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ABSTRACT
We consider a model for gluon jet fragmentation based on QCD in which
the fast hadrons in the jet are produced by the sequential reaction
gluon+qq~»hadrons. The resulting jet shows an oblate transverse momentum
structure, with a major axis preferentially oriented normally to the
direction of linear polarization of the gluon. We discuss jet-jet oblate-
ness angular correlations in decays of heavy QQ pseudoscalar and vector

systems.
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A critical prediction of QCD is the existence of gluon jets - jets of
hadrons which are produced in the wake of an SU(S)C-octet spin 1 quantum.
~ Such jeks are expected to be initiated in leptonic processes such as
efe” a-qag,l eq »~qu,2 hadron scattering subprocesses such as
qq -~ g8, g9 ~ g9, g8 - gg,B and the decay of heavy quark.bound‘syates,

T ~ g8Y, ggg.4 An important problem will be to enumerate the properties
of gluon jets which distinguish them from quark SU(3)C—triplet jets.

Among such discriminants are flavor retention5 in the fragmentation
region: the flavor of quark jets should be evident in the total quantum
number of its fragments up to a universal comstant; a gluon jet should
show an absence of leading flavor correlations. It is also anticipated
that gluon jets are associated with high multiplicity events. For example,
the multiplicity of soft gluon bremsstrahlung from a color octet in lowest
order perturbation theory is 2/(1 - gt) = 9/4(with nc=3) chpared to that of
a triplet."6 ©

An important question is whether or not the gluon spin can be determined
directly from its jet properties. A definitive answer requires a detailed
understanding of the dynamics which control color confinement and the
evolution of the hadronic final state. In this letter we consider a
specific model for gluon jet evolution which in fact does imply that the
gluon jet will be oblate with central axes correlated with the direction
of the linear polarization of the gluon.

The dynamics of hadron formation in e+e_ + qq have been discussed

from the point of an inside-outside cascade by Kogut, Sinclair, and
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Susskind,7 Bjorken,8 and Brodsky and Weiss.5 The separating q and q state
radiates soft gluons, each of which ultimately pair up into hadrons. The
hadronic cloud in the center of mass is produced along a hyperboloid
t2-x2 = {2 which links up with the original quark lines x=+gt at a time
t =5 T/qu where T is a typical soft g - qq decay time. )
We compare the evolution of gluon and quark jets in this model pic-
torially in Fig. 1. 1In the case of gluon jets, the original fast gluon
radiates soft gluons, again creating qq pairs and hadrons along a hyper-
boloid. The elementary emission spectrum for g - gt+g is of the form
Gg/g(x)m(l—x)/x + x/(1-x) + x(1-x) which favors the emission of a soft gluon
at each stage: Bract ™ (gslow + gfast) + (gfast + gslow)' The gluon
polarization is preserved by the fast gluon with cos?28 likelihood. (The
two terms in the emission again indicate the higher multiplicity of gluon

versus quark jets.) At any stage the fast gluon can split into a qq pair

each with a relatively flat spectrum
Gq/g(x) « x2 + (1-x)2? (1)

The q and q in turn can continue to radiate. The gluonic jet system in
this picture looks very much like the combination of coherent q and q jets.
(Alternatively the fast gluon could produce hadrons by fragmentation into
leading SU(3) flavor singlet states9 such as the n' with a Dn,)g(z)%(l—z)
spectrum, or possibly produce a gluonic bound state. We suspect that these
may be less important than g » qq for pions at large x, since the n' is
mostly a qq state and gluonic bound states are thought to have masses of

between 1 and 2 GeV and thus will decay into high multiplicity states with

a steeply falling momentum distribution.)
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Because the g - qq process in Fig. 1b has a hard dQ2/Q? spectrum, the

mean mass squared Q2 of the qq system should scale with s. We thus expect

that if the temsor 2: ﬁ;ﬁg for a gluon jet is diagonalized, the ratio
a=had

of its large to small transverse eigenvalues will be of order <§2 / kf>
where <kf> is the size of the trénsverse eigenvalues aséociated-With the
soft decay of quark jets. We thus expect that a typical gluon jet will
be oblate with its largest transvg;se principle axis aligned along the
production plane of its qa jet components.

An important question is the degree of correlation of the plane of

oblateness of a gluon jet and its initial polarization. For the hadrons

H which arise from the decay of the q or g, we have

aN, 1 i
dzdg Pm/gr®) =/ DH/q(;i-)Dq/g(‘x’q)) x

2

(2)

+q-+4q

The fraction of the gluon's momentum carried off by hadrons

27 1
f = Z/ dq;/ zdz DH/g(z,q;) (3)
i 0 0

would be the 1 if all the hadrons came from this mechanism. Here
cos¢=€q-ﬁq is the cosine of the angle of the q-q production with the de-
caying gluon's linear polarization. Note that Eq. (2) ignores the smearing
of ¢ due to the quark decay, and also possible interference effects from
the q and q jets (which should become small for very oblate jets). We

now use Dq/g(x,¢)¢(l-4 x(l—x)cosz¢) to obtain (for f=1) the sum rule



1
dé - _ 142 sin?y
a0 - H<‘/.dz zDH/g(z,¢) = - . &)

- 0

This gives the correlation of the production plane of the hadrons weighted
by the hadronic (light-cone) momentum fraction .

z = (pg + pﬁ)/(pg + p}) . (5)
Thus according to (4), if a gluon can be produced with a specific linear
polarization, its jet will be oblate with a principal axis three times as
likely to be orthogonal rather than parallel to é. However this correla-
tion is clearly an upper limit, since it is reduced by hadrons not obtained
from q or a‘decay (i.e., f is less than 1), the smearing effects of hadronic
decay, and the depolarization effect of soft gluon emission before the
g » qq decay.

