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NUCLEAR FISSION INDUCED BY RADIATIONLESS TRANSITIONS
IN THE MU-MESONIC ATOMS ’I‘h 2, y23s, AND y238

- Justo A. Dzaz. Selig N Kaplan, and Robert V. Pyle

Lawrence Radiation L.aboratory
University of California .-
. Berkeley, California

. May 25, 1962

ABSTRACT

 The time distribution of fissions in Tn232, 4235, 238

o U and U
mesons was measured with a multiplate gas-scintillation fission chamber,

A significant numb;er of prompt fissions fiot associated with u” nuclear
| ~ capture was: observed, The results are:

| ‘Nucleus | ' Ratio of prompt {igsions to
T ' fisgions from nuclear capture

The32 0.064 + 022 .
238 0.072 = ,014
235 . 0.111 & ,021

Ll

The work of Mukhih et al, shows that the intensities of p-megic K sfrays'
for these elementa rela.tive to Pb are 0,85 = .0 {Th), 0,77 .04 (Uz_38). and
0.71 % ,05 (U235). This intensity reduction is qualitatively consistent with |

earlier predictions that, for these elements, a direct excitation of the nucleus.

competes with eclectromagnetic radiation in the transition to the ground stats of :

‘the mesic atom., Our results indicate such direct miclear excitation,

The number of fissions observed fnay be.consistent with the results of

Mukhin et al, and with photbfission data, if allowance is made for the effect on o

the fisaion barrier of the p meson in the 1S state of the mesic atom,

inducedbyp. o
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" NUCLEAR FISSION INDUCED BY RADIATIONLESS Tmmswg(ows

IN THE MU-MESONIC ATOMS Th232, U235, AND U238 o : S

Juato A. Diaz, Sehg N Kaplan, and Robert V. Pyle
Lawrence Radiation Laboratory
University of California
Berkeley, California

May 25, 1962

1 INTRODU’CTION .
In 1958 Zaretsky predicted that transitions between low-lying p.-meeic
| atomic states may induce nuclear excitation instead of x-ray ﬁmisaion. 1 His
first calculation indicated that most and perhaps all of the observed nuclear

v fxssions ind_uced by p stoppings in U-loaded emulsionz were due to nonradmtivg:
o bavtor‘nic processes, | | _ |
| The authora of this paper; stimulated by the above predictions, demonstrated
" in an earlier expeiirixent that, at most, only a small fraction of p-meson-induced
fissions in_,U’ could be dﬁe to a process other than nuclear capture;s A similar
. cox_icl'usion_ was reached independently by Belovitskii et al; based on measurev.- |
" ments made in nucl.ear'e‘r_wrm.lsioma..4= Recent observations of p-meéonic atdmsv- |
have shown that for large Z, the p-mesonic K x-ray yield is significanﬂ‘,f less

than 100% (see table 1),5©

paper to repeat their previous experiment with greater statistical acéu_racjr and - f_':.é =5

to use 0’235_,? and .thSZ as targets, in addition to natural U, The obsérvaﬁon

of any nucledr excitation demonstrably unrelated to the nuclear ca,pture of the

meaon would explain the missing x rays a.nd confirm the predicnone of &aretsky

‘as later modified by Zareteky and Novikov, 7

The time required for a p~ meson to come to rest in condensed materxa.l is

-9 =12

<10 ° sec, Within_lo sec after coming to rest, the meso_n is captured by an

atom zng, by means of Auger and radiative transitions, cascades 'in».to the.'lS state

238 235

? Natural U is 99.3% U8, and the U%%® was 93.3% enriched,

This e;:pe'r%imental fact has led the authors of this '
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' of the mesonic atom. 89 The mean Iifetime for nuclear capture is long

-8

compared with these times (>5X 10 © sec) and casily meaaurable._ Nuclear

excitations induced py atomic transitions w{ll occur promptly. as oﬁpoed to

nuciear capture excitations, that occur with the characteristic nuclear capture . '

lifetime. ‘

~ The energy of the zP-lS transition is approximately 6 4 to 6 5 MeV in the

10

. elcmonta with the low x-ray yield This energy is greater than the neutron

“binding energiea a.nd the meaaured fission thresholds of these elements (see table 2).

