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Photoprodnction of large-pz hadrons by polarized beam and target

J.J. Peralta, ' A. P. Contogouris, ' B.Kamal, ' and F. Lebessis
'Department ofPhysics, McGill University, Montreal II3A 2T8, Canada
Nuclear and Particle Physics, University ofAthens, Athens 15771, Greece
'Institute ofNuclear Physics, NRCPS Democritos, Athens 15310, Greece

(Received 11 May 1993)

The production at large transverse momentum {pz}of hadrons by a polarized photon beam on a longi-
tudinally polarized proton target is studied. The contributions due to the structure of the photon are
taken into account and discussed. In certain kinematic domains cross sections and event rates sizable
enough for successful experiments are predicted and single hadron production is shown to be a good
probe of the size of the polarized gluon distribution. A particularly clean probe is found to be a special
combination of cross sections for the production of two large-p& hadrons. The feasibility of high-energy
polarized photon beams is also discussed.

PACS number(s): 12.38.8x, 13.60.Fz, 13.88.+e

I. INTRODUCTION

So far the numerous tests of perturbative QCD
(PQCD), which have led us to believe that it is a very suc-
cessful theory of strong interactions, are experiments on
reactions involving unpolarized partons and particles.
One of these tests —quite successful —has been pho-
toproduction of hadrons at large pr [1,2]. One may call
the tests with unpolarized reactions first generation tests.

The EMC experiment on the longitudinally polarized
structure function of the proton [3] marks the beginning
of a second generation of tests, perhaps more stringent
than of the first. The results of this experiment are fur-
ther enforced by the recent measurement of the spin-
dependent structure function of the deuteron [4]. Several
other experiments with polarized particles have been
completed [5] or proposed at HERA [6], RHIC [6,7], or
Fermilab [8]. One may expect that large pr photopro-
duction of hadrons with polarized beam and target will
eventually occupy a place.

The result of the EMC experiment was quite surpris-
ing: The valence quarks carry almost no spin of the pro-
ton. Within PQCD a solution was found in suggesting a
large and positive polarized gluon distribution b,g (to-
gether with small polarized sea). An alternative solution
consists of a rather large polarized strange sea together
with a not so large hg.

In this work we study the PQCD predictions for large-

pz photoproduction of hadrons by a polarized beam and
proton target. In particular we present results with two
sets of polarized parton distributions differing essentially
in the size of hg.

Section II presents the contributions to single hadron
photoproduction of the main subprocesses. Section III
presents the contributions due to the structure of the
photon. Section IV has our results on yp ~h +X. Sec-
tion V discusses two-hadron photoproduction and shows
that a proper combination of cross sections for
yp ~h, +hz+X is, in principle, a clean probe of the size
of Ag. Section VI contains an overall assessment of the
present work and our conclusions.

II. SINGLE HADRON PHOTOPRODUCTION:
DIRECT SUSPROCESSES

[a ( —)y(+ )~cd] (2.2)

where k denotes parton a and photon helicities. For the
inclusive cross section of yp ~h +Xwe write, likewise,

E =—E [p (+ )y(+ )—+hX]
Ado 1 do
dp2dp

E[p ( ——)y(+ )~hX]
d p

(2.3)

where + denotes proton and photon helicities. Then the
contribution of ay ~cd is

AdoE (Pr, s, tl)
d p

geqf 26F) (x Q )Dt), (zQ )x. z'

Xh 5 l+ (2.4)

We begin with photoproduction of a single hadron,
namely, y+p ~h +X. In an important part of the kine-
matic range, this is known to be dominated by the sub-
processes gy+qq and qy~qg in which y directly parti-
cipates in the hard scattering process; of course, the cou-
pling of the photon is pointlike. Let
a(p, )+y(pz)~c(p3)+d denote either of these (the
quantities in parentheses are the four-momenta); we
define

s =(p, +p, )', t =(p3 —
p& )', u =(p3 —pz)' (2.1)

