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ABSTRACT

The reaction yp—p A’ " was studied between 4 and 8 GeV using
positron annihilation radiation. Assuming o « E;a we finda= 0.6+ 0.2,
With sufficiently large absorption coi'rections, an OPE model can fit

_ this dependence, but requires a width for p—>7T'y much in excess of

the value predicted by SU(3).
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Associated p and A production in the reaction
| Y —p AT (1)
has been observed in several bubble chamber experiments. -5 Since the p  cannot
be produced diffractively the simple assumption that reaction (1) proceeds mainly
| through 6ne pion exchange (OPE) has been made. In this case the 'yp——p'A'H' Cross
sections are proportional to I'(p — 7 v) the pmy width, which is small (1/9 of
I'w —->7Ty)6 by SU(3)7) and difficult to measure directly. Estimates of i(p - TY)
have therefore been givenl’ 2 using the OPE assumption. In this letter we report
on the extension of cross éection measurements for réaction (1) upvto 8.2 GeV.
Thus the energy dependence of o-(yp——p—AH) could be studied for a wide range of
photon energies and serve as a test of the OPE assumption. We -ﬁnd that the vari-
ation of &(yp ——p_A-H-) with the increase of the photon energy is smaller than that
found for reactions expected to be dominated by an OPE process. This questions
the validity of the 1'(p7y) estimates which were based on this assumption. A similar
possible discrepancy with an OPE mechanism for reaction (i) wa‘s recently reported
by Eisenberg et al. ,4 who found that the ratio o (yp— p-A++)/0'('yn—-—w°A°) at
4.3 GeV is in disagreement with OPE + SU(3) predictions.

The monochromatic annihilation experiments4’ 3 at 4.3 and 5.25 GeV were
extended to 7.5 GeV. A total of 1.5 million pictures were taken in the SLAC 40"
bubble chamber at the three energies. All the events in the monochromatic peaks
as well as the bremsstrahlung events were analysed, but only the monochromatic
events, which give constrained kinematic fits, were used in the study of the energy
dependence of the cross sections. To avoid systematic biases the 4.3 and 5.25 GeV

“data were reanalysed and the same selection criteria, cuts, resonance shapes and

| fitting procedures were used for all experiments.




A scatter plot of M(pr") versus M(r 7% for final state

4 - :
VP —-pT T 7° (2)

at 7.5 GeV with w events removed is shown on Fig.1(a)together with the p1r+ and
7 7° mass projections[f’.ig. 1(b) and 1(c)]. The shaded areas correspond to AT
eventsin Fig. 1(b) and to p~ events in Fig. 1(c). Similar pA signals are obtained at
4.3 and 5.25 GeV with a somewhat larger background. & The signals become more
pronounced when cuts are introduced on thé y-p four-momentum transfer,
t(e.g., |t| <.6 GeVz).

| The fractions of Ap events in channel (2) were 6btained by a multi~dimensional

+0 L0+

maximum likelihood fit to the states: AHp_, A'p, Ap, A'H'vr"'iro, A+7r+7r-,

A°7r+1r°, ppr, p%pr°, p+p‘1T- and pr 1 7° after the ¥p —pw events had been re~
moved. Fits were also done to final states includin,;; Ag ; however, this did not
affect the Ap fractions. A detailed description of the cross section determination
for the entire channel yp —>p7r+7r”7ro has been given elsew‘here.9 The cross sections
for 'yp———pw+7r-7r° and for the various charge configurations of yp—pA are presented
in Table I for all three energies. In the same table we also pfesent the t-slopes

B for p_ production in reaction (1) where a momentum transfer distribution of the
form do/dt = A exp (-B|t|) was assumed. Finally, the diagonal density matrix
elements, in the Jackson system, for the p~ and AT were evaluated and are also
given in Table I.

In Fig. 2 we have plotted the yp --»p'A'H' cross sections for the three energies
together with two.recent Cross seétion determinations at 2.8 and 4.7 GeV. 5 The
events in these experiments have much less background because of the energy con-
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straint than was the case for the bremsstrahlung events used in earlier experiments. 1,

Also, the same resonance parameters, resonance shapes and fitting programs were




used for both the present experiments and that of Ref . 5, minimizing systematic
errors. A least square fi’h of the five cross sections to the form

clp—p A7) =CE® (3)
gave C=3.5+ 1.2 and a=0.6 + 0.2, where o is expressed in microbarns and
E'y in GeV. ‘-

There is no unique prescription for relating the energy exponent a in Eq. (3)
to the production mechanism. We therefore choose two approaches: (a2) Compar-
ing with similarly obtained exponents for reactions believed dominated by OPE;
(b) Attempting to fit the data with a speciﬂc OPE model.

