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~ Introduction

¢ . o . \
~ The 160 to 200 Mev released in the fission of uranium is sufficient to

N
’

make the preduction of a piameson energetically possible, The process,seems
uniikély, hewever, and wae not considered seriously until the event shown in
Fig,‘l was discovered1 in ¢ uranium loaded plate, exposed to cyclotron mesons,2
Here is definitely a 5 Mev meson (&) coming from a fissioning eueleus and leav-
ing tﬂe emulsion just befors eomieg‘to rest~ It is not possible to determine
the oharge of the meson(81nce it does not end in the emulsion, Track (b), which
stays in the emulslon for 2,4 mn, is a proton of energy 115 £ 20 Mev as deter-
‘mined by graln count and scattering measurements. A non-unlform development of
the plate makes it 1mp0851ble to' say w1th certelnty whether this proton was en=
tering or leav1ng the f1881on, |
If the proton'was entering the urenium nucleus, then the meson must have
been produced as & fesult of the fission since the threshold emergy for direct
' prodnefien is greater than 150 Mev, If the proton was leaving the uranium nuc-
leus, tﬁe e?ent was probably caused by a fast neutron which ejeeted a meson and
a profen from a neeleus which subseeuently'fissioned. ' _ : ' -
Foliewing the\&iseovery of this event, two experiments were performed to

search for mesons produced in uranium fission,

1 Pownd by J. Willat

2 S. G, Al-Salam,‘private eoqmunicetion
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I  For the first experiment, C2 e.nd G5 emulslons were placed next to a
6 mm x 30 mm x 0,4 mm sheet of 94 percent 236 a.nd exposed for 40 hours to neu-
trons from & Po-Be source moderat ed by 7 inches of paraf‘fln,s_ 'I‘he source pro-
\duced lx 106 neu‘brons per sec, Three norma.l W mesons and ‘cWo faded 0 mesons,
bu’c no o° mesons or T, decays were observed in 340 m® of emuls:.on | One other
meson 16ft thé emulsion e. few m;LcrOns before coming to rest, All possible meson
‘enez'.'g:’les» :could heve :oeen detected in _the' emulsion. |
Ass_uming @ meximum of one ﬁ{meson §ér 340 mm® (though the o mesons ob-
sezjue-d we‘ree]‘most certainly due to cosmie r.a.y background), and assuming a flat
dlstribution in ranée of the mesons eoming from the U255 sheet, the probability
for p:-roduc'ing mesons is less than 8 x 10"7. A cross sectlon of 500 barns"‘ for

slow neutron fission of U235 was used for this calculation,

‘II  The second experinent gave a much weake-r limit on the cross section
for meson produc'blon, but achieved high initial nuclear excltatlon by using the '
decay ‘energy of #~ mesons, The total energy released is greater than ’cw:,ce thei
fsest mass of & ﬂ-meson. A h:l.gh probabil:.ty of meson production would be par-
‘b:.eularly s:Lgnlﬁ.cant in th:.s case, s:anee ‘Al-Salam’s mezaLsur’exztten‘!:.s.2 indicate that
everyA ﬂ meson captured in ursnaum resu'lts:in ﬁ.ssiion., A beam of u“ mesons pro-
~duced in a conventional channel a'x‘rangemen‘t ‘insi‘.de the 184-inch Berkeley cyclo-
tron was st0pped in a 1/8 in, thick slab of ordinary uramum metal, Secondary
mesons up -to approximately 30 Mev'preduced'in the slab could be observed in a
c2 emulsion embedded in absogber beyond the urenium, The total meson flux into
the uranium Waseomputed by makinéruns of_ the same length, and ‘coun‘b:‘vi.ng the

_number of mesons ‘stopping i_n en emulsion behind a triangular absorber, Background

5 W, H, Barkas (prlvate communication) had independently made a similar quali-
tative expenment using unseparated uranium,

4 B. Fel-d, in Science and Engineering of Nuclear Power, Editor, C. Goodmen,
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runs were made by replacing the uranium with lead, and by blocking the meson

channel with & lead plug, Results are given in Table I,

Table I
No, Mesons . Area
: - Secondary Secondary Scanned
Run | Primary | (all directions) (from slab) om®
o T=ii e o n‘-p,’ ~ o
1 U | 4440/cm? | 2 3 7 0 0 0o 5
2 Pb | 4440/cm?® | 2 5 (10 | 1 0 1 5
3 lohannel | --- 2 2 8 | o] o | o 5
blocked | . ;

It is evident that few if a.uy of the secondary mesons were produced: in

the uraniuni, since none came from the direction»of the uranium slo.b, and the
number of rendomly diredted events was statistically no different from the
backgfomd runs, Aesuming that, a'o moét one of 'the mesons was produced via
fiss:.on, it can be estimated tha.t no more than one meson per 172 captured in
uranium mll produce a secondary meson with energy under 30 Mev,

It can be inferred that the orlgina.l event observed was & ”dlrect pro-
duction" of a meson from a fast neutron striking & nucleon in ura,nium_, and
was not dlrectly associated with the ﬁ.ssion.

The authors wish to thank the other members of the f:.lm group > particularly

F, ¥, Snith, J, Willaet, and H, Heckman, for their work on this experlme_n'b,

~ Tlfiis work was performed under the auspices of the Atomic Energy Commission.
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