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The production at large transverse momentum (py) 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.Bx, 13.60.Fz, 13.88.+¢

L. 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 py [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 p; 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 Ag (to-
gether with small polarized sea). An alternative solution
consists of a rather large polarized strange sea together
with a not so large Ag.

In this work we study the PQCD predictions for large-
pr 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 Ag.

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
¥P—h,+h,+ 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.
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I1I. SINGLE HADRON PHOTOPRODUCTION:
DIRECT SUBPROCESSES

We begin with photoproduction of a single hadron,
namely, ¥ +p—h +X. In an important part of the kine-
matic range, this is known to be dominated by the sub-
processes g7 +¢q and gy —gg in which y directly parti-
cipates in the hard scattering process; of course, the cou-
pling of the photon is  pointlike. Let
d(p;)+¥(p;)—c(p;)+d denote either of these (the
quantities in parentheses are the four-momenta); we
define

3=(p,+p,)% T=(p3—p,P, @=(p3—p,’. (.1
Next we write
do _1|do
A(ﬁ—z t[a(+)y(+)-—>cd]
do
——la(—)y(+)>cd] |, 2.2)
ﬁ[a Y cd] (

where + denotes parton a and photon helicities. For the
inclusive cross section of ¥ —h + X we write, likewise,

Ado _ 1|, .do
4y 2 E—~—d3p [p(+)y(+)—hX]
do
—E—3[p(-)y(+)~>hX]] ’ (2.3)
d’p

where + denotes proton and photon helicities. Then the
contribution of @y —cd is

Ado
By P
_ 1 dxa dz 2
*;%equ7{1—‘27AFa/p(xa,Q2)Dh/c(z,Q )
do T+u
XA—b6 |1+—— |, (2.4)
dr
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where AF, ,, is the momentum distribution of a longitu-
dinally polarized parton a in the proton, D, . is the frag-
mentation function ¢ —h, and e, denotes quark charge.
The subprocess cross sections are (see also Ref. [9])

Ada” __ maa, 22432 Adoqy _ 8maa, §2—%2
di 2 om0 a4t ¥ -
(2.5)

where the outgoing antiquark (gluon) has momentum p;.
With pr being the transverse momentum of k and 7 its
c.m. rapidity with respect to the photon,

z=1xr(eT+e " "/x,), (2.6)
where x;=2p;/V's (Vs =c.m. energy).

We are interested in the photoproduction of charged
hadrons (A +,h ™). These are mostly 7*,7, to a lesser
extent K+,K ~, and even less protons; the production of
P and other baryons is negligible. For 7w, we use the
fragmentation functions of Ref. [10] and note the rela-
tions

D+=D—_=D_=D+—,
7 /u w /i w /d 7" /d 2.7)
Dn"/u =D‘rr+/17 =D1r+ /d =D1r_ /d

s

and

Dﬂ+/g =D”_/g . (2.8)
Regarding fragmentation into K we use the relations of

Ref. [11]:

D, ., =D _ _, D ., =D __ ,
Kt/ K~ /@ Kt YK/
u § s (2.9)
DK—/u - D‘rr"/u
DK+/u 7t /u
and
D+, =Dy ,;=Dy+ 3=Dps =Dy =Dy 3
—DK‘/d_DK_/u (2.10)
We take
Dy, =Dysx=3D ) 5 2.11)

we find that at Q*~4 GeV? the resulting D, + /u(z,Qz)
and DK+ /s_(z,Qz) are in fair agreement with the corre-

sponding fragmentation functions of Ref. [11], as well as
of Ref. [12]. Finally, we take D, + /g=0 and neglect
baryon production. In this way we find that photopro-
duction of all charged hadrons exceeds that of 7" and
7~ by ~40% in agreement with well-known experimen-
tal facts on large p; hadron production [13].

