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The photoproduction of p and p mesons has been studied at 3 GeV in the reactions y d ~ dn'+7r

yd~p, nm'+n', and yd~pgm m . For p and p production in these reactions we present the total and
differential cross sections, the decay angular distributions, and the spin density matrix elements. The
photoproduction of the p is found to be consistent with s-channel helicity conservation and is dominated by
natural-parity exchange. The p meson production has approximately equal natural- and unnatural-parity-
exchange contributions. The unnatural-parity-exchange contribution is consistent with one-pion exchange and
is used to estimate the value of I p„~.

I. INTRODUCTION

This paper presents the results of a study of p'
and p photoproduction in yd interactions at 3 GeV
using a linearly polarized photon beam. Our pri-
mary interest is the photoproduction of p mesons
on neutrons, since this reaction has not previously
been studied in detail with a linearly polarized
photon beam. %e have also studied p' photopro-
duction on deuterons and neutrons for the purpose
of comparison.

The photoproduction of p mesons using a linearly
polarized photon beam allows one to study the pro-
duction mechanism in much greater detail than with
an unpolarized beam. It is possible to measure
nine independent density matrix elements of the

p meson and separate the contributions due to
natural-parity [P= (- 1)~] and unnatural-parity
[I'= —(- 1)~] exchanges in the t channel. ' The
photoproduction of p' mesons on protons, neutrons,
and deuterons has been previously studied using
linearly polarized photon beams. ' ' All of these
studies have shown that p' photoproduction is
strongly diff ractive. The production mechanism
conserves s-channel helicity at small momentum
transfer and the t-channel amplitude is dominated
by natural-parity exchange.

The reaction yn- p p is difficult to study be-
cause of its low cross section, the uncertainty of
the y-beam momentum, and the presence of a 7t

'
in the final state. The p photoproduction mecha-
nism on neutrons has previously been investigated
by the ABHHM collaboration with a bremsstrahlung
beam at energies between 1 and 5 GeV."Our ex-
periment is the initial investigation of the p photo-
production mechanism using a linearly polarized

photon beam. The SI AC laser beam used in this
experiment was advantageous because it is more
nearly monoenergetic than other types of photon
beams. %'e have measured the nine independent

p density matrix elements, enabling us to sepa-
rate the natural- and unnatural-parity-exchange
contributions, and thus measure the ppy width
from the unnatural-parity-exchange contribution
where one expects pion exchange to dominate.

In Sec. II the experimental procedures employed
in this experiment are discussed and the topologi-
cal and channel cross sections are given. The
photoproduction of p' mesons on deuterons and
neutrons is reported and compared to previous
experiments in Sec. III. In Sec. IV the results of
our study of p photoproduction are presented. Our
conclusions are summarized in Sec. V.

II. EXPERIMENTAL PROCEDURE AND CROSS SECTION

This experiment is based on 150 000 pictures
taken in the SI,AC 82-in. deuterium bubble cham-
ber exposed to a nearly monoenergetic linearly
polarized photon beam of 3 QeV. The beam was
produced by brompton backscattering a linearly
polarized ruby-laser beam on a 12.5-0eV electron
beam. A detailed description of the beam is given
in Ref. 8. The energy distribution of the beam de-
termined from the measurement of -26000 elec-
tron pairs peaked at 3.05 GeV Bnd had a full width
at half maximum of 0.5 GeV. The average linear
polarization at 3 GeV was calculated tobe (95 + 2) /g.

'
The film was double-scanned for all hadronic

events with two or more prongs, and electron
pairs were counted every 50th frame. The events
were classified on the basis of the number of
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TABLE I. Number of observed events and cross sec-
tions for two-prong through seven-prong topologies.

Topology Observed events Cross section (pb)

3550
8377
1160
1415

58
56

54.4 + 2.8
119.4 ~ 4.1

16.1 ~ 1.3
19.6 + 1.4
0.8 + 0.3
0.8 + 0.3

prongs and the number of identifiable protons.
The events were required to be within a corridor
of 2 mm width with respect to the photon beam.
The scanning efficiencies calculated from the dou-
ble scan were greater than 99% for all but the two-
prong events, which had a scan efficiency of 96%.
The lower scan efficiency for the two-prong events
is due to the fact that two-prong events with small
opening angles were sometimes misidentified as
electron pairs.

