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Outline:
o HI program at RHIC

o Data collection and Detector Setups

o Selected recent results
Jets, jet-like correlations and medium properties

o Summary and outlook
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Integrated # of events (x 10°)
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PHENIX Detector
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PHENIX Detector - Second Year Physics Run
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STAR Detector
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Time Of Flight(TOF)

Time Proj n
Chamber (TPC)
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Heavy Flavor
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— 2013
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2011+
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This Talk’s Focus UNNERSIT

AT CHICAGO

In vacuum
hadro# leading
hl

particle
Angular correlations (with high p; probes) —Q/Z
q

Early stage (pQCD) probes oo
Interactions of created matter with passing particle ~ "9""® l
Jet quenching
Azimuthal anisotropy . _
Long range correlations in medium p
leading
had
_ | ronf% particle
Control over cold matter effects via d+Au? o= /- i (suppressed )
=z,
I aryy
. . . <
Initial vs. Final state effects? hadrons 71\
suppression
¢
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What are the sQGP signatures? s
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B ° WHDG RHIC Constrained _ " :
I «° WHDG LHC Ex?ra?)to?atign RAA the fIrSt tOOI for Jet
B x° PHENIX 0-5% quenching studies
v hg, PHENIX 0-5% ) / d d
*  hg, STAR 0-5%
) ® hg, ALICE 0-5% —r 1 RAA( pT) — d I;' — pT 7]
1 .. Horowitz & Gyulassy, arXiv:1104.4958 _ TAAd O / ded 77

Colorless probes check N,
scaling: Direct photons

o High p; hadron suppression:
Final state effect in Au+Au

collisions
Observation extends to all accessible
p; range
| | |
0 5 10 15 20 i i i
p, (GeV/c) High density opaque medium
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. UIC
What are the sQGP Signatures?

AT CHICAGO
STAR: PRL 95, 122301 (2005) PHENIX: PRL 98, 162301 (2007)
Partonic collectivity In multiple measurements,
Deconfinement example — v,
03 ®nPHEND) < p (PHEND) ]
m K (PHENIX) O A (STAR) ] AT
KS (STAR) 0 = (STAR) ] (i;—\; x 1+ 2us5c082(p —YR)| + ...
0.2 B baryons | _o ] y
.= i a2 “m ® : . . .
_ e LT T Strong anisotropy in the final state,
> é.__.-'?ﬁ ) including Q2 and ¢!
& : Low p; - mass ordering, consistency
R 2'(G ‘V') R with hydrodynamic calculations
T Higher pr — NCQ scaling
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Jet Quenching
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trigger: 4 < prltrig) < 6 GeV
assoclated: 2 < pr < pritrig)

STAR:
PRL 90, 082302 (2003)

PHENIX
PRC 78, 014901 (2008)
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The discovery plot: disappearance of away gide jet2
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x35

Associated p; dependence:
Recovering the away side
Development of “double-humps” or “shoulders”
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Correlations in 2D — The Ridge
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B1:!

: 3 < P trigger <4 GeV/ Cs e
pt,aSSOC_ > 2 GeV/C Ezgo?._

1503

STAR: PRC 80
g (2009) 064912
£ 4601 -
c 1.
:g’: 450*g ’
440+
aso|
4207 4%
4107

1 g IRTTTE .
100 :

A¢ 2 7 asT
Au+Au central

From not-so-recent results:
Ridge correlated with jet direction
Approximately independent of An and trigger p+
Extends to acceptance boundary and to the highest trigger pr measured
Production mechanisms for jet and ridge differ

Until recent, the ridge open question:

manifestation of the jet quenching or coincidental nuisance?

0
0.5 A

3 45 1
d+Au central
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Azimuthal Anisotropy e
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Early sketch: AN 1 d'N [szv (s )
Reaction ,Z’ prdprdnd¢ 2m p.dp.dn Zf F*m(pf’n) [('?’ m)]

plane y/ ‘

Motivation for “v, fit” :

Cross-talk between data and theory -
X transport model predictions
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FIG. 2: (Color online) Azimuthal anisotropies of hadron spec-
tra v, (pr) (n = 1 — 6) in central (b = 0) Au + Aw collisions
at /s = 200 GeV from AMPT model calculation.
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Long Range Correlation — Fourier Fitsy;

AT CHICAGO
cos(A¢)  cos(2A¢)  cos(3Ad) o Long range correlations near- and

away from the trigger could be
simultaneously described via higher
order v, terms

o Comparison with flow: Au+Au 200GeV, p_ ®p =2-431-2Ge\, ZYAM  PH.'ENIX
:N 1-2: ... 0.00 < p_ < 0.60 GeV/c - Theory (Alver and Roland) . ) S pre“mmary
>n 1 [ ... 250 < p: < 10.0 GeV/c - Theory (Alver and Roland) : -e- 0_ 1 5
e S ot
0.8 — %\ N 005'
- STAR Preliminary S 0
“°F % 2 N NRE.
e e Z :
e Lo g 0.15
N e % 5 01
02— ‘} ‘} ~ 0.05E
- -~ 0
09 50700 750 200 250 300 350 400 Y YR e A e
. 101234 101234
ver and Roland, PHENIX:
PRC 81, 054905 (2010) Ap=¢ - d)mg[ d] oM 2012
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All in Hydro? T
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200 GeV Au+Au collisions

0.2 | |v, == « | RHIC 200GeV, 30-40%
Excellent agreement for PHENIX and STAR: Vo — | fillad: STAR prelim.