III. PHOTON STRUCTURE
(RESOLVED PHOTON) CONTRIBUTIONS

In addition to the above direct subprocess, the photon
may interact via two other mechanisms [1,2]: (i) through
its constituent gg pairs or gluons (partonic component);
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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
¥ —4qq, the contributions from da(p,)+q(p,)—c(p;)
~+d(p,) to the inclusive cross section of ¥ —h +X now
has the form

Ado _ 1 2 d'xa dxb dz 2
E d3p —;%eqfx—a'—;b—?AFa/p(Xa:Q )

X AF, ,(x,,0?)

A:;\a (aq—cd)

XDy, ,.(2,0?) "

x8 |14+ 154 3.1)

Here AF p ,.r(x, Q2) is the polarized photon structure func-
tion for y —¢q. For unpolarized photons there have been
extensive studies regarding the structure function F,,
(and Fg /y); information on AFq Iy (and AFg /y) 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

2

2 @ Y

AF,,(x,0%)= EFAP"/Y(x) ln? , (3.2)
where the polarized split function [14]

AP, 0 =2 (3.22)
and we take A=A(=0.2 GeV); to this order,

AF,,(x,0%)=0 . (3.3)

The subprocess cross sections
Ado
(aq —cd)
a1
have been determined in Ref. [9]; with the notation
2
Ta
849 4 cd)="22 AS(ab—cd) . (3.4)
dt 3
They are
_3 -1 427
Agg—gg)="—3—tg (3.5)
A2(q,95—9,95)
4 |32 32 —n* 2%?
=— +8 - = .
9 72 aB l 72 3% ’ (3.6)
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Az(qaqﬁ—’quﬁ)

’\2+'\2

$2—72 u
aB878 3

8a7838 72

~2

2 t
—_ 3‘8,17836578_—% (3.7)

At the low end of py ($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_,, has the same form as (3.2) with only
(3.2a) replaced by P, (x); this is its simplest form, in
which regularization-dependent constant (i.e., only x-
dependent) pieces are neglected. Correspondingly,
F, /,,(x, QZ)EO, as well. As for polarized v, 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,,
differs from that of QPM mainly near the kinematic end
points x =0 and 1. Of course, in LO, F,, (x,Q )#0.

In next to LO, for very large 22 G. e neglectmg sub-
dominant terms), F,,,(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,,, contains
a singularity at x =0. In higher order this smgularlty be-
comes worse, and so are the indications for even higher
orders; near x =0, Fq /sy €ven 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 (i) [15]. Interesting
ways to cancel the above singularities have been proposed
[17], but the simplest (and perhaps safest) procedure
seems the following [18]: Accept F, (x,Qo) at some
Q3~1 GeV? from experiment (mput) and use QCD to
determine the evolution. This is the procedure one fol-
lows for partonic distributions in hadrons.

Now we turn to AF,,, and AF,,,. In LO these func-
tions have been determined [19]. First, regarding AF,,,,
Fig. 1 of Ref. [19] shows that, away from kinematic end
points, they are much the same as Egs. (3.2) and (3.2a) in
sign, magnitude, and structure [notice in all cases a
change of sign of AF, /},(x,QZ) at some intermediate x].
Thus, away from x =0 or 1, we may reasonably expect
similar results [20]. Next, regarding AF, ,,, Fig. 2 of Ref.
[19] shows that it is important at small x. Setting
AF,,,=0 [Eq. (3.3)] at larger x makes little difference.
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In LO, at small x, all AF,,,,AF,,, are ~x 71 (Ref.
[19]). For the next to LO nothmg is known. Of course,
no experimental input AF, /,,(x,Q(z,) 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 g —qq and g7 —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 ¥ 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 SINGLE HADRON
PHOTOPRODUCTION

Subsequently we use the two sets of polarized parton
distributions of Ref. [21] (set 1: large Ag; set 2: relatively
small Ag) evolved with Q2. In the running coupling
a,(Q?) we take A=0.2 GeV and four flavors. Our re-
sults correspond to the scale Q2— P71, but we comment on
other choices. We consider Vs =27 and 170 GeV, but
these energies should be viewed as only indicative.

