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TARGET ASYMMETRY IN INCLUSIVE PHOTOPRODUCTION OF PIONS
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We study the target asymmetry in inclusive pion photoproduction in the photon frag-
mentation region using a helicity-dependent Mueller-Regge model, in which the Regge
cut contributions are also included. We obtain predictions for the z-dependence and the
magnitude of the target asymmetry.

1. Introduction

In a previous work we carried out a Mueller-Regge analysis of the inclusive photo-
and electroproduction of charged and neutral pions on protons in the photon frag-
mentation region [1]. It was found there that the available data at intermediate
energies can not be explained in terms of Regge poles alone. Subsequently it was
shown that the inadequacies of a pure Regge-pole expansion can be remedied if cer-
tain types of Regge-cut contributions are included. In particular the Regge cuts filled
in the forward dips present in the pure Regge-pole model. In addition they had the
effect that the dependence of the cross section on the photon polarization is com-
pletely changed compared to a pure Regge-pole model. Therefore Regge cuts are
needed to explain essential features of the experimental data.

It is well-known that in the triple-Regge limit any factorizing Regge-pole contri-
butions give zero target asymmetry in the beam fragmentation region to leading
order in s [2]. Hence the main contribution to the target asymmetry for this kine-
matic region must come from a Regge cut [3]. Therefore the target asymmetry
seems to be a phenomenon to learn further about the Regge-cut mechanism in in-
clusive reactions. A comparison with such a theoretical analysis may become possi-
ble in the near future as experimental data for a polarized target in the reaction
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v + p— nt + anything is expected to become available for medium energies in the
beam fragmentation region [4]. The size of polarization for the process

7% + p~ n + anything has been studied theoretically by Soffer and Wray [5] and
compared to experimental data in ref. {6].

Since the exchange mechanisms for inclusive pion production induced by pions
and photons are very different it is not possible to apply the results of Soffer and
Wray directly toy + p—>nt + anything. Furthermore Soffer and Wray considered
only the cut effects in connection with the incoming proton and not those coupled
to the ingoing pion, whereas in I it was found that the Regge cuts originating from
rescattering corrections to the ingoing particles are indispensable in order to intro-
duce non-factorizing contributions in the ym channel. In sect. 2 we set up the basic
-formulas for calculating the target asymmetry for unobserved photon helicities and
calculate the Regge-cut contributions in a helicity dependent framework. In this
part we rely heavily on our earlier work referred to as I. The results and further dis-
cussion is given in sect. 3.

2. Calculation of the target asymmetry

In a analogy to I we work with the s-channel helicity inclusive structure functions
defined by

H* N, 7 45P. )= ) (2n)45<4>(2k+k —p-q)

x(n, e>f i=1 (21r)32k0
X (K, ey kTIP3 @, MK, Ky, oo Ky IT1D', N3 7, A% 2.1

where in the summation over x(n, £), £ denotes all the unobserved discrete labels in-
volved in the missing mass state X. In (2.1) g, k and p are respectively the momenta
of the incoming virtual photon, the outgoing pion and the target proton; q’, p’ refer
to the complex conjugate matrix element and in order that we can write separate
partial-wave expansions for both of the above matrix elements, we allow (g, p) and
(4', ) to be different, but keep the constraint ¢ + p =p’ +q'. For the inclusive po-
larized cross section we have p’' =p and ¢’ =q. A\, \" and Aps 7\;, are the helicities of
the ingoing photon and proton, respectively.

The asymmetry of a polarized target proton with polarization normal to the pro-
duction plane summed over photon helicities is then given by [7]:

A(s, t, M) = . (2.2)
Hh, @ 4P @)

A,}\p

The Regge cuts are obtained as absorption corrections to a pure Regge-pole expan-
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Fig. 1. Direct channel rescattering corrections to the Regge expansionof y + p—»n + X.

sion of ypm — v'p'n’. The detailed structure of such an expansion for the forward
direction (p =p', ¢ = q¢") was discussed in ref. [1]. For charged pion production the
main contribution of the unpolarized cross section comes from pion exchange in
the r-channel (¢ = (k — ¢)2). Other possible exchanges in the t-channel are 4, p and
B exchange. We have two types of absorption or rescattering corrections: (i) addi-
tional Regge exchanges (mostly Pomeranchuk) between the ingoing photon and pro-
ton as shown in fig. 1 and (ii) additional Regge exchanges between the t-channel
Regge poles and the incoming proton (see fig. 2). For unpolarized cross sections the
second category is already included essentially by using phenomenological expres-
sions for the forward reggeon-proton scattering amplitude. But for polarized cross
sections the category (ii) leads to a non-vanishing contribution as well as the contri-
butions of category (i). In fact Soffer and Wray considered only category (ii) for the
process ntp - 7£X [5,6]. First let us calculate the contribution of category (i) as
shown in fig. 1. The calculations proceed in close similarity to the evaluations of the
unpolarized structure functions as described in detail in I. In the following we shall
use the same notation as in I. Then H kf’ ,}‘x (t',t; R) is the non-forward structure

function in a pure Regge-pole model with Regge poles in the ¢, ¢’ and #; channel and
tis the two-dimensional transverse momentum of the observed pion. For the ab-
sorption corrected structure function H;\‘,’ RA (t',t) we obtain the same formula as

in I except that the structure functions now depend also on the proton helicities.
The final result is:

AN (¢ fdz.T'ldeT‘ *(o' ' HAA (¢
H"{;"‘p(t , 1) = sy —2—"—S (t —tl)HA;’Ap(tl,tl,R)S(t—tl), 2.3)
,,W Tt\
Y ’ ) y
[ [ [

Fig. 2. Rescattering correction between ¢t-channel Regge pole and proton for y + p—+ n + X,
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Fig. 3. Reggeon diagram expansion for the tripe-Regge limit of v + p — # + X (the double dotted
line represents the p" ).

where *

S(t) = 2n5D(t) — cae—2T (24

is the correction factor for pure Pomeranchuk exchange between photon and pro-
ton. This result is presented pictorially in fig. 3, where one distinguishes four terms:
the pure Regge term, two terms with additional Regge exchanges in one of the in-
going yp channels and, lastly, additional Regge exchanges in both ingoing yp chan-
nels.

In what follows we shall neglect the slope of the pomeron, (i.e. the ¢-dependent
part of the phase), because at the energies we shall apply our model, this can at best
be an open parameter. In the work of ref. [1] on the unpolarized data, the latter has
only a small influence and cannot be fixed. Clearly any additional z-dependent phase
will play arole in determining the magnitude and structure of the polarization effects.

As contributions of category (i) we consider only pxon exchange in the t-channel.
All other contributions, A,, p and B are small for yp - 7¥X and kl below 0.5 GeV2.
Then we need only H}. A, " (t', t; m). Since pion exchange is not explicitly gauge in-

variant, we must mtrocruce a gauge invariant extension.
We take an extension equivalent to the one used in I. Then the contribution with
pion exchange in the - and ¢'-channels is:

HY ) 1 p @0 1, 0,m) =x2r'r e i@ -0 (1" e~ — 1 ¢7i%)

* In 1 there was an error in formula I (2.13), which is corrected in eq. (2.4). As a consequence
the value of ¢ quoted in I, which is required to fit the yp = #* X inclusive data should be mul-
tiplied by 2.
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X828 ()80 OG/MD ™ 1m A2, 1) 2.5)

In (2.5) the off-shell pion-proton helicity flip scattering amplitude is described, to
leading order in M2, by the usual invariant amplitude 4. We see that in the forward
direction (1 = 1", ¢ = ¢')H '1 12.1/2 Vanishes already in the double-Regge approxima-
tion without going to the triple-Regge limit. Apart from the kinematical factor in eq.
(2.5) vanishing, the double pion Regge exchange without absorption does not con-
tribute to the polarization asymmetry, as usual, since it has no imaginary part in the
forward direction.

In the following we shall approximate Im A by the p exchange term

Im A(M2, 1) =g, M %" (2.6)

where one assumes, as usual, the decoupling of the Pomeranchuk (and f) exchanges
from the helicity flip amplitude *.
As in | we shall use the following approximation for the pion Regge exchange

o, (DM = 2 @)
with
b, = o, (In(s/M?) — L im) . (2.8)

For the pion-pole term the integral representation (eq. (3.10) of I) will be used.
The result is written in the form:

Hl_’ll/z, 1/2(17',17) = Hl‘ll/z, 1/2(",1’ ;M)

— ca(Gl 1/2 1/2+G ’1/2 1/2)4—(('(1) 2pl.1 Lo 9

G and G stand for the single absorption terms (second and third diagram of fig. 3)
and D for the double absorption contribution (fourth diagram of fig. 3). The evalua-
tion of G, G and D in the forward limit gives:

Gl 1p=CxPre™ f dz’ f dze=C*DJ (7', 7),

0 0

Gl 1p=Gxirde f dz’ f dze €*IJ (2, 2), (2.10)

* The to-dependence in the p chge residue gp(ro) in eq. (2.6) is absorbed in the exponential
factor B as described in I. Then gp is the remaining ¢y independent residue factor. For the
relative normalization of helicity flip and non-flip contributions we use the VDM model.
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with
. 2
Jl(zl, z)=e_ﬁ;(znz)72 1 ( _B(z)(a +Bp)T ) (2'11)
2(a +B(z) + B,)? a+B(z)+B,
. *(zVa +
L@ 2)= P ! B )arB,) , (2.12)
2a+B*(z)+B,)* a+B*(z)+B,
where
o (b b
G, =g QU0 R, @.13)
(mn - tmin)
B*Z')a+B,)
B(z 2') = B(z) + d (2.14)

a+B*(z)+B,

The expressions B(z), B,, and ¢, are defined in 1.

Up to the two integrations originating from the integral representation of the
pion pole (eq. (3.10) of I), the integrations in (2.3) have been done analytically.

The double absorption term is somewhat more complicated and has the following
form:

Dl_’ll/z' 12 = prz‘r e_b f dz’ f dz e—(z'+z)12(z" Z) , (2.15)
0 0
with
2
Iz, z)=e " d {D(z, z") — 2B (B(z) — B*(z"))
2
XD, ) ?

