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ABSTRACT

The pointlike coupling of the photon to the gquark
current yields simple predictions for the leading
fast mesons in high pt YN(LN),e+e-, and vy reactions, e.g.,
for yp - hX we have K+:K—:K°:KO = 8:0:1:0 and
mF.m :n° = 8:1:9/2. It is noted that in YN collisions the
dominan? jet cross section arises from the hard subprocess:
Y + gluon - g + i. Thié maf yield tﬁe gluon dis-
tribution via: s so(dc/dso)K-l = fg(x) and lead to
a sum rule: f sg(dc/dso)dso/sK = fx fg(x) dx, where
K = 4ﬂaas@n (s/2p3 min)
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In the context of the currently popular theory of
strong interactions, i.e., Quantum Chromodynamics (QCD), the photon
occupies a very special role1 because it couples to quarks
in a pointlike manner as dictated by QED. However, it is also
an experimentally proven fact that for on shell processes the
photon possesses an important 'hadronic" or vector meson dominated
(VMD) component? which e.g. can account for an overwhelming
fraction of the total photon-nucleon cross section? The VMD
model ideas are generally believed to be useful only for low
momentum transfer reactions. The high momentum transfer
phenomena are likely to be sensitive to the photon's pointlike
coupling to the quark current'.l’4

In this paper we suggest that an experimental study of
photon induced jets4 and high Py hadron production may be a
valuable probe for detecting the presence of the pointlike
component of the photon and for gaining a better understanding
of the transition from the region of applicability of VMD to
the pointlike coupling§ The interaction of the photon field
to the quark current in proportion to their electric charge
leads to simple predictions for ratios of mesons that are pro-
Aduced with a large Py and carry a large fraction of the primary
quark's energy. In addition, such reactions ma& elucidate the
dynamics of the evolution of quark and gluon jets to hadrons
and may yield quite directly the distribution function of the

gluons in the nucleon.



Consider the photoproduction of hadrons at high transverse
momentum, In lowest order of perturbative QCD these arise

through two hard subprocesses: Photon~gluon fusion (Fig. la):
Y+g~4qa+4q (1)

and photon-induced Compton emission of gluons (Fig. 1b):

Y+4d-"q+¢g (2)

Using the quark-gluon coupling:
2 2, 2
as(Q ) = 12ﬂ/(33—2nfﬂm Q7/A (3

wWe can compute the jet cross section for (1) and (2).

The results are shown in Fig. 2. We have taken A =0,5GeV.,

2
mquark t

momentum of each jet with respect to the collision axis) and

= 0.3 GeV, and set Qz = 4p (pt is the transverse

ne, = 3. In addition we have imposed P 2 = 1.0 GeV so as

Pt min
to confine ourselves to the region where both the pointlike
coupling of the photon may dominate and also the lowest order
QCD calculations should be applicable? The gluon distribution
function fg(x) in the nucleon was assumed to have the forms

(1—x)5/x and (l—x)g/x each subject to the constraiat:

f xfg(x)dx = f&N (4)

where fLN z%) is the fraction of momentum that is carried by the

gluons.



4.
The total cross section (see Fig. 2) for photoproducing jets
via the above two subprocesses is in the range of 1 to 8 ub for
si> 50 GeV2 and amounts to a few percent of the total photon
nucleon cross sectién. Experimentally these photon induced jets
can be searched for by triggering on pairs of particles each with
a large P, (say » 1.0 GeV) on either side of the collision axis
in the lab frame. On transformation to the c¢.m. frame of the photon
and the nucleon thesé events are likely to exhibit a three jet
structure with one jet along the collision axis and two at a high
p, on either side of that axis. The axes of the jets can be
searched for by e.g. Bjorken and Brodsky's technique of mini-
mizing the transverse momentum of the hadrons in each of the jets.6
From Fig. 2 we notice that the cross section for the pair
creation reaction (1) dominates over the Compton reaction (2) for
s 2 300 GeV? To reduce the contribution of (2) even further,
consider only the subset of the high Py jet events obtained above

in which the leading particles defining the two jet axes

contain a quark (q) and an antiquark (3) each e.g., atn”, nonO

,
niK;, and K+K_, etc., but not say ﬂ+K+, ﬂ+ﬂ+, etc. The contri-
bution of the Compton reaction (2) to this sample of events will
now be very small (S 5%) since the outgoing gluon in (2) is
flavor independent and does not favor a leading meson of one

charge (or flavor) over another.