Next we write
T

[a (+ )y(+ )~cd]do 1 do
dt 2 dt
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gy t u + qy
do. m.aa, t2+z2 do. Smaa, g2

dt s tu dt 3s

(2.5}

where the outgoing antiquark (gluon) has momentum p3.
With pr being the transverse momentum of h and g its
c.m. rapidity with respect to the photon,

z =
—,'xT(e "+e "/x, ), (2.6)

where hF, /p is the momentum distribution of a longitu-

dinally polarized parton a in the proton, DI, /, is the frag-

mentation function c~h, and e denotes quark charge.
The subprocess cross sections are (see also Ref. [9]}

here, as in the direct subprocesses, the coupling of the
photon is pointlike; (ii) by first turning into a vector
meson state (hadronic component} one may consider that
this state is eventually decomposed into constituents,
which give rise to some hard scattering subprocess.

Both mechanisms (i) and (ii) correspond to so-called
resolved photon subprocesses. We begin with (i).

With definitions similar to (2.1)—(2.3) and considering

y —+qq, the contributions from a(p& )+q(pz)~c(p3)
+d(p4) to the inclusive cross section of yp~h +X now
has the form

EkdO' 1 ~ 2f u b dz~
( g2)

where xr= 2pr /~s (v's =cm energy)
We are interested in the photoproduction of charged

hadrons (h+, h ). These are mostly qr+, qr, to a lesser
extent I( +,E, and even less protons; the production of
p and other baryons is negligible. For ~+,m we use the
fragmentation functions of Ref. [10] and note the rela-
tions

X EFq)r(xs, Qz)

X Dl&, ( zg ) (aq~cd)2 bdtr

X5 1+ (3.1)

and

+/ / /d +/d

D =D+ =D+d —D
(2.7}

(2.8)

DK+/ =DK /, DK+/- =DK /s '

K /u /u

DK+/u D + /u

(2.9)

D+ =D

Regarding fragmentation into E*we use the relations of
Ref. [11]:

I~

Here hF z (x,Q ) is the polarized photon structure func-
tion for y —+q. For unpolarized photons there have been
extensive studies regarding the structure function Fq/y
(and F &r}; information on EFq&r (and b,Fs&r) is much
more limited. For the sake of simplicity and convenience
we will make use of the lowest nontrivial order of a„or
the quark parton model (QPM) result; as we discuss
below, the matter is eventually related with the efFects of
the hadronic component [mechanism (ii)]. Thus we take

hF z (x,g )= hP &r(x) ln (3.2)

where the polarized split function [14]

and

K /d K /u
(2.10)

K /s K+/d K+/d K+/u K /s K /d

b,P qr(x)=

and we take A= A( =0.2 GeV); to this order,

b,F i (x,g )=0. —

(3.2a}

(3.3)
We take

DK+/ =DK+/s —,'D +/ (2.11)

III. PHOTON STRUCTURE
(RESOLVED PHOTON) CONTRIBUTIONS

we find that at Q =4 GeV the resulting D +& (z, g )

and D + (z, g ) are in fair agreement with the corre-

sponding fragmentation functions of Ref. [11],as well as
of Ref. [12]. Finally, we take D + =0 and neglect

baryon production. In this way we find that photopro-
duction of all charged hadrons exceeds that of ~+ and

by -40% in agreement with well-known experimen-
tal facts on large pT hadron production [13].

The subpfocess cross sections

ado
(aq ~cd }

dt

have been determined in Ref. [9];with the notation

ado. ~a,2(ah~cd)= EX(ah~cd) .
dt f2

They are

S2—t2 4 g2 —t2
EX(gq —+gq }= +—9' 9 —

Ws

EX(q qp~q„qs }

(3.4)

(3.5)

In addition to the above direct subprocess, the photon
may interact via two other mechanisms [1,2]: (i) through
its constituent qq pairs or gluons (partonic component);

4 g2 t2 g2 ~2 2 g2
+5qP n2

Q t tu
(3.6)
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b,X(q q&~q„qs)

4 9' —t t +u
Q

(3.7)

At the low end of pr ( &2.5 GeV) the Fermi motion
(intrinsic transverse momentum of the partons in the
hadron) has some effect. However, in photoproduction
this effect is much less important than in hadron-hadron
reactions, and it will be neglected.

