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We report yP total, topological, and channel cross sections at 9.3 GeU from a bubble-
chamber experiment using a nearly monoenergetic photon beam.

I. INTRODUCTION

In this paper we report photoproduction cross
sections obtained by exposing the SLAC-LBL
82-in. hydrogen bubble chamber to the 9.3-GeV
SLAC backscattered laser beam. The experimen-
tal procedures are similar to those of our previous
experiments at 2.8 and 4.7 GeV.' The photon beam
has an energy spread of 6.4%%uo [full width at half
maximum (FWHM)] .

We obtain the total hadronic yP cross section,
topological cross sections for charged multiplic-
ities of 1 to 9, and channel cross sections for the
following channels:

yp- p+mw++mm

yP-P+mw'+mr +m' m=1, 2, 3, 4

yP- n+(m+1) w++mm .

yp- p+E++K +)+++I,p, $ =0, 1, 2

yP- 2P+P

In Sec. II we describe the beam and event analysis.
In Sec. III the procedures for obtaining cross sec-
tions are described. Results are reported and
discussed in Sec. IV.

II. EXPERIMENTAL PROCEDURE

A. Photon Beam

The beam used in this experiment was similar to
that used in our lower-energy experiment and has
been described in detail in Refs. 2 and 3. To ob-
tain backscattered photons with energies &6.5 GeV
at present SLAC electron beam energies, the lin-
early polarized red light from a Q-switched ruby
laser had to be frequency doubled. We used a
KDP (potassium dihydrogen phosphate) or ADP
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(ammonium dihydrogen phosphate) crystal and
achieved an energy conversion efficiency of -20%.
The resulting linearly polarized blue light (photon
energy of 3.56 eV and a total power of &.6 joule
per pulse) was backscattered from a 19-GeV
electron beam of 4x 10" electrons per pulse.
About 50 high-energy photons per pulse were ob-
tained in the bubble chamber. Figure 1 shows the
photon spectrum. The average energy is 9.3 GeV
and the FTHM is 0.6 GeV. The low-energy tail of
the spectrum (0.5 &Ez &8 GeV) contains 7.6% of
the photons. The degree of linear polarization of
the backscattered photon beam was calculated
using the formalism of Ref. 4 by averaging over
the experimental energy spectrum between 8 and
10.2 GeV, and by assuming 100% linear polariza-
tion for the incident blue light. The resulting lin-
ear polarization was found to be 770/0.

A total of 1260000 pictures were taken in four
exposures differing slightly in energy. To mini-
mize possible biases the polarization of the photons
in the bubble chamber was rotated by 90 for about
half of the experiment. Table I gives a summary
of the beam parameters and exposure statistics.
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B. Event Analysis

All pictures were double-scanned as described
in Refs. 1 and 3. Pairs were counted in both scans
on every 100th frame. Both laboratories scanned

TABLE I. Beam parameters and exposure statistics. ~

Exposure

Average beam
energy, E No. of

(QeV) pictures

Photon

polarization
inBC

Sum

9 22 410 000

240 000

320000

290 000

1 260 000

horiz.

vert.

vert.

horiz.

For all exposures: FWHM =0.6 GeV; E& limits ac-
cepted=8-10. 3 GeV; average linear polarization I'&
=77%, events/p, b in E& limits =289+6.

"Vertical =photon electric vector parallel to optical
axis of bubble chamber.

a common subset of the film (10/0). A comparison
of these scan results for the two laboratories was
used to obtain scanning efficiencies. The uncor-
rected numbers of events found in the scan are
given in Table II.

All first measurements were made on the Spiral
Reader II at LBL. Remeasurements were done on
conventional machines at LBL and SLAG. %hen
remeasurements were stopped, about 1% of the
events remained to be remeasured. Depending on
the topology, between 5% and 10% of the events
could not be measured due to secondary interactions.
The geometrical and kinematical reconstruction
was done as in Ref. 1, using the kinematic hypoth-
eses listed above in Sec. I.

