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ABSTRACT

Leading order perturbative QCD predictions are given for the two-
photon processes yy - mm, KK, and pp at large momentum transfer.

As we have shown in a series of recent papers,1 the predictions
of perturbative quantum chromodynamics can be extended to the whole
domain of large momentum transfer exclusive processes. The results
lead to a comprehensive new range of rigorous predictions of QCD which
test both the scaling and spin properties of quark and gluon inter-
actions at large momentum transfer as well as the detailed structure
of hadronic wavefunctions at short distances. The two-photon reactions
(M = '",K,D,U),---)
2
do _ at large s = (k14-k2)
- (yy M) .
dt and fixed ec o

provide a particularly important laboratory for testing QCD since
these '"Compton'" processes are, by far, the simplest calculable large-
angle exclusive hadronic scattering reactions. As we discuss below,
the large-momentum-transfer scaling behavior, the helicity structure,
and often even the absolute normalization can be rigorously computed
for each two-photon channel.? Conversely, the angular dependence of
the Yy-+Mﬁ amplitudes can be used to determine the shape of the pro-
cess—independent meson "distribution amplitudes," ¢y (x,Q), the basic
short-distance wavefunctions which control the valence quark distri-
butions in high momentum transfer exclusive reactions.!

A critically important feature of the yy->MM amplitude is that
the contributions of Landshoff pinch singularities are power-law
suppressed at the Born level -- even before taking into account
Sudakov form factor suppression. There are also no anomalous contri-
butions from the x~1 end-point integration region. Thus, as in the
calculation of the meson form factors, each fixed-angle helicity
amplitude can be written to leading order in 1/Q in the factorized

form [Q2=p%=tu/s; Q, = min(xQ, (1-x)Q) I
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where Ty is the hard scattering amplitude vy~ (qq) (qq) for the pro-
duction of the valence quarks collinear with each meson (see Fig. 1),
and ¢y(x,Q) is the (process-
independent) distribution
amplitude for finding the
valence q and q with light-
k| PA cone fractions of the meson's
xp momentum, integrated over
transverse momenta k, <Q.

= U-xh% The contributions of non-
a y)ps valence Fock states are
) yp power-law suppressed.
8 Further, the spin-selection
kp Py rules! of QCD predict that
vector mesons M and M are
w0 P produced with opposite heli-

cities to leading order in

1/Q and all orders in as(Qz).
Detailed predictions

for each yy>MM helicity

amplitude can be worked out to leading order in aS(Qz) from the seven

diagrams for TH shown in Fig. 2. The general result is

. ao (QZ)
'/”YY‘*I‘R-‘&(S’G ) = nz anm(ec.m.)[zn Qz/Az]

x [1+ 0(a @, n/e)| 2)

where the first factor follows
from the fixed angle scaling of
Ty. The Y_ are the universal 5 2

logarithm Anomalous dimensions j i 1€ M= Joee

Fig. 1. Factorization of the yy>MM
amplitude.

“Yn~'m

for helicity O or helicity 1 + crossed

mesons as derived from the
. , e e
operator product expansion at = .mzfé m;ff ;lfg *;Eéf 1~2

short distances,3 or equiva-

lently, the QCD evolution Fig. 2. Leading order contri-
equation1 for ¢M(x,Q). Modulo butions to the hard scattering
logarithmic corrections, Eq. amplitude Ty.

(2) implies s*do/dt (yy-+MM)
scaling at fixed 8. + -
The QCD predictlons for yy+m 7 and Yy-+w w to leading order

in aS(Q ) are shown in Fig. 3. For asymptotic Q » Oq(x,Q) =
/§f x(1-x) and the predictions [curve (a)] become exact and parameter-
free. For subasymptotic Q2, ¢,(x,Q) depends on the details of hadronic
b1nd1ng Curves (b) and (c) correspond to the extreme examples

« [x(1-x) 7% and ¢=8(x-%), respectively. In each case it is conven-
1ent to rescale the results in terms of the measured pion form factor.



The prediction for other
! I i | helicity~zero mesons are iden-
tical up to overall normali~
zation factors:
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e For comparison, s do/dt
44 ) (yy +utu) & 4na2(1422)/(1-22)
= 260 nb GeV* at z = cosB..p,
= 0.

We note that the Yy-+n+
cross section is insensitive
to the shape of ¢,(x,Q). How-
ever, because of its different
charge structure, the yy - n%n°
amplitude is strongly sensi-

0 62 04 06 08 |0 tive to the distribution
om0 22 = cos? (6) st amplitude: in fact, the
z = cos®, . dependence of
Fig. 3. Perturbative QCD predictions u%§y_>ﬂo“o resolves the x-
for yy=+mm at large momentum transfer. dependence of ¢,(x,Q) in the
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Predictions for other helicity-zero same way that the xpi;-depend-
mesons only differ in normalization. ence of the deep ineiastic

The curves (a),(b) and (c) correspond 1lepton scattering cross sec-
to the three distribution amplitudes tions resolves the xB.—depend—
described in the text. ence of the structure” func-

tions. The strong coupling
of the x, y, and cosb, . variables in .. »>Mw can be traced to the
gluon propagators in the last two diagrams for Ty shown in Fig. 2.

We have also computed the cross-section for transversely polarized
vector mesons with opposite helicity, such as yy*pppp. The predic-
tions in Fig. 4 assume ¢p(x,Q)==/§(fp/f“)¢ﬂ(x,Q) independent of p-
helicity (although this cannot be strictly true at asymptotic Q2).

The yy-+p%p% rate vanishes for ¢pt=6(x-5). We also note that the
predicted cross section for yy-+p+p’ (summed over polarization) is
quite large:

+_
do/dt (yy > p p )
+ -
do/dt (yy > u u)

7 GeV4/s2

at 6, , = /2.

In summary, we note that yy+MM processes can provide a detailed
check of the basic Born structure of QCD: the scaling of quark and
gluon propagators and interactions, as well as the constituent charges
and gpin. The form of the predictions are exact to leading order in
as(Qz). Power-law (m/Q) corrections can arise from mass insertions,
higher Fock states, pinch singularities and non-perturbative effects.
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Fig. 4. Perturbative QCD prediction
for YY > PpPp at large momentum trans-
fer, corresponding to the normaliza-
tion and choices of ¢p described in
the text.

REFERENCES

The most extraordinary
feature of these results is
the fact that the angular
dependence of some of the
two-photon reactions can
directly determine the form
of the hadronic wavefunctions
at short distances. The
determination of ¢M(x,Q)
will remove a major ambiguity
in the prediction of the
meson form factors.l The
extension of the results to
the baryon channels yy - BB,
and YB-+7YB is thus of
obvious interest. The
results presented here can
also be used to study the
occurrence of the fixed
Regge singularity at J=0,
and the analytic connections
to traditional hadronic
phenomena: vector meson
dominance, finite energy
sum rules, and the low energy
behavior of the yy-+MM
amplitudes.

1. See G. P. Lepage and S. J. Brodsky, SLAC-PUB-2478 (to be published
in Phy. Rev. D) and references therein.
2, Complete results will be given in S. J. Brodsky and G. P. Lepage

(in preparation).

3. S. J. Brodsky, Y. Frishman, G. P. Lepage and C. Sachrajda, Phys.

Lett. 91B, 239 (1980).