Figure 1 shows the contributions to 75 — 7~ +X of the
direct subprocesses, of the photon structure and of their
sum for rapidities n=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 pr.
The direct subprocesses dominate at =1.5 and O, but
not at n=—1.5.

Figure 2 shows the ratio of the inclusive cross sections
for ¥p —mt+ X calculated with sets 1 and 2. In particu-
lar, at 7=1.5 this ratio is near 2 and reflects the fact that
at the indicated range of p; the subprocesses with initial
gluon dominate and that in set 1 AF,,, is significantly
larger than in set 2. It appears that in this kinematic
range ¥p —m*+X is a good probe of the polarized gluon
distribution.

Figure 3 presents contributions of only the direct sub-
processes to 75 —h*+X, where h denotes 7 or K. Fol-
lowing the NA14 Collaboration [1] we present inclusive
cross sections integrated over bins of p: namely,

d’c _ [PrtPo
Agmag Prsm=][, _, dpiprE’

T Po d3 ! (pT’S’n)

4.1)

For Vs =27 GeV we take p,=0.5 GeV; for Vs =170,
Po=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

(4.2)

A(pr,s,m)=E (pT,S ﬂ)/E (pT,s,n)

these are presented in Fig. 4. To determine the unpolar-
ized E do /d>p we use the unpolarized parton distribu-
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FIG. 1. Inclusive cross sections for ¥p—r+X at Vs =27 and 170 GeV. Long dashed lines: Direct subprocess contributions.
Short dashed: Proton structure contributions. Solid: total contribution: (a) At rapidity n=1.5. (b) At n=0. (c) At n=—1.5.
Whenever the cross section changes sign, due to our use of logarithmic scale, we have multiplied the indicated cross section by —1.
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tions of Ref. [22] (fit SL leading order). In general, 4 are
large and negative at the lower p;. At fixed s, as pr in-
creases | A| decreases; this is due to the fact that, with in-
creasing pr, the subprocess §¥—gg becomes relatively
more important; this subprocess contributes with sign op-
posite to that of §¥—qg [cf. Egs. (2.5)]. At even larger
pr lor x;) g¥—qg dominates and A4 changes sign.
Again, at the lower pr, where §7— qg dominates, | 4| 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
15X 10% cm ™2 sec ™! (to be achieved later at HERA) and
1 of the year effective running time.

Referring to solution 1 and Eq. (4.1), we denote by N
the per year number of events integrated over the bin
Pr—Po<Pr <pr-+pg; we shall give the range of N for 5
varying in a range 1., > 7> N pni,- Then for solution 2, N
can be trivially deduced from our Fig. 3.

J+p—rt+X

Vs=27 GeV
3.0 T T T
25 | i
o 20 r 4
0
<
>
G asp - — e T
g - -
S .
o 1.0 + .
— n=1.5
- 17:0
0.5 - n=-15 b
00 1 1 1
2.0 25 3.0 35 ac
py (GeV)
Vs=170 GeV
2.2 T T T
20 F i
. 18 L / B
0
<<
>
0 16 F ~ T TTTT T e sl R
< ST~
g- ~
© ~
o 1.4 | -
— =15 ~
— n:Q
1.2 - cs p=-15 -
10 1 1 L
0 5 10 15 2C
p; (GeV)

FIG. 2. The ratio of the total inclusive cross section for
¥YP—mE+X determined with solution 1 to that determined
with solution 2 of Ref. [16] at =0, — 1.5, and 1.5.
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So, for ¥p—h*+X, at Vs =27 GeV, for the bin
2<pr<3 GeV and for 1.5>7>—1 we find
4X10°2 N 210% in our kinematic range these corre-
spond to the maximal rates. At Vs =170 GeV, for the
bin 8<pr<10 GeV and for 1.5>7>—1.5:
7X10°2 N 2 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 Q2
in the usual range p2/4<Q?<4pZ Typically, for
Q?=p2 /4 the polarized cross sections increase by factors
of 2-2.5 with respect to their value at Q*=p%; for
Q?=4p2, they decrease by factors 1.25-2. In general,
the asymmetries A are less affected: For the whole range
p%/4<Q*<4p%, A changes by less than 20%.
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FIG. 3. Inclusive cross sections for Yp—h *+X, where
h =m or K, integrated over bins of pr.
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FIG. 4. The asymmetries 4 (pr,s,71), Eq. (4.2).

