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California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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United States Government or any agency thereof, or the Regents of the University of
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In thfs note we reportvpreliminar';r' results.;of expe'riments that sho'vt“ :
" well- defmed prompt y-ray peaks ('r< 10 =9 sec) associated with fxssmn
'fragments of selected masses. The dependence of the Doppler shlft of the
E energy of the rad1at1on on fragment d1rect1on and mass 1s found to be a .

. _.ivaluable aid in the mterpretatmn of the spectra. : These results are of

" special 1nterest because it has generally been assumed on the basis of early
measurements that the garnrna spectra would be sufﬁcwntly complex to . -
o .preclude observ;ng distinctly resolved spectra.:t The 1dent1f1cat_10n of
discrete gamma spectra offers the hope of obtaining nuclear 'eneréy';level‘ v_
- data ina neutron»excess region not acce_'ssible b.y other means, .‘and may als.o o
; f contribute to knowledge concerning the. vspins and de -excitation processes of _'.v

 the primary fragments,

. Our results have come about thr.ough measurements of the energies of
B "v"."both members of pairs of fragments and of coincident ‘gamma rays frorn
‘.Asingle ﬁssion events. - A weightless Cf252 flssmn source which was prepared
- by self transfer onto thin n1cke1 foil was used in the measulements " The '
- energles of the two fragments were measured and the: d1rect1on of f1ssxon was'

'»defmed by means of two sohd state counters located about 1 cm from the

source. The energ1es of the y-frays were measured w1th a 3~by 3-1n

. Nal(TL) counter placed at the de51red angle w1th respect to the d1rect1on of




e UCRL-11203 .

.motion‘of the coincide_nt iragments. The commdence resolvmg times- werel_ﬁil" s
adjusted 'to.accept y-rays emitte'd within :1:50 ns of the time of fissmn. 'I‘he

: data were recorded in three dimensions by usmg a multiu-dimensmnal pulse~ s

Vheight ana.lyzer, and were stored event by event in correlated form on |
magnetic tape.v The results were sorted by using an IBM 7094 computer in

N such manner that the 1nd1v1dua1 gamma -ray energy spectra were obtained

separately for< fragment energy ratios of 1.05 to 1.145, 1_.'15 to 1.25, 1.25 to

" 4.35, and 1.35 to 145 The fragment energy ratio, R, approximateiy equals: - |
' the mass ratio and is referred to héreafter as the mass ratio. - The sorting .

interval above corresponds to about four mass'unit.s._ . |

Figure 1a shows the gross gamma spectrum in prompt coin'cidence‘-
with fission fraéments_ of all energies (Nal detector atIO deg with respect to ,
fission). There is some evidence of pea.ks in this complex spectrum. In '

. order to determine the extent of the contribution of fission neutrons to the

7. observed spectrum (i.e.: n, y reaction in the detector), some experiments

 .were done using lead absorbers. It was found that the n, y reaction spectrum ' - ~

' produced by neutrons was very much smaller in magnitude,. and the peaks.
~were of different energy than those discussed here in connection with the

prompt y-rays from fiss1on. The absence of effects arising from neutro'nsv

“-can also be shown below in connection with the discussion of the Doppler shift o

“in the energies of certain gamma rays that are emitted by moving fragments "

(i.e., such a shift in the n, y spectrum would not occur).

‘When the events were sorted, and the gamma#ray spectra assoc‘iated

o with a particular fission mass ratio were exammed separately, a profusmn

of defimte peaks appeared from 150 to 600 keV most of which- are probably
-f'complex. The spectra change markedly for different mass ratios, and we

”thus find an explanation for the fact that the diScrete structure is generally

.
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where no sorting ac¢cording to-ma.ss ratio is: done.

~in sortmg such that the spectra gwen are assomated with the case of heavy v

-fragments moving toward the y-ray counter and 11ght fragments movmg 1n

.- observed, but without Doppler shift,

‘% fragments and E,

'~ with zero velocity.