After completion of the event analysis, one-half
of the events were carefully checked for systematic
errors in processing. It was found that in fewer
than 1% of the events an e'e pair track had been
measured instead of the correct hadronic track.
Also, in fewer than 1/0 of the events a, proton had
been misidentified as a pion or vice versa. By
reprocessing these events the systematic errors
were further reduced.

The reconstruction procedure was checked by
measuring ~ decays. The n'n mass distribution
of such decays, calculated from the measured
track quantities, yielded 34~a = 498.44 +0.15 Me7,
indicating that the magnetic field was correct to
within 0.25%. The measured width of the ff' peak
is +4.5 MeV [two-constraint (2C) fits], in agree-
ment with the calculated mass resolution.

0
0 6

Ey (Gev)

10

III. DETERMINATION OF CROSS SECTIONS

FIG. 1. Photon energy spectrum (unnormalized) in this
experiment. For details of calculation see Sec. III A.
The spectra of the different exposures have been shifted
to their over-all average of 9.3 GeV.

A. Procedures

Using the number of e+e pairs together with
the known pair production cross section on hydro-
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TABLE II. Event statistics by topologies.

Topology ' Events found in scan
Exposur es 1,2 Exposures 3, 4 All No fits Not "well measured"

1-prong
3-prong d

5-prong
7-prong
9-prong
With visible

strange-particle
decay

Sum

Pairs counted
Frames for count
Good frames

696
10478

5235
1019

94

1056
19028

46 045
8516

622 164

~ ~ ~

10380
5091
1029

78

1535
18 113

31 695
5523

578 630

696
20 858
10326

2048
172

3041
37 141

77 740
14 039

1200 794

72
50
12

0

50
184

~ ~ ~

1171
824
197
28

264
2484

~ An N-prong event has N outgoing charged particles without detected strange-particle decay.
~ Hemeasurable events and events which are unmeasured due to secondary interaction.

From 140 000 pictures.
d Includes events with unseen recoil proton.

gen (o'~„), we obtain hadronic cross sections from

o(yP- hadrons) = '"'""
&p

We use the pair cross sections calculated by
Knasel, ' which are tabulated in Ref. 5 and in Table
III of Ref. 1.

For cross-section calculations, a fiducial-vol-
ume cut, an energy cut, and a scanning correction
were applied in this order to the number of events
and pairs found in the scan. These corrections are
given in Table III as fractions of the event numbers
for each topology. In the following paragraphs we
discuss these corrections in more detail.

To exclude events and pairs produced by nonbeam
photons, the vertices of events and pairs used for
the final analysis are required to be within the
fiducial volume. It is defined by a cylinder along
the beam direction y given by

A= [x —x,(y)]'+ 2' — &2 mm,

where ~ (y) and so(p) were obtained from a straight-
line fit to the vertex position of the events; (x,y, z)
is the vertex position of the individual event or
pair. The fraction of pairs with Ez&0.5 GeV out-

side the fiducial volume was calculated from the
vertex distribution of events fitting yP-Pm z using
the known pair and event cross sections.

The photon energy spectrum, for Ez &0.5 GeV,
was calculated from the E& distribution of events
with 8&2 mm, which fit yP-Pm+w . We used the
known cross sections for this channel"' and as-
sumed that the cross section is constant in the
energy region 8-10.3 GeV. For E& & 0.5 GeV we
used pairs to determine the photon spectrum (see
Ref. 1). The resulting photon spectrum is shown
in Fig. 1.

The numbers of events and pairs produced by
photons outside the interval 8-10.3 GeV were
calculated from the photon spectrum of Fig. 1
and from the known topology' and pair cross sec-
tions. The flux for all exposures, after the fidu-
cial volume and energy cuts, yields 289+6 events/
pb.

