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Beam -

The layout of the beam is shown in Fig. 1. A positfén or
electron beam of 12 GeV/c momentum with a spread of * 0.5% traverses
a 15 ecm liquid hydrogen target and is dumped into a shielding mass.
At the target cell the spot was about 3 mm in diameter. The e+ orv
e  bezm position and direction were kept to < ZLO—u rad by checking
the toroid position monitors P36 and 2Pl. Photons produced at an
angle of 7.15 mrad pass through the collimators CO, C1 and C2
(altogether 140 radiation lengths) and enter the 40" hydrozen

bubble chamber. Charged particles are removed by three sweeping
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radiation length of lithium hydride placed in a magnetic field. The
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beam cross sechtion at the bubble chamber was 42 x 6.5 cm™.

Bubble Charber

Tre SLAC LO" hydrogen bubble chamber has o visible volums 1 m
in dismeter and 0.5 m in depth, and & msgnetic field of 26 Kgauss.
ite lined piston provides bright field illumination., A

meximm detectsble momentum is > 400 GeV/c¢. The chavber was opora

A total cf 90,000 phot in the positron I
Py :

and 50,000 in the electron run., The resulte rted are tazed on

of 60,000 pictures of each kind. Two indepesde:
made Tor all pictures and discrepancies were resolved before meaciring.
In order to the same elfTicilency Tor each type of film, & cinilas



scanned alternately. The photon flux and spectrum were determined
. - . . + - .
by counting and measuring e e pairs of energy above 100 MeV within
. . + L , .

the event fiducial volume. In the e pictures the number of pairs
per picture was 14.6, in the e , 12.L. The difference here is due
mzinly to annihilation pairs which produce very little additional
obscuration of the photographs.

All event topologles, including one and two prong types (the
lztter may represent a three-prong with a very low energy proton),

were recsrded. One-prong events were analyzed on only 30,000 pictures

produc

detected and scattered particles distinguished from true events.
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Using the reaction yp —»pr n the mezsu
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weighted by a factor 0.992 to give same number of béirs between 0.k
GeV\;nd 5.0 GeV that were found in %he e+ spectrum. It can be seen
that the Bremsstrahlung contribufion in both céses agree well in
spectral shape, so that the subfraction 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 T, as well as the corrections applied for scanning

efficiency, for events out of beam, and for the difference in total

o

: . . + .
Bremsstrahlung flux in the e and e exposures. The scanning

4

efficiency as calculated in the

w

tandard way

rom Lwo scans, 1s
better than 9% averaged over all topologies. The cross sections
given in Table I for the various topologies have been calculated
using the difference in numbers beilwesn e and e induced pairs
above 5.0 GeV and a cross section of 19.8 mb for pair production in
hydrogen.lb

The wmost abundant topology~is that of the one-prongs, where aboui
80% of the events are due to single pion production by photons below
0.5 GeV.3

Because of this, the error on the one-pronz cross gectio
J

s

at 7.5 GeV is rather large. In addition, corrections had

-
N

are made by neutrons produced in beam collimators, and by secondary

photons., The nurmber of hackzround evenis produced
wvithin the 2eanm region has

A o
numeers ©

“h

There is a slight excess of palrs found in the e exposurs over



that of the é+ exposure in the energy range 0.15 - 0.4 GeV, amounting
to 2 standard deviations. Since only single pion production 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 I.

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 Teble TI.
Here the errors shown include statistical uncertainty in the nurbers
of events and in the Bremsstrahlung flux normzlization and further
iﬁcludes an estimate of the effect of & possivle difference 1n
spectral sha /

The total hadronic yp eross section is found to Te 126 + 17 ub

averaged over the energy intervel 7-8 GeV, neglecting events with

1

one charged track. Recently a total yp hadroniec cross section determination

has been reported Tor energies up to 5.4 G2V, using a tagged photon beam

Sl

n

in a bubble champer. A value of ¢ = 116 + 17 pb wag found in the

that the one prong cross sectlon ig decreasing with energy, being
a - T s _ ~ PR
3 and 3.9 ¢V oand (12 + 6) ub betwzen 3.5 and 5.0
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energlieg, s

constant between 1.5 and 8 GeV. We may compare the measured



Gyp values with the vector dominancé model which predicts for
high energies G;ZZto be approximately constant with a value of
(110 + 10) pb.6
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we used e value of 2.0 correspending to 110 MeV for the p decay

width.



TABLE I

OBSERVED AND CORRECTED NUMBERS OF EVENTS BY TOPOLOGIES

without topology

(1)

Topology™ Number of events Fstimated number of | Number of events due| Corrected number of o(ub)
uncorrected background events to pair spectrum events (a)
to be subtracted correction
+ - + - + - + -
e e e e e e e e
(1) yp —1 prong
(only part of TUEL 2363 60 + 25 35 + 25 0 162+ 83 2082 2900 - 57 + 55
the film used.)
(2) — 3 prongs
1752 1334 176k 1389 82.5 + 16
(3) =5 prongs
280 87 281 90 1.6 +6
(k) — 7 prongs
17 7 17 7 2.1+ 1.5
7p —all, 2049 1428 2062 1486 126 + 17

(a) Normalizedto same Bremsstrahlung flux and corrected for scan efficiency.
*  An n-prong event has n charged outgoing tracks, strange or nonstrange.




Figure Cantions
Figure 1 Layout of the positron annihilation beam used in
.the experiment.
. . . + - .
Figure 2, Measured pair spectrum for e and e induced radiation.

The e’ induced specirum 1s that actually measured

while the e has been normalized to have

]

. ) : , +
Bremsstrahlung component eqgual <©o that of the e
gspectrum in the energy interval 0.L - 5.0 gev. The

inget shows the annihilation enhancement at ~ 7.5 GeV.
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Fig. 2



