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and (3) decrease substantially between 5 and 7.5
GeV, in contrast to those of Reactions (5) and
(6).

(d) Multineutral production. At 7.5 GeV, the
cross section for multineutral events may be de-
duced by counting the numbers of 3~ and 5-prong
events not assigned a 1C or 3C interpretation,
and subtracting those of the e =~ exposure from
those of the et exposure. The technique, and
corrections applied, are as described in another
paper,! except that the events have been divided
as far as possible into proton and neutron asso-
ciated events on the basis of track ionization
(ambiguous events were divided equally). The
resulting cross sections are shown in Table L
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y-p TOTAL HADRONIC CROSS SECTIONS AT 7.5 GeV*
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The total hadronic yp cross section has been measured using 7.5-GeV positron-elec-
tron annihilation radiation in a hydrogen bubble chamber. A value of 126=17 ub is found,
excluding reactions with only one charged particle (~3 ub).

We report a measurement of the total hadronic
vp cross section ., 0l at 7.5 GeV. The method
used was to expose the Stanford Linear Accelera-
tor Center 40-in. hydrogen bubble chamber to
high energy positron-electron annihilation radia-
tion (plus a background of wide-angle brems-
strahlung) and to subtract out the bremsstrahlung
contribution by making an identical exposure us-
ing electron-induced radiation instead of that
from positrons. We find 0., =126+ 17 ub if we
neglect reactions with one charged particle.

Beam. —The layout of the beam is shown in Fig.
1. A positron or electron beam of 12 GeV/c mo-
mentum with a spread of +0.5% traverses a 15-
cm liquid-hydrogen target and is dumped into a
shielding mass. At the target cell the spot was
about 3 mm in diameter. The et or e~ beam po-
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sition and direction were kept to <10™* rad by
checking the toroid position monitors P36 and
2P1. Photons produced at an angle of 7.15 mrad
pass through the collimators C0, C1, and C2 (al-
together 140 radiation lengths) and enter the 40-
in. hydrogen bubble chamber. Charged particles
are removed by three sweeping magnets, and the
low-energy photon component is suppressed by 1
radiation length of lithium hydride placed in a
magnetic field. The beam cross section at the
bubble chamber was 42X 6.5 cm®.

Bubble Chamber. —The Stanford Linear Accel-
erator Center 40-in. hydrogen bubble chamber
has a visible volume 1 m in diameter and 0.5 m
in depth, and a magnetic field of 26 kG. A Scotch-
lite-lined piston provides bright field illumina-
tion. A study of a zero-field exposure to charged
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FIG. 1. Layout of the positron annihilation beam used in the experiment.

particles showed that the maximum detectable
momentum is >400 GeV/c. The chamber was op-
erated between 1 and 1.5 cps.

Scanning and Measuring. —A total of 90 000 pho-
tographs were taken in the positron run, and
60000 in the electron run. The results reported
are based on analyses of 60000 pictures of each
kind. Two independent scans were made for all
pictures and discrepancies were resolved before
measuring. In order to insure the same efficien-
cy for each type of film, a similar density of
pairs per picture was used, and the et and e~
rolls were scanned alternately. The photon flux
and spectrum were determined by counting and
measuring ete™ pairs of energy above 100 MeV
within the event fiducial volume. In the e* pic-
tures the number of pairs per picture was 14.6;
in the e™, 12.4. The difference here is mainly
due to annihilation pairs which produce very lit-
tle additional obscuration of the photographs.

All event topologies, including one- and two-
prong types (the latter may represent a three-
prong with a very low-energy proton), were re-
corded. One-prong events were analyzed on only
30000 pictures of each exposure. The events
were measured, the geometrical and kinematic
analysis performed by the TVGP-SQUAW system,
and results checked by physicists at the scanning
table. In this way events produced outside the
beam dimension could be rejected, Dalitz pairs
detected, and scattered particles distinguished
from true events. Using the reaction yp — prte~
the measurements also allowed an independent
check of pair scan, event scan, and analysis
over the part of the photon energy range for
which the reaction cross sections have already

been reported.!»?

Results. —The energy spectra determined from
6675 pairs measured in the e* exposures and
from 6057 pairs in the e~ exposure are shown in
Fig. 2. The bremsstrahlung and annihilation
components in the e*-induced spectrum are evi-
dent. We note here that the annihilation photons
have an energy of 7.5+0.4 GeV, but the energy
for each individual event can be determined to
+0.12 GeV from its position in the chamber as
described in another paper.® In Fig. 2 the e™
pairs are weighted by a factor 0.992 to give same
number of pairs between 0.4 and 5.0 GeV that
were found in the e™ spectrum. It can be seen
that the bremsstrahlung contributions in both
cases agree well in spectral shape, so that the
subtraction of bremsstrahlung events from the e*
exposure can be made in an unambiguous way.

