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Angular correlations between the outgoing lepton and one of the outgoing fast hadrons in lepton-hadron
scattering can give interesting information on quark-gluon dynamics,

6luon eor rec tions g ive r ise to som e interesting
predictions for the final-state hadrons in lepton-
hadron scattering. '2' The most noticeable of
these is probably the expectation. that Bt high en. —

ergies a fraction of the events wil. l show a two-jet
structure in the current-fragmentation region.
This structure will, however, be superimposed
on the standard single jet along the direction of the
virtual photon, and therefore it may not be easy to
disentangle it from the usual background. Other
effects may therefore be easier to detect experi-
mentally, e.g. „anincrease with Q' in the average
transverse momentum of the hadrons with respect
to the virtual photon axis, or angular correlations
between a produced fast hadron and the outgoing
lepton. This point was recently emphasized by
Georgi and Politzer. ' In this paper we want to ex-
tend their considerations to neutrino-induced re-
actions and emphasize the interest of looking at
terms proportional. to cos'q in. the differential
cross section.

The q dependence of the semi-inclusive differ-
ential cross section. may be parametr ized as

dc 2=A+ Beosp+ C cos p
O'Qdxd&d p

where the notation for the kinematic variable»&

standard: y is the energy loss of the lepton divided
by the incoming lepton energy, x is the Bjorken
scaling variable, and z is the energy of the ob-
served hadron divided by the energy loss of the
lepton, y is the angle between the transverse com-
ponent. of the produced hadron and the transverse
component of the outgoing lepton.

The term A in (1) will contain the zeroth-order
parton-model term so th3t gluon corrections will
only affect it at the level of the quark-gluon cou-
pling constant (say 10-20%%uo). The term B gets con-
tributions only fromgluon corrections 3nd was dis-
cussed extensively by Georgi and Politzer' who
obtained the interesting result that for hard pions
(z- 1) and small values of the Bjorken variable x,
the average value of cosy becomes negative. In
other kinematic regions the cosset dependence will.
not be very noticeable since the gluon-jet contri-
bution. to B will tend to cancel the quark- jet con-
tribution while the pair-creation. term hardly pro-
duces any asymmetry at all; in the limit consi-
dered by Georgi and Politzer' it integrates out to
give a zero contribution to the 3ver3ge cosp. The
term C again gets contributions only from gluon
corrections and furthermore the different contri-
butions to it all 3dd up. It may therefore be easier
to detect experimentally. From the diagrams in
Fig. 1 we obtain

do(+(( (+((+ ~ ~ ] 6(r2(] v)= cos fit) Q
dgdxd84+ 3 p gQ

+ gG —,Q xp(1 —xp D"

+ terms independent of @+terms linear in cosy.
The first two terms in the square brackets on the right-hand side of (2) come from hard bremsstrahiung
of a gluon off a quark. The observed hadron. e3n then either be produced from the outgoing quark (first
term in the square brackets) or from the radiated gluon (second term in the square brackets). The third
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FIG. 1. Diagrams leading to angular correlations bebveen the outgoing lepton and one of the outgoing fast hadrons.

term in the square brackets is due to quark pair creation by a gluon, where G(x) is the number density of
gluons in the proton. For the similar situation of neutrino scattering on an isoscalar nucleus [iV = (p+n)/2]
one has

do " '+" G 'MEx 8n=cos y F s l )
dydxdzd y m 3m

d —,Q +u —
) Q x~z'pD„—) Q

+ 2 d —)Q +u —)Q xp 1 —zpD~ —)Q

+ 4G —,Q xp 1 —x~ Du ) Q + g d —,Q +u — xpzpDq —
) Q

+2 d —)Q' +u —,Q xp1 —AD~ —,Q

+ —G —,Q xp 1 —x D" —,Q

+ terms independent of y+ terms linear in cosy.

The first three terms on the right-hand side of

(3) arise from scattering of the neutrino off a
quark while in the last three terms the neutrino
scatters off an antiquark. The corresponding ex-
pression for antineutrino scattering can be ob-
tained by simply replacing in (3) u by d.

Numerical estimates of the different terms on
the right-hand side in (2) and (3) show that each
one of them is roughly of the same order of mag-
nitude (except of course if antiquarks in the initial
proton play a role). Except for the presence of the

quark-gluon coupling constant n„these terms are
not in themselves much smaller than the usual
parton-model contribution to the y- independent
term. We therefore believe that the cos'y term
stands a chance of being detected experimentally
in the near future. If present it will give us di-
rect positive confirmation of the presence of gluons
and will allow us to get information on the gluon
distribution function in the proton as well as on the
gluon-f ragmentation functions.
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