Recent RHIC results on photon,
dilepton and heavy quarks
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The phase diagram
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QGP : experiment history

BNL - AGS 4 GeV CERN - SPS 20 GeV

Fixed target
Experiments

o

Collider BNL - RHISZ 200 GeV CERN - LHC 5.5 TeV
Experiments

o -0




species and (PHENIX) luminosity

Year Run Species fLdt
02/03 3 d+Au (200 GeV) 2.74 nb1!

p+p (200 GeV)  0.35pb™
ub
b

04/05 5 Cu+Cu (200 GeV) 3 nb!
Cu+Cu (62 GeV) 0.19 nb!

Cu+Cu (22.5 GeV) 2.70 pb™

p+p (200 GeV) 3.8 pb™

2 independent rings with 3.9 km circumference

Anything from p+p (up to 500 GeV) to

06/07 7 Au+Au (200 GeV) ~800 pb :
Au+Au (up to 200 GeV per nucleon pair)




Experimental facility: PHENIX & STAR

« PHENIX » STAR

o Beam counters O Large TPC
o Central rapidity |y|<0.35

« Tracking (DC, PC)
~  EM calorimeter

o Silicon vertex tracker
o EM calorimeter

o Time of flight
O

~ TOF

~ RICH
o Muon spectrometers 1.2<|y|<2.2 Track ~2000 charges particles in
o Measures everything In|<1
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Centrality and Nuclear Modification Factor

= number of
interacting nucleons

= number of binary
nucleon-nucleon collisions

small impact parameter b
arge N, large N,

) Number of
S-Collisions
- — — — M - —
o‘o‘

large impact parameter b Soft interactions ~ N civants
Bmall N, small N, Hard interactions ~ N_ jjisions

» Nuclear Modification Factor

. m dN , .
My >N
coll : PP

For hard probes, if no nuclear effects, R, =1




The smoking gun @ RHIC

 Jet quenching

- 25
2] ~ :
o hadrons ) -og B PHENIX high p; ¢
p p Ieadlng e o B d+Au @ 200 GeV [min. bias] . .
Tf partiCIe 'g - ®  Au+Au @ 200 GeV [0-10%] SuppreSSIOn ln Central
7 2 15l + Au+Au due to high
(o] - . .
Ef density medium
J# ﬁ 1}igﬂé%++§**+++ ty
© = ]
q 3 -
&~ = 0.5 = + i
: Xhadrons - - '”-"--.Q{'H
leading S S R [
particle pr (GeVic)
N L — LI B L B BB L
L e d+Au FTPC-Au 0-20% - 0
= oz o 1 back-to-back di-hadron
4 - . —— p+p min. bias ﬁfs:rln . .
5 1 correlations :
= * Au+Au Central 1 o __o .
s 1 e+ verysimilar in p+p and
8 { d+Au
5 . .
=z 1 e strongly suppressed in
T LA bpag I ke T by central Au+Au collisions at
1 200 GeV

-1 0 1 2 3 4
A ¢ (radians)
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Electromagnetic radiations

time

Leptons & f
Dileptons

electromagnetic probes
do not interact strongly

Suffer little or no final
state interaction

Formation phase (pre-equilibrium)

Z




Electromagnetic radiations

» 1) photons
o Testing pQCD N
o Thermal photons 3
» II) Low Mass Region .
o Vector mesons in medium :
o III) Intermediate Mass Region .
o Thermal dileptons ! :
o Heavy quarks continuum : open charm ‘ ) Drell-Yan ‘
° IV) ngh Mass Region _ Low- Intermediate- High-Mass Region _
F >10fm ! >1fm i <01 1im 3
o Heavy quarks resonances T —
mass [GeV/cz]
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Photons

mass [GeV/cz]
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» In p+p collisions