The last effect from gluon 'straggling" can be estimated as fol-

lows. Since the square of the matrix element (hard gluon, polarization

gy > hard gluon, polarization €¢ plus soft gluon) has the form ac(gi-éf)z,

the hard gluon suffers a depolarization, and to lowest order

a
sin?¢ + 0<7§>[%-+ %~sin2¢]

o (6)
: c
1+ 0(‘;‘)

in Eq. (4). However, we expect that in this case, ac=ac(Q2) sets the scale

sin2¢y —>

of the running coupling constant, and gluon jets with high oblateness
(Q2 large) have the smallest depolarization. Thus at high s and Q2 the
predicted correlation between the oblate axis and gluon polarization

should become more and more accurate.
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The sum rule definition for d&/d¢ weights hadrons by their energy
fraction in the jet, and thus biases against soft hadrons emitted before
it decays into the qq which show no azimuthal correlations.10 One can
further enhance the likelihood of seeing the oblateness of the gluon jet

: ; . . - 1
by excluding events in which a final state hadron has szhaﬂ/Eth> 5 -

This favors jets in which the gluon fragments into a qq pair of roughly
equal momentum, zVl-z, biasing the event toward higher Q2=(plq)2/z(l—z)
and biasing Eq. (2) toward a sin¢ dependence.

Let us now consider applications from QCD perturbation theory where
the gluon polarization and correlations with the oblate jet principal
axis can be predicted. The simplest application is to the decay of a
heavy pseudoscalar Ngs Ng» Nps etc. which can decay to two giuon jets.
The calculation of the quark decay places is identical to that for double

Dalitz decay 7 - YY +-e+e_ + e+e— which has a matrix element proportional

to €1x€2' We find in the n center of mass,

s e fonf] 3+ (o]

1
)]

+ (%) (1-x) (x,) (1-x,) (1-2 cos?y)

where { is angle between the quark-pair decay planes:
Again we can use sum rules as in Egqs. (3-4) to obtain

& 1 1 ,
d i dN

ay _HZ /dzaza/ dz 2y, dz_dz, (z452p,59)

15 + 2 sin? ¢
327
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which gives the correlation in azimuthal angle summed over all opposite
hadron pairs in n - &, + gb > HA + HB + X. Again this result should be
consid®red as an upper bound for the correlation. Equation (20) predicts
at most a 20 percent effect between perpendicular and parallel planes.

As a final example consider the decay of the T (or other heavy qq .
system) into y + g1 + 8y O gy + 89 + gq- The correlation of the polari-
zation of any one of the final vector particles relative to the normal to

the decay plane can be obtained by a standard positronium - 3y calculation.

We find the distribution

2 2 2 24
N <X1 + X5 + X3) + (2cos4¢ 1)X1X2X3

4N 9)
dx;dx,d¢ /ﬁXmdX ( + x% + X%) )

where X1=(l—cosez3)=2(l—xl)/x2x3, etc. and x1+x2+x3=2. Here cos¢=e+n is
projection of any one of the polarization vectors with the normal
We then can compute the corresponding angular distribution of hadrons

which come from the decay g - q + q » H + anything. The sum rule is

‘—‘ R —
dx dx ,dX Z}; dz 373x% dxzdx
0

[1+2 sin?(x-9)) g

4L dxldx2d¢

(10)

c&“-\

where again each hadron is weighted by its momentum fraction z. We thus

obtain

__d& ( 2 2 2) 1 2
dxldxzdx < (X + X5+ X3) + 73 (1-2 cos x)x1x2x3 (11)
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where cos¥ = ﬁH'ﬁ computed for each hadron in the gluon jet. The maximal

effect occurs for equal angles of the gluon jets (éc=1200, Xi= 2). This

2
gives & relative weight of 9/7 for hadrons in a given gluon jet aligned
in the plane rather than normal to the plane. 1In fact, since the corre-
lation in cos¢ is idential for each gluon polarization,- the distribution
in cosX holds summing over all hadrons in the decay T -+ Y + hadron or
T + hadrons, as the identification of each hadron with individual gluon
jets is not necessary. ﬁntegrating over x; and X, results in a much
smaller effect, d&€ /dx T 1+.038 (1-2 cos?X), due to the contribution from
the regions of phase space where any Xia:lJ These results suggest that
while the ggg or ggy decays of the T form a pancake, it is a very thick
pancake, since the predicted correlation in X is small.

Again we emphasize that the results presented here should be taken
as an upper bound for possible correlations, since all hadrons in the
gluon jet are assumed to come from q or q fragmentation, and straggling
effects are neglected. Aside from these model-dependent considerations,
it seems a viable possibility that the decay product of gluons will form
oblate jets with angular correlations which reflect the linear polariza-
tion of the parent.
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FIGURE CAPTIONS
(a) The evolution of (a) a quark jet or

~(B) a gluon jet into hadronms.
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Fig. 1



