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ABSTRACT

Interactions of laser-induced~95% linearly polarized photons in the
82-inch hydrogen bubble chamber at SLAC have been examined to study
po photoproduction via yp — pop. Based on a sample of about 1500 ,)O events
at 2.8 and 4.7 GeV beam energies, results are given on the total channel
cross section and the momentum transfer distribution. The p° decay spin
density matrix elements are examined in the presence of polarization cor-
relations. A strong azimuthal correlation with respect to the photon polari-
zation is observed in the po decay.
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We have investigated the p0 photoproduction process with linearly polarized
photon beams at 2.8 and 4.7 GeV energies using the 82-inch hydrogen bubble
chamber at SLAC., The laser induced photon beam is almost monochromatic
and highly poiarized. 1 The full widths at half maximum of the beam energy
spectra are found1 to be 0.150 and 0,300 GeV, respectively, with photon linear
polarization of ~95 percent.

The total exposure amounts to ~810, 000 pictures. Of these, one third have
been completely analyzed, corresponding to 37 events/uh and 44 events/ub at
2.8 and 4.7 GeV, respectively, The overall scanning efficiency after double~
scan and a third resolve-scan is more than 99 percent, The total number of
hadronic events successfully processed is 13,220, of these 63.5 percent have
three charged outgoing particles. We find 1157 acceptable 3C fits at 2.8 GeV
and 866 such events at 4,7 GeV which satisfy the beam energy criteria and
are of the type:

Yp—pr T (1)

Figure 1 (a) und 1(b) show the Dalitz plot distributions for events of reaction
(1). A strong po signal and some AT production is observed.

Figure 2(a) and 2(b) show the . mass spectra from reaction (1) at 2.8
and 4.7 GeV, respectively. The measurement of the po photoproduction cross
section from reaction (1) requires a knowledge of competing processes and the
shapes of resonances. A maximum likelihood fit has been made to the data
assuming Breit-Wigner p-wave resonance shapesz for p° and A+T photoproduc-
tion in addition to phase space. The po shape is modified by the factor of
(mp‘/Am7T 7T)ZL, as suggested by Ross and S‘todolksy. 3 The curves in Fig. 2(a)

and 2(b) show the results of these fits. The parameter values are summarized



in Table 1.

TABLE 1
m
k p Ip Percentage Percentage o{ub)
(GeV) (MeV) (MeV) of p© of A+t o, Wh)  opWb) s
2.8 76545 152+11 644 13.543.0 20.1£1.2 4,241  31,4x1.5
4.7 75344 13448 764 742 15.240,7 1,440,6 ° 20+1

A recently proposad po— w interference model4 not using the factor (mp /mmr)4
of Ross and Stodolsky, does not reproduce the 71 mass distribution if a value
near 760 MeV is used for mpo.

The differential cross section for Yp— pop is obtained by dividing the data
of reaction (1) into intervals in t, the square of the four-momentum transfer
between incoming and outgoing nucleons, where within each t-interval we solve
for the number of po‘s, using the maximum likelihood technique described
above. The forward po photoproduction cross sections are obtained from a sub-
sequent exponential fit, of the form Ce—AItl, to the t distributions seen in
Fig. 3(a) and 3(h), for Il < 0.5 (GeV/c)Z. For do/dtlyp—p°p) at t = 0, the
values arc 151 + 15 ub/(GeV/c)z at 2.8 GeV and 115 + 10 ub/(GeV/c)z at 4.7
GeV. The exponential slopes are found to be 7.2 = 0.4 (GeV/cf2 at 2,8 GeV
and 7.0 % 0.5 (ch/c)”2 at 4.7 GeV.

The coordinate system, used in the analysis of p'0 decay intensity distribu-
tions by linearly polarized photons, is given in Fig. 4. The production plane
of yp —p 0p contains the x-z axes. - Depending upAcm the quantization axis, the
angles # and ¢ are the usual J ackson system or helicity system polar and
aximuthal angles of the decay'positive pion in the po rest frame. The angles
¢ and rdefine the relative orientation of the production and decay planes with
respect to the beam photon pblarization. With these definitions, the azimuthal
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angles are related by l//J = ¢ gt ¢ -21., The po decay intensity distribution is
analyzed in terms of nine parameters, using the following most genera15 nor-

malized functional form, for linearly polarized photons:
6,9, d) :—2-%,; . ZB% {[— <1~p(0%)> ( (0)_ >cos 4 p( ) sin 0 cos 2¢
-2 \/—2_ Rep(l%) sin0 cos 0 cos gb:l

- P cos 2@[0(010) cos2 0 +P( ) sin G —p(ll—)l sin2 6 cos 2¢

1
-2 \/5 Rep(lo) sin0 cosf cos qb]