V5 ~ V, in central events 0.5 | open: PHENIX
- . - o mn 5=012
v, and higher harmonics ~ centrality 04 | |ve e
independent - origin in fluctuations = ﬂ___-;--'f‘
- - |I|
_ 0.05 L
Centrality and p; dependences of v, well DT . - e e g S
reproduced by hydro calculations R
. _ 0.2 vy ==+ | RHIC 200GeV, 30-40% , &
Precision measurements constrain n/s Vo = | fillad: STAR pralim. . @

0.15 | open: PHEMIX .=

L]
What’s the catch? 01 | |vp e 0/s(T)
Unresolved issue of fast thermalization & o tat £
Long range correlations probe ~10-%4s I VAT s ré“‘%
" 0 T o e yoESR 4

detection - T, . - .

freeze out 0 0.5 1 1.5 2

latest correlation p_l_ [GE l|u|l]

PRL 110, 012302 (2013)
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Hot Top
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Ic: dA (pA) Collisions  yun

AT CHICAGO
Renewed attention to the “reference”
Understanding cold nuclear effects
Understanding initial state in HI collisions
(d) CMS N = 110, 1.0GeV/c<pT<3.OGeWc
CMS
CMS pPD \[S, = 5,02 TeV, N7 = 110 PLB 718, 795 (2013)

RIATLAD)

High multiplicity pp collisions

1<p_<3GeVic

High multiplici'tAS/ pPb collisions
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PHENIX: d+Au Correlations
. OF ILLINOIS
AT CHICAGO
AR AN PHOBOS PRC72 031901
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Ridge in high multiplicity d+Au collisions!
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STAR: d+Au Correlations

UIC

UNIVERSITY
OF ILLINOIS
AT CHICAGO

TPC 50-80%, 1 < p, < 2 GeVlic

S 1<p@e<2GeVic

2
1N, (d*NidAndAg)

o E_ ® FTPC 0-20% ZYAM=0.3155=0.0111
0.025 ;_ 2 FTPC 40-100% ZYAM=0.1074+0.0103
{].025— ..
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20155 7V AM-ed
001 F. Wang
0.005F RBRC Workshop
{15 = '
'0'005:_|||||||||||||||||||||||||||||||
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0.15 < p;"9 < 3 GeV/c

TPC mult. t\‘-,-“
ni<1 ey e

. S »" ‘\‘ 3

s roree o /LN

as centrality !.:\ M$

FTPC centrality, 1 < P, < 2 GeV/c, 1.4<|An|<1.8

0
Ridge i?\ high multiplicity d+Au collisions?
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. UIC
What is Ridge Iin d+Au? e
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PHENIX, arXiv:1303.1794

@ PHENIX, 200 GeV, d+Au, 0-5%, jAnje [0.48,0.7]
[0 ATLAS, 5.02 TeV, p+Pb, 0-2%, [Ane [25]
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Bozek, PRC85 (2012)

d+Au ridge consistent with hydro predictions?
V,/v; depend strongly on initial state
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Initial vs. Final State Effects UAERSTY

AT CHICAGO

Dusling and Venugopalan,

Are we back to the drawing board? ArXiv:1302.7018

CGC/Glasma:
Weak coupling, high
intensity color fields
Long-range correlations — induced by color

fluctuations
High multiplicity events probe rare gluon
. . 0.90 . . —
configurations ol OB 093 GV (ve200 G
' bottom to top: N2, = 3,6,10,14,22
_ o ey RHIC Predictions
Describes multiplicity in pA, dA, AA 084 1

0.82 -

Describes v, for different AA centralities at RHIC
and LHC .

A factor of 2 below data on v, in pPb(?) e R

Ap

0.80 -
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0.85— ¢ PHENIX Au+Au v {EPY/:2™ (/5200 GeV) -

. -OF @ CMS Pb+Pb v (EPY/:™" (5=2.76 TeV) E

PHENIX and STAR Au+Au results: 075 & cHePoPbv@re® (21T |
. . . - . £ + s e ) 3
Quantitative studies of jet quenching 500 N ALIGE mepo (fos 1o o
_ <050 v =

Relevance of partonic DoF > 0.4F ,«»g"’ =
_ _ _ L 3 '3 E
Higher order anisotropies from initial state > H‘%‘% " pyetacews
fIUCtuatlonS 0-15_ A PHENTX: 1303.1794 _i
o — :

10 102 10°
dN_ /cn|

] ] i Common trend for different systems?
Ridge correlations in d+Au

(needs resolution between the experiments)

Systematic measurements of v,/v; pr, energy and centrality
dependence should address the relevance of initial and/or final
state effects
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