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Abstract

We study the transverse momentum imbalance (acoplanarity) of a gluon jet
propagating in an expanding quark-gluon plasma. Under reasonable assump-
tions for the gluon cross section for interaction with a quark-gluon piasma, and
with a hadron gas, and a proper space-time picture of the time evolution of
matter produced in nuclear collisions, a simple formula is established relating
the acoplanarity distribution to the jet emission angle, the total multiplicity
of produced particles, and the nuclear radius. We find that for reasonable val-
ues of the jet- plasma cross section, the acoplanarity distribution stands out

significantly beyond experimental cuts.
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Section 1: Introduction

Heavy ion collisions at ultra-relativistic energies offer us fthe
prospect of studying new states of matter. In particular one expects
that 1if the energy density achieved in such collisions is high erough,
a deconfinement transition lsading to the formation of a gquark-gluon
plasma could be observed. An important issue in this field is to pir
down observables which could provide unambiguous information on the
state of matter produced during a collision. Owing to the complexity of
heavy ion systems, it is 1likely that no single probe will yield
definite conclusions. It is therefore important to investigate as many
observables as possible and correlate their predictions.

It has been suggested that the study of the propagation of jets
through the plasma could give information on the quark and gluon mean
free paths in the plasma, and hence on the properties of the plasma
itself. Jets are produced at the very bveginning of the reaction by
hard collisjions of the nucleon's constituents. The typical jet energy
is greater thar 10 GeV, much more than typical energies of the plasma
constituents at the +temperatures of interest. Thus they may be
expected to escape the plasma as well identified objects.

In a recent paper, Appel has studied the momentum imbalance of jef
pairs which results from the interaction of the jets with the piasma
constituents£1) Appel's analysis strongly suggests that such momentun
imbalance or acoplanarity may be quite sensitive to the physical
conditions which prevail in the plasma which the jJets traverse. The
purpose of this paper is to extend Appel's investigation, using a more
realistic model for +the plasma. In particular we shall take into
account the 1longitudinal expansion of the plasmagg) We shall also
investigate the effects of experimental cuts on the produced particlie's
momenta along the jet axis. We also allow for a cowmbination of hard and
soft scattering of the jet from the surrounding matter. The soft
component is phenomenologically parameterized in terms of a total Jet
matter cross section and an exponential slope typical of soft

processes. The hard cross section is taken from perturbative QCD. Wa



determine +the relative magnitude of the =ffscts  of these Two
sontributions to iat scattering and discuss *the grospects for measurine

thege quantities asxperimentally.

This paper is organized as follows: In the rext zsction, we recall
the main formulas which allow us to calculate *the jet acoplararity
arising from the soft gluon emission prior o the collision. This =
the standard bremstrahlung which takes place already in free space. Ir
Section 3, we describe the model we wuse Tor the plasma and *he
influence of the plasma on the jet »ropagation. We also implement
2affect of experimental 2uts which wmust be nade on the momentum o=
particles along the jet axis in order that an iler~ificatiorn of 1 [=7
aay be wmade. 3ectiorn 4 contairs 1 pregertution of our rumerico.
results. The 1last section summarizes the conclusions, and discusssa:
what is required of an experiment which might utftempt to measure thi.
acoplanarity.

Section 2: Jet Acoplanarity

For simplicity of our analysis, we a3sum2 that the Jets ars
produced in the plane 2 = 0, that is in the centar of mass frame of th

~+

20lliding constituents. The more gereral situatiorn i3 treated along th
lines we present here. Por the =aituation of interest, the centrn
regior of head-on nucleus-nucleus collisions, we expect that ©h
rapidity distribution of produced particles is approximately boos
invariant, and therefore the jet distribution wnen expressed in ternm
of jet mass, transverse momentum and rapidity is invariant unds
longitudinal boostsgz) 3ince the Jjet mass 0 is very large, and th
formation time of the leading particles in the jot i3 of order 1/Q, w
3hall assume that the leading particles in the et form at t = O. T
terms of the space-time rapidity y and proper time 1, we are assumir

that t = y = O are the initial space-time coordinates of the jet.

