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Nuclear Gluon Shadowing via Continuum Lepton Pairsinp + A at./s = 2004 GeV
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The dilepton spectra from open charm decaypin- A reactions at/s = 2004 GeV are proposed
to constrain gluon shadowing in nuclei. We show that the required measurements are feasible at the
Brookhaven Relativistic Heavy lon Collider. [S0031-9007(96)00912-X]

PACS numbers: 25.40.Ve, 24.85.+p, 25.75.—q

The spectrum of dileptons produced in heavy ionew, and uu pair yields inp + A — €€~ X at /s =
collisions at high energies has been proposed in the pa200A GeV are not only experimentally feasible at RHIC
to provide information about the dynamical evolution of but also that the open charm signal can be easily extracted
quark-gluon plasmas (see, e.g., the review by Ruuskannesa the proposed PHENIX detector.
in Ref. [1]). Unlike hadronic probes, that spectrum is A key advantage of the continuum dilepton pairs from
sensitive to the earliest moments in the evolution, whempen charm decay over those frai(yy decay is that
the energy densities are an order of magnitude abovi is possible to test the applicability of the underlying
the QCD confinement scale (1 Ggvh®). However, the QCD dynamics at a given fixeg¢/s by checking for a
small production cross sections for pairs with invariantparticular scaling property discussed below. In quarko-
mass above 1 GeV together with the large combinatoriahium production the mass is fixed and the required scal-
background from decaying hadrons necessitate elaboraiteg can be checked only by varying the beam energy.
procedures to uncover the signal from the noise. Thén p + A — J/¢ production the required scaling was
PHENIX detector [2], now under construction at theunfortunately found to be violated in the energy range
Brookhaven Relativistic Heavy lon Collider (RHIC), is 204 < /s < 40A GeV [12] thus precluding a determi-
designed to measure, ew, and wu pairs to carry out nation of R4. Possible explanations for the breakdown
this task. One of the important sources of background imf QCD scaling forJ/y¢ production and its anomalous
the few GeV mass range arises from semileptonic decagegativexy behavior [9,12] include interaction of next-
of charmed hadrondXD). As shown recently in Ref. [3], to-leading-order quarkonium Fock state with nuclear mat-
the expected thermal signals in that mass range matgr [13], nuclear and comovelt/s dissociation [14], and
reach only 10% of the number of pairs from open charnparton energy loss mechanisms [15]. It remains an open
decay. Therefore, special kinematical cuts and precisquestion whether the required scaling will set in at RHIC
e measurements will be needed to uncover the thermanergiess0A < /s < 200A GeV.
signals [2]. Shadowing of the quark nuclear structure functions,

There have been several attempts [4,5] to take advany,(x, 0?), is well established from deep inelastid —
tage of the large open charm background as a probe of thH&X reactions [16]. For heavy nuclei, the quark structure
evolving gluon density. Most midrapidity charm pairs arefunctions are shadowed by a factéi,/(x < 0.1, 0?) =
produced via gluon fusion [6]. Therefore, the dileptons(1.1-0.1)A'/3, nearly independent o©?2. Perturbative
from charm decay carry information about the distribu-QCD analysis [10,11] predicts that the gluon structure will
tion of primordial gluons before hadronization. In fact, also be shadowed at< 0.01 due to gluon recombination
the inside-outside cascade nature of such reactions greaflyocesses. Therefore, a systematic measurement of gluon
suppresses [7,8] all sources of charm production excepthadowing is of fundamental interest in understanding the
the initial perturbative QCD source. Therefore, the operparton structure of nuclei. The gluon nuclear structure
charm background is dominated by thstial gluon fu- is also of central importance in the field of nuclear
sion (gg — c7) rate. collision since it controls the rate of minijet production

The initial cc rate depends sensitively on the nuclearthat determines the total entropy produced at RHIC and
gluon structure function [9],ga(x, Q%). The quantity higher energies [17]. We focus here pn+ A collision
of fundamental interest [10,11] is the gluon shadowingrather thanA + A to minimize the combinatoriair, K
function decay backgrounds and other final state interaction effects.

2N _ 2 2 To demonstrate the sensitivity of open charm dilep-

Re/a(x, Q%) = galx, Q7)/Agn(x. Q7). (0 tons to gluon shadowing, 4(x, 0%), we calculate the

The point of this Letter is to show that tedependence pair spectrum from open charm decay pn+ Au reac-

of continuum dilepton pairs in the few GeV mass regiontions at 200 GeYA using for illustration two different
provides a novel probe of that unknown gluon structuregluon shadowing functions. The first assumes that gluon
We also show that the required measurementseqf shadowing is identical to the measured quark shadowing,
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i.€., Rg/alx,0%) = Ryalx, 0% = 4 GeV?), and is thus recent MRSA [22] parton structure functions. From a fit
essentiallyQ? independent. This is the default assump-to low energy open charm production datazp colli-

tion incorporated in theilJING Monte Carlo model [18]. sions, we fixn. = 1.4 GeV,K = 3, 0> = §/2for gg —
The second is taken from Eskola [19], wheétga(x, Q%)  cc and$ for gg — cc. This choice of parameters leads
is computed using the modifiesLAP evolution [10] start- to a charm pair cross section 8f0 ub for pp colli-

ing from an assume®, /4 consistent with the measured sions at RHIC. For impact parameter averaged collisions,
quark shadowing function @> = 4 Ge\?. This second the integral over the transverse vector in Eq. (2) leads to
shadowing function depends on scale and differgifand  a factorBAR, (x5, O%)Ra/a(x, 0?)/oB, whereo£? is

g. The two shadowing functions are shown in Fig. 1. the inelasticB + A cross section an@t, 4 (x,, 0?) is the

