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Rho Production with Linearly Polarized Photons
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The process yP —p p—~ x p has been studied with linearly polarized photons between0 +

1.4 and 3.3 GeV. We observe almost pure diffractionlike behavior in the whole energy
region.

%e have measured the correlation between pho-
ton polarization and p decay fox the reaction

Yp Pp '-P~ 's

in the photon energy range 1.4 «k «3.3 GeV in
order to check the predictions of different pro-
duction models. The decay p'- 2& was observed
for decay planes near a direction n~, normal to
the horizontal symmetry plane of the detection
system, such that we obtained the counting rates
~II when the linear photon polax'ization was di-
rected parallel to n&, and && for an orientation
perpeDdiculRr to lt. These yleMs Rl e combined
to form the asymmetry ratio

II
~ & II —=Z,

&y ~II+~~ OII+O~

where P&. is the degree of polaxization, and o
II

and 0'& are the cross sections for Reaction (1)
from photons with electric vector parallel and

perpendicular, respectively, to n~. ~ is indica-
tive of the p production mechanism: In the limit,

of high energies, natural exchange of parity
leads to ~ =+I; unnatural parity exchange yields
Z = -I.' Independent of energy, the diffxaction
model and the one-pion-exchange (OPE) model
predict ~ =+I, 0&——0 Rnd ~= -I, 0

II
-—0, xespec-

tively.
The experimental setup is similar to the one

used in an earlier experiment. ' A well-colli-
mated and linearly polarized photon beam pro-
duced by coherent bremsstrahlung from R dia-
mond tR1 get tl Rversed R llquld hydl ogen target.
Each of the three final-state particles of Reac-
tion (1) was detected in its own counter-wire
plaDe telescope, the two ldentlcal pion telescopes
being mounted symmetrically above Rnd below

the plane defined by the axis of the proton tele-
scope and the beam. In addition to all angles,
range and dE/dx of the proton were measured.
The detection efficiency of the proton telescope
was improved compared with the earlier setup
by UsingX-~ readout in four of the wire planes.
In order to cover the photon energy range from
1.4 to 3.3 GeV several settings of the diamond
spectra and of the telescope were used. Spectra
were monitored simultaneously by a pair spec-
trometer. The beam polarization P& was ob-
tained by applying standard fitting procedures to
the measured spectra. ' After a three-telescope
coincidence, wixe plane and ADC information
was xead into a small computer and transferred
onto magnetic tape. The analysis was done off
line. We evRlURted 188000 events which ln eRch

telescope had one track inside a chosen fiducial
volume. The rate of three-track events per mon-

itor unit was constant throughout the experiment
within statistical errors. For each event the
photon energy 0 was calculated in two different
ways, using and not using energy conservation.
The difference, ~, between the two is zero for
elastic 2& events within the experimental resolu-
tion. Plots of the frequency of events versus ~,
as shown in Fig. I, were used to subtract the in-
elastic background from P» events concentrated
near M =0.

The asymmetry ratio ~ was calculated from
events whose di-pions were distributed over a
finite solid angle of &0 = 0.64 sr around the paral-
lel orientation of polarization, in the p rest
frame. A check with ~Q =0.16 sr yielded statis-
tically the same result for Z. To account for the
variation of cross sections over this range we
Used the geDex'Rl decRy distrlbutloD of p mesons
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FIG 1 Number of events versus kinematical con-
straint variable W for two different ranges of proton
kinetic energy T&. pm events are concentrated near
4k=0. a, 70-7'&- S7 MeV; b, 145- T&-172 MeU.

r-v„W'(e, y)+o, W-(e, y). (4)

The choice of polar axis for the p rest frame,
which is specific to the two models, turns out to
be of minor importance in our case, since we ob-
serve pions around the normal to the production
plane, ~ = &&. We have chosen the direction of
the incoming proton as polar axis. Apart from
the solid angle, we applied the following further
restrictions to the events admitted for analysis:

(1) The reconstructed photon energy had to be
in a region of high polarization below the spike
of the coherent spectra. '

(2) The di-pion mass was restricted to the re-
gion of the p resonance, 0.65&m«&0. 90 GeV/c'
Nonresonant di-pions were not subtracted. Fig--
ure 2, as an example, shows that this background
is low.

