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Energy loss effects on charm and bottom production in high-energy heavy-ion collisions
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We study the effect of energy loss on charm and bottom quarks in high-energy heavy-ion collisions includ-
ing longitudinal expansion and partial thermalization. We find that Ipighheavy quarks are greatly sup-
pressed, and consequently, high-mass dileptons from heavy quark decays are also suppressed. We consider in
detail the detector geometry and single lepton energy cuts of the PHENIX detector at the Relativistic Heavy
lon Collider. Because of the longitudinal expansion, the suppressioas, &, anduu pairs resulting from
the heavy quark energy loss are very different due to the different rapidity coverages and energy cuts. The
assumed energy loss rate, on the order of 1 GeV/fm, results in a large suppression on dielectrons, and
dielectrons from heavy quark decays become comparable or even lower than the Drell-Yan yield. It is thus
possible to probe the energy loss rate of the medium using dileptons from heavy quark decays.
[S0556-281®8)01502-7

PACS numbegs): 25.75.Dw, 25.75.Gz

I. INTRODUCTION photon-jet event§7], can be used to study the parton energy
loss. For this reason, energetic charm and bottom mesons are
A dense parton system is expected to be formed in th@articularly good leading particles because they carry most
early stage of relativistic heavy-ion collisions at Relativistic of the charm or bottom quark’s energy. The energy loss of
Heavy lon Collider(RHIC) energies and above, due to the fast charm or bottom quarks will be directly reflected in the
onset of hard and semihard parton scatterings. Interactiorsippression of largp; charm or bottom mesons.
among the produced partons in this dense medium will most Unfortunately, it is difficult to detect charm or bottom
likely lead to partial thermalization and formation of a quark- mesons directly with current tracking technology because of
gluon plasma. It is thus important to study phenomenologicathe large number of produced particles in cenal A col-
signals of the early parton dynamics, a crucial step towardfisions at the RHIC. However, it was pointed out in earlier
establishing evidence for a stronghteractinginitial system  studieg8-1(] that leptons from the decay of charm mesons
and its approach to thermal equilibrium. Jet quenching is avill dominate the dilepton spectrum over that from bottom
very good candidate for such a signal since a fast partodecays and the Drell-Yan process in the large invariant mass
traversing dense matter must experience multiple scatteringggion beyond thé/ . Since the invariant mass of the lepton
and suffer radiative energy lo$s—3]. Taking into account pairs from charm decays is related to the relative momentum