L provided by the Nal-counter spectra for th'e"ma‘ss ratio 1 3

UCRL-11203 -

obscured in a total prompt-gamma spec;rum'sueh as that given in Fig. ia,
-Figure 1b shdws"spectra’

for several speC1f1ed mass ratios taken w1th the Na.I detector at' 0 deg to the L

fission direction. In this case, the data are subJect to a further restr1ct1on B

z

the opp051te dlrectmn
For gamma rays emitted during the time of ﬂight to the detectors

o (about 1 ns), there should be a detectable Doppler shift in the O-deg .

Those gamma rays emitted after 1 ns but within a time of 50 ns would be

seen by the gamma detector in our'experimental arfangement As a result of

the Doppler effect the y- rays emitted by the fragments are changed in energy

is the energy of the gamma rays emitted by fragmentAs
The sign of v/c is positive when the gamma _i'ay is
emitted by a fragment moving in the direction of the y-ray counter and

negative when the fragment is movi'ng aWay from the counter,

difference in energy, AE, is EO(Zv/c).,.which should be about 7% of E

heavy fragments having an average velocity of 1.04 X 10 cm/sec, and 9% for R

| average light fragments having an average velocity of 1.37 X 10 cm/sec.

An example of a fairly well-resolved peak subject to Dopplezf 'shifting is’

For this mass:

ratm, the heavy fragment mass is 140:!: 2 when correct1on is made for the

" average emission of four neutrons. Then the masses of the heavy and hght

1:?-:::.* ..

since the fission-fragment detectors are .

The maximum

for

sl

®
S
N
&

/3

measurements, permitting assignment of gammas to light or heavy fragments. _

accordmg to the relation Ey"E (1 :hv/c), where v 1is the velocity of the. .-



" . the observed intensity per fission of ‘each of these three peaks summed . R

© fragments 'tot_'a,l,248; the mo st p,robable~c11'a.rge is calculated as 54.° In

" within mass-ratio limits of 1.45 to 1.35, since each of these intensities is" -

4-  UCRL-11203
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- Fig. 4c the solid curve represents'the spectru‘"m-.obs_e,rv_ed when the light
: fragments travel in the direetit)n of the gamma-ray counter. The dashe'd.'
curve represents the opposite case {heavy fragments traw}eling toward the
-~ gaiﬁma-ray counter). The peake of the solid curve at 560, 454 and 361 keVl' L
. seem to appear at apprommately 605, 490 "and 390 keV, respectwely, in the |

dashed curve, The general feature of the energy sh1ft observed for all ‘these
'vpeaks is that expected for emission from heavy fragments of mass near 140, i
althou.gh changes in tfxe peak shapes_‘ occur, suggestiﬁg txnfesolve_d_ co‘mpcjmen.tsi_ -

. ‘not all shifting in the same way. Further evidence for.complex'ity is given by |

!
. ..l‘i

o

larger than the expected fission yield of any single nuclide in.this regioh

©

o ' 'The suspected comple:uty was conflrmed in prehmmary experiments usmg a
jhlgh resolutlon (full w1dth at half maximum = 8 keV) lithium- dr1£ted

- ‘germanium detector operated at 77°K for the gamma rays.3 Figure 2 shows o

g such gamma spectra for mass ratios of 4.2 and 1.3 at an angle of 0 deg -

' (heavy fragment moving toward the gamma detector).

