,
the width parameter of the curve, and
EOr: the even-ovdd pairing factor,

Zp:
o



Calculation of the three parameters requires the knowledge of
at least four yields. However, the present experiments pro-
vide only two or three element yields per chain (Table III).
Therefore, only some of the constants ggg}déae calculated ex-
p11c1‘1y . Whenever three yields were.knoun-zp and EOF were
calculated. In the other cases only Z_ was calculated. In
these cases the assumpti%ﬂm fo and/og EOF was based on inde-
pendent information, e.g. the radiochemical yield distribut-
ion. Fortunately, the results obtained for Z_ are quite in-
sensitive to the assumed values of ¢ and/or EOF since the -
yields used were those of the most prominent chain members.
Even the simple calculation of the average nuclear charge Z
according to [5,9] leads to almost identical results. Al-
though the absolute size of EOF is sometimes affected by the
choice of o, fortunately the chznge in EOF with the kinetic
energy of the fragments is practically not affected as long
as ¢ itself does not vary with energy.
The present method of evaluation is preferred over the method
used in Refs. [5] and [9], because it allows the handling of
incomplete sets of data more easily i1 a self-consistent way.
The mzin advantazge of the present method is, however, that it
provides a well-defined EOF-value, whereas the other method
uses the oscillation of o', the square root of the second mo-
ment ggéthe charge distribution, to obtain an odé—exﬁglfactor
n a_more iﬁd1rect vay. v
The resulting Zpuua}ues and EOr%factUrs are given in Table
ITI. The Zp*values are plotted in Fig.7 versus the deviation
from average frzgment kinetic energy (Ek_Ek)' The data poiuts
in the figure may be compared with a drawn-out line repre-
senting ZUCD’ the nuclear charge calculated assuming un-
changed charge density according to the equation:

Y4 .
(3)  Zyep(B) = (A + Vy(E))- 7% ,  with:

k . BBy .
» When - —= positlve,elseVL(Ek)=0.

E, -
Va(E )= —

+ The czlculation was carried out using ‘ihe fit-programme
ORGLSV.
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strong effects (A = 132, 134, 6,,8 d 137). The most inter-
esting result is certainly theoégg‘ fat the effect is appa- 2 ?
renl.ly gp‘reserved over the whole span of kinetic encrgies in<=
dicatgimg. that the internal excitation energy ol more than 15
Me_V(corresponding to the-eases—of low kinetic energy)is tied -
up almost exclusively in collective degrees of freedom, e.g.
deformation energy. The results in chains 132 and 137 showing Maﬁﬂteﬂ
X nminimum in thé ug‘&—d—"e:réa factors around E"k could be interpre-

ted as supporting results of Nifenecker et al. [27] indicating
that the 'intrinsic excitation energy' (total energy minus ki-
netic (coulomb_ic) and deformation energies) shows a maximum '

for those fragments carrying the mean kinetic energy. However,

the results of chain 134 contradict this interpretation and

the results of chain 136 do not support it. Measurements of

more chains are needed to answer this question.

One of the most interesting results of the present work cer-
tainly concerns the independent yields of the individual iso-

mers and their variation with kinetic energy. -

Using the formalism developeidl by Huizenga and Vandenbosch

[28,29] and the equations as explicitly written down in [30]

the ratios of independent yields of the isomers as given in

Table III were converted into the root mcan square angular _
momentum <ers) of the fission fragments. The resulting _ __
values are plotted in Fig.9 as a function of—the—kinetic l:k"E o
energyof —the—fragments.

The values obtained for the mean kinetic -energy of the frag-

ments (E'k—'E'k = 0 in Fig.9) cluster around 6-7*1 for the

heavy fission products and somewhat less for the light

fission products in agreement with results obtained by

other groups, e.g. Wilheimy et al. [31]. Thc unusually low

value of ers for 99Nb ray be due to nonstatistical effects

in the deexitation of 7°Nb fission fragments [32,28].

The most striking effect observed in Fig.9 is the pronounced
decrease in ers by about 3‘}'1 per 10-15 MeV. This e:f.‘fect/ ex-
pected on theoretical grounds [31,33,34]) has long been deba-

ted since the limited experimental information available was
contradictory. Wilhelmy et al. [31] concluded from the rela-

by —



A mess nuaber of fission product.

