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Mesons produced by the high energy photon beam trom the Un1vers~ty 

ot Oalitornia Racl1~t1ott I.Abomtor;y 330 Mev synchrotron are found to shew 
' ' . 

l z. M, Mc'Millan, l• M. Peterson, R. s. White. to be published in Science 

mesons in the energy renae 30-130 MeV at too to the photon beam, the ratio 

ot negative to positive mesons is 1.7 ! 0,2 with no si~~ energy de• 

pendence. ' \ 

A simple classical argument can b• made to give an understanding 

ot the reason tor the negative excess. ·The photon oa.n interact directly 

with the .mason and proton throtish the ourr~Ii~ coupling 

(J • A) (meson) + 
--+ ---... ) 

(j •;. A)' (p~oton 
I, 

~e meson contribution is symmetrical tor the production of positive ap4 

negative mesons. Howeve~, when positive masons are Produced, the proton 
.. 

is the initial nucleon at ren, and ite current 1e zero. mien negative 
' . 

:t11eson.s are prOduf)ed• the pr,oten 1s the final rsobil nuoleon g1v1.ng a our­

rent contribution.. 'l'heretore, the cross•Sf.!otlon~ tor the production ot 
positive .and negative mesons are in the ratio 

t -+ -.. 
_;;0''--(.;_po_s_i_t_:lv_e_s'-), __ = _...:,(!!!:..S-:-•~A:.-) ...:.(.;;;;..me;;.J;.~~o....;,n!..,) --=--=.------
~(negatives) (y+·~) (meson) + ] 

2 

(f • 1> recoil proton}· 

* Now at Dept. of Physics, Mass. Inst. of Technology, CambridRe. Mass. 
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The current interaction ts 

\? -- - e • A 
j • A .. 

' l lr cos G ... -c 

-+ 
lr • velocity of particle 

--t 

A • vector potential 

cos • angle between direction of particle and photon 
- --+-

This d1tters from the non-relativistic expression. e v • A• the factor 

l ... f oos · in the denominator tald.ng account ot the retardation. ef'teots 

in the interaction ot charge with the electromagnetic i'ield. Inserting 

th.1s current expression 6Jld using overall energy and momantum conserve.• 

t1on, the positive to negative ratio can be written 

0' (positives [1- m!a (1 - i cos 9)] 2 
()' negatives 

e:. • meson energy including rest energy 

IT • meson velocity 

g (I angle between direction at meson and photon 

m • nucleon rest mass 
\ 

Further calculations have been carried out using standard perturba-

-t1on theory tor scalar and pseudoscalar mes9ns to. the lONest order in the .. 
coupling constants g and e • treating the no.cleons as Dirac particle$ and 

II 
tak~ into account the effects ot the nucleon recoil. The result of these 

calculations, for the ratio of the cross-sections tor positive and negative 

mesons, is exactly the same as that derived by the above simple con4iderations • 

.. 
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Similar calculations tor vector mesons with vector coupling to the nucleon 

field are complicated by the strong magnetic moment interaction or the vector 

particle with the a.m. field. The ratio of negative to positive mesons is 

similar to that for the scalar meson fields but is somewhat larger. 

The effects 'of the Coulomb field of the nucleus on the production 

ot mesons have also been investigated ana found to be less than 5 percent 

tor mesons with energies above 50 Mev. 

The ratio of the cross-sections for the production or negative 

and positive mesons given·by (1} varies trom 1,55 at 40 Mev to 1.85 at 

100 Mev • at 90° to the photon beam, This agrees. within the probable error 

·with the experimantally observed ratio, Since the positive"'!'negative ratio 

depends in a quite direct way on the currents carried by the .masons and 

nucleons,, a more accurate determination ot the ratio and its energy de­

pendence could provide, valuable &vidence concerning the magnetic moments ot 

the particles • 