Hadronic cross sections were determined from
the number of hadronic events, n,„„„,the number
of electron pairs, n„,.„and the known cross sec-
tion of electron-pair production, o„„.„as given by
the relation

c(yn- hadrons) =(n„„„/n,~,)o,«„.
At 3 GeV, o,~, has been calculated by Knasel" to
be 19.65 mb within an accuracy of + 0.5%. This
value has been verified to an accuracy of + 1%."
The electron pairs were counted every 50th frame
within the same fiducial volume as the hadronic
events and normalized to the number of frames
scanned. The average number of electron pairs
per frame was 9.4, which results in microbarn
equivalent for this experiment of 72.2s 0.8 events/
p.b.

The number of observed events and the cross
sections for each prong topology are listed in Ta-
ble I. These cross sections have been corrected
for scanning losses. The two- and three-prong
cross sections were also corrected for events lost
due to small projected opening angles causing them
to be misclassified as electron pairs. This cor-
rection averaged over all two-prong and three-
prong events was found to be (94+ 2)% and (98+ 1)lo,
respectively. Corrections due to wide-angle pair
production simulating hadron events and events
with undetected Dalitz pairs are estimated to be
less than 1%.' The cross sections for two- and
three-prong events decrease with increasing ener-
gy from 3 to 7.5 GeV and the cross sections for
the higher number of prongs increase. ""

Events were considered candidates for yn or yd
interactions if they had an even number of prongs

or if they had an odd number of prongs with one of
the prongs being identified as a deuteron or a pos-
sible spectator proton on the basis of ionization
These events were measured on the University
of Tennessee spiral reader at Qak Ridge National
Laboratory, and on conventional film-plane mea-
suring machines at the Universities of Cincinnati
and Tennessee. Geometric reconstruction was
done with the program TVGP'4 and kinematic fit-
ting was done with the program SQUAW. " The two-
and three-prong events were fitted to the following
reaction hypothesis:

d Ps~~

Ps P 7t'

ps

yd de 7t

yd-dm'7t m',

(1)

(2)

(3)

(4)

(5)

where p, represents a spectator proton. Fits to
reactions (3)—(5) were not tried for two-prong
events with one identified proton or three-prong
events with two identified protons. For three-
prong events with two protons the slower of the
two was considered the spectator. The photon
beam was treated as a measured track using the
mean values and errors for momentum and angles
determined from the measurement of electron
pairs. The two-prong events were fitted with the
unseen positive track treated as being measured
with zero momentum and momentum errors of
4 P„=6P,= 0.75 x 4 P, = 30 MeV/c for a proton and
& P„=d P, = 0.75 &«P, = 40 Me V/c for a deuteron.

In order to be considered a good fit the g' proba-
bility for a hypothesis had to be greater than 0.1%.
In addition, the track ionizations from the fit had
to agree with the observed track ionizations. It
was usually possible by visual inspection of ioniza-
tion to distinguish between a proton and a 7t' up to
a momentum of about 1.4 GeV/c. If an event had
both a good 4C and a good 1C fit, the 4C fit was
chosen. For those reactions having a spectator
proton, its momentum was required to be & 300
Me V/c.

All events having a good fit to reaction (4) were
so classified, unless they also had a fit to reaction
(1) (the other 4C reaction) with a higher y' proba-
bility. However, the number of events ambiguous
between reactions (1) and (4) wa. s extremely small.
We also included in reaction (4) events which did
not have a 4C fit but fitted reaction (3) with an in-
variant mass M(pn) less than 1884 MeV/c' and in
the case of the three-prong events, a cos 8(p, n)
greater than 0.95. These events were considered
genuine dp'p events which failed the 4C fit but
still had an acceptable 1C fit to pnp'p with an ef-
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fective pn mass consistent with a deuteron, and a
nearly collinear proton and neutron. Such events
Recounted for 10% of the dg p SRInple and 3/o of
the np+~ events.

Evellts flttlllg 1'BRctloll (2) wel'8 found to Bxillblt
a. narrow peak in the cos(y, v') distribution above
0.98. Events in this peak were interpreted as gen-
uine candidates for the reaction yd-p, pp which
failed the 4C fit because of beam-momentum uncer-
tainty and instead fitted Pm m'with a spurious w'along
the beam direction. Therefore for reaction (2} a
cut requiring cos(y, v') &0.98 was imposed. The
correction for the loss of genuine pp p' events
due to this cut, obtained by extrapolation of the
cos(y, v ) distribution below 0.98, is estimated
to be 9%.

