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ERRATUM -

1. Vertical scales for the density matrix elements pg(), Re pio and pi_l

are incorrectly labeled in Fig. 4. Change 0.4 to 0.2 and -0.4 to -0.2.

Other density matrix elements and P Yy are correctly labeled.

2. There are two typographical errors in Table IV: In IV-a (2.8 GeV

Gottfried-Jackson system) for 0.06 < It1 < 0.15 GeVz, the value of
Re p‘;o is given as ~0.14 # 0, 04; it should be +0,14 + 0.04. In IV-e
(4.7 GeV helicity system) for 0.014 < It| < 0,06 the value of pi_l

should be -0.04 + 0.12; it is shown correctly in Fig. 4.
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ABSTRACT

The reaction yP —~Pw was studied ‘in a hydrogen bubble chamber-
using a linearly polarized photon heam. The total cross section was
fouhd to be 5.8+ 0.5ub at 2.8 GeV and 3.2+0, 3ub at 4.7 GeV. From the .
decay angular distributions these cross sections have been separated into
contributions from natﬁral and unnatural parity exchange o’N, a-U in the t -
chamnel, For |t[<1 GeV2a = 2.540.4pb, 00 =2. 740, 4y at 2.8 GeV
andoN= 1.8+0. 3ub, o = 1.3+0.3ub at 4.7 GeV. The contributions from

unnatural parity exchange are consistent with the predictions of the one-

pion exchange model.
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The energy dependence and the magnitude of the cross section for ¢ pro-

duction by unpolarized photons moasuredl’ 2 in the rcaction
+ ~ 0 :
Yp—prmT T C (1)

suggésts that w production proceeds partly via one-pion ek‘change (OPE) and
partly via diffraction scattering, with the dominant contribution at 10\;\7 energies
(~2-4 GeV) coming from OPE. Using polarized photons, the contributions from
natural parity( P = (—1)J) and unnatural parity ( P =—(-1)J) eXchange in the t-
channel can be sepérated, and the above conjecture can be tested.

We have analyzed w production in reactioh (1) at 2.8 and 4.7 GeV exposing the
82~-inch hydrogen bubble chamber at SLAC to the linearly polarized Compton back-
scattered laser beam. TableI summarizes the details of tile beam and of the exposure. 3-6

In Table I we list the number of events which gave a OC 1fit" to reaction (1) (the
photon energy E, not being constrained) and which satisfied the following criteria:
the mass assignmenté are consistent with ionization, and the event has no accepted
fit to the hypothesis yp »p7r+1r—. Most of the multineutral events are removed by re-
quiring the reconstructed photon energy to lie within the limits specified in Table I.

In Fig. 1 the o mass distributions show a cle'ar‘ w signaI, In order to de-
termine the cross section for  production corrections'wefé made for  events which: |
(a) were excluded because they fit the 3C hypothesis yp_;p#"'w_ (X2 < 25); (b) have a -
reconstructed photon energy outside the specified energy interval or a 1r+1r—1ro mass
outside the  region (0.67 - O.l 90 GeV); (c) were lost beca_uéé»of short recoil protons; |
or (d) have a decay mode other than . 7 Cc;rrectionsn (a) and (b)i'were determined
using the track and event simulation program PHONY8' an_d amounted to 1.09+0.02 at
2.8 GeV and 1.22+0.06 at 4,7 GeV. For (c), becausé even’cs with short recoil protons
cannot be measured reliably, we disregarded all events w1th |t} < o. 014 GeV? (tis

-2-




the square of the four-momentum transfer between incoming and outgoing proton).
At 2,8 GeV the minimum value of |tl is 0.014 GeV2 and no correetion of ‘type (c)
was applied. At 4.7 GeV we estimate the loss to be 6+2% by extrapolating the t
distribution according to Eq. (4) below. The scanning ef.ﬁcieney fbr‘ events with
It] >0.02 GreV\2 was found to be greater than 99%.

The corrected total  production cross sections are given in Table II and

1.2.9-11 The differential cross sections

Fig. 2together with those of other experiments.
do/dtare shown in Fig. 3and Table ITI. A fitof do/dt for 0.02 < |t]<0.4 GeV2 to the
form C exp (At) leads to the values for A and C given in Téble II.

