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ABSTRACT

The high energy cross sections and t distributions
for w and ¢ photoproduction have been measured. Using our
published ,00 data, these results, and the vector dominance
model we calculate the total hadronic photon-proton cross
sections oblaining values in good agreemcent with direct meas-

urements,
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The high encrgy recactions

yp »-¢7r+1r—p, - (1)
yp-+ K Kp, @)
and yp — 7r+7r_7r0p , ' (3)

have been studied in an experiment using the SLAC 2.2 meter streamer chamber
ina 16 GeV pencil bremsst-rahhmg beam. Some details on the experimental arrange-
ment and on the analysis of reaction (1) were reported earlier. 1 In this paper the
cross scctions and the momentum transfer distributions for w and ¢ production

arc given. Using the assumption of vector meson dominance of the hadronic elec-
tromagnelic current (veetor dominance modelz), and the photon-vector meson
coupling constants from recent colliding beam measurement33 we evaluate the

total hadronic photon-proton cross section and the total vector meson-proton

cross sections.

A selection of event types (1) and (2) was made with the following criteria:

(2) a thrce constraint fit converges ()(2 < 30),

) the ionization information was consistent with the fitting hypothesis.

For thosc events which fitted both hypothesis (1) and (2) the selection was
made on the basis of the fit with higher probability. In the mass region of the ¢
meson only one cevent fitted both hypothesis.

LEvents which did not satisfy the above criteria were anilyzed as reactions
with a single missing ncutral (7rO or ncutron). Again consistency with ionization
information was required while a weak constraint was given by the peak cnergy
of the bremsstrahlung available, Clearly these events contain a substantial back-
ground of multiple ° production, but it appears that this background was reason-

ably small in the w region at high cnergy.



Figure 1a shows the distribution of the invariant K+K- mass.  The distribution
+ - .
of the four-momentum transfer to the K K system in the region of the ¢ meson
min|

(1.01 - 1, 03 GeV) was fitted to a function of the form A e and the values

of the parameters A and B are given in Table 1.

Figure 1b shows the 77 7 mass distribution due to reaction (3) between 2
and 16 GeV incident photon_ energy Separated into two energy regions. In order to
obtain the intensity of the w signal, we fitted our data to a supcrposition of a
Gaussian and a polynomial background. A mass width (standard deviation) of the
distribution of + 20 McV was obtained. The t distribution to the 37 systen:l in the
w region was fitted to an exponential function for which parametersappear in Table 1

for photon energies between 5 and 16 GeV. The corresponding numbers for the

energy interval 2-5 GeV are:

A = (35 * 12) ub/ GeV?,
2

B =(9.0%2,6) GeV

o =(3.9 % 0.9)ub;

these values are in very good agreement with bubble chamber measurements.4
Cross sections for both w and ¢ have been computed by correcting the
geometrical efficiency for each individual event following the method used for
our yp ~~p0p d‘utu;1 the numbers have also been corrected for unscen decay
modes, In columns 3 and 4 of Tuble Iare listed the differential cross sections
att = tmin and the slope parameters BV for the photoproduction of p, w, and ¢.
The encrgy regions and the weighted average energies are given in column 1.

The Vector Dominance Model (VDM) permits one to write the following

relation between arhplifudesz

Ayp—=ypl =2 T, AP—V{;P) 4)
VV
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where

V',V stands for Vector meson,
Vtr means the transverse polarization
states of V,
and
2 .
em, .
r is the vector meson-photon coupling
v
constant.

From Eq. (4)and the optical theorem one can derive a relation for the total

yp €ross section

op(vp) =4 V1 Z fe- \/ [g—f— 7 "‘Vtr‘P)] 1
v v

2
t=01+a,

where

Re A(w -—thrp)

o =
v Im A(MW -—»Vtrp)
t=0

allows for a possiblc contribution of a real part for the mostly diffractive
amplitudes (5).

We can now test VDM by eval.uating (5), knowing our measured data and
recenl measurements on the coupling constants,3 and by comparing the result

with independent measurements of ar(yp).4’ 12

There is some uncertainty about @, . Experimental information is available
i g 2, . . . 5,11
only for ap and indicates that ap is less than 10% and consistent with zero.

