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(H,eceived 18 July 1966)

This is a report on the first part of an exper-
iment on photoproduction of g mesons at the
Caltech 1.5-BeV electron synchrotron. ' The

g meson, whose mass and quantum numbers
were established in bubble-chamber work in
nÃ andKN interactions (M =548+1 MeV, J

n
=0 +, C=+1), was later observed in photopro-
duction by Bacci et al. at Frascati. ' The pur-
poses of our experiment were to extend cross-
section data to higher energies and, specifical-
ly, to investigate a possible contribution of
the isobar diagram, Fig. 1, to the photopro-
duction mechanism. Since the space-time prop-
erties of the g meson are the same as those
of the m' Cboth particles occupy the weight-2
position in the pseudoscalar-meson octet of
SU(3)], the cross-section contributions due
to this diagram should, except for kinemati-
cal differences, closely resemble each other.
Using unbroken SU(3) the invariant coupling
ratio can be predicted and a comparison car-
ried out if the contribution of the diagram can
be isolated. '

The N***(1688MeV) has quantum numbers
T = 2, J+ = 2+. The angular-distribution data
from w photoproduction show the dominance
of an F», wave, with maxima at 40' and 140'
c.m. angles. Consequently, we chose c.m. an-
gles around 45' for our investigation of g pho-
toproduction. Measurement at 90' c.m. would
make isolation of the contribution from the dia-
gram in Fig. 1 hopeless.

The observation of g production by photons
having a bremsstrahlung spectrum is handicapped

by the presence of large competing background
processes. %e, therefore, chose a detection
method with the intention of optimizing deter-
mination of the kinematical parameters of the
final state. All final-state particles of the pro-
cess

y+P -P+ n'(n'- 2y)

approximately 1 g/cm' liquid hydrogen) before
being monitored by a wilson-type quantameter.
The recoil protons emerging from the target
pass through a sequence of scintillation count-
ers and thin-foil spark chambers, and are re-
quired to stop in a range-determining thick-
plate spark chamber. This system fully deter-
mines the four-momentum of the recoil proton. '

The g is identified by detecting both decay
photons from its yy decay mode, observed in
a plane perpendicular to the production plane.
Each decay photon was detected in shower count-
ers consisting of lead-lucite Cerenkov sandwich-
es.' The shower counters were placed at the
lab angles for the symmetrical decay of the

g (sin —', sym= m /E&) Each .shower-counting
system is preceded by (a) two veto counters
in fast coincidence, to insure that a neutral
particle initiated the observed pulse in the show-
er counter, (b) two radiation lengths of lead
which convert most of the photons, and (c) a,

bank of scintillators which detect the convert-
ed photon and define the lab production angle.
Information obtained from this apparatus, to-
gether with the four-momentum of the proton,
overdetermines the entire final state sufficient-
ly to make a suppression of backgrounds effec-
tive. A fast three-fold master coincidence

(y,y,P) triggered the spark chambers; all da-
ta obtained were digitally displayed in the pho-
tographic frame and constantly monitored with

a closed-circuit TV system. Pulse-height cal-
ibrations were performed at regular intervals
on all critical counters. The constancy of count-

ing rates of individual counters and coincidence
outputs provided a close check on the perfor-
mance of the fast logic.

Experimental data were obtained for incom-
ing y energies between 950 and 1100 MeV at

g production angles around 45' in the c.m. sys-

were detected fbranching ratio I'(g - 2y)/I'(q
—all decays) = 38.6%%uo ']. The general layout
of the experiment is as follows: the bremstrah-
lung beam from the synchrotron, collimated
and passed through a sweeping magnet, inter-
acts in a liquid hydrogen-target (containing FIG. 1. Isobar diagram.
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tern (the N*** isobar is photoproduced at pho-
ton energies about 1025 MeV). Data were tak-
en at three overlapping kinematical settings
(see Table I), thus permitting internal consis-
tency checks.

For an event to be accepted, we demand clear
tracks in all chambers, stopping of the proton
in the range chamber, proper energy deposit-
ed in the shower counters, and conversion of
both g decay photons. We fix the full kinemat-
ics by reeonstructing the proton energy and

angle, Tp and Op, from the chamber informa, -
tion, and the g angle, 0&, from the scintilla-
tor hodoscope information. Then we can com-
pute the energy of the incoming photon, k, and

the mass of the particle produced (assuming
it decayed into two y's). Figure 2(a) shows a
plot of the masses obtained in this manner.
There is a well-defined peak, containing about
500 fully determined events, on top of a broad-
er background. Figure 2(c) displays the pulse
heights from the shower counter for events
within the peak, and a calibration peak obtained
from fast m's; also displayed are distributions
obtained from previous calibration runs in a

monoenergetic photon beam for comparison.
To obtain a clear background determination,

data were taken at a kinematical setting unat-
tainable for good events (by decreasing the y-y
correlation angle below the minimum symmet-
rical case). The resulting background mass-
es are shown in Fig. 2(b), and the correspond-
ing spectrum in Fig. 2(d). The background mass
spectrum exhibits a smooth, nonpeaked behav-
ior characteristic of our detection efficiency.
The pulse-height spectrum, Fig. 2(d), differs
from that of the "good" events and is consis-
tent with the decays g —m'+y+y and g - 3v' and
2mo production.