QA(EK) nurber of prompt neutrons emitted for ciazin of mass A
at kinetic energy Ek'

VA meezn number of prompt neutrons emitted for chain A
(from [22]).

Zpsf . cherge (mass) of compound nucleus.

The relation assumes that about 7 lMeV have to be spent in or-
der to evzporate a neutron [25]. It could be shown that the
nur)er of neutrons emitted at the mean kinetic energy Ek cor-
responds to the mean number of neutrons emitted at all kine-
tic energies. | |

The distznce between the experimental points (Z_) in Fig.7

and the line (Zycp) represents the parameter AZ (= 2, - Zyqp)

used to describe the charge polarisetion in the fissioning
nucleus [22]. - “

At a first glance the change in Zp (data points) is essen-

tially parallel to the change in ZUCD indicating that thedk(thQQu

prompt neutron emission é&iminis:ing with decreasing excita-

tion energy of the fragments has the dominating influence Qn

the varietion of the experimentsl yields observed and thest

the distribution of protons and neuirons at scission is

roughly independent of the scission distance. Looking more

closely, however, one finds deviztions from this simple te-
haviour.

(1) The Zp-valueg in chains 137,1%%,and 134 seem to aprroach
the ZUCD-line at high kinetic encrgies. This trend was
actuzlly predicted for all chains by VWilkins ¢t al.[26].
The differences in the behaviour of neighbouring chains
can possibly be attributed to zn uneven distribution of
excitation energy among complementary fragments [27].

(2) In chain 132 the opposite effect is found: the gzp bet-
ween Zp and ZUC§?EIég§s at high kinetic energies, vhen
prompt neutron emlssion has ceasad. Possibly this is due
to the influence of the double shell closure in 132

0
The odd-even factors given in Table III are plotted ir F1g.8

The behaviour 1s somewhat complicated as was also found for
"the 1ight-ving fission products [5,9], €hains showing practi-

geare



“tive intensities of (6% » 4 » 27 3 0F) ground-staidftransit- @scade
ions at three kinetic energy intervals (total spdn 20-30 MeV. '
for heavy or light fragment) that the value of J . 1is on the
average (within + 1 h) independent of the fragment total ki~
netic energy. Ni}fenecker et al.[27], however, estimated from
the correlation of the total y-ray energy and the neutron
multiplicity in the fission of 222Cf and 277U that the aver-
age spin of the fission fragments should increase by one unit
for an_increase-of-excitation_energy of approximately 7 MeV

ui-».r..'."ﬁ:r;esponding to a Aers/AE ='l-40,14 h/MeV). The z‘:esul'ts of
the present work based on a fit of date points in Fig. 9 are
compiled in Table IV. There is general agreement with the -
value of Niwfenecker. A comparison of the values obtained for
Individual éha:l.ns could n»ossibly be used to »rovide infor-
nation on fragment stiffrness at the scission point.




Figure captilons: '::ﬁﬁq_J?q
/

Fiz. 1: Fractional cumulative (5%) and .<'independenz (%e,I)
yields in chain 134 at various lonic charze stztes
of the fragments. Kinetic energy Ek = 7732 veV.

Fig, 2: Fractional cumulative (“'e) and t~-independent (I,ZXe)
yields ir chain 136 et various ionic charge =Tat2s
of the fragments. Spir end parity of lodinu iscz=ers
Indicated in brackets. Ek = 75;2 eV,

Fiz., 3: Frectional cumulative (Y) and < independent (Zr,It)
yields in chain 939 at verious lonic charge stazles
of the fragments. Spin and perity of Nb-isczers 1in-
dicated in brackets. E, = 10237 LieV.

Fie., 4: Fractional cumulative (Zr) and .~ independeni (i'%)
yields in chain 102 et varlous ionic charge scazes
of the fragments. Assuned spins and parjities of
Mb-isomers indicated in brackets. B, = 10245 eV,

Fig, 5: Fractional cumulative (Y) and w independent (Zr,:d)
yields in chain 99 +at various kinetic enerzies -~
the fragments (g= 21"). Slenk points froz [7,7z},

full points this wori.

Fig, 6: Fraction of independent yleld of 1341[8-] relati-e
to total independent vield of 13b’I[S"] and [&%] 2t
various kinetic energies of the fragments.

Fic. 7: Z_-values (data points) from Table III ard 2oy
(¥dravr.-out 1ine§ as czlculated from Eq.(2) “~
at various kinetic enerzies of the fregmentis (%,.).