The geometry of the problem is illustrated irn Figs. 1 a and 1 D
We nssume head-on collisions, and therefore cylirdrical symmetry of t

2pllision. The two jets origirate from the production point P, be-



back. Parallel to the collision axis going through P and the jet axis,
1 plane 13 defined to which we refer as the plane of the jets., ¢ i3 the
angle between this plane and the plane containing the collision axis
and the production point P. © is the angle of tne jets with respect to
the collision axis, in the plane of the jets. 0 is related *o the
longitudinal rapidity of the jets through the formula:

cosh(yjet) = Q/2Py = 1/sin(o0) (1)

where Q 1is +the invariant mass of the pair of jets and Ps is the
transverse momentum of one jest.

The situation described so far i3 somewhat idealized. In fact,
several effects contribute to give to the jet momenta some nonvanishing
component along an axis n perpendicular to the ideal scattering plane
defined above. As a result, the two Jjets do not lie in this ideal
scattering plane. The total component ki, of the momenta of the two
jets along the axis n, referred to as the acoplanarity, may be
generated by production of particles in the initial state which are not
included in the jet distribution, or by the production of, or
scattering from 1low transverse momentum particles which are rof
included in the jet§3—4) 0f course, the ideal scattering plane defined
above 13 not observable, nor is the productior point P. However, as
discussed by Appel, it can be determined, to within an error in angle
of order ktn/Q, by minimizing over all possible planes the quantity 1j

kg,; where i runs over all the particles in the final state.'’

Let B(k4) be the probability density for the lesading particle of
one jet to acquire transverse momentum k¢t due to a2 single gluon
bremsstrahlung prior to the collision. Then the procbability dP/dktn

density to observe a total momentum imbalance Ktn, 1s  given Dy:
1 n > no o+ o
= - 2 - . 2
dP/dky Lpeo 7! | Ty f 42k, B(kti)} §(Kty Li_1%4 Kt (2)

Note that the term with n=0 is simply §{ktn). This formula acquires a
simple form when expressed in terms of the Fourier transform of B with



respect to impact parameter b,
- Tk _ }
3= [ a2k, ot KD 3(gy) (3)
Jotice that in Eqn. 2, the direction of “t, has already been specified
oy determiring the plane of the (2t axis. Therefore, the distribution
deperds only upon the magnitude of Ktn- The distributiorn of dP/dktn is

therefore in terms of a one dimensional impact parametar representation
iP/dkgy = - [ db cos(kenb) exp{B(b)) (4)

In order that dP/dktn be rnormalized to one, upon integration over all
Kt,, we regquire that B(b) vanish when b » 0. This i5 accomplished by
subtracting B(0) from B(b). We emphasize that this subtraction iz only
done to make dP/dkfn a rormalized probability distribution. We should
not confuse ﬁt, the component of the jet momentum perpendicular to the
Jet axis, with kt,, the projection of Et along the axis n perpendicular

to the plane of the jets (kt, = kt-kin). For 3(b}, we use the saume
function as Appel(S)

B(b)= - :—E {{1rIn(Q2/a2)-1nln((by/b)2/a2) [1n(02/Aa2)-3/2]
- 1n(Q2/(by/b)2) } : <

A3
—

where Cp = 4/3 and 5 = (33~2NF)/12w for Np flavors. A is the QCD scale
parameter, (.2 GeV), ba=1.123. Q is the invariant mass of the pair of
Jets. The validity of the formula above i3 restricted to the region b

<< A~!. Furthermore, we shall take B=0 when b < b,/Q. This ensures in
particular that B(0)}=0.

As we shall see in the next section, the scattering of the leading
particles off the plasma constituents leads +to a very simple
modification of Eg. 4.

