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RHIC Run History

“12 years circle”

Beam energy scan

New colliding species

RHIC Run |[Year Species Energy Ldt
Run-1 2000 Au+Au 130 GeV 1 pub-1
Run-2 2001-2 Au+Au 200 GeV 24 pb-1
Au+Au 19 GeV
p+p 200 Gev 150 nb-1
Run-3 2002/3 d+Au 200 GeV 2.74 nb-1
p+p 200 GeV 0.35 nb-1
Run-4 2003/4 Au+Au 200 GeV 241 pb-1
Au+Au 62.4 GeV 9 ub-1
Run-5 2005 Cu+Cu 200 GeV 3 nb-1
Cu+Cu 62.4 GeV 0.19 nb-1
Cu+Cu 22.4 GeV 2.7 pyb-1
Run-6 2006 p+p 200 GeV 10.7 pb-1
p+p 62.4 GeV 100 nb-1
Run-7 2007 Au+Au 200 GeV 813 pb-1
Run-8 2007/2008, (d+Au 200 GeV 80 nb-1
p+p 200 GeV 5.2 pb-1
Au+Au 9.2 GeV
Run-9 2009 p+p 200 GeV 16 pb-1
p+p 500 GeV 14 pb-1
Run-10 2010 Au+Au 200 GeV 1.3 nb-1
——» |AutAu 62.4 GeV 100 pb-1
— » |Au+Au 39 GeV 40 pb-1
— > | Au+Au 7.7 GeV 260 mb-1
Run-11 2011 p+p 500 GeV 27 pb-1
Au+Au 200 GeV 915 pb-1
Au+Au 27 GeV 5.2 ub-1
Au+Au 19.6 GeV 13.7 M events
Run-12 2012 p+p 200 GeV 9.2 pb-1
—” |p+p 510 GeV 30 pb-1
— » |U+U 193 GeV 171 pb-1
——» |Cu+Au 200 GeV 4.96 nb-1
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Energy scan. Global variableti\/dn
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Energy scankRu,

B AuAu, 7, [n|<0.35
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Behavior changes between 39 and 64 GeV
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arXiv:1204.1526 27 GeV analysis is underway
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Energy scan. Flow,,\and v
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200, 62.4 and 39 GeV PID data shows the same walugs. Observed flow is
saturated in this energy range

Number-Constituen-Qarks scaling of vn for identifelharged hadrons observed for
the beam energy range of 39—200 GeV confirms parfmw down to 39 GeV 5



d+Au dataprobing initial state
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d+Au dataJet probes.

Jets are reconstructed at mid-rapidity in d+Au up to 40 GeV/c.
RdA increases for more peripheral collisions at high pT?
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Some trigger bias here?
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d+Au data: First measurementpf

d+Au 0-88% Centrality
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Y’ IS strongly suppressed in dAu
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Very challenging for models!
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U+U collisions. Large eccentricity » > <>

|dentified particles flow v2 in Au+Au and U+U

Flattening of v2 at low pT for (anti) protons in UU
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Strong radial flow in TipTip enriched events...
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Similar radial flow at RHIC and LHC
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Asymmetric Cu+Au collisions

m Asymmetric coordinate space leads to
asymmetric density profile and pressure gradient

m Shower Max Detector (SMD) sees Au-spectator
and defines W,

.
m
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Flow in Cu+Au collisions, yand v

v,x 10

m SMD sees Au-spectators and defidgs
m Sizable yis seen (direction opposﬂe to AMPT)

0.4}

0.3

0.2

0.1

0.0_

0.

IIIIIIIIIIIIIIIIIIIIIIII
i T T T T | T

30-60% (d) ]

b —

Cu+Au |5, = 200 GeV
C ATV, (P smp) g

i}

e

i : + PHENIX

preliminary

( 05 10 15 20 25 30
P. (GeVl/c)

0.4

10.3

0.2

10.1

10.0

0.25'—

o.zoj

~ 0.15

>

0.10

0.05

LI

40-60% (d)_
AT+ -
Jp+p é%
c;'
& O
PH;%-ENIX
AO preliminary

. CU*AU (S, = 200 GeV

3 B » e “1° B

10.25

00 05 10 15 20 25 30

P. (GeVl/c)

10.20

0.15

0.10

10.05

14



J In Cu+Au and Au+Au
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» J/y suppression in Au-going direction is the same as Au+Au
» Cu-going direction stronger suppression than in Au+Au
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Au+Au. Direct photon RAAwith much better statistics
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Number-of-collision scaling is valid over the whole range
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Direct/thermal photon azimuthal asymmetry.
Au+Au, 200 GeV
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Photonsflow! V, is very similar to hadrons! Very challenging for theory.

Does it mean that most of “thermal photons” are produced at later time

when flow is already developed?
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Indeed, thermal photons can flow as much as
hadrons if are produced at the stage when flow Is

already developed
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v-h correlation in Au+Au

ddr Py
i away-side ZT = pTa/th Tas = (I/Ntring/dg)AA
E _ Iﬂ(l/ZT) (1/Ntring/df)pp

m Assoclated particles in three angle ranges are
Integrated

|A@|>5T76 |AQ|>2T73 |AQ|>TU2
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y-h correlation in Au+Au o (1 NurigdN/dE)
Al = (1/NirigdN/dE),,

Low z; away side particles distributed over wider angle
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" A
Raa RHIC energy vs. LHC
m 70 in Au+Au 200GeV 85%, up to 20 GeV/c

m Rising slope in R,: (1.06 +0.34 -0.29% 104(GeV/c)?

0-5% Centrality ®  PHENIX 7 Au+Au 200GeV

’ ®© ALICEh” Pb+Pb 2.76TeV
[PLB 696(2011)30]
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Charged hadrons in Pb+Pb 2.76TeV 0-5%
RAA for both systems look very similar 21




Parton Fractional momentum loss

m Measure fractional momentum lo$y

{/p;) Instead of R,

m Different op,/p; for same R,
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Energy dependence op-/p-

m Op./p; decreases significantly going from 200GeV to

62, 39GeV

1.5

n°, Au+Au 0-10 %
O 39 GeV
] 62.4 GeV
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Non-photonic single electrons

m Heavy flavor electron R, Is a mixture of charm and bottom
contributions

m We really want R, for charm andbottom separately
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Charm and bottom decomposition

m For p+p collisions (b->e)/(b->e + c->e) ratio from
partial reconstruction of Be*"K-/*X
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Bottom contribution becomes dominant above 4 GeV/c
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First direct c/b decomposition
with new SI-VTX detector

m New direct measurement of bottom fraction agredis wi
FONLL
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R, for c>e andT®

m Charm contribution is less suppressed

1.4
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" S
R, for c>e, b>e andTP

m Bottom contribution is heavily suppressed!
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Can radial flow play its role?
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39 — 200 GeV energy scan confirms general features: smooth
change of global variables, jet suppression, flow

High statistics d+Au data give good reference for cold
nuclear effects. Big surprise that)’ are strongly
suppressed

Summary

m Tip-to-tip U+U collisions demonstrate strong radial flow
m Direct photons with much better statistics confirm N

collision scaling for hard process. Thermal photons flow!

Parton fractional momentum loss increases with beam energy
from 39 to 200 GeV — more dense matter is formed

Non-photonic electrons. With new Si-vertex detector can
distinguish Charm and Bottom quarks. For a big surprise,
electrons from Bottom are suppressed much stronger
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