In principle. one may ﬁetect the radiatxonleea-tra.nsxtion nuclear excitaﬁzon

' by the asaociated prompt neutron emiasion. y radiation. ‘or nuclear fission, 'I‘he
'neutrons ma.y have kinetic energy up to the difference between the 2P-15 transie

~_tion energy and the neutron binding energy (this is %1 MeV for the targeﬁ tso-

‘topes), It is necessary to aeparate these neutrons from neutrons due to p~

' nucl_eai ¢apture- excitation for which the average neutron emission is 2 1.5

neutrons per p capture, {(In Pb; for example, there are 1,60%,06 neutrons pér -

u capture, 14) Time«of-flight technique has been used by Johnson et al,, in an o

15

unseccessful attempt to detect the prompt neutrons, The identification of

these low-average -energy prompt neutrons in the presence of higher-intensity, =

 higher-average-energy neutrons from nuclear capture is a virtually impossible v

‘task.' It would be comparably difficult to distinguish between prozript nuc‘lé'arv

. y's and x rays.. Nuclear fission is unique in giving a large, ﬁnambiguous energy

release that can be precisely timed, For .this reaabn. this expérimené was

vdire.cted toward the fission proéess.'
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o 1, mcpzm MENTAL PROCEDURE

The problem of detecting the prompt fmsions required a counter wzth
| good ﬁme resolution (of the order oi nsoc). For this purpose we constructed
a multiplate noble-gas acintillation chamber (fxg. 1). The ecintillator was a
mixture of 80% argon and ZO% mtrogen. the nitrogen acted as a wave length
shiftor. : » v _ , _ »

The chamber was viewed by two RCA 6655A photomu.ltiplier tubes. There
- were. two outputs from each tube. The last dynode signa.ls wera fed into 10-NMc
pulse -height discriminaotrs. and the diocnminator outputs were sot in comci-

dence. The anode signale were added to give a pulse proporhonal to the Iight

e produced by the fission fragmonta. '

_ The targets each consisted of. nine 3 25 -in. -dia.m plates apaced 0. 125 in,

g apart. The U plates were 0.010 in. thick and the Th plates were 0.025 m. thxclx

‘however. becauae of the ehort range of the fission fragments the effectwe target

235 target consisted of nine stmxﬂ.ess steel

o plates 0. 010 in. thick, Each plate had 1 mg/cm of U? SF4 evaporate:l on ea.ch SR

'.side. The surfaces of all target pla,tee were poliahod and a.luminized to mmmm‘.e

their reﬂectivity.

Since all three targets were n-pa ticle emiﬁ:ters, we had to dxscnrmnf.,te

against a large e background At the oporatmg pressure o£ the chamber, 45 psx o

above atmosphenc. the ratio of iission to a-pari:xcle pulse height was grca‘t@r L

252

than 3:1 for a thin Cf source (a few mg/cm ) Fi.g;ure 2 ahows the a ‘and

fission pulse-height diatribution £rom sz 52. The e background was ehmina&ed

by the pulse —heightdwcrimination mentioned above. The efficiency for d@tectmg’: -

CiZSZ

| ﬂ.ow methane ionization Chamber, _ A full descnptwn of: the sc1nt111at1on chamberl

is in pr,eparatlon“ -

fissions in the chamber wae 100%. based on comparzson with a contmuous- o
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L Anqp beam of high purity was neéessary.’ since fissions from »~ st_oppingé .
~ in the targets have gffect&ely the safne time distribution as .thef fissions prddu;:ed
by fadiationlés's transition excitation; for experimental purposes thia is a6 o
function at zero time, There are téchﬂqﬁgq for increasing the [il./‘l'r ré.tio ina
- beam, But the.ae also reduce the p intensity, Unfortunately, owing to the small -
éffective 'target fhickness. a maximum jt yield was also necessary. ’I.‘he,refore |