Now we turn to the discussion of (3.2) and (3.3) and be-
gin by briefly recalling the situation in unpolarized y re-
actions; we follow Refs. [15].

In the QPM F &r has the same form as (3.2) with only
(3.2a) replaced by Pqzr(x); this is its simplest form, in
which regularization-dependent constant (i.e., only x-
dependent) pieces are neglected. Correspondingly,
Fq&r(x, Q ):0, as we—ll. As for polarized y, the result fol-
lows from the computation of a simple box graph. In-
serted into the evolution equations, this contribution
amounts to an inhomogeneous term. The full solution of
these equations, to be termed leading order (LO) QCD,
contains the homogeneous plus one particular inhomo-
geneous solution; the former is usually absorbed in the
hadronic component. Then in the LO solution F z
differs from that of QPM mainly near the kinematic end
points x =0 and 1. Of course, in LO, Fzzr(x, Q )%0.

In next to LO, for very large Q (i.e., neglecting sub-
dorninant terms), F &r(x, Q ) is given by the above inho-
mogeneous solution and is entirely calculable in QCD.
This analysis was first made by Witten [16] and led to the
hope that the photon structure function could be fully
predicted [i.e., including its x dependence, apart from A
of Eq. (3.2)]. Unfortunately, the hope was shattered
when it was realized that the singlet part of F &„c otnians
a singularity at x =0. In higher order this singularity be-
comes worse, and so are the indications for even higher
orders; near x =0, F z even becomes negative. On the
other hand, the full F

&
is positive and regular; certain

regularizing terms enter [15]. The origin of them can be
traced to the hadronic component (ii) [15]. Interesting
ways to cancel the above singularities have been proposed
[17], but the simplest (and perhaps safest) procedure
seems the following [18]: Accept Fq&r(x, go) at some

Qo —1 GeV from experiment (input) and use QCD to
determine the evolution. This is the procedure one fol-
lows for partonic distributions in hadrons.

Now we turn to EFq/y and hE~&z. In LO these func-
tions have been determined [19]. First, regarding EFqzz,
Fig. 1 of Ref. [19] shows that, away from kinematic end
points, they are much the same as Eqs. (3.2) and (3.2a) in
sign, magnitude, and structure [notice in all cases a
change of sign of EFq&r(x, g ) at some intermediate x].
Thus, away from x =0 or 1, we may reasonably expect
similar results [20]. Next, regarding hF z, Fig. 2 of Ref.
[19] shows that it is important at small x. Setting
EFq&~ 0[Eq. (3.3)] at larger——x makes little difference

In LO, at small x, all EFq&r, bFqzz are -x (Ref.
[19]). For the next to LO nothing is known. Of course,
no experimental input b,F

& (x,go) is known either.
Thus it appears to us that, away from x =0 or 1, for
simplicity's sake, use of (3.2) and (3.3) is not unjustified.

Furthermore, (3.2) and (3.3) are convenient to us, and
this will be discussed in Sec. V.

To close this section we note that, in contrast with the
subprocesses gy~qq and qy~qg which lead to events
with three-jet topology, the contributions due to the
structure of the photon lead to four jets. The additional
jet arises from the fragments of y and emerges in the
photon s direction. Thus such contributions can be elim-
inated by excluding four-jet events. In any event, we
present predictions both with and without these contribu-
tions.

IV. RESULTS ON SINGER HADRON
PHOTOPRODUC. i iON

Subsequently we use the two sets of polarized parton
distributions of Ref. [21] (set 1: large bg; set 2: relatively
small hg) evolved with Q . In the running coupling
a, (g ) we take A=0. 2 GeV and four flavors. Our re-
sults correspond to the scale Q =pT, but we comment on
other choices. We consider ~s =27 and 170 GeV, but
these energies should be viewed as only indicative.