For the analysis of the w decay angular distributions we adopt the formalism
of Ref, 12. Resul’ps will be presented in the helicity system, which was found to
be the preferred system for the analysis of p0 photoproduction, ° In this frame the
z axis is given by the ( direction of flight in the total c.m. system. The angles 6
and ¢ are defined és the polar and azimuthal angles of the normal to the w~decay
plane in the w-rest system. The photon polarization plane in the total c.m. s.
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makes an angle @ with the production plane. The decay angular distribution of

the o in terms of its spin density matrix islz’ 14t: ’

W(cosd, ¢,@) = 2-31—; {%(1-_,080) + %(3;:80-1) cos20 -VZ Re p‘l’o sin 26 cos ¢
—pi_l sinze cos 2¢
_Py cos 295[!%1 sin20+ P(l)o cosze - V2 Re pio sin 2.6' cjcl>sq> - pi_l sinze coé 2¢]
Y

-P,, sin 2¢[\f§ Im pio sin20 sin ¢ +Im pi_l sinzB sin 2¢J} (2)

where Py is the degree of linear polarization. The nine independent measurable
density matrix parameters, which were determined by a moment analysis, are

p -3 -




. . . 0 ) : .
shown in Fig. 4 as a function of t. In p° photoproduction” we found for ]t‘ < 0.4

GeV 2 that bychoosing the hclicity frame all p?"k

in Eq. (2 reduced to zero except
for two, (pi_l = -~ Im p%_l = 0. 5) indicating no helicity flip. In contrast, for w
3 0 show that there is considerable helicity {lip.

The density matrix parameters are listed in Table IV. For comparison their

photoproduction our values for p

values are also given in the Gottfried-Jackson and Adair systems. (For the dis-
tribution of these systems, see e.g., Ref. 5.)

From the density matrix parameters one éan deduce the parity asymmetry,
Pr .'Poa = (O'N—- .(TU) / (O'N+ o-U), which mcasures the cross section contributions

o*N, oV from natural parity and unnatural parity exchange in the t-channel. In

the high energy limit P, is given bylz’ 15

.11 | .
P =2 P11~ Poo | )

In Table II the values of P,, O—S and o-g are given for ¢ production for

|t‘ <1.0 GeVz (see also Figs. 2 and 4). Natural and unnatural parity exchanges
contribute in approximately equal amounté. The unnatural cross section, a—g ,
decreases from 2,8 to 4.7 GeV whereaé UI: does not change significantly. The
natural differential cross section, dO'N/dt, for 0.02 < [t] < 0.4 GeV? is shown in
Fig. 3. Afit of dO'N/dt to the form C exp(At) gave the values for A and C, shown
in Table II. , '

One can compare O'LNO to the corresponding quantity, O';I;I s for p0 production

%5 por [t] <1 GeVz, we found the ratio O_[I;I/O_ZI to be

in the reaction yp —--ppo.
between 6 and 9 depending on the models used to determine the po cross section..
Using the combination of VDM, quark model and SU(6) this ratio has been pre-
dictedlato be 9. However, there could be a large pbsitive contribution (~ 40%)
from A2 exchange to o-i which would reduce the value of this ratio17 (the A g CX-
change c’ontribution to 0"[1)\I is expected to be small). |
Next we compare the contributions from unnatural parity exchange with the

predictions of one-pion exchange (OPE). A similar analysis has been given by

Schilling and Storim18 for w production by unpolarized photons. The OPE modcl
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predicts a decrease of the o eross section for [t]< 1 Ge\72 by a factor 2.5 between
2.8 and 4,7 GeV. This ratio is practically independent of whether form factor or
abéorption corrections are used. Experimentally we found a value of 2.2 + 0.6
for this ratio in agreement with the OPE prediction. The magnitude of the OPE
cross section is proportional to the radiative decay width of the w, 1:0 1r~y; it also
o .at 2.8 and 4.7 GeV in the interval |t| <1 GeVz- and using the parametrization
of Benecke and Dllirr19 we obtained I;W}/: 0.98 £0,12 MeV. This value is con-
I 7T')’= 1.19 £ 0.24 MeV. On the other hand‘ the absorption-corrected OPE
model18 with the absorption coefficient C=0.9 led to [(:)7!")’= 0.58+ 0. 07 MeV
for our data.

