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PHOTOPRODUCTION OF NEGATIVE PIONS FROM HYDROGEN AT FORWARD ANGLES*
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This is the only process kinematically possible
for Q less than 140 Mev, where Q is the total ki-
netic energy in the P - w+ center-of-momentum
system. Above Q = 140 Mev, the z may be pro-
duced by

+p+ vr

y+p-w-+ „'

I w++n+g+; (2)

however, Chasan et al. m indicate that the cross
section for this process is small, especially near
the threshold.

Since there are three or more particles in the
final state it was necessary to perform a "syn-
chrotron subtraction" to determine the energy,
k, of the photon initiating the reaction. An inter-
val of approximately 100 Mev centered at 1230
Mev was obtained by taking the difference in nor-
malized counting rates at peak bremsstrahlung
energies of 1300 and 1200 Mev.

The negative pions were analyzed with a wedge-
type magnetic spectrometer and detected with a
counter telescope system consisting of one Ceren-
kov and three scintillation counters with a fifth
"aperture-defining" counter located at the mag-
net exit. Pole-face veto counters were used to
eliminate particles scattering from the magnet.
Accidental and cosmic-ray counting rates were
negligible. Brody et al. ' give a more complete
description of the apparatus except that we used

The recent theoretical investigation by Drell'
of the photoproduction of very high energy par-
ticles at small angles predicts a large peak in
the differential cross section in this region. In
particular, if one applies his results to the photo-
production of negative pions from hydrogen one
obtains a value for the differential cross section
that is several times larger than the value meas-
ured in pair production experiments at larger
angles and lower energies. This interesting re-
sult has prompted the experimental investigation
reported here.

The bremsstrahlung beam from the CalTech
synchrotron was used to produce negative yions
in a liquid hydrogen target predominantly through
the process

y+p 1T + 7l +p

the same magnet in the "high-energy" position
as described by Vette. 4

Data were taken at laboratory angles ranging
from five to thirty degrees and m laboratory mo-
menta ranging from approximately 600 to 1000
Mev jc. At laboratory angles less than about ten
degrees appreciable numbers of electrons trav-
ersed the system and were rejected using the fact
that they produce showers in matter. A one-half
inch lead converter was placed in front of each of
the last two counters, and the "electron biases"
on the pulses from these counters were adjusted
so that about 95'%%up of the electrons and only 8% of
the pions would give a pulse above this bias. Al-
though there were approximately three times as
many electrons as pions at the most forward
points measured, the largest resulting electron
contaminations were only on the order of 20%%up

because of the high electron detection efficiency.
The data were further corrected for empty tar-

get backgrounds, pion decay in flight, '
p, contami-

nation from the z - p. decay, s and absorption in
the system. ' The photon beam was monitored by
ionization chambers calibrated with an energy-
independent Quantameter. e The error in this cali-
bration and all other systematic errors (amount-
ing to perhaps 5%) are not included in the graphs
where only the statistical counting errors are
shown.

The experimental differential cross sections,
c(8, pp), for k = 1230 Mev, are shown in Fig. 1 as
a function of m center-of-momentum total energy
(and also of Q) for several angles. ' Not shown
are four points for ~ =370 Mev (Q = 293 Mev) with
very large statistical errors, which gave values
of v(e, &u) consistent with other values near the
lower energy end. Figure 2 gives the angular dis-
tribution for the average value of the data points
at (d =464, co=505, and a=519 Mev. The peak
value of the cross section is approximately five
times larger than the pair production cross sec-
tions at lower energies and backward angles. '
However, the peak is rather narrow in both en-
ergy and angle so that it contributes only about
25%%up of the total cross section. Specifically, the
region of the peak, 10'&8 &55' and 420 ~v &573
Mev in the center-of-momentum system, contri-
butes 13 pb to the total cross section of about 50
pb. ~
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FIG. 1. The differential cross section as a function
of Id (or Q) for several fixed angles. o(8, v)dQ d&v is
the cross section for producing a 7I at angle 8 within
dQ and total energy ~ within d(d, all in the center-of-
momentum system. The solid curves are drawn to fit
the experimental points. The dashed curves are cal-
culated from Drell's model (for 8 =17.2 degrees} and
for an isotropic statistical model, which are described
in the text. Experimental resolutions have been folded
in.