. we separated the #* and p” by range only, using a 21 3:9:5-Me.V/c beam from the

‘Berkeley 184-inch cyclotron, The beam from the cyclotron was taken out through

 the meson whe'él-. collimated at the entrance and exit of the wheel to a 4 X4-in,

~area, then bent 45 degrees and collimated again to a 4X4-in, area before

entering the expeximental .area.' The magnet, with 28odeg wedge pole pieces, .
gave a momentum focus at the center of the absorbei betweéh c?unters S, and
) .C with sufficient dispe:si'on to have a niomenﬁum spread of 2..5%, Figure 3 shows. B
- the expérimental iarrangement.
The counter telescope is shown in Fig; V4. All counters were made of plvastbi_c‘
ec':ir.ixtiu.ator..v with the exception of the fission chamber described above, and
counter C. ‘'which was a 5X5X1-in, water Cerenkov counter used to discriminati;e}
out elgctrona in the beam, Counters Sl'. SZ‘ 83. and 54 were viecwved with RC}%’ o
"6655A iahotomultiplier tubes, and counters C and A with RCA 6810A phototubes,
- The beam monitor comprised counters §; and S, in coincidence, The .rhu- "
| stopping signal was obtained from a'coihcidence between S; and S, in anticoinéi-.-._-
dence with the sum of A and C; The c‘:'oincidenca pulse from the fisaién' counter
triggéred a 0.5-psec gate that was set in coincidence with the delayed p'-étoppiz;g ‘_ |
signal, The p”-stopping signal was delayed in such a way that, for :proﬁipt -
fissions, it arrived at the middle of the gate, s
o Thé output of the coincidence between the fission gate and u~ -stopping signal R |

was used to trigger a multipi'e -beam oacili-oécope. The 'o%‘htpgg of ceunier 5.
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'C. S Sg. and A was fed into an a.ddet. timed so that when the output-of
the adder wa.s diaplayed on one of the scope sweeps there was at least 30 nsec

between the pul.ses. " On another scope sweep. counter 83 and the sum of the

anode signala £rom the fission phototubes were displayed, and theae were timed

. “in such a way that 100 nsgec elapaed between 83 and a prompt ﬁaaion. This

diqplay. together with the gate timing, allowed us to measure the accidental
| ﬁssién_ rate by looking atr"negati‘ve ~time" figsions and to study the efféct of
| oux" time réédiution'on the time distribution of zerb-'time.ﬁssions. Both scope
= _ 5w_§ep'§ were time-calibrated with a 50-Mc Tektron}x crystal oscillator, The
‘sc‘opal pictures were recorded on 35 -mm TRIX film. A block diagram of the
‘electronica is shown in Fig. 5. |
| Figure 6 shows a differential range curve taken withia stainless steel

Fo "dﬁmmy" target, The data runs were made at 12,5-in, of CHZ. since the average

thickness of the actuzl targets was a little greater than that of the stainless steel,

The p~ stopping rate in a 3.4-g/<:rn‘z target in an area defined by a 1.5-in, diameter

" counter was 20 000/min,
| We measured the prompt fission yield as a function of ababrber thicknéss, o
| asﬁﬁming that in the neighborhood of the w peak all prompt fissicns Were producéd' o
.‘ by pions. The prompt-fiésion yield vs abéorber thickness is given in Fig, 7, |
We aeaumed as a first approximation that the range distribution is Gauasiam and
therefore fitted the £:.ssion yield with such a curve, and obtamed a P(xz) 0.5;.
this showed that the data are well described by such a function. ' |
| It can be seen, by comparing Figs, 6 and 7. that the #~ st0pping rate at -
10 in. of CH is already down to 1% of the p~ stopping rate at 12.5 in, {because |

of th_e extremely low yield it was not practical to extend the measurement beyond o