Assuming that o—g is accounted for by OPE we fitted the differential

cross section for 0.02<|t|< 0.4 GeV? to the form

OPE /4 @

D exp(Bt) + do

to obtain more information on the t-dependence of al(j . The OPE cross section,
was calculated using the Benecke—D’drf parameterization. The fitted variables
were [c:) v D and B and were assumed to be the same at both energies. The

2, B=5.6+1.2 G‘reV—2 and

result vof the fit was D= 12,1 £ 2.1 pub/GeV
1:M7= 0.98 £0.10 MeV. ’The value of Bis consistent with the slope for p0
production4 in the reactionyp _.pp_O

Finally, we calculate the predictions for the o density matrix elements assuming
that the natural parity exchange contributions conserve helicity in the total c.m.
system as in the rea_ction5 vp ——ppo and that the contributions from unnatural

parity exchange are due to OPE. As a function of t the w density matrix is then
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| given by

a®/at o+ adOPE gy p(OPP

ik
OPE

H
do-N/dt + do )

pik‘ /dt
In the helicity system L Im pz(N) = 1/2, and all other density matrix
P11 1-1

parameters in Eq. (2) are zero; for p(g{P E) we use the predidtions of elementary

OPE,. which in the Gottfried-Jackson systemlz are Pll(_olPE) -

all other density matrix parameters in Eq. (2) equal to zero. The absorption cor-

rections for p(i?(P E) o

- Im pz(OPE)= -1/2,and
S 1-1
N Bt
were neglected, For do* /dt and d /dt we used the
results of the fit to Eq. (4)... The curves in Fig. 4 show the values of the

Pik prédicted by Eq. (5).

Conclusion:

The o production cross section decreases from 5.8 +0.5 ub at 2.8 GeV
to 3.2+£0.3 ub at 4,7 GeV. Both natural and unnatural parity exchanges con-
tribute to o production. The energy dependence aﬁd'the magnitude of the un~
natural parity exchange cross section agree with the predictions for one-pion

exchange. The natural parity exchange cross sections do not change signif-

icantly from 2.8 to 4.7 GeV.
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TABLE I: Beam parameters and exposure statistics

Fitg to
Avg, beam FWHM Avg,Linear No,of Events Events Eylimits YP-P 7 No. of g
energy, Ey (GeV) Polarization Pictures /ub ﬁttin_g accepted withinE),  events

(GeV) Py yppr T (GeV) limits

2.8 0.15  94% 292,000  90+4 8950  2.4-3.3 2687 4113

4,7 0.3 92% 454,000 149+6 7660 4,1-5.3 3083 315424
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TABLE O: Parameters of the reaction yp— pw. Cross sections, B, and produc-
tion angular dependence for 0.02<|t|<0. 4 GGVZ assuming do/dt=C ekp(Atj for all
events, and for the contributions from natural parity exchange inthe t-channel. Cross

section errors include statistical, flux, background and loss correction uncertainties.

E, = 2.8 Gev E),= 4.7 GeV
Ttotal 5.8 +0.5 b 3.2:£0.3 b
o 34 + 4 pb/GeV> 25 + 3 ub/GeV’
A  6.2£0.7Gev 2 8.0 £0.8 Gev™2
B, (|tI<1 Gev?) -0.04 £0.13 ©0.1940.14
o (Jt] <1 GevH 2,50 £0.37 b 1.84+0.28 b
oY ([t] <1 GevH 2.70£0.39 pb  1.25£0.27 b
Cy : 13.1£4.1 b/GeV’  15.2:£3.8 ub/Gev?

2 2.

AN 5.5+ 1,6 GeV~ 7.5+ 1,5 GeV~




TABLE II: Differential cross sections do/dt (ub/ GeVz) for

w production. The errors given are only statistical.

