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Probing gluons in nuclei: The case ofp’
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Using the recently proposeggz’ effective vertex, we investigate the productionsgf from gluon fusion
in pA collisions. We show that measuring production cross section at moderatg yields direct informa-
tion on the smalk gluon distribution function of the nucleus. At RHIC, the smallest accessiblens out to
be O(10°%) and at LHC, it isO(10 ). Therefore,»’ is an excellent probe of the color glass condensate.
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I. INTRODUCTION In [3], as a step to explain an anomalously laBj® 7’
branching fraction, the authors wrote down a Wess-Zumino-
The ' meson has many interesting properties, the mostVitten type of effective vertex:

discussed being its unusual mass. By spontaneously breaking
U(3) symmetry of the hadronic Lagrangian, one would ex- TwaabzH(pz,qz,Pz)aabeﬂmﬁpﬂq”(eg))\(eg)y, (4)
pect thatn’ would be a Goldstone boson whose finite mass
is due to the finite mass of the quarks. In reality, fflemass  roughly corresponding to an interaction Lagrangian of the
(M=0.958 GeV) is much heavier than the mass of the form £~ 7' GG. Here,p,q are the gluons momenta®” are

ganlo.?MthGe\_/). | 'I;he dqtuhark rtmt)del Gell-Mann-Okubo the associated polarization vectors, and #i& denotes the
ormula for the singlet and the octet mass singlet combination of the gluons. From now on, we denote

§2 the " momentum by a capital letteP. The factor
MZ=—T5(mZ. +mio+m?>.) (1)  H(p%qg%P?) is a form factor. By analyzind/¢— 7'y pro-
3f5 cess, the authors 8] then estimate that in the on-shell limit

and _ ) 1
Ho,=H(0,0M°)~1.8 GeV -, (5)
M2Z=1(2mZ ., +2m&o+2m’, +mo) 2
where M =0.958 GeV is the mass of thg’ meson. This
is incapable of explaining this large mass difference betweegertex was then used to analyze tBeéboson decay toy’
the (mostly) flavor octet statey and the(mostly) singlet state  assuming that thp? andq? dependence dfl is weak! This
n'. In fact, the singlet mas#l, is smaller than the octet form of effective vertex has been also confirmed by a calcu-
massMg. Therefore, in the zero quark mass limit, about halflation of the triangle diagram contribution to the axial
of the »" mass remains while the octet pseudoscalar mesoanomaly[5].
(7,K,7n) masses go to zero. The above effective vertex representsaalronization ma-

The resolution of thidJ,(1) problem was provided by trix elementbetween a two-gluon state and a hadron state. To
't Hooft [1] and Witten[2]. In these works, it was argued that the best of our knowledge, this is unique. Certainly, many
the anomalously large mass 9f is due to the mixing of the constituent quark models can relate valence quarks to had-
gluon state with the flavor-singlet quark state through theons. However, except for the abogg#’ effective vertex,
axial anomaly there is no other known matrix element between the gluons
and a known hadron state. We also note that the momenta
involved in this process are not so soft compared ¢ or
the pion mass since the’ mass is almost 1 GeV.

Recently, these interesting features of thern’ vertex
with nonvanishing{GG). This implies that they’ mesons were exploited to calculate thg’ production from a had-
have a large glue content. It also implies that the gluon fufonizing quark-gluon plasmg6]. In that study, a Boltzmann
sion procesgg— 7’ is possible. equation was used to evolve the density towards the had-

In this paper, we study the generationgf mesons from  ronization time in heavy ion collisions. To use tlyg7,’
such a gluon fusion process in proton-nuclep\) colli-
sions. In particular, we argue that measuring #iemeson
momentum spectrum enables us to have a direct access to th&This weak dependence assumption has been questioned by Ka-
gluon density in the smaX region of the heavy nucleus. This gan and Petrof4] who argued that when one of the gluon momenta
is made possible by using a recently proposed effective veis off-shell, the form factor has to be replaced by
tex by Atwood and Son[3] between gluons and the’ H(? p?2.MA)~HMZ(M?—?). (6)
meson. However, this is not relevant to the present study.