X . 2 . .
Assuming a, =0we obtain (rT(yp) from (5) accurate to about 20%, (the

isoscalar amplitudes contribute in total only this amount).

(9)



Table 1 shows the relative contributions of po,w and ¢ to al‘('yp). The
comparinon with the direccetly masureed total photon ceross sceetion is shown in
Fig. 20, The agreement appears to be very good nﬁd permits one to conclide
that VDM is valid to £ 20%. in this process.

Using VDMand our measured data we can also obtain information on the
high encrgy total cross section for (Vp) reactions,

The optical theorem and the VDM equition

e
AQ(yp-~Vp) - Z " AV, D—VD)
VAR

yvictd the Tollowing rvlnli«mz for the diffractive part of gg (yp—Vp)

diff, o 2 1 2
a w—vo) =) 57 ap(Vp) (6)
v .

where we assumeoed

only ‘'elastic' amplitudes V = V' contribute
arud Re A(Vp——=Vp) =0 .
Althoush for the renction ')1)——1)/)0 all experimental evidence suggests a nearly
pure diflractive process, a non-diffractive contribution in the reaction (3) is
expected, 5
From a fit of the energy dependence of reaction (3) between 2 and 16 GeV

L 4
to a phenomenologic form

. ~1.6
(YD -~ wp) (,(”)“ "y PO . (7

we extracted the dilfvactive part of this process, The experimental data and

the diffractive part are shown in Fig, 2b.  For reaction (2) we assumed i pure
o : v . 6,7

diffraction process, supported by theoretical models.

The present experimental data give no information on a possible real part

of the amplitude.
-4 ~



The results from the evaluation of (6) are listed in Table I.
The p‘O, w and ¢ proton total cross sections are in agrecement with ' eoret-
ical predictions from the Quark moclel9 and from SU(3) with universalit-- and
symmetry breaking in the Pomeranchuk trajectory.7 "They are also in
agrg;zment with published cross sections at lower energy (3-5 GeV) obtained
from photoproduction of po and ¢ on complex nucled, 10 although we arc aware

of possible problems in making an accurate comparison between those data

and ours.
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TABLE 1

Cross Sections and Differential Cross Section Parameters for Photoproduction of po, w and ¢.

Photon yp—Vp + - ,
Energy Ey ee —V oeg(Vp) UT(Vp)
Interval
o (gg) B 2
Ey dt /=t v f
(Ey) min = (mb) (mb)
(Gev) (ub) (ub/GeV?) (GeV™?)
8 - 16
13.8 2.9 [152 65 11.1+ 2.8 | 2.10% 0,11 [3.86% 0.6 [29.4% 6
(11.5)
5-16
2.6 07|25 £10 9.5+ 2.3 | 14.8 £2.8 [3.84x1.2127 =8
(9.5)
2 - 16 ’
61+0.24) 3.9+ 2.11 6.3x2.5 |11.0 +1,6 | .91+ 0.6 |{10.7+3.8

(6.5)




TABLE 1II

VDM Calculation of O'T(yp) (in pub)

o 2-4 4-8 8 - 16
pe 110 + 16 | 95.5 + 13 102“_*_32
2-5 5- 16
: +3'4 £ I'+3-
w 18.3 7 32 15.5% 3
2 - 16
+ 1.5
¢ 7.1 1'%
2-4 4-8 8 - 16
+
o.(yp)|135.6% 16 | 119.4+ 14 124.?_22
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FIGURE CAPTIONS

Invariant mass spectrum M, - from the reaction yp—pK K~ (3 constrainf).

Invariant mass specirum M7r"'7r‘7r° from the reaction yp—»pw+1r-7r0 (0 constraint)
for encrgy intervals 2< Ey <5 GeV
and (shaded) 5<Ey <16 GeV .

Hadronic photon-proton total cross section measured points4’ 12 Ingether

with calculated points (VDM + SLAC streamer chamber data).

w cross section from the reaction yp—pw (SLAC streamer chumber data

and lower energy data4). The solid line is a {it according to (7); the shaded

region indicates the diffractive limits.
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HADRCN!C PHOTON — PROTON TOTAL CROSS SECTION
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