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What have we found at RHIC

A dense form of matter,

with energy densities far beyond the theoretical energy density at
which matter should be deconfined,

with internal interactions strong enough to cause rapid
thermalization so it can be treated as a nearly perfect liquid

There are no numbers in these statements

| will attempt to cover those results that attempt to place
quantitative constraints, and are cross-experimental

| will not attempt to cover all the results that were shown at QM, or
even in the past two days’ highlights of highlights
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The Promise of Jet Tomography

« Simplest way to establish the properties of a
system

— Calibrated probe

— Calibrated interaction

— Suppression pattern tells about density profile
* Heavy ion collisions

— Hard processes serve as calibrated probe

— Suppression provides density measure
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Calibrated Interaction”? Gray Probes

e Problem: interaction with the Wicks et al, Nucl. Phys. A784 (2007) 426
medium so strong that e R LR AR AR
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Update: Color Factors: No shade of gray
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« Higher precision p+p reference:

— Higher suppression of gluons than quarks should lead to higher
suppression of protons and especially antiprotons

— STILL no sign of this, in fact appears to go the wrong way
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Charm/Beauty: No shade of gray

STAR, PRL 98 (2007) 192301 is PHENIX, PRL 98 (2007) 172301
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« Unexpectedly strong suppression of non-photonic electrons a major issue
— Calls into question the calibration of the interaction of the probe with the medium

« Uncertainties in B contribution: need to measure ¢ and b separately
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Update: Electron flow from PHENIX

0.2

2

Lacey et al.:
PRL 98:092301,2007

Drescher et al.:
arXiv:0704.3553

Gavin & Abdel-Aziz:
PRL 97:162302, 2006

Adare et al.:
PRL 98:092301, 2007
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« Higher precision from PHENIX, no longer appears to fall at high p;: where
is the beauty? (kinematic dilution from decay...)

« Potential to constrain n/s, but only if charm and beauty fully identified:
silicon upgrades from STAR and PHENIX

— N.B. This is NOT from pQCD energy loss: which mechanism is valid?
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Calibrated Probe? Electrons in p+p
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« Large uncertainties in non-photonic electrons, even in p+p

— STAR and PHENIX factor of 2 discrepancy in measurements
« STAR: runs 8 and 9 low material (same as PHENIX), PHENIX...?
— Theoretical uncertainties, esp. in b vs. ¢ contribution

* Need to measure ¢ and b separately, in all systems, with precision
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Update: beauty fraction
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« Correlation measurements in STAR and PHENIX constrain beauty
contribution to non-photonic electrons in p+p collisions

» Appears to be that beauty is suppressed, but by how much?

— Still highly uncertain quantitatively: that is the critical question

— Upgrades still sorely needed to measure b and ¢ R,, separately
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Charm cross-section
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« Total charm cross-section updated with new results from STAR in Cu+Cu from DO,
muons from PHENIX, and correlated charm in dileptons from PHENIX

« Critical as input to both J/Psi recombination scenario and dilepton subtraction
* Not well constrained theoretically: uncertainties greatly increased in past year
« Precision will not be reached without upgrades and close look at extrapolations
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Dileptons

« PHENIX dileptons coming into their own with
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Dileptons: NA60 and radial flow

Phys.

Rev. Lett. 96 (2006) 162302
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« Atinvariant mass below 1 GeV, inverse slopes follow radial flow pattern
« Devil's Advocate: Is this just a difficult way to measure radial flow?
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Correlations

Little Bang

Present
(13.7 x 10° years) RHIC data

WMAP data

(3x10° years)

Inflation

« WMAP: 10° level  RHIC: 10" to 10-3level
— One sample — Multiple samples

— Only photons — Multiple probes

- \S/\éﬁlrlé%iﬂned separation of — Model dependence in separation of

sources

« quite a few “two-component” models,
with different components
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History of the Ridge: An-A¢ Correlations

* In Au+Au: broadening of the
near-side correlation in An

« Seen in multiple analyses
— Number correlations at low p;
« PRC73 (2006) 064907
— P; correlations at low p;, for
multiple energies
* Major source of p; fluctuations
» J. Phys. G 32, L37 (2006)
- J. Phys. G 34, 451 (2007)
— Number correlations at
intermediate p;
« PRC 75, 034901 (2007)

— Number correlations with

trigger particles up to 8 GeV/c 4
« D. Magestro, HP2005

* J. Putschke, QM2006 Anof

3 < p(trig) < 6 G(_aV_ - v
2 < py(assoc) < p4(trig) JLL. L
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Phys. Rev. C73 (2006) 064907

mid-central Au+Au
pi< 2 GeV

0.8< p;< 4 GeV
STAR PRC 75(2007) 034901
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Update: the ridge comes into its own

p+p, peripheral Au+Au central Au+Au
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PHENIX: sees a ridge
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PHOBOS: the ridge extends to
very high rapidity
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Sharp turn-on of the ridge
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« At low p; (untriggered), extension in An turns on abruptly
« Scaling between energies points to transverse particle density
« Are there signs of this in other analyses? Not clear (need to beat down v, effect)
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Dihadron correlat

ions wrt Reaction Plane
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Multi-particle Correlations

Unmodified jets Small flow in “jet’-like events
Triggered pt=2GeV, Assoc:’elred pi=2GeV
I_ZO_O_G_eJLAL/_tAL/_&_d_-tAIU v, vl ovents |
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2 < 3' A T1: P S5 GeV : 'l'lbiack%round" eventv, :—*‘—”:i__w.
Sfg T pA G g SR
T ﬂ i A: pr>1.5 GeV / \\
g U
i > N H” H ” HN m \\
! Il
rntouialckdai VA e
2 1 0 1 2 3 45 U |
A¢ 0 2 4 5] 8 10 12 14
impact parameter(b) (fm)
« Multiparticle correlations clearly have the T:3<p<4 GeV Conical emission