Evellts clRsslf led Rs 1'BRctloll (3) wel'8 required
to have a neutron momentum greater than the spec-
tator-proton momentum in order to purge events
due to yp interactions. The fraction of events with
good fits ambiguous between reactions {3)and {5)
was less than 2'. Events with good fits ambiguous
between reactions (2) and (3), where a positive
track could not be distinguished on the basis of
ionization between a pion and a proton, were clas-
sified as reaction (3). This is reasonable since
one would not expect many cRndidRtes for x'eRction

(2) to have a large momentum transfer from the
target neutron to the final-state proton. Further-
more, the distributions of these ambiguous events
were in agreement with the unique events of reac-
tion (3) and in disagreement with those of reaction
(2}. These ambiguous events, when interpreted as
reaction (3), had the same fraction of p' as the
unambiguous events of reaction (3}. When inter-
preted as reaction (2}, they had high M(v v')
masses with large momentum transfers, and, un-
like the unambiguous events of reaction (2), no p"

sign Rl.
The numbers of observed events, corrected

events, and cross sections for the p, pp p',
p, ng'm, Rnd dp'p channels are listed in Table
II. The results have been corrected for scanning
efficiency and measuring efficiency [(81+2}%].
The coxx'ection fox kaons incorrectly fitted as
pions is less than 1k.' The two-prong events and

three-prong events with a short positive track mex'e

corrected for the loss of events due to small pro-
jected opening angles causing them to be misiden-
tified as electron pairs. This cox rection is sensi-
tive to small values of g and is influenced by the
fact that the beam is linearly polarized. The cor-
rections were determined to be (93 s 3)'/0 and
(96+ 3)% for the two- and three-prong events re-
spectively in the p,np'v channel and (I6+ 7)% and
(94+ 5)%%d respectively in the dv'v channel. This
corx'ection was unnecessary for the p, pp ~' chan-
nel because of the presence of an identified
proton as one of the two prongs, precluding its
misidentification as a positron.

Our cross sections for po photoproduction in both
the coherent and deuteron breakup channels are
consistent with prior yd experiments"'"'" and
charge-symmetric yp reactions. " As has been
noted in yd experiments at 4.3 GBV (see Ref. 12)
and 7.5 GeV,"this implies that the interference
between isoscalax and isovector exchange in these
reactions is minimal. The yd-P, P7t p' cross sec-
tion determined in this experiment agx ees well with
the value reported by the ABHHM collaboration at
energies between 2.5 and 3.5 Geg."

III. po PRODUCTION

The invariant-mass distributions of M(dv'),
M(dv ), and M(w'tt ) for reaction (4) are shown
in Fig. 1. The dominant feature is the production
of p' seen in the M(v'v ) spectra. In Fig. 2 the
invariant-mass plots of M(nor'), M(nil ), and
M(v'v ) are shown for the reaction (3). One again
observes a large p' signal in M(v'p ) spectra. The
only other possible significant enhancement in the
mass plots are in the M(nil ) distribution.

The Dalitz plots for the dz'p and np'z final
states mere fitted using a maxirnurn-likelihood
procedure in which resonances mere incoherently
added to a phase-space background. The po was
treated in the fits as a relativistic Breit-signer
distxibution mith an energy-dependent width mul-
tiplied by a Ross-Stodolsky mass-skewing factor
of (M,/M„)". It was necessary to incorporate this
factor in the fit to account for the obvious lom-

TABLE II. Number of observed events, number of corrected events, and cross sections for
dn'It', p~n'7r, and pspn'"m' channels

)/d d'll

pd p3N7f 'll'

Yd p p7l Yl

9.8 + 0.7

28.7 + $.4

5.7 ~ D.5
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TABLE III. p cross section, mass, and vridth deter-
mined from the maximum-likelihood fits for the reac-
tions yd —dp and yd —p~p . Also given are A and b

from a fit to the p differential cross sections of the
form do//dt =&e

fT 0 (pb)

M 0 (MeV/c )

1. , (MeV/c')

A (pb/GeV)

5 (GeV )

790+ 10

140+ 10

156+30

20.1 +2.0

pd p+p

13.0 + 1.6

800 + 10

160+15

50+ 15

7.4 + 2.9

mass skewing of the p' peak. %e do not have suf-
ficient statistics to treat n as a function of mo-
mentum transfer as was done in the yp -p'p ex-
periments. " The fits were found to be rather in-
sensitive to variations in n between 3 and 6, but an
unacceptable X' was achieved for fits with n = 0.
The p' mass and width were also fitted. The
amount of po production determined by the fits
was (94+ 4) /o dp' in the dv v channel and (44+ 8)/0
np' in the ng'p channel. The fitted masses and
widths for the p' in these channels are listed in
Table III. The curves superimposed on the data
in Figs. j. and 2 are the results of the maximum
likelihood fits.