2
. — g ~.,
#35=21 2 M ysi+ 2N 752 TH(G,,E") (3
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vertex in this “AA” environment, a certain set of assump- these soft emissions has been carried out in some processes,
tions had to be made. These assumptions mainly involve thguch as dilepton production, which effectively introduces this
as-yet-unknown in-medium properties of the particles andintrinsic” momentum into the standard collinear factoriza-
vertices involved in the calculation. tion based cross sectioh%4]. In addition to the “intrinsic”

In this paper, we focus on the production gf in pA  momentum due to the initial state radiation, there is a genu-
collisions for two reasons. First, much is known about theine nonperturbative contribution, which is energy and pro-
structure of proton from DIS experiments at HERA and else-cess independent and @&(200—-300 MeV) consistent with
where[7]. Assuming that we understand the parton distribu-the uncertainty principle. Phenomenologically, these results
tions in a proton,pA experiments are an excellent tool to can also be obtained by using the modified parton distribu-
investigate parton distributions of nuclei at smallThis be-  tion functions as defined in E¢7) without the resummation
comes even more important in light of the fact that not muchof the soft gluon radiation. This is especially useful since this
is known about the modification of parton distributions in soft gluon resummation has been carried out only for a lim-
nuclei at smallk and intermediat€? since all existing fixed ited number of processes. Nevertheless, this resummation is
targeteA experiments have limited coverage xnand Q2  usually taken to be the theoretical justification for introduc-
[8-12. This region of smallx and intermediateQ? tion of this “intrinsic” momentum into the standard parton
(~1-10 Ge\P) is the domain of high gluon density QCD distribution functions. There is also the Cronin effectpiA
and semihard physics where interesting phenomena such asellisions, which can contribute to this intrinsic momentum.
saturation of gluons, etc. are expected to ocpuxr.experi-  Even though Cronin effect is not well understood in pQCD,
ments will give us a new venue, in additionéd andAA, in one can phenomenologically understand it in terms of the
which to investigate the high gluon density phase of QCD. multiple scattering of the proton on the nucleus that causes

Also, pA collisions are much cleaner th&® in the sense  the p; broadening of the protofil5].
that one can avoid many of the complications due to the Inlarge nuclei and at smat, one also has to include high
in-medium effects. We do not expect to have a quark-gluorgluon density effects. 1f16—-2Q it is shown that high gluon
plasma(or a hot hadronic phagereated irpA collisions and  densities lead to a potentially large intrinsic Sc&¥(x)
can therefore avoid the difficulties associated with under~A31/x%2-%4 in large nuclei. Most gluons in the wave
standing the possible formation of plasma and its detailedunction of a nucleus in a high energy collision have mo-
properties. In this work, we will show how one can extractmenta of the order of this scale. In this paper we will inves-
the nuclear gluon distribution function at smalffrom pA  tigate the production ofy’ in pA collisions as a means of
experiments at RHIC assuming one knows the gluon distriextracting the gluon distribution function of nuclei at small
bution function in a proton at not too small valug®(x  and study its dependence on the intrinsic momen(tklfm in

~0.1-0.01). protons and on saturation scag(x) in nuclei.
It should be noted that even though our experimental
knowledge of the parton distribution functions in a proton is Il. ' PRODUCTION CROSS SECTION
good, due mostly to HERA, in somep induced processes
such aspp— yX or pp— @ X, it is quite common to intro- In this section, we will calculate thg’ production inpA

duce an “intrinsic” momentun{k?) into the standard parton collisions and show how to extract the gluon distribution

distribution functions in order to fit the experimental datafunction of the nucleusA. We will consider three distinct
[13]. For example, cases; first, we will calculate thg’ production cross section,

with the standard gluon distribution function, and using the

o 5 212 collinear factorization formalism. Then, we will consider the
XG(x,Q%) = | d*kxG(x,Q% k) case when the gluons in the nuclefisare at smallx and
include saturation effects in the nuclear gluon distribution
— 2 2 2 function. Finally, we will allow for “intrinsic” momentum in
_f d7kixG(x, Q%) T(ko), ™ a proton and consider the case when the gluon distribution

function of the proton is also modified to take the “intrinsic”
where f(k?) is usually taken to be a Gaussian with width momentum of the proton into account.