For a better comparzbility the kinetic enerzies™

have been normalised to the mecn kinctic engr;?(ﬁ})
of the fragments of the szne mass (from [43]). .

Fir, 8@ Odd-even factors (ROF-vzlues) from Table III =
varicus kinetic enerzies of the fragments (Z.).
a Petter comparability the kinetic energies ~ h
been normalised to the mezn kinetic energy (72.)
the fragments of the same mnss (from [ﬁBJ .

Fire O: Hoot nean squore anguler oomentunr of fission Zrog-
ments calculated from the inderendent forrmation -
ratios of single 1sozeric states characterised v
their spins ond parities azt various kinetic cnex-
gles of the fragments (=, ). For a2 better corparz-
bility the kinectic energfes have been normaliced
to the mean kinetic enorsy (El) of the frarmenis
of the seme mass (from [43]).° The results on

I'b-102 are based oin prelininary decnay character-

istiecs and have been calculated for two velues oI
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Table I1I:

Decay Properties Used in the Evaliuation of the

Measurements 1).
nﬂ:g:r Nuclide T1/2[s] Ey[keV? IY Py P,
99 Y 2.3(1.6) 122 0.409
Zr 2.0 468 0.576
546 0.460
Nb[1/2”] 168 253 0.0791 0.2868
| 351 0.0592
Nb[9/2%] 15 137 0.90(0.0214) 0.7112
Mo 66.0[h] ] 1
102 2)  z»r 2.2 600 0.0751
Nb[high] 4.3 446 0.10 0.3269
Nb[low] 1.3 400 0.117 0.6731
" Mo 690 g 1
132 Sn 40 247 0.417
Sb[87] 252 150 0.658 o]
sb[41] 168 974 1 él) 1
696 0.69(1)
Te 77.8[h] 2430 0.88 1
1133 'Sb 2.34[m] 1096 0.32
Te[11/27] 55.4 [m] 912 0.62 0.29
Te[3/2%] 212.45[m] 312 0.70 0.71 0.16
1 1248 [m] 530 n.89 0.84
134 Sb 11 297 - 0.97
1279 1
Te 2508 211 0.248
767 0.297
1[31] 228 272 0.79
1[4t] 3156 847 0.9563 1 1
884 0.654
135 Te 18 603 0.254
I 6.551h] 1260 0.286
Xe[11/27] 15.3 [m' 526 0.799 0.147
xe[1/2%] 9.17[n] 250 0.902 0.853 1




Table I (continued):

Mass Nuclide T.,,[s] E_[keV] I P P
%umber 1/2 Y Y 1
136 Te 17.5 352 0.56
1[57] L6.0 381 1.0
I[27] 83.0 1313 0.67(1) 1
1321 0.2505
Xe stable 1l
137 Te 3.5 243 0.15
I 24.7 1219 0.134
Xe 229.8 455 0.31
1) ) ’
Ti/é Half-life of isotope.
E¥ Energy of y-rav(s) evaluated. .
I ' Absoiute line intersity of y-ray (value in
Y parentheses refers to the feeding on the
same y-ray in the decay of an isomer).
P1 Fraction of f-dezay to isomer indicated.
P2 Fraction of decay of isomer to nuclide in-
dicated.

Preliminary data, further radioclkamical studies in
progress.



Table II: Nanosecond Isomers Possibly Responsihle for
Higher-than-Average Ionic Charges of Fission
Products in LOHENGRIN.

fFission Pro- -
duct of High NanosecondsIsomer [20]
Tonic Charge

992r ~15 ns —_99er
A300 ns - oMz, |

99Nb 7 ns isomer of mass 99 and unidentified Z
100 ns isome; of mass 99 and unidentifieq yA

102Nb 271 ns isomer of mass 102 and unidentified Z
Zh ns - 1022r ?