It (Gev?) E =2.8 GeV E =4,7 GeV
y ' y

0.014-0.06  27.3 £3.1 20,1 :!:2.1k’
0,06 - 0,10 22,5 % 3.1 11.7 #1.7
0.10 -0.15 16,6 +2.3 9.0 +1.3
0.15 -0.20 8,7 & 1.8 5.9 £1.1
0.20 - 0,30 7.3 & 1.1 2.9 0.6
0.30 - 0,40 4.1 0.8 2.2 %0.5
0.40 - 0.50 2.0 0.6 1.1 £0.4
0.5 =-1.0 0.9 0,2 0.27 % 0. 09
1.0 - 2.0 0,28 % 0,08 0 %0.03
2,0 - mma.x 0.15 t ((:::).Z

2,0 -5.5 0 0,007
5.5 -1t 0.05 % 0.02




TABLE IV: w density matrix elements for the reaction 4p — pw.

a) E,y = 2.8 GeV, Gottiried-Jackson system.

it (Gev?) _y
0.014 - 0.06 | 0.06-0.15 | 0.15-0.4 | 0.4 - 1.0

P00 0.15 £0.07 | 0.2440.06 0,364 0,07 | 0.36%0.12
Re p3, 0.06 £0.05 | ~0.14+0.04 | 0.04%0,04 | ~0.25 % 0.08
py.1 0,01 +0,08 | -0.04%0.06 | 0.15+ 0,06 | ~0.16 0,10
Pao 010 £0.12 | -0.03%0.10 |-0.05%0.2 | 0,414 0.20
oLy 0.09 £0.08 | 0.020.07 | 0.07%0.07 | 0.12 0,13
Re p1, 0,10 £0,07 | 0.03+0.06 | 0.03+0.,06 | 0.23%0.14
P11 0,03 £0.12 | -0.10£0.10 [-0,07+0.09 | 0,19 0.16
I p2, 0.01 £0.08 | 0.13%0.06 | 0.19:0.07 | 0.03 0,09
mp>_, | =0.05 £0.13 | 0.09%0.09 | 0.050.10 0,132 0,14
b) E’Y =2.8 GeV, heliéity system.,

pgo 0.15 £0.07 | 0.10£0.06 | 0.17%0.06 | 0.38+0.11
Re py, 0,02 #0.05 | -0.04%0.04 | 0.03£0.05 | 0.25 0,08
P94 -0.01 £0,08 | -0.11%0.07 | 0.05£0.07 | -0.15%0.11
P30 0.21 £0.13 | 0.0120.12 | 0.0840.11 | 0.03%0.20
Pl 0.02 *0,09 | 0.00%0.08 | 0.01%0.09 | =0,10 0,13
Re pJ, 0,06 %0.08 | ~0.06% 0.06 |-0.06%0.06 | -0.21%0.13
Pl 0.03 0.12 | ~0.08£0.10 |-0.010,10 | 0,414 0.17
Im 2, ~0.01 20,08 | 0.13£0.05 | 0,10£0.06 | 0,09 0.10
Impi_, | -0.04 %0.13 | -0.05%0.10 £0.25%0.09 | -0.04 % 0.13




Table IV (cont'd.)

c) Ey= 2.8 GeV, Adair system.

It1 (Gev?)

0.014 - 0.06 | 0.06-0.15 | 0.15-0.4 | 0.4 -1,0
pgo 0.14 £0.07 | 0.11£0.06 | 0.24%0.07 | 0.77%0,14
Re py, 0.01 £0.05 | 0.05%0.04 | 0.07£0.04 | 0,014 0.08
py_4 0.01 %0.08 | ~0.100.07 | 0.08+0.07 | 0,05 0,09
Pgo 0.17 £0.11 | ~0.03%0.10 | ~0.010.11 | -0.53 £ 0.29
;”}1 © 0.05 +0,08 | 0.01 £ 0.08 “ 0.,05:!:0..08 0.18 + 0,12
Re py, ~0,09 £0,08 | -0.030.06 | -0.06%0.,06 | -0,17+0.11
»pi_l 0.01 £0.12 | -0.1040.10 | ~0.05+0.10 | 0.13%0.16