Compton Scattering

o Direct photons
~ Compton scattering

© q+g>q+y
© qq annihilation

© q+gq>g+y

Annihilation
« Bremsstrahlung
Y Y
q 4 q q

o Fragmentation photons

o Final state hadron decay (background)
o, M, KO... 2 v +vy

) ¢
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Sources of photons

5 1.2
“ | p+p - 7+X @ s = 200 GeV
6" o PDF: CTEQS, FF: GRV, 3 scales
§ o
R
> 0.8 .
2 I direct
T 06
0.4
u,zf_ fragmentation
0: e b by e by by g
0 2 4 6 8 10 12 14
p; (GeVic)
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Sources of photons

In A+A collisions

o High pT photons (pT> 6 GeV): non thermal
« Initial parton-parton scattering: as in p+p
« not affected by Hot and Dense Matter =» test the
theoretical description of A+A collisions with pQCD

o Low pT photons (pT < 3 GeV) : thermal
« Come from the thermalized medium

«  Carry information about the initial temperature of
the Quark Gluon Plasma

« Thermal photons are created in the QGP as well as
in the hadron gas over the entire lifetime of these
phases = test hydro models

o Low and intermediate pT photons (up to 6 GeV)
« Interaction of the quarks and gluons from the
hard scattering processes with the QGP
© Qhard T 8qep 2 q+7Y
o vy getalarge fraction of the momentum of q;,, 4

Rate

Hadron Gas Thermal T,

QGP Thermal T,

“Pre-equilibrium”
(“secondary” or “cascading”

Jet Re-interaction V(T .x\s)

pQCD Prompt xVs
= E“‘r
‘...ll-.."...ll..-ll...ll..."...ll...ll...l

Emission time
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pQCD photons (High p;) in p+p collisions

» Phenix year-3 and year-5 data set Ph%S- _F(E’?V;\Lett- 98012002 (2007)
o Reference for Au+Au oo e Mo
. . ' BrGHFF
o Measured p+p yield compatible e =112 207
° ° z C
with NLO pQCD calculations Twe
(tends to be higher by ~20%) wl
i Phenix Run 3
giim
p+p \'s = 200GeV direct photon it check Data_ > '5': = *
2.4 Fit 02 4 6 8 10 12 14 16
b~ data(Runsprelfiminaryyfit pilGeVic]

—=e— data(Run3)/fit
—— pQCD(W Vogelsang BFGIIyfit]

............ PHENIX prelifiifiary

PHENIX Preliminary

16 —NLO pQCD
(by W.Vogelsang)
CTEQ 6M PDF

1L X n=1/2pr,pr,2pr

Edo/dp’ [pb GeV e

III|IIIEIIIlIIIlIII!IIIIIII

-t

=i

54 L L il T
[ 4] TS [ | I 1 | L %2_ -
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o
B
TR
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pQCD photons (High p;) in d+Au

» Phenix o Star
o Consistent with NLO pQCD O Yair = Yinel = Ydécav
calculation O PlotR =1 + V4i/Vdecay

W — ~ Cancel systematic uncertainties
© + p+p reliminary . . .
3 T o 5pop2n, o Signal consistent with pQCD NLO
£y gmemeemen calculation
g CTEQ6M u=0.5p,,pr,2p;
NE -
5F S26F
z "Eu - n 1 NS STAR preliminary!
&' f_‘ 2.4 = decay
S ool g E 1 NLO (CTEQB+KKP)u=p

E c:u 2 2_

= -

I A u=2 P j.l=pT)'2

ey

0"“; sys.. + stat. errt

=

3 1.8
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P S 1.4F
a : C
Ei i 1.2
3] i -
2 1lag Ribipgeagal, E
9 T -
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pQCD photons (high pT) in Au+Au

¢ PHENIX Run 2

o Computing Ry ,.vs.N,
dN’ .