One can show that in the leading log approximation for reaction

(1):

1
K ~~
S s, dc/dso fg(x) (5)

2

where K equals 47« as%ms/Zptmin

). Thus the invariant mass (so)
distribution of the two high P Jjets can lead to a direct deter-

mination of the distribution of the gluons in the nucleon.



In this simple model s0 being equal to xs one can actually obtain

a sum rule:

I sg(dc/dso)dso/SK = f X fg(x)dx = fYN . (6)

It would be interesting to determine f experimentally and to

YN

compare it with the corresponding number (f Ed. (4)) deduced

AN
from deep inelastic experiments.

The expressions obtained above are almost the simplest that
relate (albeit approximately) the gluon distribution in the
nucleon to directly measurable quantities. Note that in this
analysis we have ignored any 'primordial" transverse momentum
(pto) that the gluons possess. One expects pto to be a few
hundred MeV's and so its effects on the high P, ( 1 GeV) phenomena
should be small. However, once pto is set to zero, the dominant
pair creation graph implies that the magnitude of the transverse
momentum of the two jets are equal. Hence the deviation from
that equality will be a reflection of the pto of the gluons.

The experiments suggested here may therefore lead to some handle
on determining the '"primordial" Py of the gluons.

The jet physics we have in mind can be implemented both
with wide band and with tagged photons. However, for the latter
the énergy momentum conservation constraints can provide powerful
self-consistency checks that should help the jet analysis
considerably. Thus, while the jet study in YN reaction is
not expected to be easy we have every reason to believe that
it can be implemented, that it can be very informative and that it

can complement similar studies in other reactions.



An important class of experimental tests for the presence
of the pointlike component of the photon to the quark current
results from a determination of the ratios of the leading
mesons, that is, those mesons that contain the primary quark.
To avoid complications from decays of heavy flavors (say charm
to strange) or vector mesons to pseudoscalars (e.g. ¢ — T,

K* -~ Km) out of the entire sample of events with two high Py

jets let us consider those few events in which the leading meson that
lies in the forward (defined to be the direction of the photon

beam) hemisphere . carries a large z, say z 2 0.7 where z is -

the fraction of the momentum of the primary quark that that

meson has.

Now in the region of interest (large z, large pt) the contri-
bution of the u channel Compton graph (Fig. 1b) dominates and
accounts for over 90% of the total jet cross section, that is, of
the sum of reactions (1) and (2)? In the c.m. frame the most
probable resulting configuration yields the quark jet in the
forward hemisphere and the gluon jet recoils in the backward
hemisphere.

The fact that the photon couples to the u and d quarks in
Athe ratio of 4:1 leads one to predict the following proportions

for these high Pys high z mesons lying in the forward hemisphere

8a:0:2:0:8:1:9/2, for Yp (7a)

:K :K :Ko: +, T °
6a:0:3a/2:0:6:3/2:15/2 for yNo (7b)



\

where No denotes (p + n)/2 and where a' is the ratio of the
probability for a leading kaon to contain a primary u or d
quark divided by the probability for a leading pion to
contain a primary u or d quarﬁ% Thus the positive mesons are
expected to dominate over the negative ones, e.g., for vyp,
nt/m” =8, K /K" = 0, etc. In contrast, if the photon inter-

actions were purely hadronic then barring some special

interferences between the vector meson dominaféd ;mplituaes
any differences in the charge ratios of leading mesons are
expected to be rather subtle?

From (7) note also that the measurement of the leading
charged K's and m's yields an experimental determimtion of
the parameter a. This should be important both for
phenomenological applications and for understanding the dynamics
of QCD jets. Furthermore it is interesting to note that re-
coiling against these high Py high z mesons in the forward
hemisphere are the gluon jets in the backward hemisphere. Thus
not only do these rare events represent important tests for the
interaction of photons, they can also lead to a study of the
dynamics of quark and gluon jets.