The scanning corrections were determined from
a quadruple scan of 10% of 'the film. The resulting
corrections are 6%, 0.7%, and 0.09% for events
with one, three, and five charged particles, re-
spectively. Additional corrections for undetected
events with a very short proton track (with mo-
mentum transfer squired to the proton

~
t

~
& 0.02

TABLE III. Corrections in percent to be applied to events of exposures 1, 2 (first column of Table II) in order to ob-
tain topological cross sections.

Correctio
opology

Fiducial cut

Energy cut

Scanning correction

1-prong

-37+2

-41+5
+6+3

3-prong

-3+0.3

-7+0.7
+2+ 0.7

5-prong

-1+0.2
-3 + 0.5

+ 0.1+0.1

7-prong

-0.7 ~ 0.7

. -1.5 + 0.5

-1+0.4
—4+0.7

+1,3+ 0.6

—3.3+ 0.7

-8.1+0.7

0+1

With strange
9-prong particle decay Pairs
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GeV') are 5%%uo, 3.9%%uo, and 2.1% for the channels
Pn'm, PE'E, and Pm+@ m, respectively. ' The
correction was determined by an extrapolation of
the measured f distribution for I t I

& 0.02 GeV',
fitted to the form e"', with A depending on M +,
or Ply„+„-,0. The contamination of the 3-prong
sample by wide-angle e+e pairs was calculated
by a Monte Carlo program and was found to be
negligible (0.1 gb for I t I&0.02 GeV').

Electrons from identified Dabtz pairs were not
counted as hadronic tracks. We calculate that
(70+20)% of the expected Dalitz pairs were iden-
tified at the scan table. Thus cross-section cor-
rections for unidentified Dalitz pairs were gen-
erally &2%%uo and were therefore not applied.

Finally, we have to discuss two corrections
which are relevant only for the calculation of
channel cross sections.

In the kinematic fitting to the channel hypotheses
listed in Sec. I, we required the relative momen-
tum error for each track to be smaller than 20/o,
unless the momentum error itself was smaller
than 50 MeV/c, or the dip of the track was bigger
than 0.7 rad. The numbers of events not passing
this test are listed by topology in Table II. About
three-fourths of these are unmeasurable because
of secondary interactions close to the primary
vertex. The rest did not get a satisfactory mea-
surernent. All channel cross sections in each
topology were corrected by the fractions of "not
well measured" events.

A small fraction (~0.5%%ug) of the events gave no
kinematically acceptable fits (see column "No fits"
in Table II). These were ascribed to hypotheses
with unobserved strange particle decay.

B. Total and Topological Cross Sections

We used the first two exposures to determine
total and topological cross sections. The cross
sections were calculated by applying the correc-
tions of Table III to the numbers given in the first
column of Table II. The 1-prong cross section is
'based on 140000 pictures. Results are given in
Table IV.

2. 3C Channels

For the reactions

yP- P+mm++mn, m= 1, 2, 3, 4

yp- p+K"+E +$g +l p, l =0, 1, 2,

(Ia)
(1b)

(1c)

TABLE IV. Topological and total cross section in the
energy interval 8 ~E& ~ 10.3 GeV.

Topology 0. (p,b)

only the beam energy is unknown. The events were
selected by requiring a three-constraint (3C) kine-
matic fit with X' & 30 and consistency with the ob-
served ionization. The fitted photon energy was
required to lie within the interval 8-10.3 GeV. All
alternative OC fits were disregarded.

The contamination of the sample by events with
neutral particles in the final state, giving an ac-
ceptable 3C fit, was studied with the measurement
simulation program PHONY. ' It was found to be
negligible for the 3-prong events. In the 5- and
7-prong topologies 0. 5'%%ua of the generated P2w'2m m'

events and 1.5'%%uo of the generated P3m'3m m' events
gave fits to reaction (la) [but not to (1b)]. Gen-
erated n3n'2m and n4m'3m events yielded negligi-
ble fractions of such fits. These estimated con-
taminations were subtracted from the 3C samples.
Considering next the unique events of reaction (1b),
we removed the contamination due to OC events by
imposing a X'& 8 cut. This follows from the ob-
servation that all fits to reaction (1b) of the gen-
erated OC events had a g & 8.