< N >:NIY)p

coll

R —

AA

o 7 are quenched
o Direct y are not

@ pPhotons

N

—

Raa(pr > 6.0 GeV/c)
(53]

0.5
0..‘.I.".I.‘..I.‘..I....I‘...I....\...
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participant

« PHENIX Run 4
o Reach up to 18 GeV/c (12 GeV for Run 2)

o Qualitatively well described by NLO

pQCD calculations
o 10°
o “'\r"‘" PbSc direct photon p; spectra
> 1 PHUENIX A \[Sp = 200GeV
g PHENIX preliminary

® min. biss < 107
® 010%x10°
10-20% = 102
A 2080% 107
® WA x10"
B 4050% %107
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® G0T0% =10
m 70-80% <10

A 80510
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|
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Computing R, ,

Y
R dN , .
AA > - Ny
PP

interpretation
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pQCD photons (High pr) in Au+Au

Direct Photon Au+Au\s,, = 200GeV, 0-10%‘
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Thermal photons (low p)

10

o E
- Excess over pQCD observed at py< 4 T F A
% [ e D.d'Enterria-0 Peressounko. T, = 590 MeV, 1,=0.15 fmic
g 1= T oo e st o
E ; S,‘Tlilrhida at al,‘ T:= aT0 MaV. 'U=D lﬂ.; hr‘\"c
- Well described including 3 oL o
hydrodynamical predictions for - s © s P 050+
thermal photons (QGP + HG) i
= 102
. Al
D. d’Enterria and D. Perressounko : 107
(Eur. Phys. J. C46, 451 — 464 (2006)) -
10
Initial temperature T, ~ 590 MeV -
at . = 2R/j 0.15 fm/c -
- PHENIX preliminary
. . . 10'6 L1 1 1 | L1 1 1 | L1 1 1 | L1 1 | | L1 1 |
Precision d+Au data required to 0 1 2 3 4 5
confirm... p; (GeVic)
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Dileptons

7°,n Dalitz-decays

Low- | Intermediate-
=10Mm | >11m

4
mass [GeV/cz]
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o O O

* Chiral Symmetry Restoration
o Adding mass term in QCD lagrangian brokes chiral symetry

Lattice QCD predicts that it is restored at T, ~ 150 — 200 MeV

Experimentally expect mass drop and broadening of the p-meson

At SPS-CERN (~20 GeV), low mass excess observed by CERES in Pb+Au and
confirmed by NA60 in In+In.

—
o
A

CERES/NA45

Preliminary

—_
o
&

<dN,/dm,>/<N,,>(100 MeV/c)"
o

AL
10 g/ ¢

10°

Pb-Au 158 A GeV
Gtriglﬁlol =T%

pP>200 MeV/c
0,>35 mrad

2.1<1<2.65

i

0 02 04 06 08
Nucl. Phys. A774, 43 (2006)

1 12 14 16
m,. (GeV/c?)
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1.8

dN/dM per 20 MeV/c?

Vector meson in medium (Low Mass Region)

Phys. Rev. Lett 96, 162302 (2006)
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Thermal radiations (Intermediate Mass Region)

* QGP thermal radiation
o Expect thermal radiation from hot medium -> initial temperature of the QGP
o Experimentally, should be accessible in the Intermediate Mass Region
o At SPS — CERN (~20 GeV):
= Intermediate mass excess observed by NA50 in Pb+Pb
« NAG60 in In+In - not coming from D decays = prompt dileptons

Excess compared
to the expected
Drell-Yan yield

/

10 4 ] Data ¢
g NAS0 Pb—Pb Prompt: 2.24+0.08
LN = =381

10° 5 Charm : 0.90 (fixed)

Fit y2/NDF: 0.8

Y

1 0 = +‘H—
""""" 107
10 24 4
Excess over i
open charm 103
10 p 1
and Drell-Yan L% |
DD | |
1 T T T T T T T T T T T T T T T T o LI L T T L & L ¥ T L L] 1 T T T T ‘ T T T T | T T T T | T 1 T T | 1 T T T
1 2 3 4 5 6 0 1 2 3 4 5
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LMR and IMR at RHIC
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Low Mass Region at RHIC