(k?). More explicitly,
1 2 A. Collinear factorized cross section
f(kf):—kfex%——k}) (8) Using collinear factorization theorems in perturbative
m(kp) (ki) QCD, one can write the;’ production cross section ipA

i collisi
so that[d?kf(k{)=1. The value ofk{) is extracted from ISlons as
best fits to experimental data on dileptons, dijets, etc., and =~ =~ o , ,
can be as large as 1-5 Ge¥t the Tevatron. Its value de- do™™ 7 =f dx; dX, GP(X,Q%) GA(X,,Q2) do¥9- 7',

pends also on the energy of the collision and the process (9
considered and is expected to be smaller for production of
heavier particles. WhereG(xl,Qf), G(xz,sz) are the gluon distribution func-

The origin of this “intrinsic momentum” is mostly initial tions of the proton and nucleus, respectively, andand X,
state radiation of soft gluons. A rigorous investigation ofare the momentum fractions of the incoming gluons while
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X =2P,/\/s and xg=2Ep//s are the momentum and en- M., ey \XE+aM? Isx,
ergy fractions of the produced’, respectively. The distribu- Xy =—" = 2’7 . (15
tion functionsG(x;,Q?) andG(x,,Q?) depend on a factor- Vs

ization scaIle2 , Which is shown explicitly and will be taken N
Here we take the positive (as well asx, ) to correspond to

to be ~Mf], in numerical calculations. We also note that h ion directi Eax: 5 M /\/_ I "
there are no intrinsic momenta included in either distribution € proton direction. FOx, 7' VS, We can aiso write

functions since it is not, strictly speaking, allowed in collin- 5
ear factorization formalism. Y ~x  and x_~ M (16)
The partonic cross section fgg— »' is given by o Tosx
do99-7 1 d3pP i E Equation(13) is a very simple and useful relation that
o - - o )
4(p-q)2 2m)32E,' 9977 enables us to extract the gluon distribution function of the
nucleusdirectly (without any deconvolution, as is usually the

X (2m)*s*(P—p—q), (10 case from the experimentally measured production cross

section. Here we are assuming that the gluon distribution
wherep andg are the momenta of the incoming gluons while function of a proton is known from HERA to good accuracy
P is the momentum of the produceg. The matrix element [21] (to better than 10%), which is the case unlgss=0.2.
squared, after averaging over the initial spin and color deAlso, in the regionx, <10 4, one also has a large uncer-
grees of freedom, becomes tainty in determining the gluon distribution function in a pro-

ton but we avoid this region by considering small values of

, 1 5 x_ (recall x_ is the momentum fraction of gluons in the
Tag-.n] —aHo M- (D) nucleug since this is the region where nuclear modification
of the gluon distribution function is most pronounced and
Using Eq.(11), the differential cross section becomes least known.
Let us make a rough estimate of tlkevalues one can
) HSMZ, d3p probe in a high energpA collision, such as those at RHIC
dgf99—7 = 1287] (2m)%2E (2m)*s4(P—p—q). or LHC. Since there are no experimental data on nuclear
. P (12) gluon distribution function ak<10 2 for Q>>1 GeV, we

would like to focus on the sma¥ (in the nucleuskinematic

This is the elementary partonic cross section that goes intfgion. This corresponds to the case whenin Eq. (13) is
our calculation ofy’ production inpA collisions. It should ~ Small- Th's in turn corresponds to the case when the mea-
be noted that collinear factorization foy production has SUred»’ has a largegmuch larger than its mass &) lon-
not been explicitly proven but is analogous to usingor- gitudinal momentum, i.e., in the forward regidif. Eq.
ously proven collinear factorization in the production of (19)]. , o .
heavy quarks, high, jets, high mass dileptons, etc., and that At RHIC, the largesty’ rapidity in the c.m. frame is
since the natural scale involved( mass is not very large, about 5.36. Therefore, in principle, the range is
we may have large higher order corrections. This reflects g
itself in having cross sections that are quite sensitive to a 2.2x10°<x_<0.005 (17)
change of factorization scale. Therefore, we feel our results
are most reliable for the ratio of cross sectiopé\(overpp)  using Eq.(15). Sincex,x_=M?/s, this range ofx_ corre-
rather than the absolute cross sections. sponds to

Using Eq.(12) and resolving theS functions gives

0.005<x., <1.0. (18)
dogPA— "X WHSM2,

i~ 64s XEU GP(x; ,Q%) GA(x_,Q?) For instance, if we detect an’ aty=3.04, that would cor-