+ P sin 2@’[1111,0(12_)1 sin2 0 siﬁ.qu + 2 \/i Imp(lzo) sin 0 cos 0 sin qﬁ]
@)

In this expresssion P refers to the percentage of beam linear polarization,
for which we use the value of 95,6 percent at 2.8 GeV and 93,1 percent at 4.7
GeV, as computed from the backward Compton scatteriﬁg process and ourbeam
geometry. The generalized po spin density matrix elements /)( 1) , inthe A= 0
case, correspond to the conventional p~wave boson decay formalism. The ad-
ditional correlations introduced by the A= 1 and 2 cases are due to the photon's
linear polarization and together with the elements of A= 0, can be used to derive
relations to examine various production mechanisms, Among the most inter-
esting realtions are the measure of pO photoproduction polarization asymmetry
2= (0, -0y )/(O‘“ + 01) and the parity exchange asymmelry T, = ((T -0 Y (o —l-o_-_).
Here, oy, = o*\-'_i(oﬁzg, 0] =-§—, QD=12T-> and 0} = o+ 1( ,¢ 2 , 9= O)for By =1,

b—+(0_) is the cross section for yp —p p due to natural (unnatural) parity

|



' . . . 6
exchange mechanism. The relationships are :

1 1
P A3+ o) ]
IR (O BN (0) (3)
. P11 TP
and
o, ~o
Pt = _ o (1) _ (1)
o e te T 20117 Pog (4)

A strong correlation between the photon polarization vector and p° decay
plane containing the quantization axis, is observed on the ¢ vs i scatter plots
of Fig, 5. It is seen that the po decay plane is prcdominantly oriented along
theb photon's electric polarization direction. The behavior of the po polar and
azimuthal decay angles 6 and ¢ in the hélicity frame are also shown in this
figure. These are similar in bchavior to those obtained in previous unpolarized
photoproduction experiments.7 The variations of p(ﬂz), from the unpolarized
part of the generalized decay distribution function are shown as a function of t
in Fig. 6. This behavior is entirely consistent with previous expelfiments.

The polarization asymmetry in po photoproduction has been measured in
a counter/spark chamber experimental setup at DESY. 8 Our measurement of
Y, using Eq. (3) and the complete determination of all parameters appearing
in Eg. (2), is consistent with the DESY resuits. Figure 7(a) shows our deter-
mination of the po polarization asymmetry»&at 2,8 GeV, in comparison with the
DESY results at 2.25 GeV, Figure 7(b) gives )jp(t) at 4.7 GeV.

The cross sectional asyﬁnnetry between natural and unnatural parity ex-

change processes in yp—p Op can be measured using Eq, (4). Our results,

given in Fig. 8, show that contributions from unnatural parity exchanges in




Finally, we have compared our results with a quark model prediction9
that éhe statistical tensorlo ImTi vanish in a special reference system when the
photon polarization vector is perpendicular to the scattering plane. In this

system the quantization axis is normal to the yp—»pop production plane, In

z o

Figure 9 shows that this prediction is well satisfied. This statistical tensor

terms of our notation in Fig. 4, this condition corresponds to ¢=

is the expectation \}alue of -5/4 < sin2 6 sin 2¢ >, evaluated in the special

system,
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FIGURE CAPTIONS

Dalitz plot of yp—*pv.ﬁfr_ at (@ 2.8 GeV and (b) 4.7 GeV.'

a1 mass spectrum from yp ~pm o at (a) 2.8 Ge‘V and (b) 4.7 GeV. The
superimposed curves are from a maximum likelihood fit including po, N
and phase contributions.

Differential p° cross section from, yYp— p7r+7r_ at (a) 2.8 GeV and (b) 4.7 GeV,
obtained from maximum likelihood fits.

po decay analysis coordinate system in linearly polarized photoproduction.
Correlation between ,0O decay plane and photon polarization. Distributions of
polar and azimuthal helicity frame decay angles in (a) 2.8 GeV data and (b) 4.7
GeV data.

Behavior of the unpolarized part of ,0O photoproduction spin density matrix elements,
(a) at 2.8 GeV and (b) at 4.7 GeV.

(@) po photoproduction polarization asymmetry measurements at 2.8 GeV and
comparison with the data of reference (7) at 2.25 GeV. (b) measurement of
):p('t) at 4.7 GeV. |

Parity exchange asymmetry distribution in yp — pop at (a) 2.8 GeV and (b) 4.7

GeV.

2
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with a quark model prediction of reference (9), in the Helicity, Jackson and Adair

Behavior of the statistical tensor Im T as a function of ¢ (folded), as compared

systems,
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