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| Introduction




RHIC site |

Relativistic Heavy lon Collider

n BNL on Long Island, USA
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RHIC has been

exploring nuclear matter

at extreme conditions

over the last decade
2000-2011

4 experiments:

BRAHMS PHOBOS

Colliding systems:
pt+p?, d+Au, Cu+Cu, Au+Au
Energies A+A :
sy = 62, 130, 200 GeV
and low energy scan
7.7,11.5,19.6, 22.4, 27, 39 GeV
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News from RHIC:
U+U, Cu+Au and higher
luminosity (2012)




Physics goals: Mapping out the phases of QCD

Experimental program of Heavy lon Collisions of last
g AL IR Aelo ol ~25 years aims to :

Study QCD matter under extreme conditions of
densities and Temperatures
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Reproduce a phase transition of the early universe at
106 sec after the Big Bang, between hadrons and
quarks and gluons (Quark-Gluon-Plasma)

160 | Lattice QCD  __
I —
! o4
Critical Point 14.0 £ I : S
— 12.0 . —=
Hadron Gas 7
Superconductor 10.0 1 -
Neutron Stars 280 F
900 MeV |
Baryon Chemical Potential 6.0 24 ? HE::SE;
4.0 2 flavour
This plot illustrates propositions and is not proven 20 -
e

by measurement. 0.0

1.0 1.5 2.0 25 3.0 .5 4.0

An energy scan from below Tc up to
well above Tc can reveal the nature
of the phase diagram of QCD
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Il Highlights on selected physics items :

A. Direct photons




Direct photons in d+Au from PHENIX

i (a) Spectra p+p d+Au at|s,,=200 GeV
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PHENIX 1208.1234

- Agreement between 3 different
methods to extract the direct photons
in dAu

- Higher statistics for direct photons in
p+p




Direct photons in d+Au from PHENIX
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PHENIX 1208.1234

- RdAu direct photons pT=1-16
GeV consistent with unity

- Standard cold-nuclear-matter
effects describe the RdAu data at
all pts

- RAuAu consistent with unity at
high pt, while it shows large
enhancement below pt=2 GeV
compared to d+Au

- dAu data indicate that the RAuAu
enhancement is due to a source
other than the initial state nuclear
effects.




B. Jet quenching




Jet reconstruction in d+Au 200 GeV

PHENIX
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M Wysocki, B Sahimueller,PHENIX, QM2012

Jets are reconstructed at midrapidity in d+Au up to pT=40 GeV

RdAu increases for more peripheral collisions at high pT
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RAA of pi0 in Au+Au 200 GeV

Sakaguchi, PHENIX, QM2012
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RAA of pi0 in Aut+Au 200 GeV
compared to ALICE

Sakaguchi, PHENIX, QM2012

RAA 0-5% Centrality B PHENIX x® Au+Au 200GeV
1 @ ALICE h*" Pb+Pb 2.76TeV
- [PLB 696(2011)301
EEE W—
0-1 _l 1 1 I 1 1 1 l | 1 1 l 1 | 1 l 1 1 | l 1 1 1 I 1 1 1 l 1 1 1
4 6 8 10 12 14 16 18 20
P, (GeV/c)

PHENIX pi0 in Au+Au 200 GeV and charged hadrons in Pb+Pb 2.76 TeV 0-5% look
very similar
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Fractional momentum loss

from PHENIX arXiv:1208.2254

10 - ~ 0.45

E a @ F =—s—— Pb+Pb 0-5%, 5(global)=0.3%

C 4 ;_r- 0 4:_ =—g—— Au+Au 0-5%, 5(global)=1.0%
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o (GeVic) -~ Different dpT/pt for RHIC and LHC, for
! same RAA

Measure fractional momentum loss

) . o/ Lo
instead of RAA dpt/pt is 25% higher for ALICE

- dpt/pt decreases slightly with

= increasing pt (where rise of RAA occurs)
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RHIC BES: Energy dependence of
dpt/pt from PHENIX

1.5
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PHENIX 1204.1526, O’Brien, PHENIX QM2012

dpt/pt decreases significantly from 200 GeV to 62.4 and 39
GeV
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RHIC BES: Collision energy dependence of “jet