Sectiorn 3: Jets in the 3oup



In this section, we derive the formulae which allow the calculation

of the accplanarity arising from the multiple scattering of a gluon jet

on the constituents of the plasma. ILet us first specify our model for
the plasma. We consider only central collisions and assume that the
plasma is contained ir a cylinder of radius R = 1.2 Fnm A1/3, where A 1s

the mass number. We shall also assume that the particle production
process is invariant under Torentz Tboosts in the longitudinal
direction. Then all the quantities specifying the state of the systen
depend only on the proper time 1 = (t2-z2)1/2, and not on z and *
Separately. The evolution of +the plasma after it is formed is
described by the hydrodynamic equations. In the simplified situation
which we are considering, this evolution correspond +o a uniforn
cooling of the plasma, as it gxpands 1in the longitudinal direction.

This cooling implies a decrease of the entropy density according to the
law:

s{t) = s(tg)1o/1 (6)

Thus, as time goes on, the entropy density, or eqguivalently the
temperature, decreases and eventually reaches the value at which the
phase transition from the quark-gluon plasma into ordirnary hadronic
matter is expected to take place. In order +to be able to follow the
system through the phase transition, further assumptions have to be
made. In this paper, we shall investigate a plausible scenario in which
the plasma adiabatically converts into hadrons. Let us call Spl and sy

the entropy densities of +the plasma and of the hadronic natter,
respectively, at the transition. We have:

Spl/sh = Npl/Nh = T (7)

where Npl and Ny count the numbers of degrees of ZIreedom in the plasma
and ir the hadron gas, respectively, and we have assumed a bag nmodel
equation of state for both phases. Typically, r is of the order of 10.
From tne fact that the total entropy is conserved, and the fact that
the entropy density decreases with respect to time according to Eq. %
one easily derives the following formula:

¥



(1) = xsp1+(1—x)sh {3

where x, the fractiorn o¢f hadronic =attar in tue
by

x = {ripgy/r-13/{r=1) (9)

Tpl Heirng the fime at wnich the nhadronization of the plasma starts.
Tpl may be obtained as a functior of the initial time 1, where the
hydrodynamic evolution s3tarts from +the :ntropy =quation, 33. 6. An
important feature of the present zcenari: 13 that it implies that ‘the
sysTem spends a 1ot of time in the naixed pnase. If ;, denotes the “inme
at which the hadronization =2nds, we aave fh/Tpl = T a3 can be obtained
from Hq. 7.

The jets are produced at very short times and are supposed to
propagate at the aspeed of light. 3efore “they leave the interaction
region, whose thickness is typically a1 fow fas, they will szcatter on
the plasma particles. The net effect of these multiple scattaring is to
lncrease the momentum imbalance. As showrn hy Appel, the offect of the
plasma car be accounted for by 4 simpls modificaticn of *he. formula Eq.
4, leading *o the simples replacement of the function Z(b) by the
furction B(b)+F(b). The rew function 7(b) is the Pourier sransform fag
defined by 3g. 3} of the probability density <*hat the gluon jet
scatters elastically off the oplasma constituents with transverse
momentum k. This function F has been subtracted so that it vanishes at
b = 0, and that 1P/dk+, is properly normalized. We take 7(kt) to be
the integral of the inverse mean free path throughout its space-time
traversal of the plasma,

k) = Ly I dx ny 12¢/d2k4 (10)

where nj; 1s the number density of plasma constituents of type i and
i20/d?k+ is the d4ifferential ecross section for jet scattering with

transverse momentum transfer “+. This latter =ross zectior is uasszuned



to be the sum of two contributions. The first is due to soft nadronic

procegses, which we parameterize as

i Ugi ,
dzﬁs/dzkt = 5;57* exp(—kt/M) k11)