In all of the: y-ray measurements, a special stabilization system was

continuously operated, using the annihilation radiatien of Naza as a basis for

eliminating drift in the electronic system. “As a consequenee,~ the energy B

measurements are believed to be accurate within 1 to 2 keV in the Ge('Li) S

"~ measurements and ~5 keV in the case of Nal,

Although a comprehenswe mterpretatmn of the se compllcated results

1s premature, we have attempted in the followxng dlscussmn to. g1ve one ‘.E'i

s exa.mple of an ana.ly51s that leads to the tenta.tlve asmgnment of a sxngle lme




-The peak at ~490 keV in the dashed curve of Flg 1c lends 1tse1f to such a e

deta1led analys1s. Under the hlgher resolutmn of the germamum counter
th1s 11ne is seen to- cons1st of three prmmpal components-—---the most. 1ntense
at 480 keV (assoc:1ated w1th R= i 3, MH“ 140), a second about 5% lower m

energy, and a th1rd abOut 1. 6% h1gher in energy The th1rd is more

assocmted W1th the R 1 2 8pectrum shown in the lower curve of Flg 2 By B :

further analys1s we have found that all three components have the correct

4

Doppler shift ("'7%) for emission from the. heavy fragment ina t1me less than i

“4 ns. The energy of the pr1nc1pal component at mass 140 £ 2 after subtractmn S

of the Doppler Shlft is 463 keV and its 1ntenS1ty per fission is roughly 3%.

Y

. The lifetime (< 10 -9 sec) and the s1gn of the amsotropy of th1s gamma ray i

e

. (as determlned from 90-deg data, ot shown he re) favor an EZ mu1t1polar1ty

Lot

ass1gnment From these results, it seems reasonable to make a tentatlve

a331gnment of the 463-keV trans1t1on to the f1rst 2+ to ground (0+) trans1t10n
140

i in Xe T,

As regardé the significance of the above -mentioned results, one may

- ""'bivisualize the :possvibility of obtaining more data and of extending the method to

.7, " -include detailed measurements of angular distributions and y-ray emission

. times. In such case one may hope not only to obtain'much new information4.f' L

concermng the decay character1st1cs of nuc11des in h1therto 1naccess1ble '. PSR

e reg1ons of the per1od1c table, : but a.lso to obtam mformatlon on the 8p1ns and SEENTERY
w1 e

f'j the de ~ex01tat10n processes of the prlrnary f1ss1on fragments.
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FIGURE LEGENDS

"F 1. (a). Total prompt y ray energy spectrum from spontaneous f1ss1on
. L 5 -

: j;: of Cf7 measured w1th a3- ~by - 3-1n. NaI(Tl) counter in commdence

(50 ns) with two flssmn-fragment detectors (NaI counter at 0 deg w1th

.::"_\'respect to fission d1rect1on) Events were not selected accordmg to mass
' b'.\,_or'fragme‘nt direction; v (b) Spectra of prompt y rays assomated with ¢
g various va.lues of R, the mass rat1o. These spectra were then measured.l
Ti‘_l.w1th the NaI counter at 0 deg relatwe to the d1rect1on of motion of the T
fragmen-ts. The sPectra are also assoc1ated only w1th the events 1n wh1ch
,;-’g"’.'.the heavy fragment members of the pa1rs moved toward the y ray x
"’7.'counter. (c) Dependence of prompt Y- ray Spectra on. the d1rect10n of

' motion of- the fragments (Doppler' shxft).’ The’ spectra shownvwere.

obtamed w1th the Nal c0unter at 0 deg relatwe to the d1rect1on of mot1on SR

:-of the fragments and are assoczated only. w1th fragments of mass rat1o _’ S
o R=d, 30:!: 0. 05 (M = '140:!: 2). The sohd curve is the spectrum emltted by
- .,_"hght fragments mov1ng toward the y-ray counter, and the dashed curve 1sf’-"‘rr\"‘

"."for heavy fra.gments mowng in the d1rect10n of the - y ray counter

F1g‘ 2. Prompt y ray spectra obta1ned with a 11th1um-dr1fted germamum 3
detector operated at 77°K The resolutlon (full w1dth at half max1mum)
f; is 8 keV These spectra are. those assomated thh mass rat1os 1 3 and

1 2 and for heavy fragments movmg toward the Ge(L1) detector.‘:-_.‘:_‘
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission,

A.

As

nor any person acting on behalf of the Commission:

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

used in the above, '"person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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