multiple scatterings and the so-called Landau-Pomeranchulgs the DD pair, the dilepton yields in this region could be-
Midgal effect, the energy loss of a fast quarkdE/dX  come an indirect measurement of the charm spectrum.
~3ag(p?,)/8 [3], is found to be completely controlled by Therefore, it should be sensitive to the energy loss suffered
the characteristic broadenlng of the transverse momentumsy the charm quarks if they propagate through dense matter.
squared of the fast partokp?,), which in turn is deter- Shuryak[11] recently studied the effect of the energy loss on
mined by the properties of the medium. Therefore the energiteavy quarks ilA+ A collisions and found that heavy quark
loss of fast partons is a good probe of dense ma#kr pairs at large invariant mass are suppressed. Consequently
In principle, the energy loss by a parton in medium, bothdileptons from their decays are also suppressed. However,
by radiative[1-3] and elasti¢5,6] processes, is independent this study only considered heavy quarks in the central rapid-
of the quark mass in the infinite energy limit. At finite ener- ity region. Moreover, thermal fluctuations are also neglected
gies, studies show that the elastic energy loss has a wealo that most heavy quarks are at rest, stopped in the dense
mass dependence. For example, at 10 GeV wifr0.2, medium.
ny=2, and a temperature of 250 MeV, the elastie/dx for In this paper, we reexamine the effects of heavy quark
a massless quark and a charm quark is abe0t25 and energy loss, including the longitudinal expansion and ther-
—0.22 GeV/fm, respectively. We expect that the situation formal fluctuations, which are important for the dilepton spec-
radiative energy loss is similar, though a detailed analysis isrum from heavy quark decays. Because of the longitudinal
beyond the scope of this paper. Instead, we study the phexpansion, the momentum loss in the longitudinal direction
nomenological consequences of heavy-quark energy lods quite different from that in the transverse direction. The
with several values odE/dx (—2, —1, and—0.5 GeV/fm). resulting suppression of high-invariant-mass dileptons from
Since parton energy loss results in the suppression dieavy quark decays is then very sensitive to the phase space
leading particle productions from the corresponding jet, theestrictions imposed by the detector design, e.g., PHENIX at
particle spectra in central+ A collisions and their modifi- RHIC. Heavy quarks cannot be at rest in a thermal environ-
cation from pp collisions, either in normal eventst] or  ment. In the most extreme scenario when they are thermali-
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zed, they must have a thermal momentum distribution irflow. We will only consider fluctuations in the longitudinal
their local frame. The resulting heavy quark spectrum andnomentum when a quark loses most of its energy as we shall
the corresponding dilepton spectrum will then be differentdescribe below.
from that obtained by Shuryald1]. We use a Poisson dis- Since we neglect the transverse expansion, the transverse
tribution for the number of scatterings to model the effects ofarea is the area of the nucleus. The probability of heavy
fluctuations in the number of multiple scatterings in a finitequark production as a function of the transverse radius is
system. In this case, the heavy quarks have a finite probabiproportional to the overlap function of the two nuclei at zero
ity of escaping the system without interactions or energyimpact parameter. To simplify the calculations, we assume
loss. spherical nuclei of radius,=r,A'%. Since the heavy quarks
This paper is organized as follows. We first explain ourhave a finite probability to escape without interaction or en-
simple model for energy loss in Sec. Il. In Sec. lll, we dis-ergy loss, we introduce the mean free path of the heavy
cuss the effect of energy loss on the charm and bottom quaruark in the dense mattex, in addition to the average en-
spectra within our model. In Sec. IV, we show the resultingergy loss per unit lengthdE/dx. For a heavy quark with a
dilepton spectra from correlated heavy quark decays. Taransverse path inthe mediumu=I, /\ gives the average
demonstrate the sensitivity to the phase space restriction, imumber of scatterings. We then generate the actual number
Sec. V we calculate the spectraefe™, e"u™, andu™n~  of scatterings,n, from the Poisson distributiorP(n, )
pairs from correlated charm decays within the planned ac=e™#u"/n!. This corona effect is particularly important for
ceptance of the PHENIX detector, taking into account theneavy quarks produced at the edge of the transverse plane of
detector geometry and single lepton energy cuts. If highthe collision. In the rest frame of the medium, the heavy
mass dileptons from open charm decays are suppressed fuark then experiences momentum ldgs=n\dE/dx.
the energy loss, dileptons from bottom decays can become When a heavy quark loses most of its momentum in the
important, especially after imposing the single lepton energ¥luid rest frame, it begins to thermalize with the dense me-
cuts, because these decays can generate more energetic léfrm. To include this thermal effect, we consider the heavy
tons due to the larger bottom quark mass. Therefore we studyuark to be thermalized if its final transverse momentum
the energy loss effects on both charm and bottom quarks iafter energy lossp! , is smaller than the average transverse
this paper. To study the sensitivity to the longitudinal expan-momentum of thermalized heavy quarks with a temperature
sion pattern of the dense matter, we compare the results from, These thermalized heavy quarks are then given a random
our model with those from a static fireball model where the‘[herma| momentum in the rest frame of the fluid generated
longitudinal expansion and the thermal effect are neglectegom the thermal distributionl N/d3pecexp(—E/T). The final
so that the heavy quark energy loss is isotropic. The energfomentum of the thermalized heavy quark is obtained by
loss ratedE/dx is —2 GeV/fm if not specified otherwise. transforming back from the local fluid frame with a velocity
We also study the sensitivity of single lepton and dileptonef z/t to the center-of-mass frame of the collision. In our

production to the magnitude of the energy loss by comparingajculations, we assume=1 fm andT= 150 MeV.
results with different values alE/dx. In Sec. VI we calcu-

late the singlee and u spectra from charm and bottom de- ||| EFFECTS OF ENERGY LOSS ON HEAVY QUARKS
cays within the PHENIX acceptance. We summarize in Sec. o
VII. We generate the momentum distributioncaf pairs from

the HIJING program[13]. Initial and final state radiation ef-

fectively simulates higher-order contributions to charm pro-
Il. MODEL duction so that the pair is no longer azimuthally back to back
as at leading order. In principle, the momentum distribution

In order to implement the energy loss of heavy quarks, W the pair can be calculated at next-to-leading ofdéd. In

nsz(rjkstoa:g?ﬁgys tgie?tri]riiee\s/gﬁﬁ%r?Ic?;rtlr?gtéioenns?; rtr?aettgrealgl ractice, however, next-to-leading order numerical programs
q P ' 15,16 must cancel singularities in order to obtain a finite