B 10 in, ). It the calculated Gaussian properly describes the = distribution upto .

 the ¢ range, the p./n ratio would be ® 1091 if the 7 stoppings continued to fall off

at the same rate as the end of the curve in Fig. 7, the p/ w ratio wou.ld
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be > 10 . A p./w ratio > 1(.‘»3 at the p. range seems a certainty and. as we show

R below. this is auff;czent £or our purposes. 80 that the contributmn of w conta.mi

S n na.tiou is negligible. It dsr, also iz shown by an independent argument that the

R obeerved prompt i‘issions cannot possibiy be e.zplaincd by v contammaﬁion.

v Differential range curves. time calibra.tions. discrinﬁnator-stabﬂity o
) checka. and zero-ﬁme determinations were ma.de £requently. The ongmai

| _vva.lues remained consta.nt throughout the n,n.

. The actual data runs were between an hour and an hour and a half long.

v'._.Four to six runs were takan coneecutzvely. The Thz3z. U | . and U 235 targets

: were alternated every six to nine houra. "The back?round was meaaured

S '. gimultaneously at neghtive times.

‘ For each event, the fission pulse hei ght and its time rela.tive to 33 were

measured : The ¢riteria for an acceptable event were: {a) that no pu.lse-from

o cither counter. C or A was preaent, (b) that the fission pulse hmght wag larger o

o vtha.n or equa.i to the minimum pulse height from the tzin sz source on the

R 'targete. and {¢) that the relative aming of S, and 8, was correct and that there '

' were no spurious telescolae pulses. , Eighty percent of the gcope pzctures .
L ,vsatiafied tha above criteria, o

The zero time was obtaiued from fisaiona produced bry stopping pmns.

.' ;Becauae of reading errors and electromc rise times. the time distxibumion

. (Fig. 8) appears as a CGaussian with a ha.lf-width of 1.5 nsec. a.nd mtroduces a
o axgmfxca.nt modiﬁcation to- the exponenﬁial distribution of fisszon from mu ca'oture..i'ji“

I‘igure 9 shows the effect of a Gausaian distributxon with 0’ = i 5 nsec on an

exponential with a mean life of 7‘ = 75 nsec, To correct.for thia effect., the .’

. fissions were grouped into intérvalé (or bins) 10 nsec widé. a time thaﬁi“s lc}nab G

‘compared wiﬁh the Gaussian perturbation. The ﬁssions in the ﬁrst 5 nsec of ’

. negative time were included in theg first interval. _ :
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'below. thia is suffxcient £or our purposes. ‘80 that the contributzon of 7 contami

" ‘nation is negligible. ; It :is alsc ;': ¥ shown by an independent argume:nt that the

i

K obeerved prompt fissions ca.unot possibly be éxplaimd by " contammahon. * S

Differenﬁal range curvea. time calibrations. discrmﬁnator-stabuxty
-checke. and zero-time determmations were ma.de £requent1y. _ The origmal  '
values remai.ned constant throughout the zrun, . ) | _ R |

'I'he actual da.ta. runs were between an hour and an hour and 2 half lonsr.

28 35

"'Fouz- to six runs were taken consecutzvely._ The Thzsz U e and U ta;rgets v

I "were alternated every six to n.ine houra. The background was meeaaured ;

T simu.ltaneously at negéxtive times. -

For each event. the fmsion pulse hei ght and ita time relatwe to 83 ive re
‘méasured . The criteria for an acceptable event were:~ {a) that no pulse from
either counter C or A was present, (b) that the fission pulse he:ght was larger
than or equal to the minimum pulse height £ro~n the thin Cf‘sz aonrce on the

| targets, and (c) that the relative ﬁming of .‘33 and 54 was correct and that there:

_ 'were no epurious telemmpe pulses. i ighty percent of the‘ sccl)pevpiéturea 7 |
| 'aatiafied the above criteria, ™ - ( o