- D(a—:j) (B(z) - B*@)(D(z, 2') + B,(2a + 4B, + B(z) + B*(z"))},

(2.16)

and B and D(z, z) are defined in 1.
In order to calculate the numerator of (2.2) we need dlso #~} 72—11 /2(1',1: ). The

single and double absorption terms of this structure function are related to the
above terms. In the forward direction 7 =17, ¢ = ¢' and for ¢ = O we have:

-1,-1 =_gGL,1* = _1,1%
Ghain="Cllain:  Chrin=-Ctipp- 2.17)

- _pl, (2.18)

172 1/2 —1/2 172
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so that the total contribution to the numerator in (2.2) is:

L1 L1 )= L1
2Im(H 2y p tH g5 p)=4ImHL L, )

=4 Im{(ca)le_’ll/z' 2~ ca(Gl_’lllz, 1t 51_’11/2’ UL (2.19)

As already remarked earlier the unabsorbed amplitude (2.5) does not contribute to
(2.19) in the forward direction. Since in (2.19) the imaginary part has to be taken,
the target asymmetry would vanish for a pion trajectory with zero slope, because,
then B(z) (defined in (I (3.18)) and all other quantities appearing in G, G and D are
real. Therefore the contribution of terms (i) to the target asymmetry are proportion-
al to the slope of the pion trajectory. Furthermore, as it should be, the target asym-
metry is proportional to k. The denominator of (2.2) has been calculated in I for
the unpolarized cross section. It will be used in this form also for the calculation of
the target asymmetry.

Concerning category (ii) we do not expect any sizable contributions to the target
asymmetry as long as ki is not too large (below 0.5 GeV2). The formula for
A(s, t, M2) in case of category (ii) [5,7] because of factorization can be written in
the form:

AGs, 1, Mo =2 25 BN 1B, 1)
LA

X lm({ai(t) ;;j(:)) disc, > T; p112,p, -1 nM2 1), (2.20)

where disc, , T is the discontinuity of the Regge-particle amplitude with reggeon i
and j in the initial and final state respectively. Naively this amplitude could be con-
sidered as a continuation of the corresponding particle amplitude, and is built up of
poles plus cuts in the same way. However it is now fairly well-known [8] that both
Regge poles and cuts in production amplitudes have additional structures not en-
countered at the level of the four-point functions, which may effect in particular the
phases in an important way. Nevertheless we expect that the strength of the cuts in
the Regge-Regge channel will still be controlled by the Regge-pole couplings. We
shall therefore use (2.20) to discuss the various terms of type (ii).

3. Results and discussion

In (2.20) only non-diagonal terms with i #; contribute. Furthermore, all non-diago-
nal terms with opposite normality (parity times signature) give also zero contribu-
tion in (2.20). This latter result follows quite generally from the selection rules con-
cerning the normality of exchanged Regge poles in the z-channel proven in ref. [9],
(see in particular subsect. 4.2 of this reference). So we are left in (2.20) only with
interference terms, where the Regge poles i and j have the same normality. Candi-
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dates are m-B, 7-A| and p-A, interferences. All three contributions do not have the
double pion pole as the contribution of the first category. Apart from this fact it is
well-known that the exchange degeneracy of #-B and p-A, give zero target asymme-
try in the case of exclusive pion photoproduction..Using very mild assumptions
about the production amplitudes the EXD arguments can also be applied to the in-
clusive case implying absence of 7-B and p-A, contributions. Even if it should turn
out that exchange degeneracy is strongly broken for inclusive processes one should
note that the p-A, term does not have any enhancement for small kf and therefore
can be neglected. Compared to the p-A, term the interference terms 7-B and 7-A,
could be enhanced by one pion pole. Neither the coupling of the B nor the A, to the
yn system is known. Analysis of exclusive pion photoproduction indicate that B and
A do not couple strongly if compared with the pion-exchange contribution. There-
fore we shall neglect these interference terms also. Altogether we conclude that in a
calculation of the target asymmetry for small ki the main contribution comes from
terms of the first category and all terms of the second category should be small.
Using only 7 exchange the predicted asymmetry A for a photon energy £, = 6
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Iig. 4. The predicted target asymmetry and the unpolarized cross section for b = 6 GeV for
x = 0.6, 0.7 and 0.8 respectively plotted as a function of ki

GeV is shown in figs. 4 a, b, c, for x = 0.6, 0.7 and 0.8. The value of the absorption
¢ is the same as that requnred to explain the k| dependence of the unpolarized inclu-
sive distribution for yp - 7~ X wh1ch was given in I. We notice that a significant tar-
get asymmetry is obtained for k > 0.2 GeV? and that it increases considerably as
x ~ 1. The corresponding unpolanzed cross sections are given also in fig. 4 a, b, c.
The difference in the absolute value of the asymmetry for n* and n~ production
comes from the different 7% and 7~ cross sections in the denominator. Only for

x = 0.7 the forward spike originating from the pion pole has been calculated For
the ()2ther two x values the unpolarized cross section is plotted only for kl =0.05
GeV=<.
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