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. The method of meson detection described in the previous .le.tter is being 

applied to the study of the production of positive mesons by 'lf'-rays on hydrogen 

and heavier nucleio We report here (Figures 1 9 2 and 3) some preliminary re­

sul-ts in which the hydrogen cross sections are obtained by subtracting the yields 

on carbon from those on paraffi,no All the measurements reported l:lere are being 

continued0 and hydrogen cross section measurements with a liquid hydrogen target 

are in progresso 

In interpreting these resu;Lts it should be kept in mind. that both energy 

and angle of production of the meson are measured0 and these determine the 

incident 'If' -ray energy by momentum and energy conservation in the cas_e of pro­

duction on hydrogeno This means 9 for instance 9 .that a knowledge of the energy 

distribution of the mesons at a fixed angle of production and of the energy dis­

tribution of the incident "5"-ray beam al:)..ows a determination of the.excitation 

function for photo meson productiono We feel however that the energy9 angular 

and statistical accuracies of the data reported here do not yet warrant such an 

analysiso 

Figure 1 shows the'relative number of mesons produced by carbon atoms and 

hydrogen atoms at 90° in the laboratory system as a function of their energyo 

The incident photons have a br~sstrahlung spectrum of 330 Mev maximum energyo 
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The meson energy is determined from the energy-range relationship, and it is 

assumed that the nuclear absorption of mesons is zero. (l) The carbon cross 

sections have already been determined by photographic detection methods» ( 2) and 

the tvw results agree within the statistical· inaccuracies~ The most startling 

fact shown in Figure 1 (and also in Figure 3) is that the cross section of the 

six bound protons in a carbon atom is only somewhat greater than that of a single 

free protono It is perhaps surp:ising that the effects of nuclear binding are so 

pronounced" 
. (3) 

However a more detailed analys~s shows that since the energ;y of 

the recoil nucleons is not very much greater than the Fermi energy9 this inhibi-

tion of the reaction 1n the case of complex nuclei may be no more than a meni-

festation of the exclusion principleo 

In Figure 2 an attempt is shown to get similar information at several 

other angleso However the statistical accuracies are not great enough to rr.ake 

the subtraction meaningfuL, So the data are added 3 instead of subtracted, and 

the points represent the production by a molecule of composition c
17

11.
4

., 'I'he 
( 

interesting thing here is that the cro,ss sections are fairly independent of 

angleo Thls is shoWn again in Figure 3. Here the cross sections are shown 

for five angles. At each angle a different wmount of absorber is used9 so that 

·for hydrogen the photon energy at all angles is unique~> 253 Mevo ·For the car-

bon points the analysis has been carried through in the same way, although there 

the binding of the nucleons makes the momentum and energy conservation arg~~ents 

(1) 

(2) 

(3) 

If instead the nuclear mean free path of mesons :in aluminum were 200 g/cm2
3 •. ., 

this would mean that the 100 Mev points would be too low by about 15 per­
cent; lower energies would have proportionately smaller errors. 

Eo McMillan 9 J" Peter sons So Whhe 9 Science 11:..£9 579 (1949) o 

The calculations for helium targets have been made by Go Chew and H. Lewis. 
·They show that one may easily account for a cr (free proton)/ if(bound proton)= . 
3, but it is not possible to make an accurate prediction of the. expected 
eff.ect., We wish to express our thanks to the authors for permission to 
quote their results before publication. 



.. 

UCRL 632 

-5-

invalid., The cross sections have been plotted in absolute units; however, the 

error of the absolute value may be quite large.. The errors indicated are the 

statistical errors:, and represent the likely errors in the relative values.. The 

sin g . 2 
theoretical curve in "figure 3 is a plot of the function ( 

1 
/ ) D the 

- (v c) cos Q 

angular distribution of a simple electric dipole photo effect.. It is also sub-

stantially the prediction of the scalar meson theory .. ( 4 ) It can be seen that the 

actual distribution is quite incompatiole with thisD in fact the only theories 

which predict such a flat distribution are those in which the electromagnetic 

interaction is chiefly with the magnetic moment of- the nucleons rather than the 

electric charge of the mesono This is so for the pseudoscalar meson theory with 

both tri>es of coupling .. ( 5) However the same theories which» because of the tight 

coupling of the mesons to the magnetic moment of the nucleon, predict .. a flat 

angular distribution~ also predict nuclear radii of the dimensions of the Campton 

wave-length of the nucleons and can therefore hardly be taken seriously.. On the 

one hand,9 the iheories which predict a different distribution cannot be rejected 

because there remains the possibilityD though small» that the disagreement is 

caused by the fact that the calculations are incorrect because relativity and 
4 ~-:-> -~.r:- .-

the iargenes s of the coupling constant are not simultaneously taken into account., 

On the other hand those theories which predict the observed result disagree vio-

lently with experiment in the nuclear force problemo It seems therefore impos-

sible to make a meaningful comparison of the experiment with existing theory .. -

(4) In the scalar theory this result is obtained in relativistic perturbation 
theory, and also rigorously without expansion in g if the nucleon,s are 
assumed to have infinite mass.. We are indebted to Drs .. Ka; M. Case and 

J.5) 

K., Watson who have independently obtained this result .. 

The perturbation theoretical results have been obtained by Feshbach and 
Lax, Phys .. Rev .. 76 11 134 (1949) and more completely by K .. Brueckner~­
P.hys .. Rev .. , to be-published .. _ 
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Figure Captions 

Figo 1 

Figo 2 

Production of mesons by photons on carbon and hydrogen at 90°e The 

photons have a bremsstrahlung spectrum w.i. th a 330 Mev maximum energyo 

The number of McMillans in a bremsstrahlung beam is defined as the 

total energy in the beam divided.by the maximum photon energyo 

The production of mesons in c17HI4 at various angles as a function 

of the meson energyo 

The angular distribution of the mesons produced by 250 Mev (laboratory 

system) photons on hydrogen and carbono The theoretical curve is that 

for a pure photo effect~ ( ; 1 
sin Q )2 
v/c cos Q • 
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