V. TWO-HADRON PHOTOPRODUCTION

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

To determine the contribution of the subprocess
dy —cd, in the center of mass of the colliding ¥ and p,
take as the z axis the direction of y(Z=p,) and let 6; and
¢; be the polar and azimuthal angles defining the direc-
tion of k; (Fig. 5). We can take ¢, =0, so that the plane

2 Ado,,
. AF, ,,(x) s

A(K)=

Ee;[DK+/q(zl)[DK_/E(22)—
q

defined by p, and k; (scattered plane) coincides with the
x-z  plane. Then, with k, =kpcos¢; and
71; = Incot(6; /2) the rapidity of h; one obtains

ohihy)=——Ado
dnd*krdn,dk,,
&
= — AFa/p(X) f Dh 17¢(210Dy 14(23)
(5.1)
where
I T (5.2)
and
=K1 my m) Tte™
1 ‘/; e e , 22 ‘/_(e +e ) (53)

In the above expression an integration over the com-
ponent k,, (perpendicular to the scattering plane) has
been carried; also, in the expression of Ado /df one has

S=xs, T=—%"/(e"+e™),
_ (5.4
d=—se "J(eM+e™) .

Now using relatlons (2.7) and (2.8) for the fragmentation
functions to 7+ and 7~ one can show that the combina-
tion of inclusive cross sections,

Am=o(rtar ) to(r o) —o(ntat)—o(r—7) "
(5.5

isolates the contribution of the subprocess ¥g —¢g. One
finds [23]

8Y

2el+e}) Ado
x)

Alg)y=—""4_"d"
(m) o AF,,, 7

X [1)11-*'/14(21 )_Dﬂ'_/u(z1 )]

X[D_+,,(z,)=D -, (2,)]. (5.6)

In a similar manner, using relations (2.9) and (2.10) for
the fragmentation functions to K * and K ~ and assuming
simply D, + /e =D, - /> We find that the combination

AK)=0(KTK 7 )+o(K"K")
—o(K*K*Y)—a(K"K™) (5.7

isolates g —qq as well. More specifically,

DK+/7(22)]+DK_/6(ZI)[DK_/q(zz)—DK+/q(zz)]} ’

(5.8
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FIG. 5. Kinematics of the reaction yp —h, +h, +X with the
hadrons k,,k, produced in opposite azimuthal hemispheres.

where ¢ =u, d, and s.
Regarding the contributions of the photon structure,
working as in Sec. III to the lowest nontrivial order of a;

(QPM) it is not difficult to demonstrate that in the com-
J

Ado
__—(k ’k ’s’ ’
d"’ld¢1d7]2 T1r»™2x N 72

We consider 7;=7,=7 and as before take for Vs =27
GeV, k;,=0.5 GeV; for Vs =170 at the larger 7, 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. IV. Referring to
solution 1 and Eq. (5.9), we denote by N the per year
number of events integrated over kp—k,
<kpy <kp t+ko; with n=n,=mn,, for convenience, we
give for N =N(7) several characteristic values (although
just one would be sufficient, the others being determined
from our Fig. 6).

At Vs =27 GeV, the bin of k,, is 2.5 <k}, <3.5 GeV
(Fig. 6); then for the bin 2 < kg <3 we find

N(n=1.5)=3.7X10*,
N(n=1.25)=~10%=N_,,) ,

and N(9=0.55)~423. At Vs =170 the bin of k,, is
5<kj, <7 (Fig. 6). Then for the bin 8 <k, <10 we find
N(n=1.5)=210, N(n=1)=19, and N(9=0.55)~0.7.
Leaving aside practical difficulties (see Sec. VI), we may
say that, at the larger 7, our predicted rates are not
discouraging.