%eoa:jvgl'['gg] (,Eg”"jllgn ‘Z ?:]ecosmgferrﬁn_ﬁ%e;ér\:\; l:sgtttgretﬁézrmearesult[17]. This is relatively easy if one integrates the cross
Y ) ection over part of the phase space. It is, however, difficult

a fluid velocityv; =2/t in the longitudinal direction. Thisis numerically cancel these divergences when the complete
essentially the fluid velocity of free-streaming particles pro-yi amatics of the heavy quark pair are desired. Since we
dl#;er? atz=.0 and t=0h. lWe qeglect thel transvlersehflo;/v would like to use the dilepton spectra from correlated charm
which sets in a; % m#ch a:]er time. WE asodnehg e(;:t the Torgecays as an indirect measurement of charm production, it is
mation umes of both the heavy quarks and the dense mqfnperative that we have complete information of the charm

dium. Th_erefore heavy quarks are prod_ucedzato, the pair, including the momentum correlation between ¢hend
same point at which the expansion begins. Then, for any—

given space-time pointz(t), a heavy quark will find itself in . . .
a fluid with the same longitudinal velocity. Therefore in the In the calculation of open charm production W'th.the

} > HIJING program, we use the set of structure functions,
fluid rest frame, the heavy quark has momentunmg)., En- Martin-Roberts-Stirling set B’ (MRS D—') [18] parton
ergy loss reduces the heavy quark momentum tp,(Q,in  distribution functions withm,=1.3 GeV. We normalize the
the fluid rest frame so that the momentum of the heavy quarkalculation so that the charm pair production cross section is
changes fromrg, sinhy,p,) to (m| sinhy,p,’) in the labora- 340 ub in \/'s=200 GeVpp collisions at the RHIC. With an
tory frame. Thus a heavy quark loses its transverse momem*? scaling and an inelastigp cross section of 40 mb, this
tum but retains its rapidity because it follows the longitudinalresults in an average of 9.7 charm pairs in a centrat-Au



57 ENERGY LOSS EFFECTS ON CHARM AND BOTT. .. 901

) : | .
107 ¢ - ———- original charm
:: —-——- orlglnal1 charm energy loss
: emerey foss e fireball model (/20)
Ll —-—-- thermalized part
1048 A~ fireball model !
|
:I
o~ i 4T : |
> 100
g = ’
1 ]
= I 2 !
o . 'z 1
2 10" = i
Z i
o i
2t H 1
- I
2 \\ : E
10 A o
VA, 0!
\ 0
\ a
\ il
10° ‘ ‘ '
0 2 4 6 8 10 n
O b
p, (GeV) 2 0 2 4
FIG. 1. Thep, spectrum of charm and anticharm quarks in a Ye

central Aut-Au cpl!l§|on at\/§=_200 QeV. The long-dashed curve. FIG. 2. Rapidity spectrum of charm and anticharm quarks. The
represents the initial production without energy loss. The solid

curve is our result with the energy loss&/dx = — 2 GeV/fm) and short-dashed curve, calculated with the static fireball model, is
the dot-dashed curve represents the part from thermalized charrsncaled down by a factor of 20.
quarks. The short-dashed curve is calculated with the static firebai-lapidity distribution to the longitudinal flow pattern can pro-
model. vide information on the expansion of the dense matter. The
initial rapidity distribution of charm quarks is not very dif-
event at the RHIC. Shadowing effects on the nuclear partoferent from the gluon rapidity distribution. If the initial pres-
distribution functions, not large for large invariant masssure causes a strong additional longitudinal expansion, the
pairs, are not included. final charm rapidity distribution will probably become
We now study the effect of energy loss on the charmbroader, similar to other produced particles.
quark spectra in the simple model we have described. Figure In order to obtain the finaD meson distributions, one
1 ShOWS thq)l Spectrum of Charm and anticharm quarks_ |tShOUId.C0nVOIU":e the charm quark_(Z!IStrlbutlon with a fl’ag-
is normalized to one central AvAu event at the RHIC, as Mmentation function. In hadronic collisions, one can assume a
are all the other figures. WitdE/dx= —2 GeV/fm, \=1 delta-function-like fragmentation functioné(1—z) for
fm, and T=150 MeV for thermalized charm, the spectrum charm quark fragmentation inf mesons. As aresul, th2
(solid line) is softer than the initial distributiofiong-dashed Meson keeps all the momentum of its charm-quark parent
line). The yield of highp, charm quarks is suppressed by an[lg,zq. Figures 1 and 2 then also describe the momentum