. A: 1<p<2 GeV
potential to tell us a great deal Py

- However, complications in two-particle analyses ¢
are amplified in multi-particle analyses 0.6f

— Validity of ZYAM and two-component models?
« May become simpler with higher p; (luminosity)
— Warning: simpler may be too simple

Au+Au 0-12%

2 A5 4 05 0 05 1 15 2
02/29/2008 BNL QM08 Experimental Summary (AD{-AG,)/2 18



Future at RHIC: “RHIC II” or the fb era

STAR HFT
Zg Current Au Run, year 7
701 // —e— Peak Luminosity
60 -Previous-AyRun; ye7.;{4
50 —a— Ave. Luminosity
/ /
30 — —x— Beam Current
10 W

PHENIX VTX ol OO0

One year at RHIC Il ~ 30 nb"

L2 ‘ 30 nb'1*1972 =~ 1 fb! p+p equivalent
e

« RHIC: luminosity + upgraded detectors for precision

— Beauty: last hope for a “grey” probe; needs detector upgrades to both
STAR and PHENIX to isolate from charm

— y-jet: precision probe of energy loss
— Upsilon: precision tests of Debye screening with a “standard candle”
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v-Jet: Golden Probe of QCD Energy Loss

4 ¥

g q
Compton Scattering

« yemerges unscathed from the medium
— Probes deeply into the medium: different surface bias from hadron, dihadron
— Fully reconstructed kinematics: measure real fragmentation function D(z)
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Gamma-Jet: uniqgue capability of RHIC Il
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Update: PHENIX Fragmentation Photons

Integrated near side ratio: Tfrag'h"'-nc

.n-lnu [ T | T 1T | 71T | T T 1T | 71T | T T 17T T T T TT I_
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= 1 200GeV p+p -
= : t >
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107 E
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00 T E e T e e 0
~—— p. (GeVlic)
PH ENIX Ty
« Fragmentation photons a pesky fly in the ointment
— NOT Compton, so should be suppressed like any other hadron
« Good news: contribution appears to be small (~10%)

— Analyses such as these need to be done for precision measurements
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v-hadron: measurement and what we want

(Direct) y triggers v-jet yield Away-side hadrons
< o S5 ' ' '
— - 3<p__ <4GeVic 1+ typical energy loss
] ‘ - = smoothed geometrical suppression |-
X.N. Wang (private comm.) ?"'Cr 0sl- . semi-opaque medium
§ 'S T. Renk - hydro, black core, TA density _-:""'F - A hydrodynamics
U& | geometrical suppression
1 "~ 0.6
== | E.=15GeV
o Y
T04rF * =  E
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o 8 "
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-1|||||||||||||||||||||||||||||||| -
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 Distinguishing power REQUIRES precision

« We are not there yet, but we will be with RHIC |l
Factor of 40 increase in sampled luminosity
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v-hadron in the fb era

Projections for PHENIX
From J. Nagle, Galveston
STAR has somewhat higher statistics

RHIC Il AuAu 20 nb-’

s, Au+Au Away-side y-jet yield, p:- =9-12 GeV/c

RHIC Il luminosity

Away-side y-jet pair yield
3
[+
|

-

]
W
|

Thus, we can measure
PRECISELY the

modification of the 4
fragmentation D(z). 10

gluon radiation

[ | — typical energy loss
—— semi-opaque medium

. . 10-5 = geometrical suppression
Needs RHIC II IumInOSIty- E —— smoothed geom. supp.
B hydrodynamics

1 2 3 4 5 6 7 8 9 10
associated hadron p; [GeV/c]

02/29/2008 BNL QM08 Experimental Summary 24




Quarkonia: J/Psi
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« J/Psi measured beautifully by PHENIX, and now STAR
— Appears to be less suppressed at high p;
« J/Psi v, first attempt: clearly needs more luminosity
« Qverarching issue: what is the mechanism for suppression?
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Counts/500 MeV

Quarkonia: Upsilon

First measurement Run 2006 p+p
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171 Coming soon
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Ultimately RHIC Il precision needed
to study sequential dissociation to

measure energy density of plasma
26



Search for the Critical Point

Tl'.'l e = B0 Gy
2§ [EEV] * Lattice QCD critical point estimates
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garch area cover y low energy scan
[ Search ad by |
Total search area coverad by RHIC facility
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» Critical point search a key part of the RHIC program (~2010)

« STAR is gearing up: will be ready and able to bring its full power towards
correlation measures with the barrel TOF
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Summary and Outlook

We are past the discovery stage, and are taking first steps
towards the quantitative

What do we need to bring this forward?

— Experimental upgrades:
« STAR TOF for fully identified correlations
« STAR DAQ1000 for effective use of luminosity and large datasets
« STAR HFT for full event-by-event topological reconstruction of ¢ and b
« PHENIX VTX for separation of ¢ and b contribution to electrons
— Accelerator upgrades:
« EBIS to allow for U+U: up to halfway towards LHC energy densities
« RHIC Il: currently starved for luminosity, > x10 increase
v-hadron at high precision (whole power is in 0.1 vs. 0.3)
« c and b suppression and correlations to establish mechanism of energy loss
« Upsilonium family: precision measurement of Debye screening
« Challenge: match timeline among upgrades, and also do world-
class Spin measurements
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