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PHOTOPRODUCTION OF VECTOR MESONS AND OTHER RESONANCES AT 4.3 BeV
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The Stanford Linear Accelerator Center 40-in. hydrogen bubble chamber was exposed
to 4.3-BeV positron-annihilation radiation. Results are presented on reactions contain-
ing no neutrals and one neutral particle in the final state. For yp— p% and w% we find
cross sections of 19.2+1.2 and 2.8+0.5 ub, respectively. Assuming vector dominance,
we determine the V°p cross sections. Evidence for other resonant states is presented,
in particular A**Vr™, where we find AT %~ /AT W™ about 1.5.

Previous studies of the photoproduction of mul- a 4.3-BeV photon beam, obtained by the annihila-
tibody final states in bubble chambers were done tion of an 8.5-BeV/c (x0.5%) e* beam in a liquid
by using a bremsstrahlung beam.!? In these H, target. The beam details are given in Ref. 3.
studies no cross sections could be given for re- A total of 400 000 pictures were taken and the
actions having a neutral particle in the final present results are based upon the analysis of
state, except for some special cases such as w° about half the pictures. 5200 nuclear interac-
production. Recently, in order to overcome this tions containing three or more prongs (or one
difficulty, an e*-annihilation photon beam was prong plus a V°) were found in the above sample.
constructed at the Stanford Linear Accelerator We estimate that about one-half of all our ob-
Center (SLAC) by the SLAC Group.® Some re- served nuclear events are due to the monochro-
sults of the SLAC Group at photon energies of matic photons resulting from the e* annihilation.
5.2 and 7.5 BeV were already published.® In the Since the energy of the monochromatic photons
present experiment we report on cross sections was known rather well (to within £+2.5%), the ki-
and resonance production at 4.3 BeV. The SLAC nematical analysis was similar to the usual one
40-in. hydrogen bubble chamber was exposed to used for charged particle beams.
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Table I. Cross section for the three- and five-prong channels? and resonances at 4.3 GeV.

(02 g g

Reaction (ub) Final State (ub) Final state (ub)
(A) yp—prtr— 23.3+1.30 plpb 19.2 +1.2 rratt 1.4+1.1
(B —prtr—n® 21.6+1.4b 7% <0.7 0.4 rtar—A++d 3.1+1.1
(©) —nrtrte— 12.1£0.9 &% <0.85+0.35 plrtr—pd 3.1+1.1
(D) —p2rtonr— 5.3+ 0.6 At 1.4 +0.3 rTen—rlatte 2.4+0.8
(B) —p2rt2r—rd 7.0£0.7 Wb, 2.8 0.5 wirtr—pCs e 1.6£0.5
(F) —n3rt2r— 3.9%0.5 p~Att 3.2 £0.8 ArtrTp 1.30.6

2Ambiguous events were divided equally between the corresponding reactions.
Corrected for loss in forward direction: 2.1 ub for p® and 0.4 ub for .

CCorrected also for w? neutral decay mode (10%).

+,0, —

dof these, about 1.5 ub is associated production: A+*por—.

€0f these, about 1 pb is associated production: A™+wlr—,

interfering with) is seen.

A summary of the reactions studied so far and
the cross sections obtained is given in Table I.
For Reaction (A), o agrees with previous deter-
minations.!s? For Reactions (B), (C), (E), and
(F), o7 has not been measured before at 4.3
BeV. The photon flux was monitored by measur-
ing pairs every 100 pictures. A total of 12000
pairs were measured. In the present sample our
event flux at 4.3 BeV was about 20 events/ub. In
all channels listed in Table I the separation be-
tween the monochromatic and bremsstrahlung
events was very good. After ionization examina-
tion of all events, no events of Reaction (A) were
ambiguous, while 10 % of Reaction (B) and 20%
of Reaction (C) remained ambiguous.

Photoproduction of p°.—The dominant channel
in Reaction (A) is the photoproduction of p° me-
sons (~80%), as can be seen from Fig. 1(a),
where the 77~ invariant mass is plotted for the
monochromatic events. A fit of the data with
Jackson-type Breit-Wigner resonances was rath-
er poor [P(x?) =0.2%). However, with a Ross-Sto-
dolsky* mass-dependent term {~[M(p%)/M (r*71~)]%}
we obtain a very good fit [P(x?)=85%]. Similar
results were obtained at DESY.? The p° central
mass and width from this fit are M(p° =760x5
MeV, I'=136+12 MeV.