: : spectrum oD mesons. However, the fragmentation function
O(der of magnitude. Higip, charm quarks are mostly those_ could be different in a dense medium thanpip collisions.
with enough energy to escape the dense matter. After IosmghiS uncertainty is beyond the scope of this paper.

much of its momentum, a charm quark will become part of — .
We also use thellJING program to calculate b pair pro-

the thermalized system. Thg distribution of these charm . : ; X .
quarks is shown as the short-dashed curve in Fig. 1. In thguct|on. The_ bottom pair p_roducnon cross section with
static fireball model, where expansion and thermal effects ar§4'75 GeVis 1'5“b n ‘/E_ZE) QeVpp coII|S|on§ at the
neglected, most of the charm quarks are stopped inside tfaHIC, extrapolating to 0.04B b pairs on average in a cen-
dense matter. Therefore, the spectrum has a peak apzero tral Au+Au event. Although the energy loss experienced by

Since the corona effect is also neglected in the fireball_FOttom quarks may be different from that of charm quarks,

model, highp, charm quarks are suppressed more than i or simplicity we take the same paramete/dx,\, and T

our model. This difference is also reflected in the dileptonas for the charm quark energy loss. ng_b-bottor_n quarks
spectrum from charm decays. are suppressed by an (_)rder of magth(_je, similar to the

In Fig. 2 we plot the single charm rapidity distribution charm results showp in Fig. 1. We emphasize that the energy
with (solid and short-dashed lineand without(long-dashed loss rate for a heavier quark could be smaller than that for a
line) energy loss. Since charm quarks go with the Iongitudi-"ghter quark. We will study the sensitivity of our results to

: o . the phenomenologicalE/dx in Sec. V.

nal flow in our model, there is little difference between the
rapidity spectrum after the energy loss and the initial spec-
trum. In the static fireball modelshort-dashed line how-
ever, most charm quarks are stopped at zero rapidity since One can use the dilepton spectrum from charm decays to
there is no longitudinal flow. This sensitivity of the charm indirectly measure charm quark production when a direct

IV. DILEPTONS FROM HEAVY QUARK DECAYS
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measurement via tracking is difficult. Measurements of high-
mass dileptons are themselves important. Copious thermal
dilepton production[21] was proposed as a signal of the
formation of a fully thermally and chemically equilibrated
qguark-gluon plasma. In order to obtain the yields of thermal
dileptons, one needs to subtract the background from heavy
guark decays. When energy loss was not included, dileptons
from open charm decays at the RHIC were shown to be
about an order of magnitude higher than the contributions
from the Drell-Yan process and bottom dec&9sl0], mak-
ing them the dominant background to the proposed thermal
dileptons. Energy loss changes the heavy quark momentum
distribution as well as the resulting dilepton spectra from
heavy quark decays. Therefore, understanding the effect of
energy loss on dileptons from heavy quark decays is also an
important step towards the observation of thermal dilepton
signals.

We computed the dilepton spectra frailnmeson decays
with a Monte Carlo code usingeTsET7.4[22] for D meson

decays. The average branching ratioxefeX and ¢ — uX
are taken to be 12%. The lepton energy spectrum fibm
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meson semileptonic decaysJaBTSET7.4is consistent with the ) .
measurement of the MARK-III Collaboratiof23]. In this FIG. 3. Invariant mass spectrum of dileptons from correlated

paper, only dileptons from correlated charm pair decays ar&Narm pair decays.

considered; i.e., a singlec pair produces the dilepton. The

dilepton spectrum from uncorrelated charm pair decaysare called secondary leptons. Primary leptons have a harder

higher and softer than that from correlated charm pair deenergy spectrum than secondary leptons. In the case of de-

cays, may be removed by like-sign subtraction. cays toe” or e, ab quark mainly produces primary elec-
The dilepton invariant mass and rapidity are defined as trons and secondary positrons although it can also produce a

