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HE recent' laboratory production of x-mesons by
electromagnetic means makes a comparison with

the predictions of various meson theories feasible, per-
mitting then the discovery of the fundamental proper-
ties of mesons and the nature of their interaction with
nuclei. It seems thus appropriate to collect here some
of the results given in a review paper on this subject
which we shall submit for publication in the near future.

%e have considered the production of pseudoscalar
and vector mesons. The nucleon-meson coupling
energies assumed are (in the non-relativistic limit)

H, = (47r)~fJl P„a/(~X/*)f„dr i(4v—)'g)I P„*p *P„dr

where we have included only the terms which are rele-
vant when the struck particle is the proton. The units
used are such that 5=1, c=1, pc'=1, p, =meson mass.
The functions P„*Pv are the neutron and proton wave-
functions, p =pseudoscalar meson wave function,
(P, pp) the vector meson wave-functions, f', f, g are
coupling constants. Both strong' and weak coupling
have been considered and yield results which are in
substantial agreement.

The present calculations should give the predictions
of the theory correctly for photon energies v'&M where
v' is the photon energy in laboratory system and M is
the nucleon mass. %e have therefore included more
completely (but with some approximations) the effects
of nucleon recoil which had been neglected in previous
calculations. '4 Field reactions have been neglected;
qualitative estimates indicate that for v'&M, these
eGects will be small. This is verified to some extent by
the calculations of Hamilton, Heitler, and Peng' of the
"resistive" part of field reaction according to the
methods of Heitler and Peng. These authors however
make the additional assumption that 3f= ~.

Our results are most easily given graphically. The
photon energy v, is the photon energy in the center of
mass system so that r = 'v1L+(2v' M/)] ~. The differ
ential cross sections are all given for the center of mass
coordinate system. The total cross sections are plotted in
Fig. 1. The contributions due to the (f')', f', and g'
terms are plotted separately. In a Moiler-Rosenfeld
mixture theory f'= (f')'~0 13, g'= 0.05.. The most
noticeable features of these curves are: (1) their similar
behavior for v~1o (v —1)&/v; (2) the relatively slow
variation of the total cross section for production of
pseudoscalar mesons, o =0 44opf" wh. ere

o p
——L(4pre'/hc) ((l't)/pc) )'= 1.5X 10-"cm'

for n=300 electron masses; (3) the large and rapid
increase of cross section for the vector meson. This
latter is mainly due to the production of longitudinal
mesons whose cross section for large v increases as v'

H„=(4n)&f' I P *a V@*f„dr,
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Fzo. 1. Total cross section for production of mesons by photons.
The photon energy is given in center-of-mass system. Use left
hand scale for pseudoscalar mesons and that part of the cross
section for vector meson production proportional to ge. Use the
right-hand scale for that part of the cross section for vector mesons
which is proportional tof'. ae= 4me'(h/p')'. To obtain cross section
multiply ordinate by the appropriate coupling constant, e.g. the
cross section for production of pseudoscalar mesons at th
maximum is 0.44aof'~.
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may be obtained from Fig. 1.

while the cross section for transverse meson production
increases only as lnv.

Near threshold, the angular distribution for pro-
duction of both meson types is spherically symmetrical.
Of course only the sum of the angular distribution of

v 1.5

the transverse and longitudinal mesons is spherical.
Each separately is not so that if an experiment could be

3.0 50

devised to detect the polarizations of the mesons
produced (say by subsequent scattering by a coulomb

eld) then even near threshold it might be possible to
istinguish between meson types. **As the energy of the

paeudoscolor (f')

p otons increases the angular distribution increasingly
1.0

deviates from spherical in a diGerent manner for each
, vector II

meson type. In Fig. 2, we plot angular distribut' f
v=1.5. No

lons ol
v= . . ote the minimum in the pseudoscalar curve at

90»

40'. Note the large value of 0 (0)/~(m) ~2.7 for vector
mesons production whereas for pseudoscalar mesons

vec or f 100

o(0)/o(ir) =1.0. These features are accentuated as the
energy increases. Again the angular distribution of the
longitudinal and transverse vector mesons taken sepa-
rately vary a great deal more with angle than th

Theseese remarks apply to the production of mesons in
the collision of a photon with a single nucleon, which
may be realized if the target substance is hydrogen.
However, if heavier nuclei are involved, certain modi-
6cations should occur in the cross sections given above.
The threshold energy is lowered inasmuch as a nucleus

14Q»

requires less energy than a proton to absorb a given SP» 170 160 150»

amount of momentum. The behavior of the cross section
near threshold has been given by D. ter Haar, ' who
finds 0 (v—1)~~'. At energies sufficiently far above the
threshold hold, the cross section approaches Z (cross section
or a single proton). The coherent contribution in this

h b i ti t d dfo dtob ofod wi operat, eading to a numerical reduction of the

p
ina y, the production of mesons by electrons has

been calculated by the %e s icker and Williams'

is a deuteron has been investigated. The conclu
'

d i th di hh b '6 d
Iti fo d h h i fo hih ( —1)"'

ll, o(1/M), th o to t Ir ( —I)'~'

dependence subsequentl . This 'll b
a ing on a v— ' for roduction & ~ ~

n y. is wi e true for all ener make the cl
p t'on by photons with increasing photon

nuclei. The free proton cro - t d dcross-sec ion ependence does nucleon im ortan
gy e e c ose collisions between electron and

not exhibit itself till v~1.5. There i
important. The %eiszacker and Williams

special feature of the deuteron case b th fi 1

i v~ . . ere is in addition a method in its usual form is then inaorm is en inapplicable and must
eron case ecause the final De suitably modi6ed. ~ Ke then obtai

nucleus consists of two neutrons. Th P 1' 1

en o ain a lower bound

principle requires that the sin let state of
to t e cross section which i'ch increases logarithmically with

e sing et state of the system electron energy for pseudoscalar meson production,
ave even space dependence while the triplet state while for the vector meson th d

space epen ence. Transitions to the considerably stronger than ~uadrati

singlet state are ossible for

ra ic, n a ltloil t e

p ssj e pr the pseudosca lar and magnitude of the cross section for electr d t'

vector meson cases. H~ 'however only that part pf the of mesons is reduced relative to the cross section for
photon production by the factor 2e'/m ~1/215.

*~ Note the angular distribution for scalar mesons is sin'8

(vtI-1)&. See L. N. Nordhei
near threshold and the energy dependence of totale o o cross section is
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