(3) The constraint measure I~ I had to be
smaller than 20 MeV. The number of inelastic

from polarized photons, as given by Schilling,
Seyboth, and Wolf, ' and specialized it to the two

predictions for diffraction (+) and OPE (-):
W'(8, g) - sin'8(l + P& cos2$),

where 6 is the polar angle and g the azimuthal
angle of one of the pions with respect to the beam
polarization. The solid-angle cut restricts g to
the two ranges (= 0 + 0.4 and g = —,

'
it + 0.4 rad for

parallel and perpendicular orientation, respec-
tively. Thus we assume for our experimental
yields the distribution

I
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FIG. 2. Comparison of the observed 7I7I-mass spec-
trum with the result given by a Monte Carlo calcula-
tion. The parameters used for the p shape are M 0

=755, I"0=140 MeV. Shaded area, distribution of ob-
served events; solid line, distribution of fake events
including 8% phase space; dashed line, phase-space
distribution.

events inside this region was computed from out-
side bins and subtracted.

By these criteria 13000+18000 events were
selected for the two polarizations. Data from the
previous experiment' are included in these num-
bers.

The errors of ~ include statistical and syste-
matic ones, where the latter are due to the fol-
lowing sources: (1) the calculated polarization
in the coherent spike, ' for which we allow an er-
ror of ~&/I'& =0.05, which propagates into Z;
(2) uncertainty in the reconstructed photon ener-
gy producing a 5% error in Z; (3) inelastic pro-
ton scattering which reduces the range of the pro-
tons, demonstrated by Monte Carlo calculations
to have negligible effect on & (&1%). These er-
rors have been added quadratically to the statis-
tical errors. Figure 3 shows ~ as a function of
momentum transfer for three different photon en-
ergy ranges. The solid line was calculated using
published cross sections for diffractive p produc-
tion [da/dt = 140 exp(+ 5.5t) tttb GeV ']4 and plausi-
ble assumptions for the OPE process [g,zz'
=14.7 r = 0p z y

1 MeV j. The dashed line includes
an estimate of initial- and final-state corrections
to the OPE cross section, as calculated by Schil-
ling and Storim' for ~ photoproduction. Taking
tdp and p'p scattering to be equal, these correc-
tions are scaled down to p photoproduction by
the same factor 1/9 as the cross sections.



2 NovEMBER 1970QOI.UME 2$, +UMBER 18 PHYSj:CAL REVIEW LETTERS

1.0

0.5-- 1.4& k& 1.86eV

1.0

0.5- 1.8~ k~ 2.1 GeV

10 g

2.1&k ~ 2.4 GeV

0 0.1 0, 2

gati

0.3 IGeY/c}'

metr Z vs Iti for threeFIG, 3. Polarization asymmetry
ran es of inci en' pd ' hoton energies. Solid line, cal-

takin diffraction and OPE param-
ee text); dashed line, using eeters into account (see ex

same parameter by inclu ing — ' — a edin final- and initia -s a e
interaction.

1.0

0.5 ~ DESY+' SLAG+ COPNELL-.

k
0

1

metr Z vs h for ItI (0.4FIG. 4. Polarization asymmetry
(GeV/c) .

The data show general consist ytenc with these
calculations, an o nd d not require larger nondif-

The errors are not smallfractive contributions.
to allow a unique. determina-enough, however, o a

e ofW d not observe any influence otionof jL, . e on
p 1f )'i

deca ing into p+P. This& -channel re sonances ecay
lechtment with calculations by Schildknec

and Schrempp, ' who predict a change o
5%%u for &(1950) and smaller than 2 /p fol'er than 5~io for

cou led by magneticb(2420), as long as they are coup e y

multipole transitions only, like the &(1236) reso-
nance. n 1g.I F 4 we present ~ as a function of k,
summ«over It L The experimental points at
.6 d 3.1 GeV were not presented in Fig. 3 be-

cause of low statistics. Experimental points o-
tained at the Stanford Linear Accelerator Center'
and at Cornell' in our energy re~on are shown
f omparison. In conclusion w e find almost

n e1.4~kpure diffraction production in the range
(:3.3 GeV, consistent with a small OPE contribu-

=0 1 MeV and no anomalous changetion of ~p, &
= . e

of ~ as a-result of intermediate resonances.
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