. » o, . . PRT . 7
guenching” : at which energy is it “switched off” ?
B Central (0-5)% o 7.7GeV
§ Peripheral (60-80)% ' " 11.5GeV
10— 19.6GeV
- 4 : N v 27Gev
- " = TEVTY x 39GeV
. -
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& | o STAR(2003) 200GeV
o
1 :.'. .........................................
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Noar 255 —
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S. Milov, J. Solana, STAR, BES, QM2012
Disappearance of RCP suppression below 39 GeV
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C. Flow
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Breakdown of NCQ-scaling
STAR Beam Energy Scan

— : ' ' . . _ ' '
0-06 B AU+AU 0_800/0 *E-'E.‘- 7] 11.5 GeV Og * x : 62.4 GeV l]’SUb EP‘
n-sub EP Opp. 021 o trpeTd $
I (A)Q;AK_ ) mTve | x _]
[s? 0.04_ A7[+-.'I:- 7] .. 'al-
a . STAR Preliminary | *
X
X 002 ‘8] - — ... .
> L ’ STAR Preliminary ' &
a " apasrt 2
o sptda—3 8 L fT ™
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Vow @V) o Schmah, STAR QM2012

Significant difference between baryon-antibaryon v2 at low energies
Changes in v2 for energies<= 11.5 GeV

NCQ scaling broken at low energies
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Directed flow of protons
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Y Pandit, STAR, QM2012

Proton v1 slope changes sign from + to -
between 7.7 and 11.5 GeV and remains
small and negative up to 200 GeV

v1 slopes of other particles are negative

Net-proton v1 slope shows a minimum
around 11.5-19.6 GeV
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Open Heavy Flavour
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Open Heavy F

-
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0.15%

- First direct c/b decomposition in
detector

lavour in PHENIX

= ® 2012: p+p200GeV , |y| < 0.35 /N PHENIX

= @ PHENIX PRL 103, 082002 (2009) Preliminary
- —FONLLy=0 | e

:_ .......... ‘

.;— /"'

= 1. 90% C.L.

" 1 [ 1 1 I L1 I [ I
1 5 6 7

Electron pT(GeV/c)

p+p 200 GeV using the new vertex

- New direct measurement of beauty fraction agrees with FONLL (M

Rosati, R Nouicer QM2012)

6ubo
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Ripp(c—e,b—e)

0.8

0.6

0.4

0.2

6ubo

Using FONLL shape as

First RAA for charm and beauty
measured in MinBias Au+Au from
PHENIX

PHENIX Preliminary
reference

@] Charm: 200 GeV Au+Au MB =
@] ofF: Au+Au PRC 84, 044905
O Bottom: 200 GoV Au+Au MB

1.5 2

2.5 3 3.5 4

Electron P, (GeV/c)

4.5 5

M Rosati,R Nouicer, QM2012

Beauty->e is strongly
suppressed

Charm->e is less suppressed

RAA for c->e is consistent with
RAA for heavy flavour -> e
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CMS (* preliminary)

PbPb\[S,,y = 2.76 TeV
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= —@— Isolated photon (0-10%) - = -
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| (via secondary J/vy) N | e+ giget (0-5%) [nl<2 N
R P 1L SE *biet(0-100%) i<z
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B ¢ ANE Q
I 06 o Q 1L LX) + !
*&%goo¢ y 4)_ creaactt, .
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™ T T G Roland, CMS, QM2012

b-quark suppression in Pb+Pb
First observation of b-jet suppression at high pT

6ubo

Sonia Kabana, “Latest results from RHIC?”,

25-27 Sept. 2012, Etretat, France
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RHIC vs LHC: Quenching of open charm

The RAA of Charm and Beauty are both suppressed at RHIC and LHC.

* The RAA of D0 at RHIC (STAR) is
suppressed after pT=3 GeV, and is
similar to the RAA of charged hadrons
at pT~6 GeV.

6Ub0i:z.f

| | ! | ! | !

52_— Au+Au— D° + X @ 200 GeV y10+y1T] < 2pTTTTTTTIITT I I T
i o 0-80% | @ 18~ Pb-Pb,s,=276TeV =
n [ !! STAR * 0-10% i 1 6F A
1.5 ---M.He 0-80% — s aF o Average D°,D",D*, |y|<0.5, 0-7.5% 1
n . — M.He 0-5% i T with pp p_-extrapolated reference -
B . . 1.9 o Charged hadrons, |<0.8, 0-10% _]
5 7 . = Charged pions, [|<0.8, 0-10% -
| RV A I IR b S AL DR GAT E
0.5 - . | E
- - ; W"H‘—A E
i ] E
0 | | | | " ]
11 11 I L1 11 l L1l I L1 1l I | I I 1111