For the events that wer e ambiguous between
(la) and (1b) the OC contamination was removed
by excluding those events which had fits to both..actions with y'& V. The numbers of events ob-
tained after subtracting the OC contamination are
given in Table V. The remaining ambiguities were
assigned by choosing the hypothesis with the
smaller g'. The systematic uncertainties of this
procedure are included in the errors. The clean-
ness of all samples [reactions (1a)-(1c)] was

C. Channel Cross Sections

In this section we calculate the cross sections
for the channels leading to three-constraint (3C)
fits (no neutral particles in the final state) and
zero-constraint (OC) fits (one neutral particle in
the final state). The channels studied are listed
in Table V.

The channel cross sections were determined
using all exposures, after applying the cuts and
corrections described in Sec. IIIA.

1-p rong

3-prong a

5-prong

7-prong

9-prong

With visible strange
particle decay

Total cross section

Includes 2-prong topology.

8.5 + 1.1
64.1+ 1.5
34.2 ~ 0.9

6.8+ 0.3

0,61+0.08

9.8+ 0.4

124.0 + 2.5
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TABLE V. Channel event numbers and cross sections.

Channel Constraints Unique
No. of events ~

Ambiguous All
Cross

section (pb)

pr'r
pK K
2PP
p r'r-r'
n 2r+r
Multineutral

P2r'2r
'pKK r r
p 2r'2r-r'
n 3r+2r
Multineutral

3C
3C
3C
OC

OC

3C
3C
OC

OC

3742+ 61
148 + 12
25+5

1886+ 143
63~ 51

1035+ 32
108+ 13

1526 + 130
32+32

I. 3-prong

9+5
5+5

203 + 166
845+ 191

G. 5-prong

44+ 13
13+13

334+ 236
464+ 278

3751+ 61
153+13
25+5

2089+219
908+ 198

1079+35
121+21

1860 + 269
496+ 280

14.7 + 0.6
0.58+ 0.05 b

0.09 + 0.02
7.5 + 0.8
3.2 + 0.7

38.0 + 1.9

4.1 + 0.2
0 46~0 08b
6.7+1.0
1.8+1.0

21.1+1.7

p3r 3r
PK X 2r+2r
P3r'3r r'
n4r 3r
Multineutral

3C
3C
OC

OC

222 +16
10+3

362+ 60
10+10

III. 7-prong

6+5
5+5

109+96
237+ 102

228 +17
15+6

471+113
247+ 102

0.87 + 0,06
0.06+ 0.02 b

1.7+ 0.4
0.9 + 0.4
3.3 + 0.6

p 4r+4r
p 4r'4r-r'
n5r 4r
Multineutral

3C
OC

OC

20+5
54+ 7
8+8

IV, 9-prong

8+3
17+4

20+5
62+ 8
25+9

0.08 + 0.02
0.25 + 0.03
0.10+ 0.03
0.18+0.09

~ See text for error estimation.
b Events with visible K decay are included in the cross-section calculation.

Z. OC Ch.annels

We next turn to the channels

yP-P+mm'+ma +m'
m p p p ~

yp- n+(m. +1) w'+mw . (2b)

All events which did not get an accepted 3C fit
were "fitted" to hypotheses (2a) and (2b). These
fits originate from genuine events of channels (2a)
or (2b) and from events of the corresponding mul-
tineutral channels

yP-P+mw++mw (+neutrals),

yP- n+(m+1) w++mw (+neutral(s)).

(2c)

(2d)

The separation of the channels was based on dis-
tributions of the missing mass squared (MM)',
calculated from the measured track quantities and
the average photon energy of each exposure. No

energy cut was applied. However, the separation
method made use of the program PHONY, ' which

checked by plotting the y' and E& distributions (not
shown) which were consistent with those expected
for genuine 3C events.

generated simulated ~.vents with the observed en-
ergy spectrum for 5& E&&10.3 GeV. Therefore
the flux for computing the OC cross sections was
calculated with an energy cut at 5 GeV. The cor-
responding cross section equivalent is 302 +6
events/pb.