133Te ~85 ns isomer of mass 133 and unidentified Z
750 ns isomer of mass 133 and unideqtified Z

1361 3 ns - 13601




Table III: Experimental Fractional Yields of Fission
Products Indicated, and Corresponding Z_-
and EOF-Values Cptained by Fitting a P
Gaussian Curve Modulated by 0Odd-Even Factors.
A= 99 q=22" E_=102.2[MeV] P =1.54
E, Y Zr  Nb[1/27] Nb[9/2%] Z_(c=0.60) EOF
96.7 13.8+2.0 58.947.3 15.8+3.9 11.5+4 40,15+0.08 1.00:0.1
100.0 22.7+2.5 59.2%¥8.0 11.5%3.5 6.6%4.4 39,95%0.09 0,98%0.17
102.7 31.3%¥3.7 55.5:6.0 10.7¥3.0 2.5%2.0 39,81%0.10 0.95%0.1
105.7 39.5+4.0 49.L¥6.1 8.7+h.0 2.412 0 39.72%0.11 0.88+0.17
107.8 49.1¥3.9 39.8%5.0 10. 9+h.5 35.66+0.12 0.75+0.17
A =102 q=22" E_=102.5[Mev] P =1.40
E, Zr Nb[high] Nb[low] zp(c=o.56) EQF=1.25
95.6 27.2+2.8 46.6+5.0 26.2+3.5 41.0%+0.12
96.5 26.5+2.8 40.7*4.3 32.8%¥r3.5 41.05%0.14
99.0 42.0%¥4.0 36.0%4.0 22.0¥3.5 40.79%0.09
102.5 51.1%5.5 26.2%4.6 22.7%3.5 40.63%0.10
105.1 55.2%5.6 24.0%4.0 20.8%¥3.5 40.56+0.10
106.8 55.1%5.6 17.9%4.0 27.0%3.5 40.56%0,12
107.6 64.3t6.5 15.1%4.C 20.6%3.5 40.37+0.14
=132 q =23 E, =79.8 [MeV] D= 0.49
. Ey Sn sb[8”] sb[4'] Te  Z_(0=0.56) EOF
75.3 5.3+2.0 11.5+2.0 15.8+3.0 67,4+5 51,584+0.18 1.57+0.2§
78.9 13.9%2.0 13.1%0.8 31.8+4.2 41.2%4 51,2230.06 1.36+0. 1ﬂ
79.8 14.432.0 14.0%1.0 31.1¥3.0 40.5¥3.0 51.213%0.05 1.36+0.11]
82.6 19.5+4.0 16.1%3. o 39.0%3.7 25.4¥3%.8 51.05+0.07 1.18%0.15
86.6 34.9%4.0 10.6%2.6 33.1%4.5 21.4%4.6 50,90%0,07 1.4730.20
A=1353 q=23" ¥ _=78.5[MeV] = 0.65
E, Sb re[11/27] Te[3/2%] z (0=0.56)  EOF=1.25
68.7 17.1+6.2 66.7+8.4 16.2+1.6 52.03+0.20
73.3 28.9%3.2 49.8¥4.2 21.3%¥1.2 51.75+0.12
79.7 50.6+3.0 28.9%3.0 20.5%2.0 51.3730.12
83.4 66.9+1.5 15.4¥2.0 17.7%¥1.0 51.17%0.16




/ Table IIT Leotl) '_ : h

25" . 5, = 77,2 [#e7] F =0,85

.] »
\
I=d
(9] ]
* -
Na]
]

g Z_(a=0,47)
25,9:C,2 52,26+0,02 °

0
o’