L respond tax, =0.10 andx_ =2.3x 10" *. At LHC, the larg-

T Hg ) ) est ' rapidity in the c.m. frame is about 8.6. This implies
:WX+GP(X+qu)X—GA(X—:Qf): that
Xg
(13 3.2x10 8<x_<1.7x107%. (19
where Sincex., x_ =M?/s, this range of_ corresponds to
XgtX EptP _ 4
x = (EXX_EpxP: (14 1.7x10 %<x, <1.0. (20)
2 Vs

Again, if we fix x,=0.1 or y, =6.35, thenx_=3.0
In terms of thez' rapidity y or the longitudinal momentum x 10 /. These would be, by orders of magnitude, the small-
fractionx, , these are est values ok where gluon distribution in a nucleus has ever
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been measuretdFor example, the smallest valuesofea- Substituting Eq(12) and using the’ functions gives
surable in fixed target DIS experiments at CERN and Fermi- ,

lab isx~10"? at similarQ? [22,23. Therefore, by measur- doPA~7'X 7 H3

: ) : : i = X1GP(x1,Q9)%,GA(X,,Q7 ,Py)

ing the ' production cross section at large rapidities, one d2P. dx 64xg ! 1<t)R2 281 Ft)
can, for the first time, determine the nuclear gluon distribu- e (24)

tion function at very smalk and moderately larg®?. This
will help us understand the nature of nuclear shadowing ifyhere x;,=M?,/sx_, X,=x_=Me ¥/\/s with M,
7 ! -

QCD and determine the role of high parton denghigher  _ \/m andP, is the measured transverse momentum
7]!

twisy effects in nuclear shadowing. of the produced;’. Therefore, measuring the producetat
different rapidities X, ) and transverse momentum would de-
termine the gluon distribution of nucleus at varioxsand
In this section, we will include the effects of intrinsic scaleQi~M,, .
momenta in the gluon distribution of both proton and nucleus One should be, however, cautious in using this expression
and investigate the dependencesgf production cross sec- for Pf higher than(kf). So far we have neglected higher
tion on the intrinsic momenta. Since introducing the intrinsicorder processes such agj—q#»’ and gg—g»'.> These
momentum is done in the phenomenology spirit as discussepl -2 processes are formally suppressedalycompared to
earlier, we will take its width to be the saturation sc&g,in  the 2—1 processgg— 5’. However, asP, increases, the
nucleus. This comes about because at small valuesiof amplitude of the 22 process decreases only with a power
nuclei, one encounters the high gluon density region of QCDaw. On the other hand, the expression E2¢) decreases
where nonlinear gluon recombination effects become imporexponentially a, increases. Hence, beyOR?~<kf>, Eq.
tant[24-29. The high gluon density introduces a new scale,(24) is not reliable.
the saturation scaleQ(x), which grows with energy  To get a feeling of the kinematics region where one can
[QZ(x)>Adcp at smallx] [30-38. Most gluons in the extract the nuclear gluon distribution function, let us Bet
wave function of a nucleus have momenta of the ordé@of =1 GeV for RHIC. The range of accessiblg for the
and therefore, one may take the averathe width of the nucleus is now
Gaussiajintrinsic momentum to be this saturation sc@lg.
The value ofQ? is estimated to be-1-2 Ge\f at RHIC. 3.3X107°<x,<0.007 (RHIC), (25)
As a first approximation and to keep our expressions simple, . , , )
we will ignore thex dependence o®? and calculate they ~ Which is still very small. For LHC, again settin®,
production cross section with different values@. =1 GeV, the range o, is
As a first step, we will include the intrinsic momentum in
a nucleus and not in a proton since the nuclear intrinsic mo-
mentum is expected to be much larger than that of a proton. | et ys now consider the most general case when both the
Later, we will consider the most general case. The momentg,coming proton and nucleus have intrinsic momenta. It is
of the incoming gluons are now, including the intrinsic Mo- g4jj| expected that the intrinsic momentum of the proton
mentump,~ Qs in the nucleus, should be less than that of a nucleus. In principle, we could
_ also introduce a saturation scale for protons since at high
q—(xl\/§/2,0t ,xl\/§/2) @D enough energiessmall x), the nonlinearities of the gluonic
fields that lead to the saturation scale would become impor-
tant even in a proton. However, in this work, we would like
p=(X, \/5/2+ pt2/2X2\/§, DL, —Xo \/5/2+ pt2/2X2\/§)_ to restrict ourselves to not too small valgesx.dh a proton
(22) so that we can exp_lore the very smmltegmn ina nucleu;.
Therefore, we will ignore high gluon densities effects in a
The 5’ production cross section then becomes proton and take the average intrinsic momentum in the pro-
ton as determined ipp experiments.