" The zero time was obtamed from fissions produced by *;toppmrv pions.
BeCauae of reading errors and elcctromc riae txmes. vthe time dmtribuuon

i (Fig. 8) appeara as a Gaussian with a half-mdth of 1.5 nsec, a.nd intmduces a.

| . s1gnificant modification to the e‘;ponential diatribution of fmsmn from mu captare. -

Figure 9 shows the effect of a Gaussian distnbutxon with 0 = 1.‘5 nsec on an -

§

| , e:upcnential with a mean life of 1‘ = 75 nsec, To correct for this ef.x,ect. the

" fissions ‘were grouped into intervalﬁ {or bins) 10 nsec wide. a time ihat is lemg o

compared wiﬁh the Gausaian perturbation. The fissxons in the fiz at 5 nsec oi

negative ﬁme were included in the*f fimt interval. e

e . uchL. 10262
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I, DATA REDUCTI ON AND RESULTS
' A least-squa.res fit of the data to a 1i.fetime curve was made with an IBM

: 704 computer. with the first chaxmel. omitted 16

The program output gave the

‘zero-tlme ﬁaaion rate IO' and the mean life, 'ﬁ of the bound muon, together with

' their atanda.rd errore. in the calculahon. we' varied the background by a standard -
'deviation in each direcﬁon in’ order to atudy the sensitivity of our reaulta to .

‘v."v'.ﬂuctuations in the background The se. variationa produced an average cha.nge ,

| ’of £0, 6% in the mean lives. a.nd negligible changea in the zero-time inte:cepts. .

o kv‘A X" test was made on each fit as a meaaure of its validity, Figure 10 shows

'_a plot of the events ve time and the best fits for the data, - Table III is a summary

of the least-squa.res results. 'I'he UZSB lifetime is in good agreemcnt with our

| earliar measurement of 75.4&5.5 nsec3 ‘but not with the other reported value wlnch. v

swas 88+ 4 nsec. 17
» | The contribution of nuclea.r-capture £issions in the fu'st cha.nnel is given by
o NO( c a.p) I {1 -exp [-to/ -r] ) where tyd ie the width of the first channel, The

'_ errors in the determinations of time zero and the channel widthe were small
' . compared with the statistical error in Io. The differénce between the number of
['eventa in the ﬁrat channel and the calculated contribution from nuclear captu&e '
‘fiesions gwes the fisaion eventa asgociated thh radia.tionless transition,

We did not determine the -absolute stopping rate in the targets becauge of L
’problema connected withmeamuring the effective target thicknese; therefore we Sl
._were unable to obtain th_e : fisgion pr_obability asaociaﬁed v;rith_av stopping p m@soﬁ‘.. ) :
 We express our reéuits as the ratio vc‘>£ fi'éaiens* associated with _rédiatibﬁléss” EE
transition to fissions due to p. capture,. Frdm oﬁr data we also 'obtéinec’i .thé“ -

” ratio of p”to u fiasion probabilitiee for all three targets.’ Table gwes i.he e

results of the _experiment_rtogether ‘wit.h,their statistical atandaz-d er:ora._
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238 o

A p7v fission ratio of 0 154 .03 for U238 can be obtained by compa.ring

- k_the radiochemical resu.lts o£ Russeu and ’I‘\.wm::vic:hZl with the emulsion meaaure- -

22

: ‘ments by Mikhul and Petrashku. Thia ratio is in good agreemcnt with our vhlue.__