The p' production cross sections for the channels
yd -d7t p and yd-p, nz'p were calculated using
the percentage of p' production and the channel
cross sections. The correction for events lost
owing to small projected opening angles was cal-
culated separately for p' production in these chan-
nels because of its sharp dependence on small mo-
mentum transfer. The yd -dp' and yd -P, np'
cross sections were thus determined to be
{9.3+0.8) p,b and {13.0+ 1.6) itb, respectively.

Figure 3 shows the momentum-transfer distri-
butions, do/dt, for the reactions yd-dp' and yd

-p, np', where t is the momentum transfer be-
tween the incoming y and the outgoing po. The do/
dt distributions for p'd and p pn were each fitted
to the form do/dt=Ae "".The values of A and b

determined by the fits are given in Table III.
Aside from a somewhat smaller slope for coherent
p' photoproduction, there are no substantial dif-
ferences with previous yd experiments. ~"""

To discuss the p' decay angular distributions,
we use the formalism developed to describe vec-
tor-meson production by polarized photons '8'9
The p decay angular distribution can be investi-
gated in three reference systems which are dis-
tinguished by the choice of the z axis: the helicity
system with the z axis along the direction of the

200
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b = 20.1+ 2.0 GeV
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FIG. 3. Momentum-transfer distributions for the re-
actions (a) yd dp . Curve is the best exponential fit in
the region 0.01 Gevt&jt ~& 0.13 GeVt, (b) yd P,nPO-
Curve is the best exponential fit in the region 0.02 GeV
&(t(& 0.12 Gev'.

with

—P„ins42"W' , )

Wt" =-,' (1-p,",-)+ -,
'

(3p,', —1) cos'8

—2 Repoo sin28 cosg —po, , sin'g cos2(t),

p in the total center-of-mass system, the Gott-
fried- Jackson (GJ) system with the z axis along
the direction of the incident y in the p rest frame,
and the Adair system with the z axis along the di-
rection of the incident y in the total center-of-
mass system. The preferred system depends on
the p production mechanism. The helicity system
provides the simplest description of s-channel
helicity conservation and the GJ system provides
the simplest description of t-channel helicity con-
servation.

The decay angular distribution, W(cose, &f&, 4),
of the p, produced by linearly polarized photons,
is given in all three systems in terms of the nine
independent density matrix elements p, , as

3
W(cose, yy@') = —(W —P cos2$W
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tions do not interfere andW"' = py1 sin'8+ p,', cos'8 —2 Rep1p sin28 cosQ

P =2p ~
—ppp.—pyy sin'8 cos2$,

The P, values calculated for dp' and np' are given
in Table IV. Both values are nearly equal to unity,
implying that natural-parity exchange dominates
in these reactions.

For s-channel helicity conservation, the decay
angular distribution in the helicity system simpli-
fies. If one defines an angle g= 8 —4, then the de-
cay angular distribution, W(cos8, P), is propor-
tional to sin'8 cos'P for 100% linear polarization.
The cos8 and |t) distributions for the dp' and np'
reactions are shown in Fig. 4. The data are con-
sistent with the curves, which are proportional
to sin'8 and 1+P cos2$, as expected for s-channel
helicity conservation and natural-parity exchange.

W"'= 2Imp1p sin28 sing+ Imp1 csin'8 cos2$,

where P, is the degree of linear polarization of the
photon, 8 and Q are the polar and azimuthal angles
of the 7t' in the p rest frame, and C is the angle
between the electric vector of the photon and the
production plane in the total center-of-mass sys-
tem.

In Table IV are listed the p' density matrix ele-
rnents, p, , , which are calculated by the method of
moments in the helicity system for the yd-dp'
and yd -p, np' reactions. For the np' reaction a
background subtraction was made using the side
bands adjacent to the p' peak. No background sub-
traction was necessary for the dpo in reaction (4).
The p, , were calculated in the momentum-transfer
region 0.02 GeV'&t&0. 4 GeV'. For the dp' reac-
tion only the three-prong events were included in
the fit because of the loss of two-prong events at
low momentum transfer. We do not have sufficient
statistics to investigate the behavior of the density
matrix elements as a function of momentum trans-
fer. The p density matrix elements for both re-
actions are consistent with the values predicted
for s-channel helicity conservation of py
—Imp', , =-,' and all other p, , =0.