The gluon jets in the backward hemisphere (from Fig. 1b) will

yield mesons with large z in the following ratio:

+:K-:K°:Ko:ﬂ+:ﬂ-‘:ﬂo = h:b:b:b:1:1:1 (8)

where b is the ratio of the probability for a gluon jet to yield

a large z kaon cdiviced ty the probability for a gluon jet to yield
a large z pion. Using (7) and (8) we can determine the joint
probabilities for photoproducing two leading mesons both at high
Py and both with large z, The expected proportion for these two

particle correlations are shown in the Table.
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Much of our discussion, and especially the particle ratios

equations 7 and 8, are applicable to jets in 4N collision as well.

For the case of e’e  the leading h's in e” + e - h + X must
satisfy:

Ki:KO(§5):ﬂi:ﬂ° = (1+4a):(1l+a):5:5 (9)

The corresponding two particle correlation for et + - h1+h2 + X
are given in the Table:.l0

Now let us consider high pt hadron production in two photon
processes% In this case the contribution of the quark jets to
the final state leads to even stronger correlations because the
subprocess v + Y = q + 4 varies as (quark charge)4. The dominant
contribution to hadron production proceeds via photons that are
almost real so that once again we would be testing for the
presence of the non-hadronic pointlike coupling of photons that are
essentially on shell.

Consider first single particle inclusive reaction:
Yy + vy~ h + X, Then (the high Pys high z) h must satisfy the

following ratio:
K E.k0xd:nF:m® = (1+16a):(L+a):17:17 .  (10)

Thus once again from ratios of K/7m one could determine a.
Similarly we can also consider the two particle inclusive
reaction: vy + Y - h1 + h
these are given in the Table. Since the primary quark and anti-

o + X, The resulting probabilities for

quark must yield the leading mesons, each with a large z, the same
sign charge correlations e.g.,K+K+,K+n+,ﬂ+n+ all vanish. If the
photon interactions were purely hadronic (e.g., p=-p scattering)

in nature then the hard subprocesses involving quarks and gluons



9.
are charge independent so that the difference in the same sign
to different sign two particle correlations would be expected
to be small, In the region where the photons interact hadronically
we should therefore find mimf(or m ™ )/m'm = 1. On the other hand
when the photons interact in a pointlike manner this ratio should
approach zero., The experimental determim tion of such a ratio as
a function of Py should therefore help us sharpen our understanding
of the regions where VMD holds and where the pointlike nature of
the photon, so vital to some critical tests of QCD,lis applicable.

I am grateful to the SLAC Theory Group for their warm

hospitality. Special thanks are due to Professor Stan Brodsky
for important suggestions and for encouragement. This work was
supported in part by the National Science Foundation and the
Department of Energy. -

Figure Captions

Fig. 1. Dominant hard subprocesses for photoproducing Jjets.
(a) Pair creation reaction (1): v + g = q + q;
(b) Compton reaction (2): ¥ + 9 - q + g. (g = gluon).
Fig. 2 Solid and dashed curves are for pair creation of quark
antiquark jets via (1) with gluon distribution (1-X)5/X
and (l—x)g/x respectively. Long and short dashed curves
are for the Compton production of quark and gluon jets

via (2).



Table: Relative proportions of pairs Qf_high Py high =z
leading mesons in YN, yvy and e e <collisions resulting
from a pointlike coupling of the photon. a, b are
defined in text, i :

Leading Yp YNo YY ete-

Mesons No =(p+n) /2
Kkt 16ab 12ab 0 0
KtK® 18ab 15ab 0 0
KR 16ab 12ab 1 1
K+K~ 16ab 12ab 1+16a2 -1+42a2
K°K° 2ab 3ab 0 0
KT 2ab 3ab 1+a2 1+a2
K+tm+ 16 (a+b) 12 (a+b) 0 0
Kt~ 16a+2b 12a+3b 16a 4a
K+n° 16a+9b 12a+(15b/2) 8a 2a
K°nt 2a+16b 3a+12b a a
Ko~ 2 (a+b) 3 (a+b) 0 0
Ko m° 2a+9b 3a+(15b/2) a/2 a/2
ot 16 12 0 0
ntm” 18 15 17 5
m+m° 25 39/2 17/2 5/2
™n° 9 15/2 17/4 5/4
o 2 3 0 0
T 11 21/2 17/2 5/2
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