— [ T T T T | T T T T I T T T T I T T T T | T T T T T T T T T T T T l_
o 20E(@) AutAuatysy, =200 GeV =
€ LF Yield / (N, /2) =
= (Yield/(N,q/2)) -US. Npgpy 2 F E
L . = a0 ®  DATA (150<m,,<750 MeV/c?) =
. k=] - .
ow Mass Region : 3 F _ ] -
> 250 COCKTAIL (150<m,,<750 MeV/c?) =
— <] —
. 20— =
dominated by . decays - -
15— —]
- follows expected yield - -
10— —
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< —
D __I ] 1 1 ! 1 ] ] 1 ! 1 1 1 1 ! ] 1 ] 1 ! 1 1 ] ] ! ] 1 1 1 ! ] 1 1 1 _!:
excess increases with N,,,,, T 4  (b) o
-
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Intermediate Mass Region at RHIC

B Au+Au at \s,, = 200 GeV

= (Yield/N,,;) .vs. N Yield /N,

part

Yield/N_, [10™°]
=2

B

Intermediate Mass Region :

L R N N )

- Consistent with the
expectations based on
PYTHIA 2

o DATA {1.2<m,,<2.8 GeV/c®)

P77 7777) PYTHIA (1.2<m,,<2.8 GeVic®)
o] random ¢E (1.2<m,, <2.8 GeVic®)
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250 300 N35ﬂ

=
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Closer look at
heavy quarks

Direct reconstruction +T / a
Difficult without measure of vertex (ct ~120 mm) K / —

Indirect reconstruction
Measure contribution of semileptonic decays
from Heavy flavor to lepton spectra
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Heavy flavour in p+p

» Precise measurements made by both PHENIX and STAR

o Difference observed between PHENIX and STAR

«~ PHENIX is ~ a factor 2 larger than FONLL calculations (but agrees within
uncertainties)

= STAR is ~ a factor > 2 larger than PHENIX

-
<2
0

;"(_.; J L T T I T T T I T T T I T T T I T T T I T ]
= 102fd — [ @ pp/FONLL (thees data) —— FOMNLL uncertainty
S E - A STAR(PAL 94 (2005) 062304)  ----- FOMLL o/{c+h) -
£ « PHENIX data rd L o PHEMIX (PRL 97 (2006) 252002) ~mee-r FOMLL biic+b) .
o 10¢ —— FONLL(total) [L
a o
T e —— FONLL(c = ) =10 .
g E N N, FONLL(b — e) o ﬁ}.\ 3
W g% _'°... ------------ FONLL(b — ¢ — &) ‘.E - > HEIE .
107 B H H E H ﬁ % H N
10° i o0 o ) 1 7]
T 1
10° 1 F =
o E R N .E
3 TR T e e -
das i ]
=S e ([ T
3 T -
E 1 i i 0.1 ' A 1".- TN N AT N NN N N TN T B B
3,5 E 0 2 4 6 10
0 1 2 3 4 5 6 7 8 9 10
o (GeVie P, (GeV/c)

PRL97, 252002 (2006)
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Heavy tlavour cross section

_________________________________________________________________________________

» Comparison between
STAR and PHENIX
32000_ —
E':g B ® dau
. = B B Ausu MB
© Same discrepancy observed 1500l A Aunuct
in Au+Au i N.....k
B . . Audy 0-10% (2002
: B Ausu MB (2002)
~ PHENIX is ~ a factor 2 larger 100017 + y
than FONLL calculations i " O po (2008)
m:_ | T—1 | |
- STAR s ~ a factor > 2 larger L .. FoNL
than PHENIX .
0 p+tp d+Au Au+Au

F. Fleuret - LLR Ecole Polytechnique, France WHEPP X, Chennai Jan 2 - 13, 2008




Heavy flavour R, ,

STAR :PRL98, 192301 (2007)