Figure 1 shows the contributions to yp ~+*+Xof the
direct subprocesses, of the photon structure and of their
sum for rapidities g=1.5, 0, and —1.5. The predictions
correspond to set 1 of Ref. [21]. In general, the photon
structure contributions are important at the lower pT.
The direct subprocesses dominate at g=1.5 and 0, but
not at g= —1.5.

Figure 2 shows the ratio of the inclusive cross sections
for yp ~m.*+Xcalculated with sets 1 and 2. In particu-
lar, at q)

= 1.5 this ratio is near 2 and reflects the fact that
at the indicated range of pT the subprocesses with initial
gluon dominate and that in set 1 EI'

&
is signi6cantly

larger than in set 2. It appears that in this kinematic
range yp ~qr*+X is a good probe of the polarized gluon
distribution.

Figure 3 presents contributions of only the direct sub-
processes to yp ~A*+X, where h denotes n. or K. Fol-
lowing the NA14 Collaboration [1] we present inclusive
cross sections integrated over bins ofpT: namely,

d cr ~&+~o . . . b,do
(PT~~& 9) dPTPTE 3 g

(PT~s» 9)
dqjd pr pp d p

(4.1)

For v's =27 GeV we take pa=0. 5 GeV; for &s =170,
pa=1 GeV. Again the predictions with set 1 exceed
those of set 2 by factors -2.

For the direct subprocess contributions we also deter-
mine the asymmetries

A (PT,s, ql)=E 3 (PT, s, qI)/E 3 (PT, s, q)); (4 2)
ado der

6f p 8p

these are presented in Fig. 4. To determine the unpolar-
ized E der ld p we use the unpolarized parton distribu-
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tions of Ref. [22] (fit SL leading order). In general, A are
large and negative at the lower p„. At fixed s, as pT in-

creases
~
A

~
decreases; this is due to the fact that, with in-

creasing pz-, the subprocess qy~qg becomes relatively
more important; this subprocess contributes with sign op-
posite to that of gy~qq [cf. Eqs. (2.5)]. At even larger

pT (or xT) qy~qg dominates and A changes sign.
Again, at the lower pT, where g y ~qq dominates,

~
A

~
for

solution 1 exceeds that for solution 2 by factors -2.
We have determined the event rates corresponding to

our cross sections, and here we briefly state the main re-
sults. As a basis we take a differential luminosity of
15 X 10 cm sec ' (to be achieved later at HERA) and
—,
' of the year effective running time.

Referring to solution I and Eq. (4.1), we denote by N
the per year number of events integrated over the bin

pT —
po &pq &pT+po,' we shall give the range of N for g

varying in a range g,„&g & g;„. Then for solution 2, N
can be trivially deduced from our Fig. 3.

So, for yp~h —+X, at &s =27 GeV, for the bin
2 &pT &3 GeV and for 1.5 & g & —1 we find
4X10 «N«10; in our kinematic range these corre-
spond to the maximal rates. At V's =170 GeV, for the
bin 8 &pT & 10 GeV and for 1.5 & g & —1.5:
7X10 «N 20; these correspond to the minimal rates.
For yp~h*+X (unpolarized) approximate rates can be
deduced from Fig. 4.

Leaving aside the technical difficulties in setting up po-
larized photon beams (see Sec. VI), it appears that, in
general, our predicted cross sections and rates are
sufficiently large for successful experiments.

Finally, we have considered variations of the scale Q
in the usual range p T /4 Q 4p T. Typically, for

Q =pT/4 the polarized cross sections increase by factors
of 2—2. 5 with respect to their value at Q =pT, for

Q =4pT, they decrease by factors 1.25 —2. In general,
the asymmetries A are less affected: For the whole range
pT/4~ Q ~4pT, 3 changes by less than 20%.
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with solution 2 of Ref. [16]at q =0, —1.5, and 1.5.