The parity asymmetry parameter is defined as

IV. p PRODUCTION

The invariant-mass distributions for M(pvr ),
M(pp'), and M(v p') are shown in Fig. 6 for re-
action (2). A strong p peak is observed in the
M(w v') distribution. The only other enhancement
is a small 6'(1236) signal in M(pv ).

The pp 7t' Dalitz plot was fitted using the same
maximum likelihood procedure described in Sec.
III, except for the use of a skewing factor which is
inappropriate for nondiffractive p production. The

0' —0'

0' + 0'
310 EVENTS 212 EVENTS

yd p npo yd~dp

where 0" and o" are the cross-section contribu-
tions due to natural- and unnatural-parity exchange
in the t channel. To leading order in energy, the
natural- and unnatural-parity- exchange contribu-

20

I I ITABLE IV. p spin density matrix elements and par-
ity asymmetry parameter in the helicity system for the
reactions yd —dp and yd —p~p .
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FIG. 4. p decay angular distributions of cost)?„ in the
helicity system for reactions (a) yd —p,np, (b) yd —dp .
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FIG. 5. Invariant-mass distributions for the reaction yd-p, p7r 7t: (a) M(p7t' ), (b) M(p~ ), (c) M(7l ~ ). The curves
are from the maximum-likelihood fit described in the text.

amount of p production determined by the fit was
(43+ S)/~, and the fitted p mass and width are given
in Table V. The curves superimposed on the data
in Fig. 5 are the result of the maximum-likeli-
hood fit.

The yd p~pp cross section was determlQed
from the percentage of p production and the yd

-p, pv v' channel cross section to be (2.4+0.5)
pb. This value is somewhat higher than that re-
ported by the ABHHM collaboration' at energies
between 2.5 and 3.5 and considerably larger than
the (0.7+ 0.3) pb reported by Eisenberg et at."at
4.3 GeV/c. The principal reason for this distinc-
tion is the much greater fraction of p in the ~ 7)'
mass spectrum in our experiment. It should also
be noted that our best fit value for the p width is
on the high side of its canonical value, which of
course increases our p cross section.

The momentum-transfer distribution, do'/dt, for
yd-P, pp is shown in I ig. 6. A fit to the form
da/dt =Re ~ ' yielded A =(15+4) gb/GeV' and

b(6. +0.0)7GeV '. Our slope, b, is significantly
larger than the value (b= 1.9 GeV ') found by the
ABHHM collaboration' at an energy between 1.2
and 2.5 QeV. This may be due to our use of
higher-energy photons and/or smaller background
in the present experiment. The larger t slope ob-
served in the present experiment more closely

TABLE V. p cross section, mass, and @width deter-
mined from the maximum likelihood fit for the reaction
yd —p~pm' ~ . Also given are A and b from a fit to the

p differential cross section of the form do/dt =Re

O.p- (Pb)

M, (MeV/c')

I" - (MeV/c )

A (p,b/GeV)

t' (GeV-')

2.4 ~ 0.5

805+ 20

250 + 70

$5+4

6.0 + 0.7

follows the expectations of one-pion exchange
(OPE) than does the p photoproduction data at
1.2-2.5 QeV reported by Benz et al. '

The decay angular distributions for the p were
investigated in both the helicity and GJ systems.
In Table VI are listed the p density matrix ele-
ments which were calculated using the method of
moments in the helicity and GJ systems for 0.02
GeV'&t&0. 5 GeV'. Except for p«, the matrix
elements are all found to be consistent with zero
in both systems. The parity asymmetry parame-
ter I', was determined to be 0.06+0.10 indicating
natural- and unnatural-parity exchanges in the t
channel of almost equal amounts. The cross sec-
tions for natural- and unnatural-parity exchanges
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FIG. 6. Momentum-transfer distribution for the re-

action yd —ps pp . Curve is the best exponential fit in
the region 0.02 GeV & It ~

& 0.62 GeV . )0

were determined from the relation a" "= crj2(1+P,)
to be c"= (1.3 + 0.3) iLb and o "=(1.1 + 0.3) pb. This
value of 0" agrees well with the theoretical pre-
diction of the one-pion exchange contribution to the
yn-pp cross section at this energy, implying that
the unnatural-parity exchange is primarily OPE.
The momentum transfer distributions were ex-
amined separately for the natural- and unnatural-

TABLE VI. p spin density matrix elements and

parity asymmetry parameter for the reaction yd

pspp .
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—0.22 + 0.07

0.04 + 0.07

—0.08+ 0.09

—0.01+0.06

—0.15 + 0.10

0.06 + 0.11

FIG. 7. p decay angular distribution in the helicity
system for the reaction yd —p, pp: (a) cosOH, (b) $0.

parity exchanges and were found to be similar.
The slope, b, was the same, within errors, for
either case.