® RAA comparison PHENIX : PRL98, 172301 (2007)
< T T T T T T T T T
< 0 e STARAu+Au0-5%
R _ dN AA e o Phenix Au+Au 0-10%
AA <y . > N L - STAR hadrons p> 6 GeV/c
co PP

o Consistent R,, observed between
PHENIX and STAR

| ——
—= 1

o The difference observed in p+p and
Au+Au yields is cancelled out in the
ratio.

o At large pT suppression similar to 10"}
that of light hadrons
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Elliptic flow: v,

Within a strongly

interacting medium

- Initial spatial anisotropy
converted into momentum
anisotropy

N
- 4
T —>
& ~
/‘\

- Efficicency of conversion
depends on the properties of
the medium

v2 = 21d foyrier coefficient of

, v,>0 = flow in the reaction plane
momentum anisotropy

v,<0 = flow out of the reaction plane
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Charm tlows

» Large v2 observed

(a)  0-10% central - = Armesto et al. (l)

o Armesto et al. : pQCD calculation with
. . [[] vanHeesetal. ()
radiative energy loss (curve I) - strongly
0 =i 3/(2nT) Moore &
coupled medium. R 1 — 12/(21T) Teaney (Ill)

0.8

o Van Hees et al. : heavy quark transport
calculation including elastic scattering
(curve II) - diffusion coefficient
consistent with estimates obtained in the
light quark sector.

» w0V, p >2GeVic

o Moore and Teaney : (curve III) >
® e&tR,,, et vif

diffusion coefficient similar to II.

e Large energy loss and flow in Au+Au
=» strong evidence for the coupling of B B T
heavy quarks in the medium PHENIX : PRL98, 172301 (2007)  PrlGeVic

o
—
)
(5]
o
)
=)
=~

—
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Quarkonia

Drell-Yan ‘

High-Mass Region
<011m

P R R T

4 5

mass [GeV/cz]
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Quarkonia

» Theoretical context

Matsui and Satz first proposed the study olume 178, rumter 4 PHYSICS LETTERS B 9 October 1980
of quarkonia as a signature of Quark
Gluon Plasma (QGP)

J/y SUPPRESSION BY QUARK-GLUON PLASMA FORMATION *

Phys‘ Lett‘ B 178 (1986) 416 g;,ﬁ'})ts#:m,m Physics, Laboratory for Nuclear Seience, Massachusetts Instituie of Technology,
Cambridge, MA 02139, US4
and
H. SATZ
o o . o o Fakuwlrdy fiie Physik, Universitat Bie, [ [2-4, ielefeld, Fed. Rep. German
. « lf hlgh energ}f heavy 10N CO]llSlonS lead to the and?kﬁjs{;sDeﬁnr?m{jnr. Bmkﬁiv::ﬁ:rigmfgigw:ri:: ﬂpfof .5}'0;1'973{,’5.4
formation of a hot quark-gluon plasma, then Reccived 17.uly 1986
COlor Screenlng prevents CC blndlng ln the If high energy heavy ion uFllisionslzad 1o the formation of a hot quark—-gluon plasma, then colour screening prevents ¢ binding
. . . . . in the deconfined interior of the interaction region. To st; is effect, the temperature ndence o screening radius. as
deconfined interior of the interaction region chisined from atice Q) s compared with (. rais caculied charmonium modelsThe sl 1o e s e
. . . . dearly_in the d_il:mon mass spectrum is ined. It is luded that J/y suppression in nuclcar collisions should provide an
.. ./ . lt ls concluded that J/\P Suppresslon ln unambiguous signature of quark-gluon plasma formation,
nuClear COI]‘lSlonS ShOU'1d prOVlde an Statistical QCD predicts that strongly interacting The basic mechanism for deconfinement in dense
unambigous Signature Of quark_gluon plasma matter should at sufficiently high density undergo a matter is the Debye screening of the quark colour

formation »
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Quarkonia

NAS5O, Eur. Phys. Journal C39 (2005) 335

v 40r
» Experimental context S oof ]
= [\ # Pb—Pb 2000
g 30F
o J/y production in p+A and A+A = I
collisions has been studied at SPS 5%25;
= gof

starting 1986.
~ NA38, NA50, NA60

=
th

=
= .