This differential cross section has been parameterized Dby an
exponential, as is typical of low pt phenomenon. We do not assume that
this cross section has the form extracted from QCD under the assumption
of large momentum transfer, since for the processes we consider, the
momentum transfer is on the average quite small. In this equation, 1
denotes either 9ggy OF Ogq, OT ogh- We are assuming that the leading
particle in the jet is a gluon, and do not here consider the scattering
of quark jets, although they could be treated by the same metnods. The

parameter M is taken to be of the order of 0.4 GeV. TFor cross section
gy We use:

Ugg = 9/4 qu = (9/4)2 qu (12)

with 0qq taken from the additive guark model, i.e. ofqq = 4.5mb. This
relation between cross sections is only derivable in perturbative QCD,
and is useful to us for making estimates. Again, this assumption might
be relaxed +to obtain a more general <computation, but in this
preliminary analysis, we will use Eq. 12.

The hard scattering contribution is taken from perturbative QCDE6)
We only include this contribution for ki > 1 Gev. In this limit, the
relations between differential cross sections are as in Eq. 12. The
differential cross section for glue-glue scattering is

dzcgg/dzkt = *g- a (13)

mr
==

2
t

Here, ag is the QCD running coupling constant,
ag = 1/81n{k2/a2) (14)

Ir order to evaluate the function F, we need to integrate along the



;et path. Thils integrzl i3 conveniantly Zorne =ty <changirg wvariable,

1sing the proper time - as the rew integratior variable. Hoting that dx

= vdt = dt (since the (et propagates with fthe speed of lignht) and that
t = tsin(9), one gets:
- 1 Tl 241732 R
P = 3imre) I [ef 4t 42%03/d2%k¢ nilo) (15)
whersa T, denotes the proper time at which the jet leaves the plasnma.

It 1s =zasily shown that 157 iz related to the path length of the Jet in

the plasma by

T, = Lsin(9) (16)
with

L=((R2-r42sin2s) 1/ 2-ricos(e))/sin(o) (17)

It is convenient at this stage to look 2t the space time diagram
(Pig.2) which summarizes the evolution of the system., In this diagram,
the jet trajectory is represented by a straight line which makes with
the x-axis an angle a related to the angle o by:

a = 1/cos(a) - (18)

The various stages of the plasma evolutior are delimited by the

hyperbolae corresponding to constant proper times. The hyperbola 14

corregsponds to the plasma formation. The next hayperbola is labeled
tpl which is the proper time at which the plasma enters the mixed
phase. The mixed phase lasts until proper time «t1y,. As we already

mentioned, 1, may be guite large. We s3hall assume that 1, is always
larger thar Ty SO that the Jjet escapes from the plasma before the

mixed phase has totally disappeared.

The calculation of the integral givirg T can then be split into two
pieces, one which corresponds to the propagation of the jet in the

plasma, the other one corresponding to the propagation of the jet in
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the mixed phase. We shall write the TFourier transform of P ir the
following form:

= _ __l _ = _ ) ﬁ
F(b)= stnrs) (FetPy){fp1+fpix) (19)
In this eguation, ?s and ?h are the impact parameter trarsforms of

Fg = %gg [ azky (eME7EnD 1) a245,/d2k, (20)

and

1 %y -k, b h
P Tes [ d2ry (e7FE7EnPly) 120,,/3%k¢ (21)

where s,h refer to hard and soft scattering and whers fpl and fpix are
two constants which we will soon calculatse.

First, however consider F. Por F;, a short computation gives

P, o= (1+p2M2)-3/2 4 (22)

A tedious, but straightforward computation of T, gives, to leading
order in ag, the expression

Py = (27) -l-gg > ‘1&6 a2(br) [ (aob/2)2[¥(2)-1n(ngb/2)]
2p+4 1 1
+ Epzo(—)p(ﬁob/z) e 2p+2 T(p+3) } (23)

In this expression, A, 1is a cutoff below which we cannot trust

perturbative QCD, which we choose to be Ay = 1 Gev. A is the QCD &
parameter. The running coupling constant is taken to be a constant
equal to its value for b = 1 Gev=! = 0.2 Fmn for b > 0.2 Fnm.