-~ RV smaller number of primary positrons due B8-B° mixing.
Mi+-=V(pj++p-)% The branching ratios of the necessdryquark decays are
9.30% to primary electrons, 2.07% to secondary electrons,
L PP 1.25% to primary positrons, and 7.36% to secondary posi-
Y+ -=tanh ﬁ 1) trons, respectively. The branching ratios and energy spectra
R from JETSET7.4 consistent with measuremerji®4], are al-
In Fig. 3, we show the dilepton invariant mass spectrundn0St identical for muons and electrons.
from correlated charm pair decays without any phase space Like dileptons from charm decays, dileptons from bottom
cuts. Except for the small difference between the electrofff€Cays can come from correlated and uncorrelated decays of
and muon masses, this spectrum represents both dielectroR@ttom pairs. However, uncorrelated pairs from bottom de-
and dimuons while the spectrum of opposite-sigm is a  Ca&yS are negligible since the average number of bottom
factor of 2 larger. There is a small suppression at large induarks per central AtAu event at the RHIC is much less
variant mass in our calculation with energy loss compared téhan 1. The total number of dielectrons fronb & decay can
the original spectrum while the yield from the static fireball be readily estimated to be 0.020. Another important source
model is reduced by about two orders of magnitude relativ@f dileptons from bottom decays is the decay of a single
to the original. The two-component nature of the dileptonbottom (o—cl;X—141,Y), unlike the case of charm decays.
spectrum from the fireball model can be easily understoodThe branching ratio for & quark to a dielectron is 0.906%
The low-mass peak mainly arises from decay$ofmesons from JETSET7.4 therefore this source gives 0.018 dielectrons,
at rest in the dense medium while the high-mass tail comesomparable to the yield from correlated decaysdf pairs
from D mesons energetic enough to escape the system. Thad thus must be included.
dilepton spectrum from the static fireball model and the re- Figure 4 shows the invariant mass spectrum of dileptons
sultant suppression relative to the original spectrum are verfrom bottom decays without any kinematic cuts. The low-
similar to the results from Shuryak’s stufiy1] where only invariant-mass part of the spectrum is dominated by dilep-
midrapidity heavy quarks are considered. tons from single bottom quarks amd pairs with zero rela-

The lepton spectra from bottom decays are also generat§fle momentum. The dot-dashed curve comes from single
from JETSET7.4 We assumé quarks fragment int®~, B,  pottom decays and thus does not depend on the energy loss.
B2, andA 2 with the production fractions of 38%, 38%, 11%, The suppression of high-invariant-mass pairs from bottom
and 13%, respectively. Single leptons from bottom decayslecays is similar to the charm case shown in Fig. 3. How-
can be categorized as primary and secondary leptons. Lepver, the suppression due to the energy loss begins at larger
tons directly produced in the decap-(1X) are called pri- dilepton invariant mass for bottom decays.
mary leptons, and those indirectly producdm—cX—1Y) Comparing the solid and long-dashed curves in Figs. 3
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eu, anduu from correlated charm pair decays within the PHENIX
FIG. 4. Invariant mass spectrum of dileptons from bottom de-acceptance.
cays. The dot-dashed curve is the contribution from the decay of

singleb and b quarks. Figure 5 shows the invariant mass distribution of three

types of dileptons from open charm decays within the accep-

and 4, one might suppose that the effect of energy loss ofence of PHENIX. Theeu spectrum includes bote™ ™
dileptons from heavy quark decays is only a factor of 2.ande”u*. From the comparison of our energy loss results
However, we must emphasize that this impression is miswith the initial distributions, we note that the three dilepton
leading since this spectrum is integrated over all other kineyields have strikingly different suppression factors. In the
matic variables, including rapidities of the single quarks. Inpeaks of the spectra, our calculation shows thatetbgield

our model, while a heavy quark loses transverse momentuns suppressed roughly by 100, teg yield by 10, and the

its rapidity is essentially unchanged due to the longitudinaluu yield by only 4. The static fireball model, however, gives
flow. Because of the rapidity gap between QeandQ, a & suppression' of about 3000 for all three dilepton channels.
heavy quark pair as well as the resulting lepton pair can still The large difference between the suppression patterns due
have a sizable invariant mass after the energy loss. Howevel €nergy loss of the three types of dileptons is a result of our
if one selects leptons with a transverse momenta cut, th&'odel of the longitudinal flow combined with the PHENIX
effect of energy loss becomes much more dramatic, as wipidity coverage and the single lepton energy cut. From the
will show in the next section where we consider the finite PHENIX detector geometry, the accepted electrons have

rapidity coverage and single lepton momentum cuts of théearly zero rapidity. Therefore the energy cut of 1 GeV for
PHENIX detector. single electrons is actuglla 1 GeVp, cut. However, the

accepted muons typically have a rapidity of 2 so that the 2
GeV energy cut corresponds tga cut of only 0.5 GeV. As
seen in Figs. 1 and 2, in our model of longitudinal flow,
energy loss only suppresses high-charm quarks without