In the following we discuss first the samples
which have a unique fit to either hypothesis (2a)
or (2b}, i.e., either a proton was identified or all
tracks were identified as pions, and then discuss
the ambiguous events. In processing the PHONY

generated samples, events of reaction (2a) with
proton tracks of momentum & 1.5 GeV and of
reaction (2b} with all pion tracks of momentum
& 1.5 GeV were considered unique. The others
were considered ambiguous.

(a) Unique Events of Channel
yP-P+mm'+mr + m'

Figure 2 shows the distribution of (MM)' for the
unique sample in the different topologies. The m

signal around 0.02 GeV' is clearly visible. We
have followed two approaches to extract the number
of events in channel (2a).
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FIG. 2. (MM) distributions for unique fits to hypo-
thesis (2a). The solidlines are the results of the X fit to
single x and multineutral background distributions.
The dotted lines represent the multineutral background
alone.

Method g. We performed in each topology a X'

fit of the experimental (MM)' distributions in Fig.
2, in the region —0.5&(MM)'&1.5 GeV', to the sum
of the following four contributions:

(i) The shape of the (MM)' distribution for
unique events of channel (2a) as estimated by
PHONY' generation of the following channels
(weighted with the t distributions in parentheses)
Pp'v'(e"), Pv'v w'(e'), P2n'2z m (e4', e'), and
p3v'3w m'(e').

The generated (MM)' distributions become nar-
rower, the steeper the t distribution and the higher-
multiplicity the topology. We used for each topol-
ogy the average of the distributions of the corre-
sponding generated channels.

(ii) The (MM)' distribution of the PHONY' gen-
erated P&o(e7') channel which was much narrower

TABLE VI. Estimated number of events in the chan-
nel yp p +ma+ +me +7( with unique fits.

Method

2, 'Symmetrization"
oi' QfM)2 &0.02 GeV
events

3-prong

1886 ~ 143

1893+ 71

5-prong

1526 + 130

1511+61

7-prong

429+ 30

than the rest. It was taken as representative of
possibly other resonance channels with the same
characteristic which were not generated, and was
fitted as an independent contribution in all topol-
ogles.

(iii) The multineutral background representing
the sum of the various (MM)' distributions from
channels with two or more neutrals [channels (2c)].
The shapes of these distributions were derived by
using the events in the higher-multiplicity topol-
ogies with proton momentum & 1.5 Gev/c. A m'rP

pair was substituted for every possible m'+w pair
and (MM)' was recalculated. The relative weight
of each multineutral channel was derived by a
simple isospin model'o'" from event numbers in
the corresponding all-charged or single-neutral
channels. A more detailed description of the pro-
cedure is given in Refs. 1 and 3.

(iv) Two additional contributions in the 3-prong
topology: one from g- neutrals estimated from
the g- m n n decay signal in theP2m+2m m channel,
and the other from the channelpB -Pew'-Pw'w dm
which was observed at 2.8 and 4.V Gev (Ref. 3)
and which occurs at 9.3 GeV with a cross section
of about 1 p,b. These resonance contributions are
not specifically taken into account by our general
background construction and were added with their
absolute normalizations.

The free parameters of the first series of fits
were the normalizations of contributions (i)-(iii)
above. The amounts of the "Pu"contribution re-,
quired by the fit were 39%, 26'$, and 0% of the
fitted total number of events of reaction (2a) in the
3-, 5-, and 7-prong topologies, respectively. We
performed a second series of fits with the ob-
served" amount of P&u (25%) in the 3-prongs, and
without this component in the 5-prongs, and ob-
tained results within one standard deviation of the
previous ones, while the X' of the fits increased.
For the. multineutral background, normalizations
of 1.2-1.4 relative to the absolute prediction of the
model" were required.

