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\ 4
High energy density

thermalized,
strongly interacting
partonic matter ?

Probes that indicate equilibrated nuclear matter
with & > 1 GeV/fm? are of particular interest
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Why Is the correlation probe so compelling?

Jet Function

Correlation Function
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Azimuthal Correlations Provide Direct Access to the Properties
of the High Energy Density Matter Created at RHIC
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What information do

correlation measurements provide?

V2:

» reliable pressure estimates  ;_
» thermalization

» transverse dynamics of the

medium
> EOS

** A direct route for the study of jets:

Reaction Plane Transverse Plane

e Characterization of Jet Topologies in pp, dA & AA
* Quantification of Medium Induced Modifications to
Topologies
= Crucial for study of the properties of the
medium

e Tomographic Imaging of Hot and Dense Partonic Matter

)

Simultaneous Study of Harmonic and Jet Correlations is Crucial
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High Energy density matter

created at RHIC!

Extrapolation From E
Distributions
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The Energy Density is Well Above the
Predicted Value for the Phase Transition !



Is the energy

Extrapolation From E

thermalized? Distributions I P :pz.(ﬁ% )
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Substantial Signals Attributable to Flow are observed ?
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Probing the hydrodynamic

origin of v2 via scaling relations

Scaling Tests
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A novel type of scaling: Fine Structure Scaling
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Look for scaling in
the whole wealth
of available v2 datal
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Fine structure scaling at RHIC?
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Extended Fine Structure scaling: higher harmonics

o W) 1o vy, -V,
o (W)

Va4 (%)

Au+ Au /s, =200 GeV
® h (STAR)
@ V,scaled

STAR data:
nucl-ex/0409033

TER: *

8
TN
e
X
]
..
“
) > 3 4 5
(vr)°

Universal scaling prediction!
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How unique is this matter?
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D-'SIIII IIIIIIIIIlI D-3 IIIIIIII |IIIIIIIII|IIII
| (a) ] L [b]
| @ <p=04GeVic Ve, (GeV) | =6 \[5 = 200 GeV {PHENIX)
R _‘_{pT?'ﬂ 75 GeWic 624 (open) J L —.—'43:262.4 Ged' (PHEMIX)
130 (filled grey)
- M= 135GeVIE 00 (fined) - - —m— 5. = 17 GeV (CERES) 1
0.2 g 0.2 - _
i ++ﬁ o ¢+¢ ¢
™ i i ™
> ™) > | &
- . ] o
L - ] !
oa| AfAny 1 oal *++ CERES |
R . 1 -& ﬂ L .- 4
ME!' A E I J i
L PHENIX prellmlnary
i!
PHENIX prellmlqary [ | U 11 1 1 I L1 1 1 | L1 1 1 I | I | | 11
0 100 200 300 0 1 2 3 4 5
<N..+ p, (GeV/c)

Results are strikingly similar for /Sy =62.4, 130 & 200 GeV

V, decreases by ~ 50% from RHIC to SPS

Significantly larger pressure (gradients) at RHIC than at SPS
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The fireball rapidly expands Au+Aus=200GeV ©*r*/n'w" Short & Long-range
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Evidence for strongly interacting matter is compelling! 15
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Diagnostic Probe for the strongly interacting medium: Jets

Fragmentation:

7 = phadron <

R
*
*
n L 2 “
o*
*
*

P parton

Jets are Remarkable Probes for this High-density Matter
- Auto-Generated on the right time-scale
- Calibrated
+ Calculable (pQCD)
* Accessible statistically via correlations in Au+Au

13
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Jet Correlations

Observable_> <kL2>AA — <kl2>vac + <kL2>IS nucl + <kJ_2>FS nucl

14
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Calibrated Signal E]. A= Prung® GeVie
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Extracted Di-jet properties similar for both systems
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Decompostion Motivation
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Au+Au: Asymmetries and Anisotropies -> Need for Decomposition
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ZYAM Decompostion of

Correlation Function

nucl-ex/0501025
Two source model : Flow (H) & Jet (J)

Correlation Function Harmonic Jet Function
f_JH N N

C(Ag) =a,| H(Ag)+ J(Ag)

Jet Function

3(Ag) = [C(a9) —aaoH (A9)]

a, is obtained without putting any
constraint on the Jet shape by requiring

‘J (A¢min ) — O

i.e. Zero Yield At Minimum
(ZYAM)
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Extracting Yields from

Correlation Functions

Two Source Model

Correlation Function [ Harmonic ] H (A¢) =1+2 P COS(2A¢)
C(Ag)  =a| H(Ag)+ p, =V xvE

set-pair Fraction:  JPF =) a,J(A¢g)1 > C(Ag)

— Eff. Corrected pair rate

Efficiency corrected ¢y = JPF x
Conditional yield (CY): Eff. Corrected

Singles yields

Efficiency corrected
Conditional yield (CY): n*xnt /——

18

RBRC workshop, W. Holzmann



SHNPIEW N ESINO WeNEEIPA 5| yc line: input jet-function obtained from
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Input jet extremely well recovered!

RBRC worksh
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Simulation Test of Ansatz: Unusual Jet shapes
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Input jet faithfully recovered even with unusual jet-shapes!2 ,
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Application of ZYAM Method to PHENIX Data
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ZYAM subtracted pairs per trigger: 1/N* dN*E(di-jet)/d( Ad )

Subtracted jet-pair

distributions

AU+AU Sy = 200 GeV; 1<p?, .., <2.5<p; <4 GeVic

(@) 0-5% (b) 5-10%
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........

Significant Broadening and Strong

Modification of away-side Jet observed!

(Folded into O-7)

How crazy are those shapes?

Wake effect or “sonic boom”

‘hep-ph/0411315
/Casalderrey-Solana,

Shuryak,Teaney
2 nucl-th/0406018 Stoecker

Correlations of Jets
with flowing medium

hep-ph/0411341
Armesto,Salgado,Wiedemann
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Extracted Jet Yields and Widths
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Compelling Evidence for Modification of Jet-Properties
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Flavor dependence of jet-yields

Centrality dependent ratio of jet-yields
for associated mesons and baryons

Au+Au ,¥s,, = 200 GeV 1.0 <Progee ©2.5< Pruig < 4.0 GeVic
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Observed baryon to meson ratio is higher for away-side jets

Flavor dependent in-medium modification? .
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Possible Emerging Picture

High Density
Thermalized partonic ;‘{""u.gcone
material formed early N

Hard Scattered Partons
Traverse rapidly expanding

partonic material
-2 Jet-modification (early) & v2

Correlation measurements suggest compelling evidence
for strongly interacting high energy density matter

not heretofore seen!
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The Next Step: Flavor Permutation

PHENIX Preliminary Au+Au 200 GeV
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Extensive Range of studies currently being finalized
(... Stay tuned for OM2005) 26

RBRC workshop, W. Holzmann



Towards determining the mechanistic origin of modification

Au+Au, Centrality = 3-50% , 2.5<p. mg{-ﬂf GeVic
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Reaction Plane Dependent Decomposition of flavor permutations

might yield the answer!
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