Figure 7 shows the cos 8 and P decay angular
distributions for the p in the helicity system. The
distributions are all structureless and within the
statistics are consistent with being flat, In the
helicity system, for 100% linear polarization,
W(P) is proportional to cos'P for natural-parity
exchange and is proportional to sin'P for unnatural-
parity exchange; therefore a flat W(P) distribution
indicates equal amounts of natural-and unnatural-
parity exchanges, as implied by our value of I', .



TABLE VII. Natural- and unnatural-parity exchange
p density matrix elements in the Gottfried- Jackson sys-
tem for the reaction yd —pspp .

that the unnatural-parity contributions for these
reactions are due entirely to QPE, one finds that

pro

ae pP,

poo

0.24 + O. i 0

0.16 + 0.10

0.06-~ 0.40

0.35+ 0.10

0.47 + 0.10

-0.02+ 0.10

—0.16 ~ 0.10

0.30 + 0.10

At high energies the p density matrix elements
can be separated into natural- and unnatural-par-
ity-exchange components using the relation'

Using our value of c "(yp -Pp ), the value of
& "('YP -P~} at 3 GeV from Ref. 20, and the latest
w»ld average for 1 ., (see Ref. 22), we obtain
1„„=(190+60)keV. The 60-keV error is statisti-
cal and does not reflect systematic errors in this
method of calculating &„„. Unbroken SU(3) in-
cluding co-Q mixing predicts a value of I'„,= 160
keV." A recent model using broken SU(3) prefers
a value of I'„=80 keg. '4 The latest measure-
ment of I'„„using a coherent scattering process
reported 1'„„=(35 + 10) keV." Because of the
large uncertainty in our value, it is not clear that
an inconsistency exists.

V. CONCLUSIONS

The p", , and p",, components for the p are given in
Table VII. The GJ system was used since it is the
most appropriate system in which to study E-chan-
nel particle exchange. The unnatural-parity den-
sity matrix components p",, should be dominated
by QPE. The simple QPE model predicts p" = p,",
= Rep,",=0 and p,",=-,'. We find that, within rather
arge error~, ~,", and ReP,"o are nearly zero and

that p~» is close to 0.5. The value for p,", may be
nonzero, which could be due to absorption affects
or a breakdown, at 3 GeV, of the high-energy ap-
proximation used to separate the natural- and un-
natural-parity exchanges. It is interesting to note
that for the reaction yp - (dp, where QPE is also
considered the main contribution to the unnatural-
parity exchange the spin density matrix element

p,", appeared to be significantly nonzero at an ener-
gy of 2.8 GeV. 2o For the natural-parity-exchange
density matrix elements p",-, , both p,", and p» seem
to be nonzero and p,",and Rep", are consi. stent
wit zero.

An upper limit to the ppy width, I"„„,has been
estimated by comparing the cross sections for
various nondiffractive yN reactions producing a p
with similar reactions producing an ~ and using
the known +ay width, I „,„." The difficulty is that
most of these reactions have significant non-QPE
contributions. However, since the unnatural-
parity-exchange contributions have been separated
for yp-p(do and yn-pp with both reactions ap-
pearing to be dominated by QPE, the unnatural-
parity-exchange cross sections of yp-p~' and
yn-Pp" can be used to calculate I'„,. Assuming

We have measured the topological yd cross sec-
tions and channel cross sections for the reactions
yd-d7t'p, yd-p, np'p, and yd-p, pp p' at 3
Geg. These measurements are consistent with the
values determined in previous yd' experiments.

The production of p' mesons has been studied in
the reactions ", d —dp' and yd-P, np'. The p' pro-
duction mechanism in both reactions was found to
be dominated by s-channel helicity conservation
and natural parity exchange in the t channel.

The cross section for yd-p, pp at 3 GeV has
been measured as (2.4+ 0.5) pb and the slope of
the p differential cross section has been deter-
mined to be (6.0+0.7) GeV '". The contribution of
natural- and unnatural-parity exchanges to p pro-
duction were found to be approximately equal at 3
GeV. The unnatural-parity-exchange contribution
is consistent with one-pion exchange. Comparing
our value for the unnatural-parity-exchange con-
tribution of yn-pp with that for yp-p~ we obtain
a p~y width of (190+60) keV.
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