STAC~-PUB-690
November 1969
(TH) and (EXP)

) MESON IN THE REACTION

Y —nr'T' 7 AND AN ESTIMATE OF THE A, yr WIDTH*

PHOTOPRODUCTION OF THE A

Y. Eisenberg, B. Haber, B. Horovitz, E. Peleg, -
E. E. Ronat, A.§Shapira, G. Vishinsky and G. Yekutieli

The Weizmann Institute of Science
~Rehovoth, Israel

" and

J. Ballam, G. B. Chadwick, Z. G. T. Guiragossidn,
A. Levy,** M. Menke, P. Seyboth,t and G. Wolf}t

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

ABSTRACT

We observe production of the A2 meson in the reaction
yp—n7 T T at 4.3 and 5.25 GeV. The data is consistent
with an OPE production mechanism and we give an estimate
of I'{A,—yT) = 0.5 MeV. A similar value for f(Az oy

is also obtained using a Vector Dominance Model.
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believed to be JP = 2, it should couple only to transversely polarized p mesons.
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Under the assumption of Vector Dominance1 (VDM), it should also couple to

photons and the decay mode A2~ vr should be substantial. No direct observa-
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is appreciable (~ .5 MeV) one should be éble to observ'evthe photoproduction of

A, mesons via a one-piori exchange mechanism (OPE), for example in the
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P —n A; . | | (1)
In this letter we wish to report evidence for this process in the final state
w—ar'rr . (9
Indications of A2 production in the reaction 4p —»p'rr+1r+1r_1r— have already been
reported. 2
The SLAC 40-inch HBC was éxposed to 4.3 and 5. 25 quasi-monochromatic
photon beams, obtained by the annihilation of 8 5 and 10 GeV positrons in a liquid
H2 target. The number of photographs analyzed was 400,000 at 4.3 GeV and
260, 000 at 5.25 GeV. The event yield in the combined data was 60 events/ub.
Preliminary results and details of the analysis procedure have been présented
separately by the SLAC gl;ouvp_3 at 5.25 GeV and by the Rehovoth glc'oup4 at 4,3
GeV. Earlier bubble chamber experimenfs5 did not report A2 production in
reaction (2). We believe that the lack of knowledge of the photon energy in these
bremsstrahlung e:xperiments resulted in .conta.rnination of the channel with multi-
neutral particle production which conc_ealéd the effect. In the present experi-
ment the photon energy is known and thus the multi-neutral background ‘is

negligible .




In Fig. 1a we show the M(7r+1r+1r_) distribution unshaded for reaction (2) with -
the two incident energies combined. A clear signal at the A2 mass is visible.
In order to demonstrate that this resonance has a p7 decay mode we display
shaded inv Fig. 1a the 37 spectrum for events with no A in the povb.an‘d, and
in Fig. 1b the same for events with a A in the po (0.6 - 0.85 GeV)., Essen-
tially all events in the enhancement have a 1r+7r- combination in the pg band.
From Fig. 1 we estimaté the branching ratio of the A
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The best fit of our data to an A2 resonance plus phase-space yields
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—all 1r+1r+1r-) =1.0 in agreement with the accepted value for A2 decay.

M(Az) = (1310 + 14) MeV and [ | (A2) = (80 = 30) MeV. The errors do not allow a

conclusion as to whether we observe A?, A;' or both. The cross sections for

reaction (1) is: o(yp-'»nA;) = (1.2 + 0.4) pb at 4.3 GeV and (0.6 % 0. 3) pb at

5.25 GeV. ° | |

As mentioned above, an attractive possibility is that the A2 in reaction (1)
is produced via OPE. In the OPE model without absorption the differential cross

section do/dt for reaction (1) is given by7:
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where k and s are the cms photon momentum and total energy squared, m A is the
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A2 mass, p the pion mass, SINN and g Ay are the 7NN and szr'y coupling con-

stants squared respectively (gerN /4T = 14.6). Absorption effectss may be intro-
duced into Eq. (3) by standard methods used previously for the reactions yp— wop
and p —-A++p-.4 In Fig. 2 the momentum transfer distribution to the three pions
in the A, region is shown, where t' = |t - t min| and t min is the minimum mo-

mentum transfer squared to the A for a given A2 mass. do/dt' is normalized
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to the A2 cross section. The solid line vis‘.the distribution calculated using a sharp

cutoff model. The shape is best fitted with an absorption radius of

which is a reasonable value. The value of the coupling constant in Eq. (3) is then
found to be 'gz(A;—> 1r+'y) /47 ~0,13, The eléctromagnetic width méy be deduced

from the coupling constant using the relation'7
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where da is the nhoton momentum in the A  rest frame
¥ AANS A \l. ‘1 r’-&v"v.‘- RAEINS AAANA REVVALAAL ALAA WAANS “2 WY Ad CALAANW B
The Amy coupling constant can be related to the Az—f prm width using VDM. 9
If we assume VDM to hold in the A, rest frame we can write?;
72 -1 S
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Now, using Eq. (4) for the p° decay of the A2 aan 72/43 = 0.52 (see Ref. 1) we
find, for a total A, width of 80 MeV, I"(A,—vr) = 1.2 MeV while for the case
of a Ay split into two 25 MeV resonances I (Ag-—»-yvr) + 11 (A;"—w)ﬂl') = 0.7 MeV.
The agreement between this VDM prediction and our estimate from the data is
within errors in each case.

The A2 decay correlations could in principle serve as furthef tests for its
production mechanism. Wifhih our limited sté.tistics we get agreement bétween
the OPE calculations and experiment. Much more kdata are required before the
decay distribution could test significantly the pfpduétion mechanism.

In conclusion, we observe A production via reaction (1) but it is not clear -

2
if we observe Ag , A;‘, or both. The t distribution for the produced A2 is con-

sistent with OPE with absorption corrections. The width /- (A; ——71r+) is esti-

mated to be ~ 0.5 MeV.
-4 -
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1. a. M(r'«'7) distribution for yp—nr 7 7. The shaded area represents
the M(n 7 ) distribution for events with no 7 7 combination in the p°
band (.60 - .85 GeV). The curve is the best fit to an A2 resonance plus
invariant phase space (see text).

b. M(r w7 distribution for events having ‘at least one 71 combination
inthe ®band. B

2. do/dt’ for reaction (2) with M(3§r) = (1.2 - 1.4 GeV), normalized to g(A,). ‘

The curves are the calcu_lated A o CTOSS sections using an OPE plus strong

absorptioh model and correspond to an absorption radius of 1.0 fermi and a

width of [(A,— ) = 0.55 MeV.