The results of the first series of fits are given
in Table VI and the fitted distributions are shown
in Fig. 2. A good over-all description of the ex-
perimental distributions is apparent, except in the
5-prong channel which has an excess of events in
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the region 0.2&(MM)'&0. 4 GeVs, which are not
accounted for by our background.

Method Z. We make use of the fact, demon-
strated in Fig. 2, that there is very little back-
ground below j)I„O'. The fraction of events of
channel (2a) below (MM)' = 0.02 GeV' can be esti-
mated from the PHD~' generated events. This
fraction does not show any strong systematic vari-
ation with topology, I; region, or resonance channel
generated, and seems to be a general property
connected to the shape of the photon energy spec-
trum. The average fraction is (53.4+ 1.1)%. We
thus used it to compute the number of unique
events of channel (2a) from the experimental num-
ber of events with (MM)'&0. 02 GeV' (after sub-
tracting the small multineutral background. )

This method depends very little on the shape of
the multineutral background and, as such, serves
as a useful check on the results of the first method.
And indeed, we see from Table VI that the results
of the two methods agree well. The numbers de-
rived by the first method are entered in Table V
and were used for the cross-section calculation.
For the 7-prongs, the fit error was doubled to
cover the result of Method II.

10—

I I

27T 7r MM

cu 0)
C5

o 10—
0
(I}
I—

w 10—
LLj

0
10 —

(d)

0—
I

377+ 27T MM

&-n. .QM~PlRII~~
5'' 4' MM

n n~ Wn n n I

0 I 2

FIG. 3. (MM)2 distributions for unique fits to hypo-
thesis (2b). The dotted lines represent the multineutral
background.

(b) Unique Events of Channel
yp- n+ (m+ 1) s++mw

At 9.3 GeV fewer than 10$ of the neutron events
are unique. As shown in Fig. 3 the (MM)' dis-
tributions of these unique events are quite flat.
The multineutral background was calculated using
the isospin model described in the previous sec-
tion. No over-all normalization of the multineutral
background was necessary. To obtain the number
of single-neutral events the background was sub-

tracted for (MM)'&1.25 GeV'. The error was
taken as the amount of background subtracted. The
numbers obtained are listed in Table V.

(c) Ambiguous Events

We now try to separate events from channels
(2a) and (2b) which lead to ambiguous fits. The
ambiguous sample presents special problems.
Some fits of hypothesis (2a) are ambiguous among
themselves (i.e., with fits in which p and w+ are
permuted). In addition, the s' and neutron peaks
in the (MM)' distribution are broad and superim-
posed on a strong multineutral background and a
reflection from events of the other channel.

The experimental (MM)' distributions are shown
in Figs. 4 and 5. Figure 4 includes all fits to
hypothesis (2a) (the events with self-ambiguous
fits appear several times). In each topology we
made a simultaneous y' fit to the (MM)' distribu-
tion of Fig. 4, in the range -0.5&(MM)'&1.5 GeV',
and to the (MM)' distribution of Fig. 5, in the range
-0.5&(MM)'&4. 0 GeV', using the contributions
(i)-(iii} below:

(i) The two (MM)' distributions from PHONY'

generated ambiguous events of channels (2a) and
(2b}. (The latter generated with an e" distribu-
tion. )

(ii) From the same PHONY events we obtained
the reflection of one channel into the (MM)' dis-
tribution of the other channel.

(iii) The multineutral background was calculated
from events of higher multiplicity with proton mo-
mentum in channel (2a} or at least one w' momen-
tum in channel (2b) & 1.5 GeV. All proton events
were also interpreted as neutron events and re-
flected into the neutron channel and vice versa.
The relative weights of the different multineutral
channels were derived from the isospin model. '

The parameters of the fit were the numbers of
ambiguous events to be assigned to channels (2a)
or (2b), as well as the two independent norinal-
izations of the multineutral backgrounds for the
two (MM)' distributions. The fitted assignments
of ambiguous events are given in Table V. The
background normalization factors came out be-
tween 1 and 2 times the prediction of Ref. 10.
The curves in Figs. 4 and 5 show the fitted (MM)'
distributions for the 3-, 5-, and 7-prong fits of
channels (2a) and (2b), respectively.

