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Io Photoproduction of 11'0~~"s from Deuterium. W. Heckrotteo . 

The talk was essentially based on report UC~l611 b.Y V. Heckrotte 9 

L. R. Henrich and J. V. Lepore.~~ December 13~ 195lo A summary is quoted 

as follows together with a concluding remark& 

19The cross sections for neutral meson production was calculated 

when a dueteron particle was formed in the final state. The pseudo-
0 

scalar meson theory with pseudovector coupling was assumed and the pro­

cess treated according to the perturbation theory. It was found that 

the principal contribution to the cross section is proportional to the 

square of the interaction energy. IV 

It apparently may be concluded that one can determine the sign of 

the proton = neutron - meson coupling constant from a study of the 

elastic scattering. 

II. Absolute Yield or !T0 Mesons in the Proton Bombardment of Carbon. 
B, Moyer. 

The work of w. E. Crandall and others on the photon spectra re= 

ceived at various angles from targets bombarded with 340 Mev protons 

allows one to infer the angular distribution of both the photons and the 
. ' 

11° mesonso However, in that work it was not possible to use an abso­

lute proton beam monitor~ since for reasons of intensities the targetwas 

placed within the cyclotron tank and multiple passage or the beam ren-

dered a confident measurement of its curren~ impossible. The relative 
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numbers of photons received at various angles were measured by the· use ot 

t~n aluminum foils or thin polystyrene foils fastened to the carbon tar­

geta The ac;tivities of sodiwn 24 or of carbon 11» respectively~ served 

to give relative normalizationo 

The present report deals With an absolute evaluation of the photon 

yield received at 90° from a carbon t~rget bombarded by the external 

proton beam» whose current could be . precisely measuredo Comparison with 

the 90° spectrum received from internal targets then made it possible to 

place the ·data upon an absolute scale of intensity.. In the table which 

follows» there are listed the results for the various angles of observa= 

tion in the laboratory systemo The first column gives the differential 

cross section presented b,y the carbon ~ucleus for the production of 

. photons at the peak of the spectrum seen at the angle specifiedo The 

second column gives the total photon yields in terms of the cross sections 

for the delivery of high~energy photons into unit solid angle in the 

direction specifiedo The third column gives the amount of solid angular 

space to be associated with each of the spect~a at the various angles. of 

viewo The last column consists of the produ©ts of the preceding two 

columns which~ when summed 9 will give the total cross secti©n of the 

carbon nucleus for the production of high energy phot©n radiationo 
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3.59 n 4.58 It 2.30 

2.26 n 2.02 n 6.28 

2.42 II 2.36 lit 2.30 

1.99 ea 1.83 11 o.S4 

2 
em /sterad.Mev 

2 
p.m:/sterad'., sterad. 

,. a- = (3.6 ± o.8) x lo-27 cm2 
photon 

6' 1T o = (1. 8 :!:. 0.4) x 10=27 cm2 

(Error estimated from basic data., ) 
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If all the high energy photons are considered to arise .from neutral 

mesons then neutral meson cross sections are one half' of that for photon 
. . + 

productionv or 1.8- 0.4o 

In Figure 1 is shown . a plan view of. the experimental arrangemento· 
. . 

The pair spectrometer is located where it can first view the internal . 

cyclotron targetll for the purpose of recebring sufficient gamma radiation 

to allow the adjustment of counting conditions to provide satisfactory 

plateausll subsequently the pair spectrometer is turned upon its base so 

as to view through the side wall aperture a carbon target placed in the 

external proton bea.mo Final collimation and an electron clearing field 

preceding the pair spectrometer gave satisfactori~ low converter-out 

countingrateso 

In Figure 2ll are displayed sample data from one run showing the 

dependence of photon counting rate upon tantalum converter thicknesso 

The abscissa is expressed in terms. of U1leff'ective thicknessw which is 

calculated from actual thickness b,y t~ng account of the photon attenu= 

.ation by the tantalum up to the depth of the poin:t of pair creation and 

the possibility of electron energy loss to energies below detectability 

for the pair electrons emerging from that pointo From this curve the 

photon yield per unit thickness of tantalum is obtained. 

III. 1T0 Yield va Z9 · Ro Ro Hales. 

In the experimental setup for the detection of 1T 0 yield there was 

used instead of liquid scintillators anthracene crystals which gave 

Qetter results. Yields were obtained on a number of elements in four 

series run as· follows:: 
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Series 1; Carbon, polyethylene, water, heavY" water )I CL 

n 2; Water)) heavy water, liquid 02o 

~0 · Bnatura.l Yl 3; (l:fh..diameter cylinders) L:i)) Be, c.~~ , -. )) 

Na,~~ Ca, K~ 

n 4; C,~~ Al, O'u, Pbo 

The Na and K targets due to their low melting points were able to be 

cast·in one inch centrifuge tubeso · The tubes were afterwards broken off 

and the metals re-immersed in oilo The gasses n2, He)) N2 )) and A are going 

to be used as targets later, employing a high pressure gas chamber desjgned 

by R.. S~ephen Whi teo 

Figure 3 shows the relative yield of high energy photons from 340 Mev 

proton bombardment of the lighter nuclei up to Al27 plotted against the 

atomic number. It is to be noted that the yield is approximately the same 

for certain pairs of elements having the same number of neutrons as B11 -
~12 9 _10 c- and Be - B"""" ; andll in general, the yield is proportional to the 

number of neutrons. Figure 4 gives the relative yield including the 

h~avier elements up to Pb. For elements above Al the yield ceases to be 

proportional to the number of neutrons N but goes rather according to the 

number of neutrons per unit volume on the surface of the nucleus.~~ ioeo 

or 

(As shown in Figure 3) 

By comparison, Panofsky, Steinberger and Steller iri the case·of 

photon produced ,yors from the synchrotron f~und a yield of 11 Ova per. 

·nucleon vs .. atomic number which fits d ,.._~ A-l/3 in the region Li. to 

Pb. This means· that the mesons are stronglY reabsorbed. Panofsky et a1. 

' .. _,('; ·:,{! . ' - ,, 
( \' ... ( ) (~ 



-7-
UCRL-1811 

confined themselves to meson energies of over 85 Mev by their detection 

schemeo 

A calcUlated curve for proton absorption cross sections following 

the method or Fernbach, Serber and Taylor shows good agreement in shape 

with the 1T 0 cross section being only slightly higher toward the heavy 

elements (Figure 3}. This is an indication or little meson absorption 

and might be due to a lower meson energy than those observed by 

Panofsky et al. 

Information Div. 
5/8/52 rh 
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PHOTON YIELD vs. EFFECTIVE CONVERTER 
THICKNESS (SAMPLE DATA FROM ONE RUN) 
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Fig. 2 
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RELATIVE YIELD + NEUTRON 
ABUNDANCE FOR HIGH-ENERGY 
PHOTONS FROM 340 MEV 
PROTON BOMBARDMENT 
OF NUCLEI 
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Fig. 3 