0 2 4 6 8 5 20 25 30 é"’:SV/ 40
eV/c
X. Dong STAR QM2012 P, (GeV/c) P, (GeVrc)

K Safarik, ALICE, QM2012

* The RAA of DO at LHC (ALICE) is
suppressed and is similar to the
RAA of charged hadrons at high pT.
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v2 of Non Photonic Electrons from
STAR X. Dong, STAR, QM2012

£0.25 200 GeV, 0 - 60%

[ o PHENIX v,{EP}, PRC 84, 044905
" mv,{2} min-bias

0.2[ ev,{4} min-bias

L xv,{2} High-Tower

1y, {EP E
BT A ¥ E
0.1F ‘*’E l ».|..FL | -

% [8T 8 :
o.os'g'ﬁ ‘ f -

: STAR Preliminary

O.H

P PP P PR AT I T e

1 2 3 - 5 6 7 8
pT[GeV/c:

Finite NPE v2 in Au+Au at 200 GeV 0-60% centrality
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E. Quarkonia
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First measurement of Psi prime in d+Au
from PHENIX

3 1| ® y' PHENIX Preliminary ]
= 1.2 Global Sys + 28.4% —
24 B m J/y Phys.Rev.Lett. 107, 142301 (2011) ]
A Global Sys + 14.6% )
0.8 : § ¥ =
- L . ]
0.6/ -
B ! Factor of >5! -
0.4/ N —
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1y|<0.35 5y =200 GeV d+Au £ A

N I Ll
1

-
h.—
-
(o))
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N

M. Wysocki, D. McGlinchey, PHENIX, QM2012 coll

Psi prime is strongly suppressed in d+Au
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J/Psi in Cu+Au 200 GeV from
PHENIX

S F 0 Iy—uu ' CuAu (gl.'sys. 7.1%)
o - Cu-going 1.2<y<2.2 o+ Au-going 0<% Cu-going -

] Au-going -2.2<y<-1.2 *+¢ 0-5% . central_______ .
- dN A Cu P*
] dn

{ o
o.sl §

>
l=

[ T R =2 R R

I . i i g : {
I A : &
PH ENIX - &
0 plrelllmlln‘aryl L A L 1 l L 1 1 A l 1 L A A
0 50 100 150 200

Number of Participants

J/Psi in Cu+Au is more suppressed in the Cu going
direction as compared to Au going direction
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RAA

J/Psi in Cu+Au and Au+Au from
PHENIX

ﬂ" 7R " CuAu(glsys. 7.1%) -
Cu(d)-going 1.2<y<2. o+ Au-going o< Cu-going A
I . Au-going -2 _2_'.<)_<_:_1.? __________ +¢ 0-5% central - i
' { dAu (gl. sys. 12%) 1 M Rosati, R
. * Au-going =« d-going .
[‘ . E\uku(gl sys. 9.2%) . HOIIIS;
” ¥ CuCu (gl. sys. 8.0%) 7 PHEN|X,
| f | _
o5t § i)} 1 QM2012
+ — -
||. L JL. i
— ; & ..i +‘ 'ﬂ - a
PH ENI & B 5 F
plrelllrr]llnlaryl | L L 1 l L 1 1 L l |
% 100 200 300 300

Number of Participants

J/Psi suppression in Au-going direction is the same as Au+Au

Cu-going direction shows stronger suppression than in Au+Au

6ubo Sonia Kabana, “Latest results from RHIC”, 25-27 Sept. 2012, Etretat, France

28




RHIC Energy scan: J/Psi PHENIX

1:0 B - R,,(200 GeV) PRC 84, 054912 (2011)
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First measure of Y suppression in Au+Au at 200 GeV

from STAR

Rosi Reed, STAR, flash talk, o A
state || J/(18) | x:(1P) | v'(25)

T(1S) w(1P) | T(28) | w(2P) T(35)

= 4.0 1.76 1.640 1.19 11T

poster QM2011 — — .
1T, | 210 1.16 | 1.12
2r : —
- . T(1 S+25+3S)m<0.5—> e'e
1 '8 - - p+p Sys. Uncertainty
1.6 - p+p Stat. Uncertainty
C = oT(1S)— e'e/oT(1S+25+3S)— e'e”
1 -4 ? {15+25+38) . :
a ; = Rpa if only T(18) survives
g 1. Jy p_>5GeV
AR T e
2 -
: o o
= 2 0 ] 1
(14