B. Intrinsic momenta

4.6x10 8<x,<2.5x10°4 (LHC). (26)

and

DA 7' X 2 ~p 5 In the case when both proton and nucleus have transverse
do = | dxgdx; dpy GP(xq,Q%) momenta, the momenta of the incoming gluons become
X GA(x2,QfF Py do®" 7', (23) 0= X152+ qF12x1 /8,0 X1 \S12— GF12x1\/5) - (27)

where GA(x,Qf,pf)=GA(x,Q?) f(pf) and f(p{) is a and
Gaussian8) with width of Q2.

"® < = (X2 D212, 5, by, — X S12- PP, ).

(28)

2ALICE detector at LHC will be able to measung through its
two photon decay channel with photon energies down to 0.250 GeV i
[40]. Since " also hase the same decay channel, we expect that®Processes involving thejqs’ vertex [5] are suppressed by
ALICE will be able to measurey’. mé/Mf], .
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The differential cross section then can be written as

o™= [ ax,de; a7, &%, G704, 0% a0
X GA(x,,Q%,py) do99 7, (29)
which, upon using Eq(12), becomes

d(rpAA»n'X

dx d?P,

7TH(2) ) )
= 64XEI dpy x1GP(x1,Qf ,ar) X2

2

X GA(X,QF ,py) = (30)

|M2—pZgZ/m?|’

whereq,=P;—p; and

- 1
MZ(py, 0o = 5 (M?+2pa+ V(M + 2p,a) *— 4p;ay)
(3

with

M2+ g7
Xl = SX_ ’ X2 = ’ (32)

usingX. = (Xg* X, )/2. Thep, integration can be performed
numerically, which would then directly relate the gluon dis-

tribution function in a nucleusG*(x,Q?) at x and Q?
~Mf], to the measured rapidity arfé of the producedy’.

PHYSICAL REVIEW C 65 065201

4x10° . T

—— p’=0.3 GeV, p'=1.0 GeV
——- p°=0.3 GeV, p"=2.0 GeV

3x10°

(1/A) d6™"/dX, d°P, (nb/Ge V")
o
o
ou’!

1x10°

P, (GeV)

FIG. 1. ' production cross section ipA at x, =0.1 and+/s
=200 vs#' transverse momentui; .

have checked that the choice of parametrization of nuclear
shadowing([11,12]) makes very little difference.

Following the thermal model estimate, we expect that the
total cross section foryp’ production should be about
3%-5% of7° cross section. Among the decay modezdf
the experimentally cleanest one is thé— yvy channel. This
process has the branching ratio of about 2%. Therefore, the
branching ratio times the cross section should be on the order
of Ao ,0/1000~1 mb. To measure this at RHIC, one will
have to separate these photons from those coming from other
sources. Nevertheless, both STAR and PHENIX detectors
will be able to detectn’'s. As a very rough estimate,

However, since thep’ production cross section ipA v
collisions is not experimentally known, we can converselyPHENIX may be able to measung's in the transverse mo-
use the available parametrizations of the nuclear gluon dighnentum range £p;<5 GeV and(pseudgrapidity range
tribution function to predict the;’ production cross section —0.3 to 0.3[39]. ALICE at LHC will be able to measure
in pA collisions, for example, in those planned at RHIC. In Photons coming fromy decay down to 0.250 GeV in the
this work, we will take this approach and use two availableMidrapidity region[40]. Whether photons coming from’
parametrizations of the gluon distribution function in nucleidecay can also be measured at ALICE down to such low
due to[11,12, energies remains to be seen.

In Fig. 1 we show the double differential cross section

dap’“”'/dXLdzPt as a function ofy’ transverse momentum

at x, =0.1 for two different values of the intrinsic momen-
tum (saturation scalein the nucleus. As is seen, increasing
the intrinsic momentum reduces the differential cross sectior
by a factor of 3—4. It should be noted that were we to plot
our results vs rapidity, the cross section would increase withg
increasing intrinsic momentum. It should be also noted thatz
at P> (k,) the (almos) Gaussian shape shown here will be =
modified to become a power law due to the higher order2
processes such ag—g7’. <

In Fig. 2 we show theP, integrated cross section vs the
7' longitudinal momentum rati®, . Again a decrease in the
cross section is seen as we go to higher intrinsic momenta. I
both Figs. 1 and 2 BQV shadowirid?2] is used.