The PHENIX detector at the RHIC is designed to measuretrongly affecting the rapidity spectrum. Consequently, high-
electromagnetic signals of dense matter. It is therefore welp, leptons from semileptonic charm decays are strongly sup-
suited to carry out single leptone(u) and dilepton pressed while lows, leptons may be slightly enhanced.
(eeeu,nu) measurements. In this section we calculate theTherefore the accepted electrons from charm decays in
dilepton yields within the designed PHENIX detector accepPHENIX are more strongly suppressed than the accepted
tance. muons.

The PHENIX detectof25] has two electron arms and two ~ To demonstrate the acceptance of the PHENIX detector,
muon arms. The electron arms cover the central region witin Fig. 6 we show the rapidity distribution of the three types
electron pseudorapidity-0.35< 7,<0.35, and azimuthal of dileptons from charm quark decays as seen by PHENIX.
angle*(22.5°< ¢,<112.5°). The muon arms cover the for- The ee pairs are centered around-,-~0, while theeu
ward and backward regions with polar angte(10°<#6,  acceptance covers pair rapidity arourd. and 1, and the
=35°), corresponding to the pseudorapidity intervaluu pairs are found withy,+,-~ —2, 0, and 2. The two-peak
*(1.15<77,<2.44), along with almost the entire azimuthal nature of the dimuon spectrum in Fig. 5 is a result of the
angle coverage. We takg,>1 GeV andE,>2 GeV[25]to  muon rapidity coverage. The low-mass peak comes from two
reduce the lepton backgrounds from random hadronic decayauons in the same arm while the high-mass peak comes
such as pions. from pairs with one muon in each arm. Similarly, the two-

V. DILEPTONS FROM HEAVY QUARK DECAYS
AS SEEN BY PHENIX
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FIG. 6. Rapidity spectra of the three dilepton chanmsdsey, FIG. 7. Invariant mass spectra of the three dilepton chare®ls

and uu from correlated charm pair decays within the PHENIX e, anduu from bottom decays within the PHENIX acceptance.
acceptance. The solid curve representing dielectrons is scaled up by

a factor of 50. The long-dashed curve represents oppositeegign . .
pairs. PHENIX acceptance, dileptons from bottom pair decays are

dominated by dileptons consisting of two primary leptons
peak nature of the dielectron spectrum in Fig. 5 is a result obecause primary leptons are more energetic and therefore
the two azimuthal electron coverages in PHENIX. favored after the energy cuts.

The strong difference in the suppression of the three We compare dileptons from bottom decays with those
dilepton spectra from charm quark decay in PHENIX, asfrom correlated charm decays in Fig. 9. We also calculate the
seen in Fig. 5, suggests that we should carefully consideDrell-Yan yields of dielectrons and dimuons from thiBING
how to measure open charm with the PHENIX detector. In gorogram and plot them in the same figure. Without energy
naive scenario, one would expect that #e coincidence loss, dileptons from charm dominate those from bottom de-
measurement can reveal the open charm cross section so tlvalys as well as the Drell-Yan yield in the invariant mass
the dielectron and dimuon open charm yields can be extrapgegion below 8 GeV. With an energy loss rate-e2 GeV/
lated just by considering the different rapidity coveragessm dielectrons frombb decays dominate those from charm
However, energy loss complicates the acceptances for theyg the Drell-Yan rate dominates both at high-invariant
three dilepton channels from open charm decays, making thgiass, This reduction of continuum dileptons from open
proposed extrapolation difficult. As we will see later in this charm and bottom decays certainly provides a better oppor-
section, this extrapolation becomes even more complicategnity to observe possible thermal dileptons from the quark-
when bottom decays are included. gluon plasma.