51
| | tv._" DISCUSSION | E

No correction was rna.de for v contaminatioc in our beam. wb.ich waé | |
_.estimated in sect. II above to be much less &han 0.1%. A further check can be |
B obtained by calculating the contaminat.ion that would be neceaaary to account for j

our resu.lts. If we assume no contmbution NI R 3 from radiatiomleas

_transitiona . the "~ contaminatxon would be given by

p. ﬁsmon probability X pirompt fiseions

X ] Vﬁsalon probability p. capture fiseions

C -

:'
B

_ stoppings' in the target, T | o - 1

Thc targots were run at the same absorber &hicknems, ‘no one would expect
:the same 2 contamination in all three targets, but we find that the ratio is | L |
v‘different for ea.ch target (aee table 5) indicating ﬁhat an anomalously large T .' . - |
contaminatzon ia not sufficient to explain our aesults. | ~
'I’he probability that prompt ﬁssions will be produced by radi wtmniess | |
_ tra.nsitions is equal to the product of the radiationless-transitxon probability a,nd
| the probabﬂity that the excited nuclcu.s will fiseion. A rcugh estimate may be _'
 made by aseuming the x‘adxationlcss-transitmn proba.bility to be equal to the |
fraction of missing * Tays, and the ﬁaeion probability to be equal to the f.zvsxon |
branching ratio forv6 S-MeV y rays, which is O Of-l- Cus where cf is the nhoto- .
: ﬁsaion cross section and a is the photoneutron Cross acc&zon. The zp-xs

radiationleaa-transition excitation results frorn electric dipole inﬁeracﬁ:mn :md

'thare is experimental evidence that the photoexcztation cross section at thia
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' energy is also electric dxpole. 23' 24 | | v o - | | ,

The results of the calcula.tion are-given ifl “table 6 (coluimi c). We also

~ include in column d the total p. “ fission probabilxty as measured with emulsxon:s‘.‘

A comparision of columne (o) and (d) of table 6 with our experimental , _ b'

i .results (table 4) shovna a atriking incousistency. namely. the estimated prompt-

g £1ssicm probability is much larger than experimentally observed

“ We beliove this diacrepancy can be e*:plained by.the followmg consideratxon.

: . The £~ meson in a lS state epends approximately 50% of its time insxde the aucleus

in elements near U, ‘I‘his introductzon of nogatwe charge into the nucleus reduoea
| the Coulomb energy _of the :;ucleua. thereby increasing the fission barner. One

' fzziéht estimate the order of magnitude of the change in fission probability due to

changes in the hoight of the fission barrier by using a relationship derived by

Frankel and Mot;0p§113;8 for the spontamoue fission lifetime:
T =102 x 10785 Bth gec, S
where Eth is the height of the fission barrier in MeV, Thia expression gives a
’-‘ vohange by a factor of 10 in the fission time for eirery 0.13 MeV of change in the
fission barrier,

1 ' : ' 2
If the perturbation due to the presence of a p~ meson in the LS state of Uz’a_

| ; -were sufficient to raise the fission barrier approximately O.lMeV above the 2P=1S =

tra.nsitiou energy, then the fission probability would be decreased by approximately

. a factor of 10 and make our results comaistent with the estimated prompt fission

S p_robabﬁitY' Although neither present numerical data nor theory are suff.xcz\,ntly

o '.i precise for acdura.te calculations, estimates by Zaretsky and Novikov indicate

“that an increase ln the fiaaion barrler of roughly the necessary amount does occur,
'In eummary. we conclude that the prompt nuclear fissions we ha.ve observed

-result from the nonra.diative atomic process proposed by ./..areteky, and that they




s of the fission barrier by th.en muoi;. -
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t

| may be consistent with _x-réy results if .auo‘wanca? is made for the modifiéatibr’;

e -

. B .‘ v
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Table 1, Measured 2P=18 x-ray yiclds relative to Pb in high-2Z
. : p-mesic atoms

- - 2P-1S transition x-ray yield
" Nucleus s - - - s
o . Mukin et al,® - Hincks et al;‘?
w e esed
Pb o o
B L 1£.06 09k
- % 0.85%,0 (7) | |
yl3s 0.714.05
y?38 0.774.04 - 0.74.1
| 2 See ref, 5,
b See ref, 6, _ |
'I'abie Z: Neutron binding enérgies and fission threshoids' in
. Th232. 0235' and UZ38
Nucleus ' Neutron binding Measured figsion  Estimated fission
energy threshold barzrier
Th232 6,20 .04 __ 5;4o¢.zz 595 |
u?s 53765 s3le2s 0 sas
u?38 6.032,13 5,08+ .15 - 5.80 e