The p° production angular distribution, do/d¢’,
is shown in Fig. 1(b). ¢’ is |t—tyinl, where ¢ is
the four-momentum transfer between the photon
and the p° and f.;, is the minimum momentum
transfer for each given 77~ mass. For small
M(r*r~), and in the p° region, tpyip, is essential-
ly zero and thus ¢#’~¢. It is clear from Fig. 1(b)
that most of our data [up to ¢’ ~0.6 (BeV/c)?]
could be well fitted by a curve of the type

do/dt’ =Ae -Bt’, (1)
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FIG. 1. (a) M(r*r™) distribution for Reaction (A).
The solid curve represents best fit with p°, £, and g°
resonances and phase space. Dashed curve is phase
space alone. (b) Differential cross section do/dt’, for
pY production [M(r*r™)=0.6-0.85 BeV]l. Curve is best
fit with the shape Ae‘Bt', for the interval ¢/ =0.05-0.6
(BeV/c)®. (c) The p%~helicity density-matrix elements
in the p? rest frame, as a function of the center-of-
mass production angle. Curves: predictions of strong
absorption model (Ref. 10). (d) M (rtr—°) distribution
for Reaction (B). The curve represents best fit with a
Gaussian-shaped w° and phase space. (e) Observed do/
dt’ for w° production [M(r+tr—r% =0.74-0.82 BeV]. The
curve is the theoretical prediction (see text). (f) w?
decay distribution for the helicity system, cos6H, in
the w’ rest frame. The curve: prediction of diffrac-
tion theory and OPE (see text).
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The drop in the first two bins is not considered
to be a real physical effect and is probably due to
a low scanning efficiency for events with invisi-
ble or very short proton recoil in the bubble
chamber (Rp<9 mm). Indeed, in the counter ex-
periments,® no such drop was observed. A best
fit with Eq. (7) [for ¢'=0.05-0.6 (BeV/c)?] gives
A=145+15 ub (BeV/c)™2, B=7.6+0.5 (BeV/c)™2.
These values are in good agreement with pre-
vious results.!»?:5,° In the vector-dominance
model (VDM)’ the photon is assumed to be cou-
pled directly to the vector mesons (0° w°, ¢°) and
thus the main contribution to p° photoproduction
will come from elastic (diffractive) p% scatter-
ing and we can write

do(yp - p°p)/dt=C pdo(p°p - p%)/dt. (2)
1 2 -1
C = fz = (12.)
p sz 4x137\ 4m

is usually assumed to be a constant and not to de-
pend upon ¢ (we use the notations of Ref. 7). Us-
ing the recent Orsay value’ y 2/471=0.52+0.05 we
get C,=3.5x 10—%. Parametrizing the elastic p°%
scattering in terms of a diffractive scattering of
a sphere of radius R and transparency €, we
have

2

R“=4B, oTel =1r%(1-¢)%,

oTel/0T=§(1—e). (3)

Further, from the optical theorem, assuming the
forward scattering to be pure imaginary (diffrac-
tive), we have

o4 2 a’oel

—_—= . (4)
167 dt (=0

With C=3.5x10~%, we obtain from our data and
Egs. (1)-(4)

oTel(pop-pop)=5.5tO.5 mb, OT(pOp)=2912 mb, R=1.1:0.05F, €=0.62+0.04.

These values are in agreement with oT(p"p) determinations’ in photoproduction experiments on com-
plex nuclei and are similar to the parameters derived from n%p scattering data.® Thus we conclude
that, within the framework of VDM, for p° scattering (as for pions), consistency of the slope of the
forward diffraction peak and the magnitude of do/dt at t =0 require a large transparency. One should
note that using the value y 2/4m=1.1+0.2, as determined by the Cornell and SLAC® experiments on the
photo-p° production in complex nuclei, and our measured forward hydrogen cross section of 145+ 15
ub (BeV/c)—2, we would obtain 0p(p%)=42+5 mb. Taking o7(0%) to be® 30+ 5 mb and yp2/4n =1.1
would require the forward hydrogen cross section to be only 75+ 25 ub (BeV/c)—2.