0_6i— + }]} ...................
0'4;_ STAR Preliminary o _+ _____
0.21 \j_ 200 GeV
OO—I 50 100 150 200 250 300 350 400 450
Npart

® Y(1S+2S+3S) suppression
at central collisions

-Similar suppression
with high pt J/&y

e First measurement of Y’
suppression at RHIC

e RAA at most central point
is in agreement with only
Y(1S) surviving

e CMS Y(1S) suppression in
agreement with suppression
of only excited states

6ubo Sonia Kabana, “Latest results from RHIC”, 25-27 Sept.
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STAR-CMS comparison of Y suppression

v STAR measured Raa of
Y(1S+2S+3S) combined

AA

LI LI LI LI LI L LB LR
[ [ | I | [ [

o 1.4_— PbPb Vsm =2.76 TeV AuAu VS_NN =200 GeV

L 4 CMS:Y(1S) % STAR:Y(15+2S+3S) L . 008
™ 3 h 25 \‘l _— ).'r .2 ’ (-

1o/~ e CMS:Y(2S) lyl<0.5 (preliminary) Raa(TQS 125 1 35)) = 0.56 +0.2175 44
i lyl<2.4 (arXiv:1109.3891v1)
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v CMS: separate Raa for Y(1S)

0.8F- -1 and Y(2S) can calculate Raa
: 0 3 of Y(15+25+39):
0.6 ¢ E
: ’ +: Y28 SY/T(1S
0.2 + + +—
0—1 Ll [ - l L1l l L Ll l Ll 1l l L1l l 1l L l L1l l— RAA (Y(ls+zs+38)) - 0'32
050 100 150 200 250 300 350 400
N . .
e (P part o v Similar Suppression Pattern
50-100% 0-5%

G Breto Rangel, CMS, QM2012
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1l Conclusions and outlook
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Conclusions and outlook

- After 25 years of searches for the QGP we arrived at a culmination point with long

awaited results.

- RHIC BES: Several key sQGP signatures not seen at low energies.
- RHIC experiments STAR and PHENIX enter a new era of high precision measurements

with major upgrades
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In the next few years new data will allow to establish these results and
add to them possible new discoveries at:
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* high energy and low muB

* low energy and high muB (Beam Energy Scan)

to map out the QCD phase diagram
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Thank you very much
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Dielectrons at Au+Au 200 GeV

dN/dMdy (c/GeV)
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STAR Preliminary  Au+Au 200 GeV Central |
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>
3
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Geurts, IV, Thu.; Huang, 3C, Wed.

- elliptic flow measurements

» Low mass enhancement in Au+Au 200 GeV is accounted for by theoretical
calculations of in-medium p broadening.
« Data in central/minbias show hints of charm modifications/other sources in IMR.
» Systematic studies on dielectron production:

- py and centrality dependence at 200 GeV

Zhao, poster #153
Cui, poster #322

Aug. 13th, 2012

Quark Matter 26;12, Washington D.C. X. Dong
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Energy Dependent Dielectron Production

Il Cocktail wio p °o 200 GeV x 200

Sys. Uncertainty @ 62GeV x20
© 39GeVx1
@ 196GeVx0.05

STAR Preliminary
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dielectron invariant mass, M., GeV/c?
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104
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Aug. 13th, 2012

» Systematic measurements of dielectron
mass spectra over a broad energy range.

* LMR enhancement persists down to
19.6 GeV.

* Theoretical calculations of in-medium p
broadening with similar baryon densities
from 19.6 - 200 GeV reproduce LMR

excesses well.

Quark Matter 2012, Wéshington D.C.

In-medium p broadening
R. Rapp: private communications

Geurts, IV, Thu.
Huang, 3C, Wed.

Huck, Huang,
poster #113, 269

1 0 02 04 06 08 1
dielectron invariant mass, M, (GeV/cz)

X. Dong




(ub)

y:

doNdy|

RAA of identified charm from STAR
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- Charm production cross section follows Nbin scaling (2010+2011 data)
- RAA DO in Au+Au suppressed at pT>3 GeV
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Y in Au+Au 200 GeV from STAR
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v Comparison with dynamic model with fireball expansion and quarkonium
feed-down, calculation included variation of initial 7/5 and To

v Results are consistent with complete melting of 3S and very strong
suppression of 2S in central collisions in this model B Trzeciak. STAR

QM2012
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