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" PRELIMINARY RESULTS ON THE PRODUCTIQN OF MESONS

'BY PHOTONS ON CARBON AND HYDROGEN

J. Steinberger and A. S. Bishop

Radiation Laboratory, Department of Physics,
University of Californi&a Berkeley, California

March 8, 1950

- Tﬁe method of meson detecfion described in the previouslle?ter is being
applied to the study of the production of positive mesons by T -rays on hydrogen
and heavier nuclei, We report here (Figures 1, 2 andAS)'some preliminary re-
'>sults in which the hydrogen cross sections are obtainedvby subtractipg the yields
on carbon from those on paraffin, All the megsureﬁénts repprted here are being
continued, and hydrogen cross section measurements with a liquid hydrogen target
Aare_in progress.

“In interpreting these results it should be kept in mind that both energy
and angle of production of tﬂe.meson are measured, and these determine the
incident ¥-ray energy by momentum and energy conservation inrtha case of pro-
duction on hydrogen, This means, for instance, that é knowiedge’of the energy
distribution of the mesons at a fixed angle of production and of the energy dis-
'tribution of the incident kaay beam allows a determination of theﬁexcitatién
function for photo meson production, We feel however that the energy, angular
and statistical accuracies of the data reported here do not yet wérrant such an
. analysis,

Figure 1 shows the relative number of meéons pro&uéed-by;carbon atoms and
hydrogen atbms at 90° in the laboratory system as a function of their énergyo

The incident photons have a brgmsStrahlung spectrum of 330 Mev maximum energy.
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The meson energy is determined from the energy-range felationship, and it is

(1)

The carbon cross
(2) g -

assuned that the nucleérvabsorption of.mesons is zero.
sectioné have already been determined by photographic detection methods,
the two results agree within the statist'icallinaccuracieso The most sﬁértling
"~ fact shown in Figure 1 (and also in Figure 3) is that the cross section of the
six bound protons in & carbon atom ié only somewhat greater than that of a single
free proton. It-is perhaps surgrising that the effects of nuclear binding are s0
pronounced, However a more detailed analysis(z) shows that since the energy of
the recoil nucleons is not very much greater than the Fermi energy, this inhibi=-
tion of the'reaction-in the case ofvcompiexxnuclei may"be no more than a meni-
festation of the exclusion priﬁci?leo-

In Figure‘z,an atﬁempt is shown to get similar informetion at several
other angles. However the statistical accuracies are not great enough to make
tie_subﬁraction meaningful° Sq the data ére added, instead ofvsﬁbtrégf;ds énd
the points represent the prodgction by a molecule of composition Ci7H14Q‘ The
interestiné thing here is‘that the crogé sectioné are fairly indepehdent of
angle, This is shown agaiﬁ in Figure 3. Here the cross séctions are shown
for five engles. At each angle a different amount of absorber is used, so that
‘for hydrogen the photon energy at all angles is unique, 253 Mev. For the car-
bon points the analysis has been carried through in the same way, élthough there

[

the binding of the nucleons makes the momentum and energy conservation arguments

4
.

(1) 1Ir instead the nuclear‘mean_free pafh of mesons in aluminum were 200 g/bng
this would mean that the 100 Mev points would be too low by about 15 per-
cent; lower energies would have proportionately smaller errors. .

(2) E. McMillen, J. Peterson, S, White, Science 110, 579 (1949).

(3) The calculations for helium targets have been made by G. Chew and H, Lewis.
'They show that one may easily account for a o (free proton)/ o (bound proton)=.
3, but it is not possible to mske an accurate prediction of the expected
effects, We wish to express our thanks to the authors for permission to
quote their results before publication. :
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invalid, The cross sections have been plotted in absolute units; however, the
error of the absolute value may be quite 1arge, The errors indicated are the

statistical errors, and represent the llkely errors in the relative valueso The
 sin @

hv%)cos Q
angular distribution of a simple electrlc dipole photo effect, It is also sub-

),the

theoretical curve 1n Figure 3 is a plot of the fUnctlon (

stantially the prediction of the scalar ‘meson theoryo( ) It can be seeﬁvthat the

actual distribution is qulte 1ncompat1b1e w1th this, in fact the only theorles

N v}
\M

which predict such a flat distribution are those in whlch the electromagnetlc
interaction is chiefly with the magnetic moment of the nncleons‘rather then the
electric charge of the meson, This is so for the pseudoscalar meson theory with
both ty§es of couplingo(s)‘ However the seme 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 Ccmpton
wave-length of the nucleons and cen therefore hardly be taken sefiouslyo On the
.eﬁe hand, the theories which predict a different distribution cannot be rejected
because there remains the possibility, though small, that the disagreement is |

caused by the fact that the calculations are incorrect because relativity and
the largeness of the coupling constant are not simultanecusly teken into account.
On the other hand those theories which predict the observed result dieagree vio~

1ent1y'with experiment in the nuclear force problem, It seems therefore impos-

gible to make a meaningful comparison of the experimenf with existing theory{“

(4) In the scalar theory this result is obtained in relativistic perturbation
theory, and alse rigorously without expansion in g if the nucleons are
assumed to have infinite mass. We are indebted to Drs. K. M. Case and
K, Watson who have independently obteined this result.

45) The perturbation theoretical results have been obtained by Feshbach and
Lax, Phys. Rev, 76, 134 (1949) and more completely by K, Brueckner,
Phys. Rev., to be publ:.shedo —
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Fipgure Captions

Figo 1 Production of mesons by photons on carbon and hydrogen at 90°. The
photons have a bremsstrshlung spectrum with a 330 Mev maximum enérgy,
- The number of McMillans in a bremsstrahlung beam is defined as the

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

Fige 2 The production of mesons in 017Hi4 at various aﬁgles as a function

of the meson energy.

Fig, 3 The angular distribution of the mesons produced by 250 Mev (laboratory

system) photons on hydrogen and carbon, The theoretical curve is that

. : i 2
for a pure photo effect, (;1 _ 3}2 gos g) ¢



CROSS-SECTION AT 90° IN LABORATORY SYSTEM
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