The quantities fp1 =2nd fpjx are given as integrals over the

trajectory of the jet in +the plasma phase and the mixed phase
respectively of



~11-

| {

I dx agg \ng+4/9 Loy {24)
bonsider first Ip3 which is given by

fpl = J:gl gt Igg (ng+4/9 nq) (25)

The particle densities are dir=zctly related -0 the entropy
densitiss for an ideal gas, which in turn can be calculatzd from Eg. 5
as a fuanction of the proper time «t. A simple calculation then shows

that

Pk

pl = 9pi dN/dy lﬂ(TTfTO}f(nR2) {26)

wnere +t,. 1is the smaller of *he two times v, and rp). To derive this

L b &

2xpression, we have used the relation

dN

77 77z = (ailrodt oqlio)) 1o (27)
This expression follows =ssentially from entropy conservation. The
peculiar factor of 7/6 comes from the diffesrence irn statistics between

bosons and fermions. The ZTactor of 1 for gzluons arises because pions

and gluons are both bosons. Combining Bqs. 25-27 gives
opl = oggll16+4Np)/{(16+218a/2) - 14 mb (28)

where Np i3 the number of active guark flavors, which for our purposes,
we cnoose to be Np = 3.

The calculation of the mixed phase contributior jmpliss evaluating
the densities of particles in the mixed phase. This may be done easily
using the entropy =squation . One then finds:

(ropl-ogn)
av pl=9gh
fnix = iy raZ { (r=T] ln(rL/Tpl)+
(ogn=op1) (1m-tp1)
gh—0onl VILTTpl

— } (29}

Il )
=1 Tpl



This formula assumes of course that Ty, < Tpl:

A remarkable simplification takes place 1f one assumes that the

scattering cross section of a gluorn from hadrons is the same as the

cross sectiorn for scattering on the plasma, i.e. if one sets:
Ogh = ©¢pl (30)
This equality is probably =a good approximation. In the additive quark

parton model of cross sesctions, we have approximataly

Ugh"%ﬂq“:%Oppx19mb (31)

This number is remarkably close to the average value in the plasma,
4 mb. A more detailed computation would of course include Dbetter
estimates, but in the crude analysis which we present, such refinement
1s inconsequential. Then fj] and fpijyx add up to the simple expression:

di¥ 1
fp1+fmix = opl 3y 7mz nlrg/tp1) (32)

It is then easy to add up the contributions of the two jets leaving the

plasma at ¢ and ¢+n. Note that the ¢ dependence comes through the time
Ty One then gets:

dN 1
fp1+fmix = op1 iy 7Rz In((R2-rg)/<2)) (33)

This expression should now be inserted into Egn. 19 for F(b). The
resulting expression still depends on the unmeasured variable ri, the
distance from the collision axis at which the jets appear. One should
in principle average exp(F(b,r+)) over rt However,in order to get a
gimple expression, we have merely replaced the gquantity Rz—r% by its
average over r¢, which is R2/2. Since this quantity sits in a log, one

may =xpects this to give a fair approximation. The resulting formula is
then:

= 1 d¥ 1 R2



-Coun 2Xperimental envireonmsnr, in order o identily oarticzles o

lated with ja2ts, those particlss with small momentun tlong the jet

,.,
o5
]
]

Y
(SR8

Lt

1x13 one aust explicitly subtracTt  Sat. Thess particles goriaarily are
associated with the hadron matter <istribution, and have ro origin in
the j=2t itself. We therefore subtract out particles with a rapidity
alorng *The jet axis less *har 2 specified amount detsrmined Yy
experimental cuts. We =axpect that a1 cutoff of about two units of

rapidity along each jet axis should he sufficient.

