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SUMbUffiY OF THE RESEARCH PROGRESS W~ETING OF November 17, 1949 

H. P. Kramer 

December 12, 1949 

Meson Induced Fission. S. Al-Salam. 

When photographic plates are exposed to 'fC mesons produced in the cyclotron, 

about 75 percent of the tracl{s terminate in a characteristic star consisting of one 

or more prongs. Such stars have been interpreted as depicting the capture of 

T(- mesons by nuclei and the subsequent emission of one or more charged p9.rticles 

from the excited nuclei. It is believed, that all '11- mesons incident on the e.mu.l-

sion are in fact captured and that in the cases vrhere the meson track does not 

terminate in a star, non-ionizing neutrons are emitted. Hence, since nuclear reac-

tions initiated by~- meson capture are observable by means of photographic plates, 

it was thought possible that one might detect n- meson induced fission of uranium 

by the same means. 

Nuclear emulsions were soaked in a saturated solution of uranyl acetate 

containing .02 gm of uraniwn per cc. The uranium content of the dried emulsions 

was determined by a count of the a-particle tracks from uranium to be .05 gm per 

cc of emulsion. This density corresponds to 1 atom of uranium for each random 

group of 600 atoms in the emulsion. 

Preliminary experiments were performed by exposing the plates to neutrons 

in order to gain experience in recognizing fission in emulsions. Howewer, since 

a-particles from uranium hawe practically the same range (H20 microns) as fission 

fragments (a total for both fragments of~25 microns), it was difficult to dis-

tinguish fission events from a-particle tracks. A meson-induced fission is more 

easily differentiated since the characteristic meson track is visible. 

The method of exposure was relatively simple (Fig. 1) • Mesons were produced 
I ._,· 



UCRL 545 

-4-

by the bombardment of carbon with cyclotron accelerated protons. fl mesons were 
' 

dire'cted in semicircular orbits onto a copper-shielded stack of uranium im-

pregnated NTB plates. 

The calculated ~requency of the initiation of fission by~- mesons that 

stop in the emulsion is O.OL Among 550 meson tracks examined, 5 were found that 

terminated in a two-prong uranium fission star. H. Bradner has observed 3 such 

events. Figs. 2 and 3 show three compositers of meson-induced uranium fission 

tracks. Note that in one of the tracks of Fig. 2 iii addition to the fission frag-

ments~ an a-particle is ejected at right angles to'the fragments. 

Selection Rules and Correlations in Emission of Two Quanta. G. c. Wick. 

A selection rule applying to all processes in which a system decays into 

two quanta was first discovered by Landau in 1948 but owing to the present diffi-

culties of communication it remained unknown here. It was thus rediscovered by 

Wigner and discussed more or less independently by Yang and Wick. 

The selection rule is analogous to that which applies to the determination 

of the possible values of the angular momentum of two alpha-particles emitted in 

the decay of a Be8 nucleus. It has been shown that in this case the two particles 

can have relative angular momenta of (0, 2, 4, ••• ) with plus parity. 

Since photons, like alpha particles, obey Bose statistics one can suspect 

the existence of an analogous rule for quanta. However, considerable differences 

arise out of the two facts that quanta have zero rest mass and have a spin. 

The selection rule is set forth in the table below: 

System of Two Quanta with Opposite Linear Momenta 

Angular Momentum 0 1 2 3 4 5 

Number of in- { + 

dependent states 

with parity -

1 0 2 1 2 1 

1 0 1 0 1 0 
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In the decay of a neutral meson, two quanta are emitted with opposite angular 

momenta. The scalar theory predicts decay into two photons in the 0 state with 

positive parity and the pseudo scalar theory predicts decay into two photons in the 

0 stat·e with negative parity. These two states can be distinguished because they 

result in different polarization for the emitted quanta. 

An experiment which would determine whether or not two quanta are emitted and, 

if two quanta are emitted, what their polarization is and would thus decide between 

the vector theories (the two vector theories predict the emission of three quanta) 

and the two scalar theories, is one constructed similar to the experiment by means 

of which Bleuler and Bradt* were able to irerify that the planes of polarization of 

two quanta emitted in electron-positron annihilation are perpendicular. The 

apparatus for this case is shown in Fig. 4. In the neutral meson case a suitable 

material would be subjected to bombardment by nucleons to produce neutral mesons. 

If these decay into pairs of quanta, the quanta would be detected by means of 

scatterers and counters connected in coincidence. By rotating the counters about 

the axis determined by source and materializers and noting coincidences for dif-

ferent angular separations of the axes of the counters, the relative polarization 

could be determined and the decision between the scalar and the pseudo scaler meson 

theories made. The apparatus of Fige 4 would. have to be modified quite consider-

ably and other methods of detection of the quanta (such as pair creation) might 

have to be used instead of the Compton electrons. 

*E. Bleuler and H. L. Bradt, "Correlation Between States of Polarization of the Two 
Q.uanta of Annihilation Radiation". Phys. Rev. 73, 1398 (1948). -. 

LMB/12-12-49 
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Method for exposing photographic 
plates to detect meson induced fission. 
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Suggested experiment for determining 
polarization of quanta emitted in the 
decay of neutral mesons. 