The (MM)' distributions in Figs. 4 and 5 do riot
show sharp m and n peaks. Therefore, the results
of the fits are sensitive to the shape of the input
distributions of the single-neutral and multineutral
events. This uncertainty is not fully represented
by the fit errors because the shapes of the various
contributions were kept fixed. The errors entered
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FIG. 4. (MM)2 distributions for ambiguous fits to
hypothesis (2a) in the different topologies. Solid lines are
the results of the y fit described in the text. Dashed
lines represent the fitted multineutral background and
reQection of channel (2b). Dotted lines represent the
fitted contribution of channel (2a).

FIG. 5. (MM)2 distribution for ambiguous fits to
hypothesis (2b) in the different topologies. Solid lines
are the results of the X fit described in the text. Dashed
lines represent the fitted multineutral background, and
reQection of channel (2a). Dotted lines represent the
fitted contribution of channel (2b).

in Table V were computed therefore in the follow-
ing way: The upper limit on the event number in
channel (2a) was estimated by Method II of section
(a), assuming no reflection from channel (2b) for
(MM)' & 0.02 GeV'. The simultaneous fits were
then repeated, fixing channel (2a) at this limit,
and the number of events in channel (2b) was
determined; this was used as the lower limit for
channel(2b).

As the reflection of channel (2a) on (2b) peaks
around M„', the procedure is not feasible for esti-
mating an upper (lower) limit for channel (2b)
1(2a)j, and therefore the limits were symmetrized.

The 9-prong events were individually assigned to
(2a) or (2b) by selecting that interpretation which
gave a (MM)' closer to the M,o' or M„'.

3. Mul tineutxal Channel s

1000
500—

100 =
50—

IO =
5=

cr TOTAL

3 PRONGS

5 PRONGS

PRONG

Strange Particle
(with visible decay)

The channel cross sections are given in Table
V and shown in Figs. 7-9. To present the energy
dependence of the cross sections, we also show
results from previous experiments. ""

The cross section for yP-Pn+w (Fig. 7) has a
prominent maximum around 0.7-1 GeV and then
levels off to a value of about 15 p, b at 10 GeV. The
maximum is due to strong ~+'p production. ' An

In contrast to the situation at 4.7 GeV, ' at 9.3
GeV most of the multineutral events from channels
(2c),(2d) are ambiguous. Their separation is not
possible without model assumptions. We therefore
give only the cross sections for the sum of both
channels in Table V.

I

0.5—

0.1

0.05:

7 PRONGS

9 PRONGS

IV. RESULTS AND DISCUSSION

The total and topological cross sections (Sec.
IIIB) are displayed in Table IV and Fig. 6. Our
total cross section is in agreement with measure-
ments of Hesse et al." For comparison, the
lower-energy results' are also shown in Fig. 6.

01 I I I I I I I

0 2 4 6 8 10 12 14 16

E~ (GeV)

FIG. 6. Total and topological photoproduction cross
sections from this experiment Power-energy results
from Ref. 1) versus incoming photon energy. The lines
are provided only to help distinguish between topologies.
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FIG. 7. Three-body cross sections, from this experi-
ment {lower-energy results from Ref. 1), from the
ABBHHM collaboration (Ref. 6) and from the annihilation
experiment (Ref. 7), versus incoming photon energy.

equivalent maximum does not occur in yp-PE'E. .
Above 3 GeV the Pw'm and PE.'& cross sections
have a comparable energy dependence. At 9.3
GeV about 90% (50%) of the channel Pw+w (PK'X )
proceeds via po (p) production. " The ratio of
w F, ~+, and PP pair production ls I60
it 9.3 GeV. From Figs. 8 and 9 we note that cross
sections for channels with the same number of
mesons have a similar energy dependence.