FIG. 3. Inclusive cross sections for yp~h++X, where

h =~ or EC, integrated over bins ofpT.
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7+p —s Ig++X
v s=27 GeV

defined by p2 and ki (scattered plane) coincides with the
x -z plane. Then, with k,„=kz; cosP,. and
Il; = ln cot(e; /2) the rapidity of h; one obtains

—10

o(h, hz)=
dg)d kT)dg2dk2x

-ao-
N
Q -40-
8 -SO-

-60-

-70-

-80
2

I

4
p&(Gev)

v s=170 GeV

where

x=e
and

eq Ader

T1k
EFa pp(x) Dz z, (z, )Dz ze(z2),

dt

(5.1)

(5.2)

I I I I ' I ' I ~$ s
(5.3)

-20

+4 -30-
NI

-40-
8 -5o-
N

-60-

-80 I I I I I I I . I

2 4 6 8 &0 &2 &4 16 18 20
p&(GeV)

FIG. 4. The asymmetries 2 (p s,rIt), Eq (4 2).

V. TWO-HADRON PHOTOPRODUCTION

In the above expression an integration over the com-
ponent kzp (perpendicular to the scattering plane) has
been carried; also, in the expression of b,do /dt one has

f=xs, t= —fe '/(e '+e '),
u= —se '/(e '+e ') .

(5.4)

Now using relations (2.7) and (2.8) for the fragmentation
functions to ~+ and ~ one can show that the combina-
tion of inclusive cross sections,

&(~)=o(~+n )+—o (m m+ ) o(n.+m+ ) —o(n n ),—
(5.5)

isolates the contribution of the subprocess yg~qq. One
finds [23]

2(e„+ed ) hdos„
b, (Ir) = bFs~p(x)~k„

As we stated in the Introduction, the size of b,g is a
main issue in spin physics. Therefore, it is of interest to
isolate the subprocess gy~qq. For this, as in Ref. [23],
we consider the semi-inclusive production
yp~h, +hz+X, where the hadrons h, , i =1,2, are pro-
duced at large transverse momenta kT; in opposite azimu-
thal hemispheres.

To determine the contribution of the subprocess
ay~cd, in the center of mass of the colliding y and p,
take as the z axis the direction of y(z=p2) and let 8; and

P, be the polar and azimuthal angles defining the direc-
tion of k; (Fig. 5). We can take Pi=0, so that the plane

X [D + (zi ) D(zi )]-
X[D +q (z2) Dq (z2)] . — (5.6)

cr(K+K+ ) o'(K K —)— (5.7)

isolates yg ~qq as well. More specifically,

In a similar manner, using relations (2.9) and (2.10) for
the fragmentation functions to K+ and E and assuming
simply Dz+y Dz, we Snd that the combination

4(K)=o'(K+K )+o (K K+ )

syp x ~ X eq[D&+&& zi)[D&
&

(z2) D +&-(zz))—+D-—(zi)[D (zz) D+ (z2)]]—
q
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binations b, (m. ) and b,(K) these contributions cancel. The
reason is that b, (m. ) and b,(K) involve differences of oppo-
sitely charged pions or kaons.

Moreover, since the inclusive cross section IY(h ] h2 ) in-
volves two hadrons in opposite hemispheres (Fig. 5) the
effect of the Fermi motion is practically eliminated even
at very low kT, . Thus (5.6) and (5.8) are very clean probes
of the polarized gluon distribution hI'g/p.

Now we can see the convenience (in addition to simpli-
city) in using the QPM b,F &r [Eq. (3.2)]. It facilitates the
demonstration that in the combinations 5(lr) and h(K)
the photon structure contributions cancel. For the I.O
b+~&~ [19],the cancellation is not complete. However, in
view of the many similarities between QPM and LO dis-
tributions discussed in Sec. III and away from kinematic
end points, we may reasonably expect cancellation to a

its for the quantity b,(]r)+b,(K).
sive cross sections are integrated
: namely,

FIG. S. Kinematics of the reaction yp ~h
&
+h&+X with the

hadrons h ] h2 produced in opposite azimuthal hemispheres.