mm el ~0.01 £0.08 | 0.1420.06 | 0.17+0.06 | 0.09 0,11
Imp5_, | -0.05 %0,13 | -0.002 0.10 | -0.1¢% 0.10 | 0.06%0.12
” d) Ey = 4,7 GeV, Gottfried-Jackson system.
,vng 0.14 0,06 | 0.16£0.07 | 0.46£0,09 | 0.61%0.15
Re py, 0.15 +0.04 | 0.09%0.05 | 0.070.05 0.21%0.11
_'pg_l 0,12 £0,07 | -0.08£0.,07 | 0.14%0.07 | 0,09 £ 0,10
Poo -0.23 £0,10 | -0.240,10 | -0.42£0.15 | 0.16%0.32
| pil 0.20 £0,09 | 0.11£0,09 | 0.,19+0,08 | -0.02%0.15
Re pJ, 0.02 £0.07 | 0.06£0.08 | 0.00%0.07 | ~0.16% 0,20
_pi_l 20,09 #0.12 | 0.08£0.12 | -0.09% 0,11 | -0,04 +0.20
m p3, -0.04 0,06 | 0.09%0,06 | 0.130,09 | -0,220.13
Im pi_l ~0.10 +0.10 | -0.01£0.11 | -0.00%0,12 | -0.15 +0.18




Table IV (éont’do)

e) E =4.7 GeV, helicity system.
Y .

11 (GeVH) |
0.014 -~ 0,06 | 0.06-0.,15 | 0.15-0.4 | 0.4 -1.0
Pog 0.02 0,06 | 0.18%0.07 | 0.09%0.07 | 0.340.14
Re pyg 0.05 £0.04 | -0.10%£0.05 | 0.03%0,05 | 0,244 0,10
py_1 0.06 £0.07 | -0.0720.07 | -0,05%0,08 |-0,22% .11
Pgo -0.12 £0.12 | -0.05+0.18 | 0.170.13 |-0.16% .29
oL 0.14 £0.10 | 0.01£0.11 | -0.11+0.10 | 0.14 + .18
Re pio ~0.15 £0.06 | -0.07£0,07 | -0.17£0,07 | 0.17+ .20
Py -0.14 0,10 | 0,18%0,11 0.20£0.11 |-0.20% .18
Im pi) 0.07 £0.06 | 0.07+0.07 | 0.0540,08 |-0.11% .14
mmp?, | -0.08 £0.10 | -0.09%0.10 | -0.18%0.13 | 0.32% .18
f) léy= 4,7 GeV, Adair system.
pgo 0,04 +0,06 | 0,13%0.07 | 0.18%0.08 | 0.66%0.16
Re pgo 0.08 £0.04 | -0.05 % 0.05 | 0,12%0.05 | 0,19+ 0,09
p‘{_l 0,07 %0,07 | -0,09 0,07 | -0,010.08 |~0,06: 0.11
000 ~0.18 £0,09 | -0.10%0.10 | ~0.06%0.12 | 0.25 % 0.36
P11 0.17 £0.09 | 0,0420.10 | 0.01%0,09 |-0.06+0,15
Re py, 20.11 %0.07 | -0.09 %0.07 | -0.25 0,08 | 0.17% 0,17
P11 2007 +0.12 | 0.16%0.12 | 0.09%0.11 | 0.00 0.20
Im o2, 0,06 0,06 | 0,08=0,06 | 0,08:%0,08 |-0.2120,15
m pa_y 20,09 =0.10 | -0.08£0.11 | -0.14+0.14 | 0.19%0.16



FIGURE CAPTIONS

1. 77 1 mass distributions for the Jc'eaction'yp—-»p7r'*'7r-1r9 at 2.8 and 4.7 GeV. There
are 2687 and 3083 fits from 2678 and 2912 events at 2.8 and 4.7 GeV respectively.

2, Total cross sections for reactionyp —pw, from fchis experiment together with the
values of Ref. 1,2,9-11, Cross section contributions a-N crU from natural parity
and unnatural parity exchanges in the t-channel for |t| <1 GeV

3. Reactionyp—pw. Total differential cross. sections and differential cross sections
for contributions from natural parity exchange at 2.8 and 4.7 GeV.

4, Reabtion YP—pw. The spin density matrix parameters in the helicity system and Py

as a function of t at 2.8 and 4.7 GeV. The curves are calculated according to Eq. (5).
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