Yo row will determire the 1inimam aomertum ird ther=iore the
T

aininmum  rapidity along the J2t  uxis  Zor  shich  particles aay e

mambi guecusly identifi=zd as oelorginz ro tae j=2t, and rnot 25 belongirng
fo the tall of the low pt distribution ussociated with *he Typiczl soft
nadrorn production. To estimate the magnitude ¢ this cut, we first
notice that all of the particless with momentum alorg the jet axis
satisfying p > py are withir a rapidity interval of M/po, with M - .4
Gev. The distribution of particles along the jet axis must exceed the
background from low py particle production to be detsctabla. We have
therefore that

aoantt | p/mon awdet (35)
» dy ‘ p dy - .

The factor of M/p on the right hand side comes <from converting 4NW/dp
along the jet axis to awW/dy along the jJjet axis and multiplication by =2
Tactor 2f 1 on or both sides of the 2quation to compensate for the 1/M
normalization factor in dN/dp on *he 1l=2ft nard side of +he gquation.
Assumirg fthat the nuclear aultiplicity is about 24 times “hat of the
Jets, we crudely obtain therefore that the cutoff ir rapidity along the

Jet axis, y,, is
Yo ~ Llrn{ln(24)) (36)

Fne assumption that the jet multiplicity is 1/2& that of *“he nuclear

should ©ve ndequate for the crude order of nagritude 23timats we do

aere. Iver for uranium, fthis cutof? is only about 2.
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Due to momentum conservation, the transverse momentum lost by the
remainder of the jet is therefore given by

-k+/M
= (¥ il e 0

The distribution G&P/dkg, can then be obtained from Bg. 4  with B
replaced by B + F + C.

Section 4 : Results and Discussion

We have investigated the contributions to the jet acoplanarity due
to the scattering of the jets in the plasma and the effscts of the
experimental cuts which must be imposed ir order to be able to identify
the jets without ambiguity. In our calculations, we have taken op] =
14 mb. We have considered a variety of A and Q values.

The effect of the plasma is contained in the term F(b). F(b)
depends explicitly on three wvariables: A, the mass number of the
colliding nuclei, the jet emissiorn angle 0, and the initial entropy
density proportional to dN/dy. The A dependence is fairly weak and
comes mostly from the ratio dN/dy/»R2?2 which grows like 41/3 {there is
an extra 1nA dependence buried in the term 1nR2) Thiz effect is
however amplified when the exponential of F is taken to generate the

acoplanarity. To generate curves we have assumed that dN/dy = 2A
dN/d - BA.
/ Yipp

The effect of varying A is shown for 20 Gev jets in Pigs. 3 a-4d.
In these figures, the value of the acoplanarity is plotted for the case
of rescattering from the piasma with experimental cuts, and
experimental cuts only. In both curves, the pre-emission bremstrahlung
contributicn is taken into account. 411 of the curves are for jet
production at 900 relative to the collision axis, so that the effect of
the plasma is minimized. Notice that for all wvalues of A ir the range
20 < A < 200, there is a significant effect due to the plasma, which
broaders the distribution and lowers it at =mall kKtn. For A of 200, the



iistripution is broadest, aboutr a1 factor I two vroader fthan i3 Tae
2as2 with no plasma. Tor & of 20, %he iistridbution sesems only = factor

=
>f 20% bvroader. The effects of A ars therefore sizgnilicant.
In fig. 4 a-c, the =ffscts of 2 of the j2t are determined. Here we
nave the same plots a3 in Fig. 3 a-d except that fhree different values
of 4 = 10, 20 and 40 Gev are considered for A = 120. For 3 = 19 Gev,
the acoplanarity distribution is almost Zlat, suggesting that the
plasma nhas destroyed any jettiness in the distribution. The computed
distribution is probably not gquantitatively corrsct since our
computations are strictly speaking only  wvalid I Ktn/Q <K 1, a
onaition not sartisfiesa  Tor this ~ase. For 3 = 20 Fev, the
iistribution is jet-like, buv the iistributicr vifth fhe plasma i3 abour
twice as broad as that of the distribution without the plasma. For I} =
10, The distribution without the plasma becomes closer to that of the

case with the plasma, and is perhaps about 30% to 40% broader.