The slope B of the forward diffraction peak [0 <¢’ <0.5 (BeV/c)?] decreases smoothly with increase
of M(n*1~) (see also Ref. 2). A similar smooth decrease is also observed when we plot B as a func-
tion of M(ntn~7°) in Reaction (B): B is about 8 for M in the region 0.6-0.8 BeV and drops to ~1-2
(BeV/c)—2 for masses around 2 BeV. A similar behavior was recently reported in charged-particle
reactions®: While the mass plot shows many peaks, B as a function of M is smoothly decreasing. As
far as we know, the origin of this effect is still not understood.

The p°-decay density-matrix elements, for the helicity system, are shown in Fig. 1(c), as function

of the p° production angle (cos6 ., )-

For any simple diffraction model, including only spin-indepen-

dent interaction (like the one described above, or the strong absorption model),!° the density matrix
elements in the Adair and helicity frames assume a particularly simple form:

A

B A A H , .2
Po,0 “P1,-1 “Repy o =0 py o 2SN,

P11

)

H -
m.’ and Repl’o =-32

[NIE

.2
=sin" 6 sin26
C. c.m

The agreement of our data [Fig. 1(c)| as well as other experiments>®1° with these simple predictions
is not bad in general. More data, especially at higher ¢, are required for the definite determination

of the importance of spin flip terms.
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Photoproduction of w%.—The invariant-mass
plot of the m*7=7° combination in Reaction (B) is
shown in Fig. 1(d). A fit by a Gaussian-shaped «°
and phase space yields M(w° =786+ 5 MeV and
(experimental) width of 40 MeV. The w° produc-
tion angular distribution is shown in Fig. 1(e).
Again, some experimental loss of w° events in
the forward direction is evident. op(w°) given in
Table I has been corrected for this loss as well
as for the w° neutral decay mode (10%). A fit of
the corrected data by a form do/d¢’ =Ae"Bt'(con—
strained to give the total cross section A/B=2.8
+0.5 pb) yields A =20.5+4.5 ub (BeV/c)~2, B
=7.4+1.2 (BeV/c)~2. The results are in essen-
tial agreement with previous data.s2,8

The interpretation of the w° data is more diffi-
cult, since (1) we have fewer events (by almost
an order of magnitude) and (2) the w° production
mechanism is no longer pure diffraction and con-
tains one-pion exchange (OPE) contribution!s? (at
our energies). Thus, we have adopted the follow-
ing approach. In analogy with Eq. (2), within
VDM the diffractive part of w° photoproduction
can be written as

do(yp — w°)/dt = C  do(w’p = wp)/at. 29

From SU(3) theory and w®~1*I~ experiments’ we
know that Cp:C,=9:1. Thus we get C ,=0.39
X107%. Further, from SU(3) and the usual w°-¢°
mixing we get’ LpmyiPymy =119, neglecting the
@7y coupling. Since experimentally Fw,,),zl
MeV, the OPE contribution to w°® photoproduction
at 4.3 BeV is still significant whereas for p° it
can be neglected. Thus, combining the diffrac-
tive part of w°® production (assumed to be 10 % of
the p°) and the OPE contribution!! (including ab-
sorption corrections) we get the theoretical pre-
dictions for do/dt’ [Fig. 1(e)] and the decay dis-
tribution [Fig. 1(f)]. The agreement with experi-
ment is good and we conclude that our data are
consistent with the above model. A more critical
test of the theory will require much more data,
and will be performed at a later stage.

Subtracting the (calculated) OPE contribution
(1.2 pb), we can estimate from our data, using
Eq. (2) and (4), the w% cross sections. We get
o7l (w% ~ w%)=4.1£1.4 mb and op(w'p) =27.4
+3.2 mb. These are close to our p% cross sec-
tions determined above.

Photoproduction of other resonances.—In addi-
tion to the dominant production of p°® and w? sev-
eral other resonances have been observed and
their cross sections are given in Table I. They
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will be discussed here very briefly.