The initial charm pair distribution fron® + A nuclear impact parameter averaged shadowing function.

collisions at impact parametéris computed as in [5]: In order to compute theDD pair distribution, a
ANBA(B) R hadronization scheme far — D must be adopted. In
— = Kf d?*ry d*r 8@ (b — 7 — 74) e*e” — ¢¢ — DDX hadronization can be modeled
dpidyidys via string fragmentation or fitted, for example, via the

> - > - Peterson fragmentation function (see [23]). The fibal
X bzalxb To/p (e, Q7 Fp)xaTasa6a. Q% 7a)  carries typically only a fractior-0.7 of the originale mo-
’ d& mentum. However, ipp collisions charm hadronization

X —ab (2) is complicated by the high density of partons produced

dt during beam jet fragmentation. In this system recombi-

where Ty/a(x, 0%, 7) = Ta(7)fa/n(x, 0)R4/a(x, 0% 7)  nation or coalescence of the heavy quark with comoving
is the nuclear parton density function in terms of thepartons provides another mechanism which in fact seems
known nucleon parton structure functiofisy(x, 02), the  to be dominant at least at present energies. The inclusive
nuclear thickness functiofi,(7) = [ dz na(vz2 + 7#2), pp — DX data are best reproduced [3,24] with the delta
and the unknown impact parameter dependent shadovidnction fragmentatiorD(z) = §(1 — z) in all observed
ing functionR,/a(x, Q%,7). The conventional kinematic x; and moderatepr regions. This observation can be
variablesx, ;, are the incoming parton light cone momen- understood in terms of a coalescence model if the coa-
tum fractions,? = —(p, — p1)?, and the finalc, ¢ have lescence radius iB. ~ 400 MeV. We assume that hard
rapiditiesy,, y, and transverse momenfa, = —p,, = fragmentation continues to be the dominant mechanism
p1. Next-to-leading-order corrections to the lowest orderat RHIC energies, and hence no additioAatlependent
parton cross sectiondd,,/di are approximately taken effects due to hadronization arise. However, this assump-
into account by a constaik factor [20,21]. We use the tion must be tested experimentally. Our main dynamical
assumption therefore is that thgp — D transverse
momentum distributions can be accurately reproduced
from the QCD level rates assuming hard fragmentation as
at present energies [24]. At RHIC this can be checked
either via single inclusive leptons [2] or directly via
K [25].
1 With this assumption, the impact parameter averaged
DD pair distribution inp + A is given by

. dNPA KA E;E, )
= xpfp/n(xp, Q7)x
dpidysdy, ol* EiE; % ¢

| 2 140 ap
.. e M=2GeV X fa/N(xaaQ )Ra/A(xaaQ ) di (3)
021 re - M=4 GeV ] From this distribution of charmed mesons, we computed
the dilepton spectrum via Monte Carlo usingTSET7.3
00 g P P 5 [26] to decay theDD.

While the lepton pair masaf and rapidityy fluctuate
log,Xx around a mean value for any fixeéd.z and y.z, on the
FIG. 1. The dileptordN /dMdy ratio curves (shadowed over averaggy) = (y.), and(M.z) can be well approximated
unshadowed) at different masses obtained via Monte Carlby a linear relationM ;) = BM + M, over the lepton
calculation are compared with the shadowing curves. Theair mass rangé = M = 4 GeV. For the delta function
upper solid curve is Eskola [19] gluon shadowing @f = fragmentation case8 ~ 1.5 and M, ~ 3.0 GeV are

10 Ge\?, and the solid curve is frommlaING [18]. The ratio det ined by th® d Ki i
curves are plotted as a function of the scaling variablgJog etermined by -meson decay kinematics.

from Eq. (4). The scaled dilepton ratios reflect closely the input  Since gluon fusion dominates, there is an approximate
shadowing functions. scaling in terms of the light cone fraction that one of
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the gluon carries from nucleus 2607 — GG signal
Inxs, = —yez + IN(Mz//s) T Bg Exlggi
— 16-07 - X
=~y + I[(BM + MO)/V5]. (@) @ o'
The ratio of the dileptordN /dMdy spectra inpA to 56400
scaledpp for different pair masses is thus expected to coor |
scale approximately as 3 *
RIAM.y = —Inxs + IN[(BM + Mo)//5]) g 7 .
| deA 2607 | (b) en