Dre1.1' gives the diagram shown in Fig. 3 as the
main contributor at forward angles for high-en-
ergy w photoproduction. The differential cross
section is given by9

(3)

The case when more than one pion emerges from
vertex (b) of Fig. 3 is included since this is con-

FIG. 2. The angular distribution for the average
value of points at ~ =464, (d = 505, and rv = 519 Mev.
The prediction of the Drell model averaged in the same
manner is also shown with the experimental resolutions
folded in.

(a) Tl', ~
Ie

--. Tr (b)

FIG. 3. The diagram for the photoproduction of
negative pions which gives a large contribution at high
energy and forward angles. Equation (3) gives the
cross section from this diagram.

tained in the total cross section, 'o crs++p(Q).
Drell's process may be particularly easy to recog-
nize in hydrogen where it should show not only
the characteristic forward angle peak, but also
a strongly peaked energy dependence arising from
the 3-3 resonance in o~+p(Q).

The cross section calculated from Eci. (3) is
shown in Fig. 1 for 8 = 17.2 degrees and in Fig. 2
where the same average used for the data points
is plotted. Both of these curves have the photon
distribution and magnet resolutions folded in.
The data show the expected effect of the pion-
nucleon scattering resonance which has a peak
at Q = 145 Mev. Of course, any "isobar model"
would give a similar dependence of IT(e, m) on &v,

but the fact that the angular distribution decreases
so rapidly with angle is probab!y more specific
to Drell's process. The distribution predicted
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by an isotropic statistical model" normalized. to
a total cross section' ' of 50 p,b is also shown in
Fig. 1.

Qualitatively, our results agree rather well
with Drell's model, although the experimental
cross sections are in general considerably larger
than those calculated from Eg. (3), and do not
show any decrease at the smallest angle meas-
ured. One should perhaps not expect a better
quantitative agreement since Drell's diagram of
Fig. 3 is not the only one leading to pion pair pro-
duction, and other relatively small amplitudes
may produce appreciable effects by interference
with the Drell term.
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We report a study of the reaction

+P A'+ s++ s

produced by 1.15-Bevjc K mesons and observed
in the Lawrence Radiation Laboratory's 15-in.
hydrogen bubble chamber. A preliminary report
of these results was presented at the 1960 Roch-
ester Conference. ' The beam was purified by
two velocity spectrometers. ' A =0 hyperon ob-
served during the run' and the preliminary cross
sections' for various K reactions at 1.15 Bevjc
have been reported previously. Reaction (1) was
the first one selected for detailed study, because
it appeared to take place with relatively large
probability and because the event, a 2-prong inter-
action accompanied by a V, was easily identified.
In a volume of the chamber sufficiently restricted
so that the scanning efficiency was riear 100%%u&,

255 such events were found. These events were
measured, and the track data supplied to a com-
puter which tested each event for goodness of fit
to various kinematic hypotheses. The possible re-
actions, the distribution of events, and the corres-
ponding cross sections are given in Table I. An
event was placed in a given category of Table I if

Table I. Distribution of events among different re-
actions.

Reaction

No. of Cross
events section

(mb)

(a) K +p Eo+p+x

(b) E +p (A or Zo)+n++m +x~

(c) E +p Zo+x++m

(d) K +p A+7t++m

(e) X +p ~ (A or Z o) + 7t++ m

Total

48

92

255

2. 0 +0.3

1.1+0.2

7.2 +0.5

the X' probability for the other hypotheses was
& I%%uo. It appears likely that the majority of the
events in group (e) are also reactions of type (1).
This belief is based on the following arguments:

1. Since the kinematics of a Amw fit (four con-
straints) are more overdetermined than those of
a Z'ss fit (two constraints), it is relatively easy
for a Arm reaction to fit a Zom~ reaction, but only
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