Before closing this section we would like to explain
qualitatively the sl:';lges of Ad%c /dn,dn,dé, and their
difference between V's =27 and 170 GeV.

For Vs =170 GeV, with 7 varying in the range
0.5<7n< 1.5, z; are small [Eq. (5.3)] and the fragmenta-
tion functions D, ,,(z;) vary little, the behavior of A(m)
and A(K) is controlled by AF, ,,(x). Then as 7 increases,
x decreases [Eq. (5.2)], and AF,,(x), which peaks at
small x, increases. Hence |Ad3c /dn,dn,d¢,| increases.
Moreover, for the various bins of kpy, this cross section
almost scales. _ _

For Vs =27 GeV, kp/Vs and k,,/V's are not so
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)—fkT‘+k°k' dk; kaX+k0dk'
- T1 T1 _ 2x
kry—ko kyx —ko

binations A(7) and A(K) these contributions cancel. The
reason is that A(7) and A(K) involve differences of oppo-
sitely charged pions or kaons.

Moreover, since the inclusive cross section o(hh,) in-
volves two hadrons in opposite hemispheres (Fig. 5) the
effect of the Fermi motion is practically eliminated even
at very low k4;. Thus (5.6) and (5.8) are very clean probes
of the polarized gluon distribution AF, ,.

Now we can see the convenience (in addition to simpli-
city) in using the QPM AF, ,, [Eq. (3.2)]. It facilitates the
demonstration that in the combinations A(7) and A(K)
the photon structure contributions cancel. For the LO
AF, ,, [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
significant degree.

Figure 6 presents results for the quantity A(7)+ A(K).
The corresponding inclusive cross sections are integrated
over bins of k-, and k,,: namely,
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FIG. 6. The combinations A(m)+A(K) (Sec. V) of inclusive
cross sections for ¥p—h, +h,+X integrated over bins of k7,
and kj, [Eq. (5.9)].
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small, and this complicates the shape. First, at fixed kr,
and k,,, beginning with 7=0.5 and up to some value of
7, the behavior of A(7) and A(K) is again controlled by
AF, ,,(x); thus, as for V's =170, |Ad’c /dn,dn,d¢,| in-
creases with 1. At larger 7, however, the variation of the
fragmentation functions becomes important. As 7 fur-
ther increases, z; and z, increase and D) ,,(z;) decrease
fast, leading to a decrease of |Ad>c /dn,dn,d¢,|. Sucha
decrease results from another reason related with the fact
that we integrate over bins of kr, and k,, [Eq. (5.9)]:
For sufficiently large 7, at kg, =kp+k, and/or
k3, =k,, +kg one has z; > 1 and/or z, > 1. Of course, in
such kinematic ranges there can be no events, and in our
calculation we have set A(7)=A(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 g2~0)
are produced from bremsstrahlung (brems) of polarized
electrons deflected 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 flux 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 QZ, A is more stable than the individual cross sec-
tions; the reason is obvious.

Uncertainty is also involved in the fragmentation func-
tions D, ,. [25]. Again, A4 is expected to be more stable
since the same D,,. enter EAdo/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
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physical processes initiated by longitudinally polarized
particles, namely, ¥p —y(large p;)+X and pp —y(large
pr)+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 5 —h =X and yp —h =X will not differ much.

Another question (not unrelated to the last one) is the
reliability of our predictions. The discussion on AF,,,
and AF,,, (Sec. III) shows that at x;=2p;/Vs ~0
(physically interesting region) and at x;~ 1 (less interest-
ing since cross sections are small) our predictions are not
very reliable. For not too small (and not too large) x,
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 statisti¢cs 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 A(w) and
A(K) are among the very few (the only?) that isolate the
polarized gluon distribution Ag. 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
Ag; other processes, e.g., pp —y(large py)+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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