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® Heavy flavor in nuclear collisions
e Open heavy flavor at RHIC: PHENIX & STAR

® Selected results

e pp: reference
e dAu: cold nuclear matter effects
e AuAu: probing the hot medium

e Heavy quarkonia (J/y) at RHIC: PHENIX

e snapshot of current results and future attractions
® Summary



Why is heavy flavor interesting?

e production of heavy quark-antiquark pairs: cc (bb)

e dominated by gluon-gluon hard scattering
— sensitive to initial gluon density (and spin)

¢ additional thermal production - enhancement?
— sensitive to initial temperature
e propagation through dense medium

e energy loss or thermalization — softening of spectra?
— sensitive to properties of the produced nuclear medium

e does charm flow?
— sensitive to collectivity on parton level

e quarkonia (J/y) in dense medium
e suppression via color screening?
e enhancement via coalescence?

>heavy quarks = rich probe of the nuclear medium
->study of yields & spectra in pp, dAu, and AuAu
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Open heavy-flavor measurements

e ideal (but very challenging in HI environment)
e direct reconstruction of charm decays (e.g. D° — K-1*)
e STAR experiment (in dAu) K-

e much easier if displaced verte
is measured (ct =123 um)

xf/f_ g

/ - n n n
—o : / e alternative (but indirect)
K+ D e contribution of semileptonic
4 decays to lepton spectra
Vi (singles & pairs)
e PHENIX experiment (in pp,
dAu, AuAu)

e STAR experiment (pp, dAu)
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PHENIX & STAR at RHIC
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e large acceptance (|n| < 1)
tracking detector: TPC
e hadrons:
e TPC (dE/dx)
e Time-of-Flight detector
e electron ID:

e EMC (0<n<1) in addition
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pp @ Vs = 200 GeV

e subtract e* from background - i PHENIX data
—10" g S
sources (cocktail) from SOF - L ez |
. . + O102L-~¢ - ii.|—e— Data - Cocktalil -
IﬂClUSIVe e- SpeCtrum ng N ....... HVQLIB + PYTHIA E
= e* from heavy flavor 20 M| FONLL Systamatics |
e comparison with PYTHIA Ewu m, N N NS U MO W S
(tuned to available data)  “ .}
e p; < 1.5 GeV/c: reasonable F
e p; > 1.5 GeV/c: spectra “harder” bl T R R IS X i
than PYTHIA 107 TR
— bottom enhancement? &
10435"" : | | 1 | | | | I S

— hard fragmentation? 0 05 1 15 2 25 3 35 4 45 5

e comparison with FONLL i ovid
e Fixed Order Next-to-Leading Log £ e andh ng'e |
pQCD calculation (M. Cacciari, P. ® =§- restits.

Nason, R. Vogt hep-ph/0502203) (PRL 94, 062301 (2005)) """ |

e good description of spectral shape shghtly Iarge.zguﬁ:.{geﬁ sectior
e barely in agreement with data Y-
(within errors)
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dAu @ sy, = 200 GeV

e STAR: 1st direct reconstruction —_ " %, STAR Preliminarye i =
of charmed hadrons at RHIC E N Tee, AT
(PRL 94, 062301 (2005)) 3N Tme

e D% — K-n*(and charge conjugate) = ; ?F‘f'u """"" o
e DZ* D* as well f OE — *;

e D spectra confirm failure ,,T(,
of tuned PYTHIA v ST

e D and e* measurements 3§ F .5 N,

. —~qn4l " T,-do
are consistent g10F - o
e with each other ‘f:-w— 2 _'
o with PHENIX e* data in dAu gwé 150 ][ % + . } \l
e medium effects? “Ew_f : H R + T } 1 } !
e R,, is consistent with binary [ S S
scaling (within errors) e o F
e indication for Cronin enhancemgnt .. "
e PHENIX observes no significant N RS P PR
centrality dependence of e* spectra o2z 3 43 p.rs(Ger:)
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AuAu @ sy, = 200 GeV: yields

PHENIX: PRL 94, 08230
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AuAu @ Vs, = 200 GeV: spectra

e full statistics cocktail analysis = ® nuclear modification factor Ry,

(1/27 p,)d’N,dp.dy [(c/GeV)]

. . . . + H
e indication for suppression at of e* from heavy flavor is

high p; (relative to binary scaled compatible with R,, of =°
pp reference) e present precision insufficient to

E1 ] '| UL [ L |I II|IIIIIIIII[IITI|Il|||lllllllll examine centrality dependence
10%; Au+Au @ \s = 200 GeV _ .