The numbers of events found for the various
topologies are shown in Table I, as well as the
corrections applied for scanning efficiency, for
events out of beam, and for the difference in to-
tal bremsstrahlung flux in the e* and e~ expo-
sures. The scanning efficiency as calculated in
the standard way from two scans is better than
99 % averaged over all topologies. No distinction
between strange and nonstrange particles was
made. The cross sections given in Table I for
the various topologies have been calculated using
the difference in numbers between e*- and e~ -in-
duced pairs above 5.0 GeV and a cross section of
19.8 mb for pair production in hydrogen.?

The most abundant topology is that of the one-
prongs, where about 80% of the events are due
to single-pion production by photons below 0.5
GeV.* Because of this, the error on the one-

1545



VoLUME 21, NUMBER 22

PHYSICAL REVIEW LETTERS

25 NOVEMBER 1968

1400 -
- < 100 | 1[
> _ SR
8 1200 |t e eersPARS 5 | ]l
2 1000 I -+ e~ 6057 PAIRS % ‘M %
uj ko @ 60 - 7L
i 8o E +
@ + +«1~
= r & 40} )
a
iy 5.0
S » = 20y ++<H ﬁ
T 400 |- z el t
] Ed + ﬁL' B g ey #%’}
o L ? L e g
* 50 60 70 80 90 100 110120
2 200 | *ggs__
r 7
0 T, i 0sg 8 g o :
1.0 20 30 40 50 60 70 80 90 100110120
Ey (GeV)

FIG. 2. Measured pair spectrum for e*- and e~ -induced radiation. The et-induced spectrum is that actually
measured while the e~ has been normalized to have a bremsstrahlung component equal to that of the e spectrum
in the energy interval 0.4-5.0 GeV. The inset shows the annihilation enhancement at ~7.5 GeV.

prong cross section at 7.5 GeV is rather large.
In addition, corrections had to be made for a
background of events not produced by photons in
the beam. These are made by neutrons produced
in beam collimators, and by secondary brems-
strahlung photons. The number of background
events produced within the beam region has been
estimated from extrapolation of the number of
events found outside the beam volume.

There is a slight excess of pairs found in the
e~ exposure over that of the et exposure in the
energy range 0.15-0.4 GeV, amounting to 2 stan-
dard deviations. Since only single-pion produc-
tion is present in this energy range, we can use
the well-known cross section to correct for this
effect. The various corrections and final results
are given in Table L.

In the case of events with three or more prongs
the situation is much more favorable because the
threshold begins at higher photon energy, where
the bremsstrahlung photon flux is less, and the
7.5-GeV production cross section is substantial,
as can be seen in Table I. Here the errors shown
include statistical uncertainty in the numbers of
events and in the bremsstrahlung flux normaliza-
tion and further include an estimate of the effect
of a possible difference in spectral shape between
e’ and e~ exposures.

The total hadronic vp cross section is found to
be 126+ 17 ub averaged over the energy interval
7-8 GeV, neglecting events with one charged
track. Recently a total yp hadronic-cross-sec-
tion determination has been reported for ener-
gies up to 5.4 GeV, using a tagged photon beam

Table I. Observed and corrected numbers of events by topologies.

Estimated number of Number of events due

Number of events

background events

to pair spectrum Corrected number of

uncorrected to be subtracted correction eventsb
Topology? e’ e e’ e~ et e~ et e~ o (ub)

(1) yp—1 prong 2121 2363 60+25 35+25 0 162+83 2082 2200 —57+55

(only part of

the film used)

(2) —3prongs 1752 1334 1764 1389 82.5+16
(8) —5 prongs 280 87 281 90 41.6+6
(4) —17 prongs 17 7 17 7 21.1+1.5
yp—all, 2049 1428 2062 1486 12617
without

topology (1)

2An n-prong event has » charged outgoing tracks, strange or nonstrange.

bNormalized to same bremsstrahlung flux and corrected for scan efficiency.
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in a bubble chamber.® A value of prtot =116+17
ub was found in the energy interval 3.5 <Ey<5.4
GeV. Furthermore, that experiment showed that
the one-prong cross section is decreasing with
energy, being 30+ 9 ub between 2.3 and 3.5 GeV
and 12+ 6 pb between 3.5 and 5.4 GeV.® There-
fore, it is unlikely that neglecting the one-prong
contribution will have any appreciable effect on
the total cross section determined here.

Our value at 7.5 GeV, together with the mea-
surements at lower energies, shows that within
the errors the total cross section stays constant
between 1.5 and 8 GeV. We may compare the
measured 0. tot values with the vector-domi-
nance model which predicts for high energies
c),ptOt to be approximately constant with a value
of 110+ 10 pb.”
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