We can compare the following cross-section

O. I
I I I I I

I 2 5 4 5 6 7 8 9 IO

E~ (GeV)

ratios to the predictions of the statistical model
mentioned in Sec. III C2"'":

o(yp- pw'w w')

o(yp- n2w'w ) '

A5=
v(yp- p2w'2w w')

v(yp- s3w"2w )

FIG. 9. Five- and six-body cross sections, from this
experiment (lower-energy results from Ref. 1), from
the ABBHHM collaboration (Ref. 6) and from the anni-
hilation experiment (Ref. 7), versus incoming photon
energy.
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The model implies a statistical distribution of
particle charges for final states with fixed particle
numbers, on the basis of isospin invariance. It
predicts A, =1.8, A, =2.7, and A, =3.65. Exper-
imentally, we find at 9.3(4.7) GeV 8, =2.3 +0.6
(2.1 a 0.6), R, = 3.7 +2.2 (4.4 +0.9), and 8,= 1.9 a 1
(4.3 +2.6), in reasonable agreement with the sta-
tistical model.

0
0

I I I I I I I

2 4 6 8
Ey (GeV)

IQ

FIG. 8. Four-body cross sections, from this experi-
ment (lower-energy results from Ref. 1) and from
the annihilation experiment (Ref. 7), versus incoming
photon energy.
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New Experimental Results on Pp K K from 700 to 1100 Mev/c*
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Cross sections and angular data are presented for proton-antiproton annihilation into
E&EI and %&K& at six laboratory momenta from 686 to 1098 Mev/c. Unlike results reported
elsewhere, the rates for C =-1 and C =+1 states are found to be comparable within statis-
tics. Also, evidence is presented that at least several waves contribute to the direct-
channel amplitude with different isospin as wen as angular momentum quantum numbers.

Recently, Benvenuti et a/. ' reported that in the
final state PP-K"Eo they found only one event of the

type

while in the same film they found 71 events of the
type

where Ze represents a visible K~ -m'm and (K')
represents an unobserved K meson. They found
an enhancement in reaction (2) at a beam momen-
tum of about 600 MeV/c. (Most of their data were
in the 400-800-MeV/c range. ) Based on the near
absence of reaction (1) they concluded that this
effect must have C = -1. From their angular anal-
ysis they also concluded that this effect probably
has 4=1, and proposed the name p(1970) for this
state. '

Our experiment (performed in the same beam
and hydrogen bubble chamber) covers p initia]. mo-
mentum from 700 to 1100 MeV/'c, thus overlapping
about 20%%uo of the data of Benvenuti et al. Since our
data do not extend down to 600 MeV/c, we cannot
comment on the existence of their enhancement.

However, we observe a significant rate for reac-
tion (1). In fact, we find the cross sections for
reactions (1) and (2) roughly equal over our entire
energy range. As regards the region of overlap,
this result is in disagreement with the observation
of Benvenuti et al. , and we believe that it may cast
some doubt on their assertion that their effect
must be pure C =-1.

Our data were taken from 220000 photographs
of antiproton interactions in the BNL 30-inch hy-
drogen bubble chamber. The chamber was ex-
posed to the AGS antiproton beam at the six mean
lab momenta of 686, 772, S61, 943, 1037, and
1,098 Me V/c.

The film was scanned and measured twice for
events having one or more V' s pointing back to
a zero-pronged vertex. Approximately 575 events
were found and measured. The combined scanning
efficiency was (82+ 8)%%uo, with no significant varia-
tion with beam momentum.

The events were processed by the programs
TVGP-SQUAW . Eight events were observed to
fit PP-K&Ks, with confidence levels greater than
I/c for a ten-constraint fit, Thirty-five events
were observed to fit PP-Kz(K'), with confidence


