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THE PRODUCTION OF NEUTRAIL MESONS BY PHOTGNS
K, A, Brueckner and X, M, Watson

April 26, 1950

A'humber of recent experiments at Berkeley have given independent end
strong support for the hypothesis that there exists a neutralﬁmeson'Which‘is
strongly coupled to nucleons, Of particular interest are“theféxperihents of
Steinberger, Panofsky, and Stellerl which seem to indicate3tha%'ﬁeﬁtral mesons
can be produced by photons with a cross section Which is not less “than that
for charged mesons,

'JPhoto-meson‘production is among the simplest of phencmena involving“
mesons; and it might therefore be hoped that some of its general - features can
be understood on the basis of our;admittedly very incomplete theoreticel knowl-
edge Of'toe'propertieslof mesons, * In partieular;»we are interested in seeing
whether a photo-production cross section for neutral mesons'QS‘large as that
for charged mesons can be understood theoretioallyo

< R
For the photo=production of charged mesons Brueckner” found that of the

- e
o4

' four types of meson fields only the pseudoscalar theory gave satisfactory

agreement with experlment . For such a theory as the scalar theory With charged

meson currents extendlng about the nucleon over a region of the order of the

* Ty

meson Compton wave—length the angular (dlpO&e) dlstrlbutlon of the egected
photo~mesons arising from the noupllng of the eleotromagnetlc fleld Lo the

z
meson cunen@:m 1noompat1bleunth the observed flat angular dlstrlbution

J, ‘Steinberger, W, Penofsky, and J, Steller, Phys, Revop‘inspress, cei

I

2 X, Brueckner, Phys, Rev,, in press, His calculations of radiative correc-

tions did not include effects from virtual neutral mesons, but it does not
" Seem that this would change his results in'a qualltatlve manner°

Jo Steinberger and A, S, Bishop, Phys, Rev,, in press,
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for charged mesons, Such a coupling of the charged meson field to the electro-
magnetic field would also lead one to expect the ratio of cross sections for
neutral to charged mesons to be of the order of (p/M)z (where . is the meson
mess and M is the nucleon mass), since for neutral meson prodgction the electro-
megnetic field coupling is to the nucleon, This is in contradiction to the
observed largeness of the neutral meson cross section,

Assuning thet neutral meson production takes place through the inter=-
action of the electromagnetic field with the magnetic moment of the nucleon,
both classical and lowest order perturbation calculations for scalar mesons
and pseudoscalar mesons with pseudovéctor coupling lead to.a ratio of the neutral
to charged meson cross section (near threshold) of the order of (H/M)z, in
agreement with the above qualitative arguments,

Such semiclassical arguments are not necessarily applicable in the case
of the pseudoscalar field, however, where relativistic quantum-mechenical
effects are likely to be important, Here_the matrix element for neutral meson

production for a Y=ray striking & proton is proportional to

. 1 1 |
(FIEIT) = b« § (o) [PI-Q-PFoP] %0 (1)

[ is the Dirac magnetic moment of the proton, Py and BF are its four-momenta
in the initiel and final states, respectively, o is the‘four-momentum of the
incident protons, and § is the electric field strength, Bquation (1) differs
from that for charged meson emission by the.factor in brackets, which is non=-
venishing only because of retardation effects and is of order (u/M) neer thresh-
old, This is because the magnetic moment is relatively undisturbed by the pro-c

cess of neutral meson emission, causing phase cancellation between initial and

final states, Thus, again the ratio of neutral to charged meson cross sections

]
]

-,
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is of order (wA1Y?, Similar results are obtained for wector and pseudovector
theories, Y(Thé experimental evidence is againeb theﬁﬁéﬁ%fél mesons having spin
one, because of their appsrent ammihilaticn into two phcfonso4)'

It is seen, therefors, that neither classical considératiébﬁ nor lowest
order perturﬁation theory provide a cslue to the largeness of the cross section
for neutral photo-mesens, We note, however, that the fector in the brackets in
Equation (1) is small crly wheu the nucleon recoil is small, Due tc the very
close binding of the meson field %c¢ the nucleon for pseudoscalar theory, high
energy virtuél resoils are expected and it might be thought that these will
remcve the near cancellation of the two terms in the brackets, To inwestigate
this pﬁssibility¢ ws have caleulated the first order radistive corrections to
Equation (1), The corresponding radiative corrections for charged meson pro-

. .

, . 4 S y .
ductiorn have been calculatsd by Brueckner, Combining lowest order end first

order radistive correstions for both charged and neutral meson production and

(:‘)
chocsing the coupling constant as & ~390 (& reasonable walue obtained from
4m '

other considerations), ws obtain aboubt equal crozs sections for the two pro-
cesses--in reasonable agreement with experiment, With this choice of coupling
coustant, %he radistive corrections to charged meson produstion are not quali-
tatively important, while for meutral meson production the lowest order terms
are smgil;

open to considerable

o
]

Since the valldity of large radia%tive corrections
doubt, we feel justified in coneluding only that the large observed cross sec-
tion for neutral mescn producstion is not necessarily incompatibie with con-

clusions that cen be drawn from pseudoscelar meson theory,

% ¢, N, Yeng, Phys, Rev, 77, 242 (1950)
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