oF (e'+e)/2 = ree e strong medium modification of
E S BRUE spectral shape is observed!
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» R,, With yield above 2.5 GeV/c
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AuAu @ sy, = 200 GeV: energy loss

e comparison of R,, of e* from heavy flavor for central
AuAu collisions with theoretical predictions
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® measured suppression
pattern at high p;

e is in reasonable agreement
with theoretical models
incorporating heavy quark
energy loss

e can differentiate between
different scenarios
® caveat

e currently compared to
charm calculations only

e data contain significant
contribution from b decays
for pr 24 GeVic

e heavy quarks DO interact strongly with the medium!
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AuAu @ sy, = 200 GeV: elliptic flow

e spatial anisotropy in initial stage

e momentum anisotropy in final stage 9" pressure
N AN ¢
E d°p = o-dodp-dy 2v, COS(”(¢—TR)) 7 Low pressure
T PRPEY n=o Reaction plane: Z-X plane
e elliptic flow strength v, =(cos2(p-¥;))

X

o~ 0.3_ TT T 17T T1 | I | I pY
> — )
0_25: I\Alllljr-ll.glllig)\l_ _+200GeV -------- with charm flow
02:_ heavy flavor e +e without charm flow p
E ¥ X
0.15F
0.1F e data show v,(electron) > 0
0.05;— theory Greco et al. = V2(D meson) >0
i PL B595(2004) 202 _ _
g e interaction of heavy
"f:’j?;$§g'>§rgﬁ,ﬂ;§;¢g5°2°°9 quarks with the medium,
ee T ey e s se . possibly thermalization
pr (GeV/c)
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J/v: the other heavy flavor probe at RHIC
e PHENIX measurements in pp, dAu, AuAu (CuCu

currently in progress) at 200 GeV

e Jy — e*e- at midrapidity

o JIy — p*u- at forward and backward rapidity

® pp reference

e total cross section
Cypy = 2691+023+0.33ub 4

10

U(}D)

e consistent with L

predictions from 10 1
— Color Octet (COM) and 1021
Color Evaporation (CEM)
model calculations 10°

— using “typical” parton

distribution functions (PDF) g Li. ..

e consistent with gluon-fusion
picture of J/y production
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J/y in dAu: cold nuclear matter effects

e gluon PDF modifications: (anti)shadowing
gluons in Ph/ gluons in p PHENIX North Muon Arm: y < 0

1.3 1 ]IIIIIII 1 IIlIIIIl | IlIIIllI I IlIIlIII LA !

12| (LHC : RHIC
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. . €40 | 5 |
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3 e e | S j
® also observed 0l ® 5 \ |
- w £ = 2 U Kopeliovich ‘ S ~ 04
e weak absorption T O et L v NI
. . . 4 events, shape \| = Egg ;’;E \\ﬁgi “u{ ;
e p; broadening similar | werspilty fllly, [ st
=2 =1 0 1 2 -2-1 0 1 2
to measurements at Rapidity Klein,Vogt, PRL 91:142301,2003
lower energy (E866/N uSea) Kopeliovich, NP A696:669,2001

Moriond 3/18/2005 12 R. Averbeck, Stony Brook



J/v in AuAu: suppressed or enhanced?

e RHIC Run-2 (AuAu @ 200 GeV)

e Jly — e*e- only (~12 counts): PRC69, 014901,2004
e hot conclusive

® RHIC Run-4 (analysis in progress)

o sﬁa_tgstlc increased by o=
factor ~ B e em
ol Ay =

J’ mass resolution .-

50

e RHIC Run o NRIN
umber of Part 27 2.8 29 3 3.1 3.2 33 34 35
e data on A dependence S
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Summary & Outlook

e Open heavy flavor measurements at RHIC

e D mesons and single e* from heavy flavor decays are measured

e reference measurement is available for pp @ 200 GeV
— spectra are harder than PYTHIA prediction

e cold nuclear matter effects (in dAu) are small

e heavy flavor in the hot and dense medium (AuAu)
— yields are consistent with binary scaling (point like pQCD process)

— high p; suppression and elliptic flow indicate significant interaction of
heavy quarks with a (colored) medium

e near future
— increase p; reach: what happens with beauty?
— single muon measurement
— dileptons from correlated heavy flavor decays

e J/y at RHIC

e pp reference is available

e “normal” nuclear matter effects have been studied in dAu
e stage is set for nucleus-nucleus collisions

e upgrades (vertex spectrometers) will provide new
opportunities
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