The shape of the g peak in the mass plot can
be precisely calculated from known data on

multiple scattering of the recoil protons, range
resolution, and angular uncertainties, the on-
ly adjustable parameter being the number of
events contained. A background subtraction
is, therefore, possible without danger of seri-
ous error. Moreover, background events were
artificially generated from the processes

p+p 27k + pq

Table I. Differential cross section for y+p P+g at 45' c.m. Results of three separate runs and combined re-
sults are given.

(MeV)
Before

subtraction

Counts
After

subtraction
da/d 0
(pb/sr)

all runs

940
965
990

1015
1040

940
965
990

1015
1040
1065

990
1015
1040
1065
1090

940
965
990

1015
1040
1065
1090

22
57
57
39
24
19
67
82
82
66
36
25
36
52
51
35

15
48
48
31
17

6
39
53
57
44
23

5
16
35
38
26

0.248 + 0.078
0.245 + 0.040
0.206 + 0.033
0.206 + 0.043
0.254+ 0.074
0.257+ 0.187
0.254+ 0.055
0.163+ 0.029
0.152+ 0.025
0.149+0.029
0.146+ 0.039
0.126+ 0.126
0.156+ 0.060
0.204 + 0.043
0.212+ 0.041
0.216+ 0.050
0.249 + 0.072
0.248 + 0.032
0.180+ 0.021
0.164~ 0.020
0.175+ 0.023
0.177+ 0.028
0.216+ 0.050
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in a Monte Carlo calculation, in which the on-
ly adjustable parameter was the 2m' production
cross section. This yielded good fits to the
observed backgrounds with o'tot(y+ p —2w') = 42
p. b; this number is consistent with what little
information exists on 27t photoproduction in
this energy region, ' and also accounts for the
results of our background runs.

The mass plot displayed in Fig. 2(a) shows
the fitted background and the g peak sitting on

top, with the computed peak shape as a check.
The mass of the q according to this experiment
is

m = 549.8 + 1.5 Me V.
71
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Since the shape of the peak can be computed
from precisely known data, we can also give
an upper limit to the width of the g through
quadratic subtraction of computed and measured
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FIG. 2. (a} Mass plot of photoproduced particles de-
caying into 2y's. The peak due to the 2y decay of q
mesons appears above a broad background. The
dashed line indicates the result of a Monte Carlo cal-
culation simulating our experimental setup, for mass
549 MeV, where the only fitted parameter is the area
contained. The dash-dotted line indicates a typical
counter-efficiency distribution expected from final
states 2~, q-37t, and g 7( +y+y. Its shape is sensi-
tive to the model employed for the Monte Carlo simula-
tion of background events. The subtraction was per-
formed according to the fit shown, which also satisfies
our off-kinematics background runs shown in Fig. 2(b).
(b) Mass plot of background events taken in off-kinemat-
ics position, with the shower counters at a smaller-
than-minimum correlation angle. The shape of the dis-
played curve is the same as that of the background fit
in Fig. 2{a). No q peak is visible. (c) Upper plot: typi-
cal unsubtracted pulse-height distribution in shower
counters for on-kinematics events, together with cali-
bration distribution taken with fast 7t's. Lower plot:
corresponding distributions from calibration runs in
monoenergetic tagged photon beam, and with 800 MeV/
c ~'s. Typical shower energy in this experiment is
450 MeV. Dashed line indicates expected widening of
distribution due to variation of photon energy across
counter face. The two plots are seen to be closely
similar. (d) Typical pulse-height distribution in show-

er counters for an off-kinematics run. The spectrum
peaks at lower energies, as expected from multineu-
tral final states.
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widths of the peak. It is I' - 15 MeV. Both
"I.

these measurements are being improved in
a current run with better statistics.

The cross section was computed with the aid
of a Monte Carlo program for the determina-
tion of the geometrical detection efficiency for
g's decaying into two photons. The individual
results for various runs are given in Table I;
the final values over the range of our experi-
ment may be seen in Fig. 3. For a compari-
son, we show recent data taken around 90' c.m.
at lower energies at Stanford' and Frascati. "

Several remarks on Fig. 3 may be made.
The general features of g photoproduction re-
semble the pattern observed in s +p -7)+n
by Bulos et al."and by the Berkeley group. "
The sharp rise above threshold and the mono-
tonic decrease above 1600 MeV c.m. energy
seem to show up in both the yP and w P initial
states. Our data, taken at 45', suggest a smooth
continuation of the Stanford points taken around
90'. The data of Richards" on the angular dis-
tribution in n P at these energies shows a
slight forward peaking, and the photoproduc-
tion data seems to exhibit a similar behavior.

A maximum a,round k = 1025 MeV (W = 1688
MeV), which would be expected at 45' if decay
of the N~**+-dominated p photoproduction sim-
ilarly to the m' case, clearly does not appear.
On the other hand, there is no downward slope
between 950 and 1100 MeV. Whether this is
due to the presence of a shoulder caused by
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FIG. 3. Differential cross section for y+p p+q.
The Frascati and Stanford data were taken at angles
around 90' c.m. This experiment was performed at 45'
c.m. The energy dependence of the cross section re-
sembles the vr +p —n+q data. ~ ~ An enhancement in
the 45 data, which would be expected from N***(k
=1025 MeV) decay according to Fig. 1, is not seen.

N ***decay, or whether there is a buildup to-
wards a small peak around 1220 MeV as sug-
gested in Ref. 9 (but not observed by the Brook-
haven group"), remains to be decided by fur-
ther experiment. Data are presently being tak-
en to determine cross sections at higher ener-
gies and at larger production angles.
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