The large suppression of dileptons from open charm de-" \yjith an energy loss rate of 2 GeV/fm, theep yield is
cays implies that we should also consider dileptons fromyominated by bottom decays at high-invariant mass. The
bottom decays. Because of their larger mass, bottom quark§e|-yan process does not contribute to tag channel.
produce more energetic leptons than do charm quarks; thus high-massy pairs can be used for bottom observation
dileptons from bottom decays are expected to be less SURrihis energy loss rate will be reached.
pressed than those from charm decays and therefore may the Drell-Yan dimuon yield lies below the second
become important. _ _ dimuon peak from the suppressed charm quarks at invariant

Figure 7 shows the dilepton yields from bottom decaySyasses above 4 GeV. Moreover, most of the Drell-Yan
when the PHENIX geometry and energy cuts are appliedgimyons are in the same muon arm due to the strong rapidity
Although there is significant suppression due to energy 0S8, re|ation. The second dimuon peak mainly comes from the
at high invariant mass, the peaks of the spectra are nQfairs with two muons in opposite muon arms. Therefore it is
strongly suppressed. In the static fireball model dlelectronﬁossime to suppress the Drell-Yan dimuons by imposing
are even enhanced because there are more stopped bmtﬁﬂbe-angle cuts and use high-mass dimuons for charm ob-
quarks at zero rapidity and a bottom quark at rest can Stilgervation, at least in the rapidity region around O.
produce an electron energetic enough to pass the 1 GeV cut. 14 gydy the sensitivity of the dilepton spectra from heavy
The dilepton sources from bottom decays in our energy 10S§ark decays to the energy loss rate, in Fig. 10 we compare
model, shown by the solid curves in_Fig. 7, are categorized ;i lations with three values ofE/dx, —2 GeV/fm, —1
in Fig. 8. Dileptons from singlé or b decays can only be Gev/fm, and —0.5 GeV/fm. Within the PHENIX accep-
significant at low invariant mass. At high invariant mass, thetance, high-invariant-mass dielectrons are the most sensitive

dileptons all come from decays (h‘b_pairs. Within the to the energy loss. This is expected because high-invariant-
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FIG. 8. The three dilepton channels from bottom decays in our FIG. 10. Dileptons from charm and bottom decays within the
model within the PHENIX acceptance. The short-dashed curves anBHENIX acceptance with different values ®@E/dx (—2, —1, and
the long-dashed curves represent dileptons from single quark de-0.5 GeV/im).
cays and bottom pair decays, respectively. The solid curves repre-

sent the sum of these two curves. The dot-dashed curves represenrﬁslSS dielectrons mainly come from decavs of two energetic
dileptons from bottom pair decays where both leptons are prima y y 9

leptons. Ir¥1eavy quarks. As a result of the corona effect, the suppres-
sion of high-invariant-mass dielectrons will saturate at large
—dE/dx for a fixed\. However, low-invariant-mass dielec-
trons have a significant contribution from decays of two ther-
malized heavy quarks. Therefore they are not sensitive to the
energy loss and the suppression of low-invariant-mass di-
electrons will saturate at large dE/dx.

With a smaller energy loss rate 6f0.5 GeV/fm, dielec-
tron yields from charm and bottom decays are much less
suppressed, and become larger than the Drell-Yan yield. This
sensitivity of the dielectron yields to the energy loss can be
used to probe the property of the dense medium. Dileptons
from bottom decays are less sensitive to the energy loss than
those from charm decays. As a result, e yield from
bottom decays becomes less dominant relative to that from
charm decays when the parametdt/dx becomes smaller.
Since bottom quarks may lose less energy than charm
quarks, theeu channel may still be dominated by bottom
decays and thus provide a measure of bottom production.
Dimuons are the least sensitive to the energy loss rate.

(&= = original charm
@==6) suppressed charm

. —— original bottom . Dimuons with invariant mass above 4 GeV are dominated by
10 £ —— suppressed botoni] 10 charm decays, and are therefore useful for charm detection.
—# Drell-Yan Energy loss is described by two parameters in our model,

dE/dx and A\, wheredE/dx describes the average energy
loss rate of a fast parton and the mean free patletermines
the frequency of scatterings. A largerresults in a larger
M+~ (GeV) probability for the fast parton to escape without energy loss,
” similar to a smalledE/dx. This is responsible for the dif-
FIG. 9. Invariant mass spectra of the three dilepton channeléerence in the larg@, suppression between our model and
from correlated bottom and charm decays within the PHENIX ac-the static fireball model. If we take the limit=0, the mod-
ceptance. Thee and uu channels are compared to the Drell-Yan els should agree at large . One can also probe these two
yields. parameters simultaneously as in the study of jet quenching in
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FIG. 11. Energy spectrum of single electrons and muons from

charm and bottom decays within the PHENIX acceptance. FIG. 12. Single electrons and muons from charm and bottom
decays within the PHENIX acceptance with different values of

y-jet events[7]. However, it is not yet clear how to disen- dE/dx (-2, —1, and—0.5 GeV/fm).
tangle these two effects.

