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ABSTRACT

Meson-ihduced fis sion has been etudied.in uranium-loaded Ilford
-C-2 emulsions exposed to the 7~ and p~ meson beams of the Umversny
of Ch1cago cyclptron, 3762. n~ endings were stud1ed including 17 fission
events_. 3573 p” end1ngs were studied. 1nc1ud1ng 8 fission events. The
probebil1ty of a m~ meson endlng 1n,.f1ss_10n is found to be (4.5 % 1.5): 10 -3

-3 of uranium. The cor-:

3.

in C-2 emulsion contalmng 0.052 gm - cm
respondmg probability for p” mesons is found to be (2.0 +.0.8) -
Assuming the atomic capture probability is pr0port10nal to Z, it is found
‘that (40 +. 20) percent of w~ captures in uranium produce fission and about

20 percent of u~ captures produce fission.

. ¥ Present address, Department of?hy51cs, Un1vers1ty of Wisconsin,
Madison, Wisconsin
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INTRODUCTION

The probability that.a 7~ meson stopping in uranium-loaded emul -
sion will cause a flssmn event is the product of the atomic capture prob-
abability for uranium and the probablhty that a meson capture by ‘the
uranium nucleus causes fission, By "adtomic capture probability' we mean
the probabiiity that a ,mesen will be captured into an orbit about a given
nucleus in a mixture of nuclei. Subsequently the meson will undergo a
nuclear capture, Ekperimeﬁt'a_l data on w°~ ea_ptﬁre in.uréniumfloaded
emulsion can b_e‘ used to ,ca,lculvat‘e the Z -dependence of the atombicica‘p‘-
ture probability assuming that eslsenf.ially all w7 captures in ﬁra.nium lead
to fi>ssion Conversely, one could assume a. theoret1cal value of the atomic
capture probablllty and calculate the probablhty of fission by w~ capture
m~ capture in uranium- loa.ded emulsions was prev1ous1y stud1ed by: ..

Al -Salam. 1 The present. 1nvest1gat10n takes advantage of the much im-
proved cond1t1ons of observatmn made poss1b1e by the use of the meson
beam at. Chlcago S

The pr,esent study also includes the study of u~ capture in uranium-
loaded emul,siens_, The atomic .capture probability of negative p.,mésons :
should be approximatelyv the same as that for negative .mw mesons since they
have similar e/m Companson of the p~ data to the v~ data.then makes
p0531ble an estimate of the probability of fission when a p. meson is cap-

tured by uranium,

1. S. G. Al-Salam, Phys. Rev. 84, 254 (1951)
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EXPERIMENTAL DETAILS

200 micron Ilford . C-2 _emuls_ions were loaded with uranium. . The

plates were presoaked in v;iater: forﬁabout 30 minutes, then soaked in a
solution of uranium acetate for an hour and a half. . The plates were allowed
to dry for three hours and ‘then exposed for one hour to slow 7~ mesons
from the externa.l meson beam of the Unlversu:y of Chicago cyclotron. The
plates were soaked.in deve10per at 8° C and developed at 29° C. Total
elapsed time from the uranium solutlon soaking to fixing was about seven
hours. - The plates for the study of p ca,pture were treated as above except
that they were exposed.to the slow p. beam of the cyclotron? 2

. The. emulsions were scanned at a magnification of 270X. Fission
.events were studied a.t 1400X, F1elds of view were taken suff1c1ently far .
apart to eliminate the- poss1b111ty of overlap. The concentration of uranium
in the -emulsion was determined by counting the uranium alphas in'a given -
volume. Allowance was rné.de for the gradation of ure,niumA density with
depth. Only the top 2/3 of the emul_sion was scanned. -

1

APPEARANCE OF EVENTS

. The plates were relatively free of'background tr,,acks_',except for.
uranium alphas. | A fis sion'event'appea_rs as a '""hammer!" track at the
meson endi’ng:, The t‘wo'pron.g.s are co-linear and approximately equal in
length, The fission track is about 26 p long and somewhat heavier than the
uranium alpha.t‘r'acks which are about 22 p long. The fission events are
fairly characteristic 1n appearance, however, in each ca.se the event was

carefully checked in deta1l at high ma.gmflcatlon

- RESULTS OF =~ INDUCED FISSION

A total of 3762 .1~ endlngs were studied. Seventeen f1s51on events
were seen., One fission was accompa,med by the ejection of a third

particle at 27° to the fission track. . This third track lay completely in

2. W. F. Fry, Phys. Rev. 85, 676 (1952)
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the emulsion with a.total range of 309 pu, corresponding.to an alpha particle
of 25 Mev. The measurements of the f1ss1on events are g1ven in Table I.

The probab111ty of a.m” " meson ending in fission. is. found to be (4.5 % 1,5)- 10~ -3
in C-2 emulsmn contammg 0.052 gm - cm‘3 of uranium before development,
The error is estlmated from the sta.tlstlcs and the uncertamty in uranium

concentration.