TTT T T T
|

o Anomalous suppression observed . :
in Pb+Pb (NA50) and In+In "I — o(abs)=4.2mb (GRV 94 LO) -
(NA60) cer.ltral . collisions (high NAIBSU, 200 GeV | 053535675 15 10 o
energy density, high temperature). NABO In-1n. 158 GeV E; (GeV)

NAG0 In-In, 158 GeV | peripheral Mid-central central
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o Different models (with or without
QGP) describe the data

Measured / normal nuclear absorption
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J /I RHIC

» Production
o Main production process : gluon fusion
o Feed-down:
© 60% from direct production
© 30% y. 2 Jd/v+y
10% v 2 J/y + X
o Innuclear matter
« Initial state effects

Y

o Nuclear shadowing (Cold Nuclear Matter Effect)
~ Final state effects
o Absorption in nuclear matter (Cold Nuclear Matter Effect)
o Anomalous suppression (Hot and Dense Matter Effect ?)

» Experimentally
o At RHIC : Vs up to 200 GeV (<20 GeV at SPS)
J/y is mainly measured by the PHENIX experiment
Measure J/y in p+p : used as a reference
Measure J/y in d+Au : to study Cold Nuclear Effects
Measure J/\ in Au+Au and Cu+Cu to study anomalous suppression.

O O O O
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J/ -roduction in p+p

» To be used as a reference for A+A

E T T T T T T e 5
. . £ TSN e ~
O o, in agreement with Color Octet Model RN ;
1 = )
o 1T 1 71 T 3 F 3
O mpe, Olobal scale uncertainty: 10.1% —~ 3 PRL 98, 232002 (2007) n 8
> - ! Wl i ’ 10- E E|
s 10 PHOENK 5 g =
= ' 3 T T F ]
o = N inty: 10.1% ~ r 1
2 4 L . - PHENIX Global scale uncertainty: 10.1% o 07 o Lover Encrgy Moasuroments ’
nl- E 3 L E B PHENIX Run2, PRL92, 051802 (2004) 3
T C 4 L Fropn, + E O PHENIX Rund, PRL96, 012304 (2006) J
g 10'= = e #'..:g.: - ®  PHENIX Runs, PRL98,232002(2007) |
;5 = 3 40— i el = —— COM (GRV98NLO) E
8 107 - ; ------- COM (MRST2001NLO) ;
n'- E E B 2 1 ‘ Il Il Il Il Il |1 | ‘
B 40t @ |yl€[1.2,2.2]; x10 T»ﬁ r
ﬁ 10 ’ ] E| 10 102
- B |y[<0.35 3 20—, T Vs (GeV)
N - ," SL By ->e'e
104 = T | s "%(zgg)ﬁn%.;g?ggom)
Kot un {25
0 4 6 8 s mDouble Gaussian
P, (GeVice) B
| |
0 2 0
y

J/¥ is a hard process = expect in A+A collisions : (c;)ax < <Non>x(05)pp

: dN Y .
In the following, we'lluse R, = by >Af" T (if no nuclear effect R, ,=1)

coll : PP
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Cold Nuclear Matter (CNM) eftects

» Absorption by nuclear matter E T ae——" Projectile
o ; 1 NA5O LI, Be, Al, Cu, Ag, W, 450 GeV
O After its production, charmonium can S o e ey
interact with nucleons from projectile B S0 L T Naso. rorben, 158 Gev
T 4a0F
and target « b g Target
« Introducing L, the « length » of nuclear - AT
matter seen by the J/Y¥ 20 |- — Jhy
O 918 o T8, s i f ”
~ J/V¥ survival probability : s/ v = 3/ normal nuclear *ﬁﬁ
At SPS N 10; absorption curve ¥
O t :Gaus - - 5
‘o 2 4 & 8 10
o Expect some absorption at RHIC L(fm)

