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ABSTRACT

We have observed an azimuthal asymmetry in inclusive hadron
: . + - - ,
production by e e annihilation at the center—-of-mass energy
Js = 7.4 GeV. The asymmetry is caused by the polarization of the
circulating beams in the storage ring and allows separate deter-
mination of the transverse and longitudinal structure functions.
We find that transverse production dominates for x > 0.2 where x

is the scaling variable 2p/{/s.
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The transverse beam polarization which is expected to arise in

(1)

high energy electron-positron storage rings provides a convenient

analyzer for studying the dynamics of electron-positron interactions.

(2)

At SPEAR, significant beam polarization has been observed at the

C.M. energy s = 7.4 GeV through the reaction e+é— - H+M7. We
report here measurements of inclusive hadron production (obtained
simultaneously with these muon pair data) which also show strong
azimuthal angle dependence,; correlated with the initial state polar-
ization. The hadron azimuthal asymmetry is observed to have the

same sign as p-pair production, viz., hadrons are preferentially
produced perpendicular to the polarization direction. This effect is
momentum dependent; hadrons of low momenta show little polarization
dependence, while the particles of highest momenta have azimuthal
asymmetries comparable to muon pairs, the largest possible.

The beams are polarized with the electron (positron) spins pre-
dominately aligned antiparallel (parallel) to the guide magnetic
field of the storage ring. The dominant state formed by the annihil-
ation of such polarized beams is that of a single, linearly polarized
virtual photon. The general angular distribution for any final state

particle produced through annihilation has the following simple formg3)

do 2 2 2
——— = g g (o} - - i
A + 3 + ( i UL) cos"® + P (o& 01)31n Bcos2d.
aQ .
(1)

8 is the polar angle of the produced particle measured with respect
to the incident positron direction, ¢ is the azimuthal angle measured

from the horizontal plane (the polarization direction is vertical), P



is the magnitude of the polarization of each beam and OT and Ui
contain the transverse and longitudinal structure functions which
describe the energy and momentum dependence of the production pro-
cess. Although Oi and 0& can, in principle, be determined from
the cosze terms even in the absence of polarization, the finite polar
angle acceptance of the apparatus (50o - 130%) severely limits the
precision achievable in this manner. The polarization dependent term
in Eq. (1) leads to an azimuthal dependence which can be used to
separate the structure functions into transverse and longitudinal
components with much greater accuracy even if the polar angle accept-
ance of the experiment is limited to angles near 900

We have studied the structure functions for inclusive hadron
production in data taken with the SLAC/LBL magnetic detector at
SPEAR. Using methods similar to those described in Ref. 4, hadron
events were selected having three or more visable prongs which form
a vertex within the luminous region of the beams. Events containing

a collinear (O < 100) pair of particles identified as electrons

coll.

were eliminated from the event sample; cosmic rays were rejected by

time-of-flight criteria. A 6% background subtraction was made to

account for beam—-gas interactions. This subtraction was normalized

to events with vertices outside the luminous region. Events from QED
. + - + - + - + - .

reactions e e - [ u and e e - e e were recorded simultaneously

with hadron data and were selected as in Ref. 5 to monitor the

luminosity and degree of beam polarization. The integrated luminosity

for this data sample is 2300 nb_l.
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The azimuthal distribution for all hadron prongs with x > 0.3
(x = 2p/i/s, p is the particle's momentum, \/s the C.M. energy) and
polar angles 53° < 8 < 127° is given in Figure la. . A strong cos2¢
term, consistent with Eq. (1) is evident. TFigure 1b shows the same
distrihution for events taken at ys = 6.2 GeV where the beam energy
corresponds to a spin depolarization resonance and the polarization

oy

is consequently expected to be small. In this case, the data are
uniformly distributed in ¢4, consistent with zero polarization.
Additional evidence that we are observing polarization effects is
obtained from the moments of the cos né which are shown in Figure 2
for the data of Figure la. Again, only the constant and cos2¢ moments
are significantly different from zero. Possible detector biases
would appear £n higher moments, but do not seem to be present. The
moments of sin nd are consistent with zero.

The ratio of longitudinal to transverse structure functions was
determined by a maximum likelihood fit of Eq. (1) to the hadron data.
The time average value of P2 used in the fits was determined by the
QED reaction e+e_-+ M+P7 to be 0.46 T 0.05.

The ratio of longitudinal to tramnsverse structure functions is
presented in Fig. 3a for various values of the scaling variable x
introduced previously. The errors are statistical only. No correc-
tions for detector écceptance have been applied as they are estimated
to be negligible. The quantity (Oi - GL)/(OT + OL) is given in
Figure 3b. This quantity is the coefficient of cosZS in the absence
of polarization.

The data presented in Figure 3 clearly show the dominance of the

transverse structue function as x increases. At low x there is roughly



-5 -

an equal mixture of transverse and longitudinal production while
above x = 0.2 hadrons are produced mainly through a transverse coupl-
ing. We expect the majority of hadrons to be piomns; so it is
significant that they display the transverse coupling characteristic
of the production of pairs of spin-1/2 particles. This is what is
expected in the simple spin-1/2 parton model where hadrons seen in
the final state are emitted by the partons. In this model, the
larger the x of the hadron, the closer the hadron direction is to

the original parton direction implying a value of Oi/oT which decreases
with x. While our results are consistent with the parton picture,
this model is by no means required. For example the production of
pseudoscalar meson with a state ofnatural spin-parity (excluding 0+)

(7)

will, in general, proceed through a transverse coupling.
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Fig. 1
Observed hadron §iéld for all ﬁaréigiésiﬁith x > 0.3 per 15°
of azimuthal angle (a) at f§' = 7.4 GeV, and (b) at the spin
~ depolarization resonance at S = 6.2 GeV. The angle ¢ = 0 is.

in the horizontal plane.
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The coefficients of cos nd vs. n in a Fourier expansion of the

azimuthal distribution of the data of Figure la.
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Fig. 3

(a)O'L/O'T vs. x for the \/;= 7.4 GeV data. (b) (O'T - CrL)/O"T + O'L)
vs. x for the 7.4 GeV data.