the effect of energy loss on heavy quarks in dense matter.
VI. SINGLE LEPTONS FROM HEAVY QUARK DECAYS We assumed a Bjorken-type longitudinal expansion where

Single leptons from charm decay have been suggested 462y quarks move with the flow and thus basically do not
an indirect measure of the charm production cross sectiof@ng€ their rapidities throughout the evolution of the sys-

[26]. This is possible if the background leptons from randomt€M- Heavy quarks, however, lose transverse momentum

decays of hadrons such as pions and kaons can be well ulhen tr_aveling through the dense matter. Compared to the
derstood. case without energy loss, heavy quarks at large transverse

We show the effect of energy loss on single electrons anf'°mentum are greatly suppressed. As a result, dileptons
muons within the PHENIX acceptance in Fig. 11. With en-f0m heavy quark decays are suppressed at high invariant

ergy loss, the electron yield from charm decays is close t&"aSS:

that from bottom decays at energies above 2 GeV. Muons_ With our model of the energy loss, the three types of
from charm decays are less dominant compared to thosdlePtons €eepu,uu) from heavy quark decays within the
from bottom decays, though it seems possible to use single HENIX acceptance are suppressed very differently because

muons to measure the open charm cross section. CalculatioRs he energy cuts and the different rapidity coverages. Thus
with three values oflE/dx, — 2 GeV/fm, —1 GeV/fm, and it is difficult to extrapolate the dielectron and dimuon yields

—0.5 GeV/fm, are compared in Fig. 12. Single leptons ard"®M charm decays based on tap coincidence measure-
not as sensitive to the magnitude ®E/dx as the dilepton ment. Within the PHENIX acceptance, dielectrons are the

mass spectra. most sensitive to the energy loss, and dielectrons from heavy

Single leptons can be categorized as those from thermafiu@’k decays become comparable or even lower than the
ized heavy quarks and those from heavy quarks energet@]re"'Yan yield at high invariant mass. Therefor(_a, they are
enough to escape after energy loss. The former mainly réN€ best observables to study the energy loss if the heavy

tguark spectrum cannot be measured directly via traditional

flects the effective thermalization temperature while the la ) ) _
tracking techniques. Contrary to the case without energy

ter can provide us with information on the energy loss. e - ;
Single electrons with energies greater than 2—3 GeV artPSS; at high invariant mass the yield may very well be

mainly from energetic heavy quarks and thus are more serflominated by bottom decays instead of charm decays. In this

sitive to the energy loss. Muons from energetic heavy quark§2S€€4 coincidence imA+A collisions can no longer mea-
start to dominate the spectrum at a higher energy. sure the charm contribution, but could be used for bottom

observation. Dimuons above 4 GeV, which are well above
the Drell-Yan yield even with a large energy loss rate, can be
used for charm observation.

Dileptons from open charm and bottom decays have been There are a number of uncertainties in our treatment of
calculated for central A#Au events at the RHIC including the energy loss. There are no calculations of the radiative

VIl. SUMMARY AND DISCUSSION
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energy loss rate for massive quarks in a medium; therefordileptons as well as the different suppression patterns for the
dE/dx is a parameter in our model. We have neglected thelilepton channels at PHENIX, are not likely to change.
relative formation times. However, the longitudinal velocity To determine whether single leptons or dileptons from
of heavy quarks and the dense matter fluid could be misheavy quark decays can indeed probe the energy loss, the
matched and this will quantitatively affect the results. Themost important factor is the background from random had-
rapidity distribution of the final heavy quarks depends sensifonic decays. Though we have not done an analysis of the
tively on the flow pattern. If the different suppressions of thehadronic decays in this paper, it needs further study, particu-
three dilepton channelssgeuw,uu) can be established, it larly since highp, pions will also experience quenching ef-
will provide important information about the fluid dynamics fects and therefore be suppressed in high-energy heavy-ion
of the dense medium. We have not considered any change oollisions as well.

the energy loss which could be caused by the expansion of

the system and the sgbsequ_ent decre_ase in _the energy den- ACKNOWLEDGMENTS
sity. Transverse flow is not included in our ideal Bjorken
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