In Fig. 3 we show the ratio of;’ production cross sec- 0
tions in pp and pA collisions for two representative values
of the nuclear intrinsic momenta. As shown, this ratio is
quite sensitive to the value of the intrinsic momenta. We

1.5x10 . T

—— No Intrinsic p,
——- p’=0.3GeV, p*=1.0GeV
—-— P°=0.3GeV, p*=2.0GeV

1x10°

1/

5x10°

FIG. 2. ' production cross section ats=200 vsx, .
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100 . - the tail. This turn-over can be then exploited to make a better
—— BQV shadowing and p",=1.0 GeV estimate of the intrinsi&; scale.
| It is also possible to producg’ through production of

quarks and antiquarks that would hadronize intona
through a completely nonperturbative fragmentation func-

/ - tion. The effect of this mechanism is not easy to estimate
since quark(or antiquark fragmentation inton’ has not

7 been measured. One can make a rough estimate by assuming

pseudovector coupling betwegqu state andy’ as is done in
Ref.[5]. It turns out that the amplitude for processes involv-
. ing such a vertex is proportional to the quark mass. The cross
sections are therefore small by a factomuﬁ/ Mf7 ,

We have also taken the’ mass to be a consta(®58
MeV) since we do not expect to have a quark-gluon plasma

T
)
L !
090 - ___ pav shadowing and pA‘=2.0 GeV [
!
!
|

020 produced in gp or pA collision. One then would have had
0.10 . . to investigate the temperature dependence of the anomaly
0001 001 X o1 ! and include the poorly understood temperature dependence
- of the »' mass. However, there is a recent study of high
FIG. 3. Ratio of pA to pp 5 production cross sections gluon density effects on instantopl], which indicates that
at \/s=200. the average instanton size shrinks as the saturation Qzale
grows analogous to the finite temperature case. This would
Ill. CONCLUSION imply that »" would become lighter and its production cross

section would increase at higher energies due to the rise of
Q. Decreasingy’ mass would reduce owg»n’ matrix el-
ement(11) and our#’ production cross section. Therefore
measuringy’ production cross section at different energies,
for example, at RHIC would help clarify this point.

Also, we are using the collinear factorization for a process
which there is no proof even though one may naively
Sxpect it to hold in analogy to heavy quark production. Our
factorization scaleM 37 is not very high and our results are
somewhat sensitive to the change in this scale. Therefore, we
gel that our results are most reliable for the ratiopaf to

p cross sections foi’ production.

We have investigated the production gf in pA colli-
sions and its sensitivity to the intrinsic momerigaturation
scalg in nuclei. We have shown that experimental measure
ment of this cross section at RHIC would lead to the deter
mination of the gluon distribution function in nuclei in a
much wider kinematic region accessible by any other procesg .
in the current experiments. Conversely, we have used th
available parametrizations of the gluon distribution function
in nuclei to predict they’ production cross section ipA
collisions at RHIC.

There are several points that need to be better understod
in order to make our calculation more accurate. First of all,P
we have included only the singlet gluon fusion process
gg— 7' and ignored all other possible mechanisms»of
production. This approach is valid as long as the transverse We would like to thank C. Gale, D. Kharzeev, L. McLer-
momentum ofp’ does not exceed the intringkg scale very  ran, R. Venugopalan, and W. Zajc for useful discussions.
much. As we have mentioned in the preceding section, fog.J-M. is supported in part by a LDRD from BSA and by
higherP;, the octet procesgg—g#’ should dominate due U.S. Department of Energy under Contract No. DE-AC02-
to the exponential decay of the intringdi¢ distribution. On  98CH10886. S.J. is supported in part by the Natural Sciences
the other hand, if the” mesonP, spectrum is measured up and Engineering Research Council of Canada and by le
to a few times(k;), then one should easily see the turn-overFonds pour la Formation de Chercheurs et I'AidéaaRe-
point between the Gaussian and the power law behavior atherche du Queec.
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