RESULTS OF T INDUCED FISSION

, A total of 3573 [The endmgs were studied, including 8 fission events.
Measvure_ment,s of the fission events are given in Table II. The prob.e,b111ty
~of aj.a.* meson ending in fission in C-2 emulsion containing 0. 052 gm - cm=3

of urenium before developxﬁent is found to be (2.0 + 0.8) - '10-.3;'

. DISCUSSION OF =~ INDUCED FISSION

. From the m~ data we have calculated the 'dependenc‘e ‘of the ”a'tomic: N
capture probability upon the atomic number of the capturing v'nuc:'Ieu_s”, ‘using
the known composition of liford C-2 emulsion. The percentage weiéht/
atomic .Weight for each element was weighted by Z" to find the probability
of capture by uranium, It is found that n = =1/2or 1/3 agrees with our data,
assummg that essentlally all v~ mesons cause fission when captured by
uranium, Ferml and. Teller3 calculated. that n = l If on the other hand
one assumes that the atomic capture probab111ty is proportlonal to Z, one
f1nds that (40 + 20) percent of w” captures by ura.n1um lead to fission. . It

. is. mterestmg to note that under this assumptmn about 20 percent of p~
captures by uranium lead to flss1on:. This is in agreement with th_e upper

limit set by Galbraith a._nd_a.Whitehouseg 4

3. E.. Ferrm and E. Teller, Phys Rev 72 399 (1947)
4. 'W. Galbraith and-W. J. Whitehouse, P_Hil Mag. 44, 77 (1953)
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DISCUSSION OF p™ INDUCED FISSION

The prong distribution for 1516 p~ endings is’ give'n in Table II.
The distribution is 'in.agre'ement vﬁth that obtained by Morinaga and Fry5
in a study of B stars on plates exposed under similar conditions, Morinaga
and Fry estlmate tha.t this prong d1str1but10n corresponds.to a.w” contam1na-
tion of less than 3 n~ per 1000 meson endings. One would expect-about 0. 02
fissions per 1000 endings from this «~ contaminatio.n_: - We observed about
100 times .thi_s number of flssions '.per 1000 endings. Hence we conclude that
most of the fission events on the p~ plates were induced by p~ mesons,

‘The study of ™ stars in emulsions by Morinaga and Fry5 showed

that p~ capture frequently gives rise to a nuclear excitation of 25 Mev, The

6

calculations of Tiomno and- Wheeler gave nuclear excitations of the order

ef 15 Mev The compound nucleus formed when a n™ meson is captured by

238 » We note

92U23,8.. is g Pa238 ir Investimating the.fission threshold.of g)Pa
that the fission parameter ZZ/A_ for ‘91Pa238 has nearly the same value as
that for 90Th234 The photofission threshold for '90Th234 has been meas-
ured and found to be 5.4 Mev. 7 In addition, the .~ meson must supply the
mass difference between 91P3238 and 92U238 which is about 2 Mev. There-—
fore a fission event represents a nuclear excitation of about 8 Mev or
more. _ o o '

The observed number of fissions per p~ _ending in emulsion of a
given uranium loading.vappe.ars to be about one -half the number of fis,sions_
per m~ ending, although the uncerta1nt1es are large L captur'evwould . |
give an exc1tat10n energy of the compound nucleus ofv about 140 Mev As
.the nucleus evaporates particles it loses exmtatmn after each evaporatlon
there is a certain probability that fission will take place, unt1l flnally the
excitation of the nucleus is below the fission threshold Tha capture leaves
.the compound nucleus with a much lower excitation than in the case of -
capture, perhaps of the order of 15 Mev. .Fewer particles need .to be
evaporated before the excitation is below the fission-threshold. Hence in
this i'nter_preta'tion the overall "probability_of fission in-the case ofi The

capture would be smaller.

-2, ¥, Morinaga and W, F. Fry, to be published,

6. J. Tiomno and J. A. Wheeler, Rev. Mod. Phys. 21, 153 (1949)

7. H. W. Koch, J. McE1h1nney and-E. L, Gastelger, Phys Rev. 77,
329 (1950) ' -
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' Table I . : .

'M‘éaéu‘rgments' of 7~ Induced Fiééic}hs’
Total Range of Fission - - . -Ratio of Ranges of:~
Event Number ' T:ra.gk in Mi‘_cnroins__ . o .Fission:Fragments

o : | 79 2
2 26 1.0
3 30 1.3
4 19 1.0

5 26 10

6 26 L0

7 33 1.0
8 24 1.0
9 23 1.1
10 27 ~1.1
11 29 1.3
12 24 1.1
13 24 1.5
14 24 1.1

15 24 1.2

16 28 1.1
17 27 1.2

*Third particle emitted from the fission.
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Table II

Measurements of B~ Induced Fissions

. Total Range of Fission 'Ratio of Ranges of
.Event Number Track .in Microns’ Fission Fragments

1 29 1.2

2 25 1.1

3. 24 1.3

4 23 1.0

5 27 ~l11

6 27 | » 1.2

7 25 1.3

8 25 (uncertain)

Table III

Prong Distribution of 1516 Stars on u~ Plates

Number of Prongs Number of Events
0 - 1459
1 ' 43
2 6
3 -
4
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