I"RREIRY

1,7 4,5+0,2 - »2 -+
5,5 4,.+¥0,2 80,9%1,4 14,7+1,h 52,18+0,03
3,0 7,3¥1,2 83,8+2,0 5,6x0,8 52,0310,04
1,3 7,010, . 8§7,3%3,4 ),8+2,2  51,97+C,07
%,7 10,4+0,6 . 82,5+3,6 7,133,2 51,94+0,09
l‘ =135 -¢=26" “F =750 [He¥]  ¥=0,99 - oo Dl T
- By Te S S Xe -Z_(0=0,56) =07 ', *-_-
7,2 22,2+1,3 6E,8+1,3 %£,0:2,6 52,61+0,09 ©,75:C,1% :
71,5 3,1x1,4 ° 53,4+1,4 3,5-2,¢ 52,5C+0,10 C,302,1Z
73,6 L£%,3+1,7 52,L+1,7 3,252, 52,45+0,03 C,31=C,12
75,6 €9,2:2,3 37,3x2,3 2,5+x2,0 52,55+0,05 1,CC+3,Ck
72,7 64:—_"'_‘5-"" 3)"",’_‘_-:‘* 2’:::;2’0 52,25+0,05 DE:':::'_':)-C!'T
79,5 73,4=2,7 13,822,7 1,8%2,2 52,070,067 1,C5:2,0% S
2,3 77,5%l,8 25 1,8 1,222, 52,1550,06 1,0-%C,CL
=2,2 €%,0+4,C 13,5+%,0 0,3:2,3 51,95+0,07 1,0&.;._\,-,1_:4: ;
=155 q=2t" 5 =74,0 eVl T =1,07 e
E.. Te {27} I[57] ¥e . Z_(0=0,56)  =CT S
3,5 5,1+1,5 9,2+2,1 23,0+3,5 €2,7+5,1 $3759+856% 1,%0:C,26 .50 t445
72,5 11,9%3,0 13,5:2,9 28,8+5,9 £3,523,5 55,273C,1C 1,3220,18
75,5 17,3x%,5 12,2+5,0 25,3+5,2 £3,75151 53,1940,11 1,%£1+C,12 :
79,5 12’6_1'39 17 -i:,o 20’2'-""3 LZ’C_‘_:-LS-D' 53'19;*_'0’12 1’33:_(:!13 .
V=137 q=21" X, =73,0 {¥eV} w=1,11
z., Te I Yo z_(2=0,55) =eT
25,2 5,0=G,2  Z1.6x5,0 5%,L-7,3  BES=EsEd 1,%0:I,27) L3Pt 408
Coez 2E=C.3 0 JGI=hd €525, SmEEsSitd IL,I7iN,IY 8363 406
=y s 2,340, L5,1=1,3. 3E,Iz=%.- 5—271—-{'_'676"/ 1,2523,2 £yt a0}
~,3 5,86-C,2 L0,2-Z,0 33,7=2,- 53,%30,0h 1,245,131 X
303 8,275,535 Ls5,1%5,2 &l,o-3,2 53,35%0,05 1,2330,1%
2,7 7,C:6,= :C,=2,7 52,%2+%,%  53,L0+0,C5 I,Z2:C,19
~oL3 Z,27C,L EL,3:92,2 »2,2=3,2  8%,32+G,C5 I,23:0,18
{-5,2  19,¢%c,3  L3,3%13,5 L3,225:,7 53,283G,05 1,2530,1°
Dy 1"'0"-‘;:"_038 LT,E-i—lC,O 'JT.E_'-‘_:-‘p'—: 53.13:_3,C7 1,3:._:: »2C
2,: 13.5_"_1..0 L-’-'E:loyz 37’-—:;.2 53,1!—:‘3105 :.-"3::.2’:- - -
-:-'-: .':.L,S:_l,’: 531?:1.3’3 31.;:-‘:"3 5‘3)-15:':|09 l,:—::.:-r : -




Table ZZZ (Lomld)

i=13%: T, F (134 ) -p=135: B, Xe[11/27] Xe[1/2']
72,5 9 ,347+0,/902¢ 72 o 2 34+0,15 3 .
;5'§ 8 §S3+8 gﬁ? 75,7 . 0 67+0 08 .3
- D+ ’ : ’ *
.31:5 006_,_0 ,007 79,8 0,29+0 14 3

xolzmntion of symbhols:

a =

;o

¥

2255 number of chain _
icnic charge state of fragaents separated
h |

mzan kinetic ensrgy of fragments from_Eés]_

rnunp2r ol proapnt neutrens emitted from fragments

of n2s5 A from [2(d] LZE]

Srimary kinetic energy o fragnent obsesrved (corrected
Zor arzergy loss in the target and by prompt neutron
eniggion; [MaV .

rraction of independent yield of high spin isomer

in rel

ztion to total independert yield of nuclide

EOF, o : sez equationS(1+).



Table IV: Coefficients Descriting the Change in
Root liean Square Angular Momentun

(ers) with Fragaent Xinetic Energy.
fragment mass number (A) Aﬂfms/bEk Eﬁ/MeV]
99 - 0.17 + 0.10
102 [5t/1*%] ) - 0.13 + 0.05
102 [4t/1*] ) - 0.11 + 0.04
132 - ~ 0.13 + 0.05
133 - 0.27 + 0.07
136 ~ 0.20 + 0.02

+) obtained for the two assumed spin combinations;
results of chain 102 are based on preliminary in-
formation on decay characteristics (see footnote
to Table I).
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