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Quantitative agreement between Drell’s theory and the experiments on photoproduction of

negative m mesons on protons can be obtained by taking into account the correction sug-
gested by the Salzmans.

THE role of peripheral interactions of elementary

o
particles caused by the exchange of a single virtual 7 kk 2 /ﬁ'fi - Lo j}
pion“’u has recently become of considerable inter- JV\F&}?/‘ /“/. g
est. Along with the ‘‘polology’’ approach of Chew ¢
and Low, ! connected with extrapolations of cross p b 4
sections into the unphysical region of values of the

4-momentum transfer squared (A2 = —m%), many FIG. 1

authors'® % have viewed the one-meson contribu-
tion as dominant in the region of small, but phys-
ical, values of A? ~ mZ.

A similar approach has been recently proposed
by Drell®] for photoproduction by high energy pho-
tons. In particular, for the photoproduction of 7~

on protons

6 = 10.5, 17.5 and 25° is shown in Figs. 2 —4

(k = 1230 Mev in the laboratory frame). [Experi-
mental data at larger angles (6 = 38 and 55°) cor-
respond to A? > 4m727, where Drell’s hypothesis
does not apply.] The dashed curves appearing in
Yp—a a4, (1)  the same figures were constructed using Eq. (2).

It is clear from the figures that Drell’s formula
correctly reflects the general behavior of the cross
section as a function of Q and clearly points to its
connection with the 3/2 %, resonance in TN scatter-
ing. Quantitatively, however, theory and experi-
ment do not agree—Eq. (2) gives too low a value
for the cross section even at 6 = 17.2°, where it

one can show, according to Drell, that the diagram
shown in Fig. 1 will dominate all contributions to
the cross section provided that the energy of the
emitted 77, w, is comparable with the photon en-
ergy k, and the angle 6 of emission of the 7~ in
the barycentric frame of the colliding particles is
of the order of my/w:

o =k>>m., tZm.jo (A= m?).
2,
The differential cross section for process (1) ﬁ—g,%“’)'/d”. cm?/sr-Mev

has then the form 010

R X sin® dQ ok — o) _ ) g-10.5°
Fotk0,0) = o Famgr T wm e A, (@ 0.08 }

(2)

Here o = 1/137, B is the velocity of the 7~ (A =c 0.06
=1), dQ is the solid angle element into which the
T~ is emitted, owmp(Q) is the elastic scattering 004
cross section for scattering of real 7* mesons on
protons, which is a function of only Q —the kinetic 0.02
energy of the final 7* meson and nucleon in their -,
barycen‘tric fraine. Spe01f11 leixgerlmen’crs on photo- 0 T 7%
production of = meson[?o ]m ydrogen were per- e
formed to test Eq. (2). The dependence on w w, Mey
(or Q) of d% (6, w)/dQdw found at the angles FIG. 2
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FIG. 3

has a maximum as a function of 6 (cos 6yax =8)
for maximum value of 07T++p(Q).*

It must be further noted that the reproduction of
the resonance curve of the 7N interaction in proc-
ess (1) can be obtained to a larger or lesser extent

in any isobar model, therefore a real test of Drell’s

hypothesis requires rigorous quantitative agree-
ment between theory and experiment in that region
of angles where the contribution from the diagram
of Fig. 1 is supposed to be dominant.

It will be shown below that the discrepancy be-
tween theory and experiment is apparent only, and
that after an appropriate modification of Eq. (2)
quantitative agreement between theory and experi-
ment is obtained.

Indeed, the cross section U,T++p(Q) appearing
in Eq. (2) refers to the scattering of a real =*
meson whereas for physical values of A2 a virtual
pion is absorbed in the blob of vertex b (Fig. 1).
As was shown by the Salzmans,®% for small phys-
ical values of A% such a meson behaves as an
‘‘almost real’’ incident (in the 7*+ p barycentric
system) meson. Its energy is approximately equal
to the energy @ of the real 7m* emitted from the
blob in the vertex b, while the momenta of these
mesons are substantially different—the virtual
meson, being off the mass shell, has a three-
dimensional momentum A significantly larger in
magnitude than the momentum q of the real 7+
meson. As was shown by the Salzmans,® this
almost trivial circumstance must be taken into
account.

*As regards very small angles (8 < mp/w) where the one-
meson approximation is, generally speaking, very good, the
hypothesis of the dominant role played by the diagram of
Fig. 1 is in all probability false: at small angles the cross
section (2) tends to zero and the contribution of other left out
diagrams may turn out to be substantial.
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In the case under consideration the energies Q
are such that one may apply to the blob at the
vertex b, where the 7* meson is absorbed, the
statistical model which gives a good description
of the %, ¥, resonance of the 7N system.

And so, following the Salzmans,® we replace
in Eq. (2)~the experimental cross section 07r++p(Q)
by* ( Az/qz)aﬂup( Q). The solid curves shown in
Figs. 2 — 4 are obtained when the Salzmans’ cor-
rection is included in Eq. (2). Figures 3 and 4
show the quantitative agreement between the the-
ory of Drell and experiment for 6 = 17.5° and
9 = 25°. Figure 2, apparently, reflects the fact
that for 9 < 10° the referred to previously (see
first footnote) circumstance, connected with the
decrease of the cross section at small angles,
begins to be felt.
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page col line Reads Should read
333 r Figure Ordinates of angular distributions for Si, Al,
and C should be doubled.
22 2 2 £2 2 55
473 r 2nd Eq. cp=%m2 (1n%—0.798) cp=g%(o2 (ln ;(:"—4—8
473 r 3rd Eq. (efP/and) @ > ... (ef9n?) @ > ...
473 r 17 242 Bev 292 Bev
178 r 9 1/73 1.58 x 107
196 r 4 statistical static
418 r Eq. (10) [— 1 (3cosi g —1)... — [+ Beosg—1)...
4th line
533 Table II, col. 6 1.9 0.9
line 1
550 The statement in the first two phrases following Eq. (5) are in
error. Equation (5) is meaningful only when s is not too large
compared with the threshold for inelastic processes. The last
phrase of the abstract is therefore also in error.
677 ff The right half of Eq. (7) should be multiplied by 2. Conse-
quently, the expressions for the cross sections of processes
(1) and (2) should be doubled.
725 r Fig. 6 is upside down, and the description ‘‘upward’’ in its
caption should be ‘‘downward.’’
fs'e) 2 o 2.
817 r Eq. (1.5) [b22 K, (bs)] ...[bzz(—i)’“m(bs)]
s=1 s=1
817 r Eq. (1.6) ST =... (T =...
818 Fig. 6, % (T) %5 (T)
ordinate axis *» (Tc) #, (T)
918 r 4 from bottom two or three 2.3
971 1 Eq. (3) 1<d/2<2 1<d/r<2
1154 1 Table 2306 23.6
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