(5.9)

where q =u, d, and s. significant degree
Regarding the contributions of the photon structure, Figure 6 presents resu

working as in Sec. III to the lowest nontrivial order of a, The corresponding inclu
(QPM) it is not difficult to demonstrate that in the corn- over bins of kT] and k2„

I

b,do
Tl 2x»ql 92 h h Tl T] h h 2x

dTl] v ] Tf2 Tl 0 2x 0 Ti] YJ2 T]

We consider Ti]=g2=rf and. as before take for ]/s =27
GeV, k0=0. 5 GeV; for ]/s =170 at the larger Tf, the
cross sections show a clear difference (by factors -2) be-
tween solutions 1 and 2.

We have again determined event rates on the basis of
the luminosity and running time of Sec. IU. Referring to
solution 1 and Eq. (5.9), we denote by N the per year
number of events integrated over kz, —ko

kT] kT]+ko with Ti='r)]=T12 r convenience we

give for N =N(TI) several characteristic values (although
just one would be sulcient, the others being determined
from our Fig. 6}.

At ]/s =27 GeV, the bin of k2„ is 2. 5 & k2„&3.5 GeV
(Fig. 6); then for the bin 2 & kT] & 3 we find

10

S. /
'a

1ol 10

'a

b

6(x) y 4(K} for 7+ p ~ h& + hr + X

v s=27 GeV

N(71=1.5)=3.7X103,

N(r)=1.25)=10 (=N,„),
and N(T1=0.55}=423. At v's =170 the bin of k2„ is

5 & k2„&7 (Fig. 6). Then for the bin 8 & kT& & 10 we find

N(rI=1. 5)=210, N(T1=1)=19 and N(]1=0.55)=0.7.
Leaving aside practical difficulties (see Sec. VI), we may
say that, at the larger g, our predicted rates are not
discouraging.

Before closing this section we would like to explain
qualitatively the sha es of hd rr/dg]drf2drtl] and their
difference between s =27 and 170 GeU.

For Vs =170 GeV, with ]7 varying in the range
0.5 & Tf & 1.5, z; are small [Eq. (5.3)] and the fragmenta-
tion functions Dhz (z, ) vary little, the behavior of h.(m)
and b, (K) is controlled by b,F & (x). Then as rl increases,
x decreases [Eq. (5.2)], and b,F z (x), which peaks at
small x, increases. Hence ~hd o/dg]dgzdg]~ increases
Moreover, for the various bins of kz-„ this cross section
almost scales.

For vs =27 GeV, kT]/]/s and k2„/&s are not so

10
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FIG. 6. The combinations h(~)+h(K) (Sec. V) of inclusive
cross sections for yp ~h, +h, +X integrated over bins of kTl
al]d k Z [Eq. (5.9)].
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small, and this complicates the shape. First, at fixed kr,
and kz„, beginning with g=0.5 and up to some value of
g, the behavior of b, (m) and b,(K) is again controlled by
bF z (x};thus, as for v's =170, ~hd o/dg&dgzdP&~ in-

creases with q. At larger g, however, the variation of the
fragmentation functions becomes important. As g fur-
ther increases, z& and zz increase and Dh&~(z; ) decrease
fast, leading to a decrease of

~
bd cr/d g&dgzdP& ~. Such a

decrease results from another reason related with the fact
that we integrate over bins of kz, and k2„[Eq. (5.9)]:
For sufficiently large q, at kz, =kz, +k0 and/or
k2& =k2& +k0 one has z, & 1 and/or z2 & 1 ~ Of course, in
such kinematic ranges there can be no events, and in our
calculation we have set h(m ) =b (K)=0.

VI. CRITICAL ASSESSMENT
AND CONCLUSIONS

Now we discuss the feasibility of the foregoing experi-
ments and the stability and reliability of our predictions
against various uncertainties. We begin with the question
of how one can obtain a high-energy polarized photon
beam.