= — 05 = Realxa, 0> = (BM + Mo)’/2), (5)

14 dNe,u A
where v = Acl’ /ol ~ A3, In order to test gluon = SN
dominance and the accuracy of the above approximate — 4e-06 _ . Y
scaling we compare in Fig. 1 the gluon shadowing func- bos00 L=

-1 ] 1 2 3

tion to the above dilepton ratio from the Monte Carlo
calculation. The solid curves are the input gluon shad-
owings as a function of the Bjorkem. The other six FIG. 2. Charm signals and backgrounds coming into the
curves are ratios of dileptodN /dMdy spectra of shad- detector are plotted as a function of the lepton pair rapidity

y. The solid curves are the signals from open charm decay—
owed p + Au over those from unshadowesl + Au as labeled CC signal. The label C refers to the lepton coming

given by Eq. (5) as a function of the scaling variable  from open charm decay, label D refers to the electron coming
for three different dilepton masses. from Dalitz and photon conversion, and label R refers to the

Overall, the scaled ratio of lepton pair spectra approxi-muon coming from random decay of pions and kaons. In (a),
mates the Shadowing function remarkably well. We Con.the dielectron baCkgl'C-)UndS are the dashed curve DC and the
clade ht 1 a can hertre sere 1 map o of S UL 0L el 2
shadowing in nuclei. Note that in the case of Eskola shads,rye CR, the dashed curve DR, and the dot-dashed curve DC.
owing, even thep? dependence of the shadowing func-In (c), the dimuon backgrounds are the dashed curve RR and
tion is visible through the rise of the ratio curves with  the dot-dashed curve RC.
in the smallx region.

Finally, it is important to estimate the dilepton back- = = i
ground to see if the proposed signal is experimentall;ﬂ'smbunons, qf the signal and bgckgrounds for central
feasible. Therefore we also calculated the signal and + AU collision are shown in Fig. 2. Because of the
background dileptons for the PHENIX detector [2] taking d€{€CtOr geometryee, eu, and wu spectra cover pair
into account the detector geometry and specific kinemati@Pidity regions centered at about 0, 1, and 2. (One can
cal cuts. The electron background is mainly duentd a|59 study Au+ p collision and measure pair rap!dlty
Dalitz and photon conversions. The background muof€9ions centered at1 and —2.)  Like-sign subtraction
arises from random decays of charged pions and kaon£,2.8] should significantly reduce the noise, especially
The electrons fromr? Dalitz decay can be suppressed byn the uu channel. ‘We conclude that the proposed
small angle cut on dielectrons [27], and the backgroundneasurement is feasible.

muons are mainly suppressed by reducing the free deca Further details of the calculations will be reported else-
volume. For the detector geometry, the electron arm¥/here [29]. For example, the Cronin effect and energy

cover pseudorapidity range-0.35 < 7, < 0.35, and loss are est_imated to Iead. to distortions up to 10% at
azimuthal angle range:(22.5°,112.5°). The muon arm RHIC energies. From studies of the nL_JcIear depe_ndence
covers pseudorapidity rangd.l5 < n, < 2.44 and pf transversezmomentum df/zp_producpqn, th.e t_yp!cal
almost full azimuthal angle. For the kinematical cut, we'”Creme”wl’%(A)’ due to multiple collisions is limited
take E, > 1 GeV, E, > 2 GeV, and require that the to ~0.34 GeV even'for the heaviest nuclei [39]. This
relative azimuthal angle of the lepton pap-- > 90° ~ Mmomentum spread is shared between ¢handc, and

in order to improve the signal-to-background ratio. distributed approximately ag(sp,) = e °P1/A"/wA?,

For this background study, we use centyal+ Au  A* ~ 0.17 GeV.  For energy loss, we assume that
collision with HIIING shadowing. We calculate thee, ~ the charm quark loses an energ¥ in the lab frame,
ew, and wu signals and backgrounds coming into theand the charm quarl, is reduced by(l — e), where
detector, where the background electrons and muons afe= 0£/m . sinh(y + yo). Combining these two effects,
generated fronmIJING Monte Carlo calculation. We find We may write for the charm quark that the final =
(see Fig. 2) that the signal-to-background ratio deris ~ (p1' + 6p.)(1 — €). Therefore theD-meson spectrum
very large; thus the dielectron signal from open charm#(p.) = d*N/dm? becomes F'(p.) = [F(pf') X
decay is the easiest to extract. That ratio falls to aboug(Sp,)dép .. TakingF(p,) x e P+, a = 1.3 GeV"!

2.5 for eu, and about 14 for wu. The pair rapidity from HIJING, and expanding the convolution to lowest
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order, the relative change of tHe-meson spectrum is
given by

F'(p)/F(p) =1— apre + a’A*/4.

This is also the relative change of tlee pair spectrum
when M.z = 2m, in the case ofy; = y,, p11 = p1a.
For m, ~ 3 GeV, 8E = 10 GeV, coshyy = 100, the

relative change in the pair spectrum is estimated to be

Fl(p)/F(p1) =1—=01(e™> — 1).
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