It appears that there 13 a significant contribution due to
rescattering in the plasma. A good measuremert of these distributions
nay ultimatsly give a measure of the gluorn-plasma cross section. Jur
computations show 2 gmall =zhift in the distributions as o function of
zross 3section, but other contributions, such a3 The rescattesring of
inelastically produced particle from +the 2t Iin the plasma aust be
added into to make a precise comparison. A difference of a factor of
two 1in the cross section effectively modifies tThe distribution as 2
shift in A by a factor of 3. The difference of a cross section by a
Tactor of two therefore produces a change sgquival=ant Yo changing A = 20
to A = 200, From Tig. 3, we sSee that this iz in fact a quite
sigrnificant shift.

Finally, we have studied the depenience of the Jjet acoplanarity
upon jet opening angla. We find 1little dependence upon the opening
angle for reasonable value of the angle. This seems to be because the
probability distribution i3 normalized to one, and fhe width is not <oo
strorgly dependent upon the valus of 3 Zor o > %20°. In this range, the

valus of sin(e) changss by only 2 factor of two, nand therefore the
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distridbutior is not toc rapidly varying. A charge iz 0 by this large
amount corresponds to an effective increase in the Zluon-plasma ©cross
gection by 2 factor of two. Tor our cnoice of 5 = 14 nb, *there i3 not

too large 2 variation if the cross sectiorn increases by a factor of

]

Also, most of the variation takes place only at small angles, whers
experiments are most difficult. If +the cross sectiorn were chosen to be
a little smaller, then there would be a somewhat larger variation.
Although the angular variation may be useful for studying the effects
of a plasma upon jet acoplanarity, without more knowledgs of the range
of angles which may be observed with cuts imposed, it is difficult fto
make any precise statement.

Ir summary, our analysis supports Appel's conclusior that jets may
provide a useful diagnostic tool for studyirg *he quark-gluor plasma.
We have showr that in high energy nuclear collisions, the effects of
Jet rescattering do in fact appear ir the acoplanarity distribution.
The cross section for scattering from the plasma may be inferred. We
should be careful to note, however, that the existence of acoplanarity
does not by itself alone give evidence for a quar¥X-gluon plasma, and
may in fact be generated by scattering from a hadronic 2as. The jet
acoplanarity is therefore not a signal fer the plasma, merely =
diagnostic tool. The utility of this tool for determiring the gzluor
plasma cross section, and hence inferring the degree of thermalizatior

of the plasma, if it exists, remains to be established.
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fizure Taptions

Fig.! These Tigur=s3 {illustrate the zeometry of the uroblem. The
? is the
point where the l2adirg particles of the Jjats are produced. Fig.1b 1is

axis 13 the collisior axis. FTig.ia i3 drawn irn the plane 2=0.

drawn Ir the plane of the Jets. The Jso0lid lires limit the region
occupied by the plasma. The dashed lines are 3rojections on the plane
of the ets of the parallels to the collisiorn axis drawn through the

points where the jsts leave the plasma.

Pig,?2 Space-time liagram. The hyperbolaoe 37 onstant proper time
lelimit fne various stages of ‘ne nlasma history. The atraight Line
labeled "jet" is the t

ja
o

trajectaory. T is the proper *ime at which
the et leaves the plasna.

Pig.3 These Tigures illustrate how *he distribution dP/dktn
depends on the baryon number of the colliding nuclei. The dashed
curve in each plot represents the distribution computed ir the
absence of a4 plasma with experimental cuts included. The 501id curve
contains the contribution from the plasma plus cuts. In both curves
the effects of gluon bremstrahlung are taken into account. The jet
mass is 20 Gev and the assumed cross section 13 14 mb. The values of 4
are (a) 20 (b} 50 {(c) 100 (4) 200

Pig. 4 For A = 100, the acoplanarity distributions for {(a) Q =
10 Gev (b} Q = 20 Gev {(c) Q = 40 Gev.
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