@ See ref, 11,
b See ref, 12,

¢ Sece ref, 13, -
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Table 3. Least-squares results for the Th23z U235 and 0238 data v T
g No, of _ ‘ 0 . Background - 24 e
Nucleus .events 'r(n_sec) ' Fiasi.ons per per - ,.P(x ) R
v ’ ‘ 10~8 sec at 10-8 sec .
. Te%%2 592 74.225.6 7426 1.87#,‘5‘6"”-; 0,65
g2 1130 66.584,23  147&11 . 2.642.64 - 0,15
238 1328 75.622.9% 17927 322,32 0.90
2 The difference in lifetime between 0235 and 0238-. while not significanﬂy

N .iarge, is very likely real and a consequence of the "isotope effect" calculated

| by Primakoff (ref., 18). L‘ifetime differéncés have alsd Been observed between

; isotopes of Cl and of Ca (refs. 19, 20), Our lifetime difference gives Primakoff‘

- +0.07
. 8 avalue of 3,08 -0.22°

Ta.ble 4 Results of the exneorimont,

Radiationless transition fissions p” Ficsion probability

Nucleus‘ Nuclear capture figsions = ¢~ fissicn probability
'I'hz“"?z 0.064%,022 ‘ B 0.085:@: 004
y?33 . 0.111%,021 o o.zgl, 015
g2’ 0,072,014 o 0.174*‘097

ot
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Table 5, =~ contarnmation.

Estima.ted upper limit

w. contamination necessary

- Nucleus | . to produce the experimental to n° contamination
- B ) results ‘
Th23%" o.ooes 0.001
u2® 0.0318 0.001
y238 0.0125 0,001

Table 6; Estimate of radiationless-transition-induced fissions.,

: (a) (b) (C) = (a){ ) (d)
. Nucleus - Photofission. Fraction of ractmn o Total p~
branching ratio x-rays missing® p”~ expected figsion
at 6,5 MeV . to produce _probability
prompt fission
Th232 018> 0.152,0(?) 0.27 10,018£0,012 4
u?3s "0.4€ 0.292.05 - o1 <0.28¢
y?3s 0.24P 0.23£.04 055 0,070, ooef
See ref.

b See ref, 24.
Estimated from Table 2 and Fig. 2 of ref 26.
d Sce ref, 27
The T8 /fr ﬁssion ratio of 0.28 (Table 4) sets this upper lxmxt.

£ Sece ret 22,

W
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. Fig. 8. An example of the time distribution of o~ fissions of U
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| FIGURE GAPTIONS | | |
_ Fig. 1. Photograph of the fission cha.mber showing a nine -plate target and

o a thin window for the n beam. o ' _ o
Fig‘. szsz alpha a.nd spontaneous -ﬂaaion pulse ~height distribution. ,
"~ Fig. 3. ‘Plan view’ of the experimental a.r.ra.ngoment of the 184-inch cyclotroxi"
“me‘eon cave, " | S
: Fig. 4. "I'he counter telescope.
Fig: 5. V.Block dié.gram of the electronics,
Fig, 6. Differential range curve taken with a target of nine stainless sﬂv:eely

plates, ‘each 0,010 in, thick, |

238

" Fig, 7. Prompt fission yiecld from the U target vs absorber thickness, -

zsa' -

Fig, 9. The effect of the time distribution on the exponential time dzstnbution

" The modified curve is deecribed by the function

. T 4N 1 29 4y
F(E)= .g- < = exp [-t/7]¢ 5+ 1 5 exp [-y2/20%]ay).
0 N 270 -t .
Fig, 10, Time distributions of the fissions of Th?3%, U?3%, _aa U8 pro-

duced by stopped p” mesons, (background included), The solid lines.

_ | é.ro least-square fits to the data, excluding the first time interval,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.  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

B. 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.

As 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.