(1) m=a**: Both o and do/dt are in agree-
ment with the recent counter experiments.'? The
A*t decay correlations, which could not be mea-
sured in the counter experiments, are shown in
Fig. 2(a) (see also Refs. 1 and 2). They yield
[for [t|< 0.2 (GeV /c)?] p,,;GI =0.410.13. The ex-
pected value from OPE is 0.35.2 Our data are in
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FIG. 2. (a) Decay distribution in the Gottfried-Jack-
son system (cos6GY) of A** M (prt)=1.15-1.30 BeVl
produced in Reaction (A). Curve is best fit to the data.
() Adair-system decay distribution (cos64) of g2lM (r*r™)
=1.5-1.8 BeV] produced in Reaction (A). Curve is ex-
pected distribution for diffraction production. A+ re-
flection (5 events) was removed. (c), (d) p~ and A+
production in Reaction (B) («w® events removed). Curves
are best fits by resonances and phase space. (c)M(p7™)
distribution. Shaded area represents p— region M (7™
=0.65-0.85 BeVl. (d) M(r—r° distribution. Shaded ar-
ea represents A region [M(prt)=1.15-1.35 BeVl.

), ) v andA™H production in Reaction (E). Curves
are best fits by resonances and phase space, consider-
ing all possible self-reflections. (e) M(pr*) distribu-
tion. (f) M(r*r=n°) distribution. Shaded area repre-
sents At region.
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better agreement with OPE than those of Ref. 2.
(2) % and g%: A better fit to Fig. 1(a) is ob-
tained if one assumes that the peaks at the f° and
£° position are due to resonances and not phase-

space fluctuations. However, our evidence for
the photoproduction of these resonances is incon-
clusive as yet (in Ref. 2, the estimate for f° was
0.4+0.3 ub). Our limits for f° and g° cross sec-
tions are given in Table I. Their production an-
gular distribution is rather flat. The g° meson,
being a JFC =3== particle (presumably), can be
photoproduced by a Pomeranchukon exchange. In
such a case, its decay distribution in the Adair
system, neglecting spin effects,!® should be like
the spherical harmonic |Ya 11[2. This is shown
in Fig. 2(b) and is not inconsistent with our
(rather scarce) experimental data. Note that our
ratio o(g°)/o(p°), which is ~5%, agrees with
other cases of inelastic/elastic ratios of Pomer-
anchukon exchange reactions.!®

(3) p—A*™: This is presumably’ due to OPE.
Substantial amounts of p~A** production, bigger
than 7~A%*, are still visible at our energies
[see Figs. 2(c) and 2(d) and Table I]. In p~att
production a good p— mass fit is obtained without
Ross-Stodolsky* factor. The result is M(p™)
=775+15 MeV.

(4) Resonances in the five-prong events [Reac-
tions (D)-(F): These reactions are much more
complicated to analyze because of the high mul-
tiplicities. The outstanding resonances observed
are [see Figs. 2(e) and 2(f)] a++, p° and w°® (Ta-
ble I). Some evidence for associated production
of these resonances is seen in our data [see Fig.
2(f) and Table I]. Our cross sections are more
or less in agreement with previous data,!,? when
available. It is interesting to note that in the re-
actions yp — ATt V°r~ the ratio p°/w° is about 1.5,
contrary to a ratio of ~9/1 [explainable within
VDM and SU(3)] for the diffractive part of the
“elastic” reactions, yp —p%/w%. This may
mean that exchanges other than Pomeranchukon
are responsible for the complex reactions.
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FIG. 2. (a) Decay distribution in the Gottfried-Jack-
son system (cos8GY) of AT [M(prt) =1.15-1.30 BeV]
produced in Reaction (A). Curve is best fit to the data.
(b) Adair-system decay distribution (cos64) of g°lM (xtr™)
=1.5-1.8 BeV] produced in Reaction (A). Curve is ex-
pected distribution for diffraction production. A** re-
flection (5 events) was removed. (c), (d) p~ and A**
production in Reaction (B) (w° events removed). Curves
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distribution. Shaded area represents p— region [M(r™r")
=0.65-0.85 BeV], (d) M(r—1%) distribution. Shaded ar-
ea represents A" region [M(prt)=1.15-1.35 BeVl.
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