In approach (a) it has been notedlo’ 1

that for our energy rangé , reactions
believed to be OPE dominated have a in the range 1.6 - 2.5. In particular, the
reaction NN—-AA, an especially likely OPE candidate which has been studied up
to 30 GeV, has been shown to have an energy dependence with a=2.5 + 0.3. 10
Clearly the dependence of reaction (1) falls far outside this range. However,
the effects of the kinematic boundaries may be substantial, as will be shown
below, so no firm conclusion may be reached.

In approach (b) we use the OPE model with absorption introduced with a
sharp cutoff. 12 This model gives a fair description of other quasi-two body
photoproduction reactions. 9 It has two parameters, I'(omy), the p radiative
width, and R, the cutoff radius. The latter is usually determined by a fit to the
t-dependence of the reaction studied and in hadron induced reactions is about
1 fermi. In Fig. 2 the broken lines show the cross sections obtained with this
model for R=0.5, 0.7 and 1.0 fermi, all assuming T'(p7y) = % T(wm)=0.134

MeV, the SU(3) value. 6,7

As R increases, the t-dependence becomes steeper,
and the low energy cross sections are depressed more than the high by the

effects of the kinematic boundaries. Hence the energy dependence found can
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indeed be reproduced by OPE, but only if I'(p7y) 2 0.5 MeV. The same con-
clusion is reached when the OPE model of W01f13 is applied. Such a large value
is in contradiction with the result of a search for the process p— 7Ty which found
T'(p™) < 0.6 MeV at the 97% conﬁdence. level. 14
In conclusion we find that the cross sections for the reaction ryp—»p”A-H
in the énergy range 3-8 GeV cannotkbe reproduced usihg an OPE process and the |
SU(3) value of I'(p7y). Similar indications that other processes are important
were found by comparing 4p and 4d reactions. 4
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TABLE 1
Cross sections, momentum transfer slopes B and density matrix elements
obtained in this expériment. a(yp—>p7r+7r'7r°) is the total channel cross section
including w— ﬁ+1r—7r°, while o(yp —pA) is the associated resonance production
Cross gections tifnes the branéhing ratio for protonic decay of the A(1236). B
is the slope of the t distribution, p% O_aund pfl the diagonal elements for p and A,

all for reaction (1). Errors in the latter include an uncertainty from the unknown

background decay distribution.

g 3.7 - 4.7 4.7-5.8 6.8 - 8.2
Y GeV GeV GeV
o(yp—pm 1 7°)(ub) 18,2 #2.0 13.5 +1.5 11.8 = 1.2
lo(yp — a7 ub) 1.80+ .40 0.9 % 0.35 1.1 0.2
' +
| o —A"p ) (ub) 27,27 0.8 0.3 0.25 + 0,15
+
o(yp — A% )(ub) 27+ .25 0.3 + 0.3 0.25 + 0.15
A P
(A" —p7 )
B(Gev'z) 7.7 1.1 6.4 +3.1 7.6 +2.5
o0 .28+ .13 64x .27 .60+ .22
p?l 26+ .10 4l .18 21 ,13
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FIGURE CAPTIONS

(a) Secatter plot of 'M(p1r+) versus M(7 7°) for yp —prtr 7% at 7.5 Gev. (b)

and (c) are the M(’ﬂ'—ﬂo) and M(p'rr+) mass distributions respectively. The

sﬁaded areas are: M(7 7 ) distributions for A  events (1.12 <M __;<1.32 GeV)
in (b), and the M(pr") distribution for p~ events (.66 <M___,<.86 GeV) in (c).
Events with M(7r+7r—7r°) <.81 GeV were 'removed from the plot to Aexclude w events.
P —»p'AH cross sections, determined in this experiment and from Ref. 5,

versus the photon energy E’y' The full line is the best fit of the cross sections

to Eq. (3). The dashed lines are the éalculated OPE cross sections (see text).
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