. Eskola, Kolhinen, Vogt Nucl. Phys. A696 (2001)
. ShadOWIIlg 1.3 T T IIIIIII TT IIIIIII T Illll T T TTTT]

12 (LHC: RHIC

. T Lo

o Nuclear shadowing is an initial-state

.. . s “ = 2""; 10000§Gey?,<,,.-' - \
effect on the parton distributions. QO e Y
T . 09 L LerTT B Y1
O Gluon distribution function can be eFos T Y
0 0 e LB ay:
different when comparing proton and A s s TS Y 3
- PN RETT B SR AT RN RTTTT M AW RTIT AR AR TTT
nucleus. 10° 10" 10° 107 10! 1

o Expect some (anti) shadowing at RHIC

X is the momentum fraction of the nucleon
that a parton (quark or gluon) carries.
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CNM effects @ RHIC — J/ -1 d+Au

» PHENIX data compatible with : | { PHTENIX
o Weak gluon shadowing ' ]
g i

o Small absorption : M mb
© Need more precise d+Au data IR, j‘::g;;”f

B Do NDSGShadowmg+Ub E“_33 ‘Tmb

0.5

1 m
y arXiv:0711.3917 3| %
> rapidity N
L | T 17T | 1T 1T | 1T 1T ‘ 1T 1T ‘ L - j i
L3 e S __ +11% Global Scale Uncertainty- e PHENIX Data |y}<0.35 (syst ,, , = 10%) |
: : S din — EKSShadowing+o,_, =2477mb 1
1.2 Lkl RHIC K PHENIX | | NS SN2 + 0 10 “, m ]
L T
........... N i -
- o H— os[- 8
c Q =2.25 ch = 0.5 EKS Model __ o PHENIX Data 1.2<y<2.2 (syst - 11%) |
0.6 ; ] . —— EKS Shadowing +o, ,sz_fi‘?n
o 5 L |||||| i1 |||||| [N |||||| | | ||||,|] L L L Gbreakup _ 0,1 ’2 3 5 mb (tOp to bottom) ] %T. NDSG ISP'TKI)(I)VIWIHQ+ °n alc D_:’;'B—LE mb
107 10 | | T Nm [P RET IR TS
o—m‘ o—u_‘ »4—‘ —— Best Fitoy,,,, = 287 mb =
i | | | | | i peripheral mid-central central
Xy > X;5(~0.003) X, ~ X,(~0.02) X, < X,(~0.09) R 0 1 2 3
Jhy North  J/y Central J/y South Rapidity ' m
y>0 y~0 y<o0 i _ ‘
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. . o RAA -
- Similar suppression
in Au+Au and Cu+Cu
at same centrality —
1.4
3
1.2
- larger suppression 1
observed at forward
rapidity in Au+Au o8
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Au+Au and Cu+Cu @ RHIC
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A+A results - comparison SPS .vs. RHIC

» Comparison with SPS results

e - Suppression at RHIC = suppression at
SPS (at mid-rapidity).

* > But cold nuclear matter effects may be
different.

gﬁ B Nuclear modification factor
1

B ® PHENIX, Au+Au, [yle[1.2,2.2], + 7% syst.
- © PHENIX, Au+Au, [y]<0.35, + 12% syst
- & NAS50, Pb+Pb, 0<y<1, = 11% syst.

0.8 { NABO, In+In, O0<y<1, + 11% syst.
- O NA38, S+U, 0<y<1, + 11% syst.