Polarized photons (of squared four-momentum q =0}
are produced from bremsstrahlung (brems} of polarized
electrons de6ected at very small angles. To determine the
degree of photon polarization, in principle, one way is to
tag the final electron (either by magnetic spectrometer or,
better at high energy, by calorimetry methods) and deter-
mine the final electron's polarization by a double scatter-
ing experiment; all this is already quite hard. Moreover,
in this way, the energy spectrum of the photons will have
the usual brems forms, i.e., decreasing fast with photon
energy E . To produce a significant photon Aux with
high E, one needs a very intense electron beam. Any-

way, with degree of polarization -70% of the initial
electrons one anticipates a significant degree of photon
polarization.

Perhaps a better way (presently developed at SLAC
and discussed elsewhere [24]}is via an optical laser beam.
When the laser photons are backscattered on electrons,
under proper arrangement, they can produce a spectrum
peaked at some fairly high E&. The photons can be po-
larized and, in fact, with a large degree of polarization.

We turn to another question. In our predictions there,
are several uncertainties, and one may ask which of the
observables is the most stable against (i.e., least affected
by) these uncertainties. We argue that this is the asym-
metry A, Eq. (4.2).

As we already discussed, regarding the choice of the
scale Q, A is more stable than the individual cross sec-
tions; the reason is obvious.

Uncertainty is also involved in the fragmentation func-
tions Dzz, [25]. Again, A is expected to be more stable
since the same D&&, enter Endo. /d p and Edo. /d p.
Changing D&&, will somewhat change our predicted
rates, but not by order of magnitude.

An important uncertainty concerns higher-order QCD
corrections (HOC's}. Again, A is expected to be more
stable, and for this we argue as follows: For two different

physical processes initiated by longitudinally polarized
Particles, namely, yP ~7 (large Pr }+Xand PP ~y(large
pz )+X, complete next-to-leading-order corrections have
been determined [26,27]. For Drell-Yan lepton pair pro-
duction by transversely polarized hadrons, HOC's have
also been determined [28]. In all these cases it was found
that the K factors are much the same as of the corre-
sponding unpolarized processes [29,30]. This is not ac-
cidental: As is discussed and analyzed in Refs. [26-28],
it is due to the fact that, to a great extent, HOC's for
such processes are dominated by certain terms involving
distributions, and that these terms are much the same in
longitudinally polarized, transversely polarized, and un-
polarized processes. Then we may anticipate the K fac-
tors for yp ~h *Xand yp ~h *Xwill not differ much.

Another question (not unrelated to the last one) is the
reliability of our predictions. The discussion on ddq/y
and b,F~&r (Sec. III) shows that at xr —=2p7/&s -0
(physically interesting region) and at xr- I (less interest-
ing since cross sections are small) our predictions are not
very reliable. For not too small (and not too large) xr,
however, where the effects of photon structure are unim-
portant, we believe that solutions 1 and 2 reliably predict
the anticipated range of cross sections.

Two hadron photoproduction (Sec. V) is a way to
bypass (to a great extent) various small-x uncertainties.
Of course, the experiment is very difficult: In addition to
the question of the feasibility of polarized photon beams,
it demands the measurement of four cross sections; and
to avoid large statistical errors, high statistics are re-
quired. Also, to avoid large systematic errors, all four
cross sections must be measured in the same experiment.
Thus the whole Sec. V may seem rather academic. Nev-
ertheless, to our knowledge, the observables h(n) and
b(K) are among the very few (the only?) that isolate the
polarized gluon distribution hg. Thus we believe they
deserve our Sec. V.

On the whole we may conclude that the processes of
this paper are not to mark the beginning of determining
hg; other processes, e.g., pp~y(large pr )+X [27], are
more appropriate. But as the understanding of the im-
portance of experiments with polarized particles (as
second generation tests of QCD) and the development of
polarization techniques progress, these processes may
serve a useful purpose.
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