061 @b%
:: k=2 %

0.2— @ @

b bvn b b b b b Py
IB 50 100 150 200 250 300 350 400
N

part

* Including CNM effects
o Lack of precision on CNM effects at RHIC
O -> can’t discriminate between
«  Same anomalous suppression at SPS and RHIC

« Different anomalous suppression at SPS and
RHIC

o > need more precise measurement of CNM
effects at RHIC 2 need more d+Au data

<
q -
oo 1
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i @ '33{:. H
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Interpretations

» Models including anomalous » Rapidity dependence
suppression only o Predict more suppression at central
o  Which reproduce SPS data, rapidity
o Predict too much suppression « Comover density is higher in central
~ Color screening + CNM (1 mb) region
. Comovers + CNM (1 & 3 mb) o Does not reproduce the data
: Ve ~ Data show more suppression at forward
+ Direct production + CNM rapidity than at central rapidity
PHENIX 200 GeV J/y e ]
1.5 T T T @ PHENIX Iyl<0.35
I — Rapp direct m AuAu |y|<0.35 - 0.8 | | EE;N;)( L.z(<|y0|4)<2.2
—— Capella 1 mb <lyl<2.2 | 1 —_— mb (y=
[ - Cwonam s dh1Dayins | <06l - e
— Satz percolation (with CNM added) Q;: \ - -.. - — - Ferreiro y=1.8
1y1<0.35 syst 12% 0.2 [ 1¥1<0.35 syst 12 LI . el

| 1.2<lyl<2.2 syst 7%
L I

1.2<|y|<2.2 syst 7%
PRL98, 232301 (2007)

id R‘Lm
o

]
/Mi

. 08f
¢ -

=
(=)

Illllllll

S 2

2| Global syst 14%

L I 1 I 1 I
0 100

Forward R

0.0

F. Fleuret - LLR Ecole Polytechnique, France WHEPP X, Chennai Jan 2 - 13, 2008



Interpretations

* Models including anomalous
suppression only
©  Which reproduce SPS data,
o Predict too much suppression
« Color screening + CNM (1 mb)
« Comovers + CNM (1 & 3 mb)
« Direct production + CNM

PHENIX 200 GeV J/vy
I I

1.5 T
. — Rapp direct B AuAu |y|<0.35
| — Capella 1 mb m AuAu 1.2<lyl<2.2
— - Capella 3 mb

& dAu1.2<|y|<2.2

Satz percolation (with CNM added)

ly|<0.35 syst 12%
1.2<|y|<2.2 syst 7%
PRL98, 232301 (2007)

F. Fleuret - LLR Ecole Polytechnique, France

400

@)
@)
@)
@)

O

0.8

e
o

e
n

e
o

o
°_|||||||

PRL 92,
PRC 69,

WHEPP X, Chennai

* Adding recombination

Recombination c+¢->J/¥ + g
Njjp o Neg®
Compensate direct suppression

Need better open charm measurement to
better constraint recombination

Measure J/\V flow to check recombination

1.2

— R.Rapp : y=0
— Thews : y=0

—— Bratkovskaya : y=0
— Andronic : y=0

é
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Measuring other quarkonia would help to understand J/¥ : %, V', Y

Futur quarkonia measurements

i
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Conclusions

» Electromagnetic radiations provide a large physics potential
o Photon
« Test of pQCD and initial state effects in A+A collisions
~ Evidence for thermal radiation at low py...
o Dileptons
~  Enhancement in mass range 150 < m,, (MeV/c2) < 750 - vector meson modification in medium...
o Heavy quarks

x Hee(liyy quarks suppression at large pT and heavy quarks flow = coupling of heavy quarks in the
medium...

o0 Quarkonia
« J/¥ suppression similar to SPS results
~ Need to better constraint Cold Nuclear Matter effects
~ Recombination at play ?
o Futur:
O run 7 : Au+Au data taken in 2007 - currently analysing ...
o run 8:d+Au data - currently taking data ...
o  other high-luminosity runs + detector upgrades

* Quark matter 2008
o February 4 — 10, 2008, Jaipur
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