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PHENIX Preliminary

• γdirect: initial hard scattering (relatively) unmodified

• colored partons lose (a lot of) energy

• how? where does it go?

how can we address these questions with the data in hand?
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• two particle correlations

• systematic measurements along with p+p data
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wealth of experimental data of a wide range 
of observables with reasonable precision
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high pT: fragmentation modifications

• RAA differences remain 
even at high pT

• unexpected because:

• protons are 
overwhelmingly from 
gluon jets

• gluons are more 
suppressed because of 
the larger color factor 
(9/4)

5

however the story is not quite so clear...
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• potentially extremely interesting: sensitive to mean free path
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• color singlet proton directly produced within hard scattering

• size of proton decreases with increasing pT: color transparent

• proton exits collision region without interacting, like a direct γ
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Brodsky & AMS PLB 668 111 (2008)

p
uu→pd

u
u

d quark
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• yields: complementary to RAA measurements

• shapes: ridges? shoulders?

• measurements with identified particles discriminate 
between production mechanisms

10
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π0-h γdirect-h

g,q interact strongly γ don’t interact strongly

no surface biassurface bias

pT,π0 < pT,jet pT,γ ~ pT,jet

away side more likely
to be quark: 

q + g → q + γ
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measured γdirect spectra 
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π0 decay kinematics
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γ-h: away side suppression
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zT = pT,hadron / pT, trig

γdir: pT,trig ~ pT,jet
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in medium fragmentation function

• p+p: b= 6.89 ± 0.64

• consistent with quark 
fragmentation (b=8)

• Au+Au:  b = 9.49 ± 1.37
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γdirect-h:  Au+Au
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γdirect-h:  Au+Au
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STAR Preliminary

• IAA nearly flat with zT

• slight softening at lower zT

• better low zT data needed



Quark Matter 2009                             Anne M. Sickles                             March 31, 2009  

IAA: π0-h & γdirect-h
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IAA: π0-h & γdirect-h

• no significant difference between π0-h and γdir-h suppression
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IAA: π0-h & γdirect-h

• no significant difference between π0-h and γdir-h suppression

• just how important is the π0 surface bias?
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IAA: π0-h & γdirect-h

• no significant difference between π0-h and γdir-h suppression

• just how important is the π0 surface bias?

• zT>1 is potentially very interesting, not allowed at leading order
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π0-h: varying the geometry

20

in plane
out of plane
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π0-h: varying the geometry

• high pT di-jet cross the nuclear overlap
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π0-h: varying the geometry

• high pT di-jet cross the nuclear overlap

• not a completely black core
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π0-h: varying the geometry

• high pT di-jet cross the nuclear overlap

• not a completely black core

• role of fluctuations in energy loss?
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near side

21
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near side

• for both π0-h and γdirect-h near side consistent between p+p and Au+Au
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near side

• for both π0-h and γdirect-h near side consistent between p+p and Au+Au

• room for slight excess in π0-h 
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jet physics with heavy flavor

22
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jet physics with heavy flavor

• heavy flavor tagged jet production: NLO important eHF 
not necessarily balanced by back-to-back heavy quark

22
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a warning!

23

• jet signal in heavy ion sits on a 
large combinatoric background

• S/B ~ as low as1% or less

• with low statistics ZYAM has large 
uncertainties

• worse: biased toward downward 
fluctuations

Cu+Cu 0-20% eHF-h
3<pTe<6GeV/c

0.15 < pTh < 0.5GeV/c
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a warning!

23

• jet signal in heavy ion sits on a 
large combinatoric background

• S/B ~ as low as1% or less

• with low statistics ZYAM has large 
uncertainties

• worse: biased toward downward 
fluctuations

<1σ ZYAM error

better way: absolute background 
subtraction (PRC 71 051902 (2005) & 
PHENIX Au+Au results shown here)

Cu+Cu 0-20% eHF-h
3<pTe<6GeV/c

0.15 < pTh < 0.5GeV/c
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summary

• significant differences remain in RAA of identified 
particles at high pT

• very interesting, not understood

• γdirect-h ~ π0-h on the away side

• sensitive to details of energy loss (along with 
RAA and reaction plane dep. results)

• not sensitive to the ridge and shoulder with 
current uncertainties

• heavy flavor jets, first results

24
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experimental parallel talks

• C. Chen: Jet Correlation Observations from the PHENIX Experiment to Provide Information on Energy Lost by 
High-pT Partons

• R. Wei: High pT Measurements of Reaction Plane Dependent Jet-suppression and Azimuthal Anisotropy in Au+Au 
Collisions at sqrt(sNN) = 200 GeV at PHENIX

• M. Connors: Direct Photon-Hadron Correlations Measured with the PHENIX Detector

• A. Hamed: Direct Gamma - Charged Hadron Azimuthal Correlation Measurements from STAR

• A. Hanks: Measurements of Photon Fragmentation and the Flavor Dependence of Jet Fragmentation with the 
PHENIX Detector

• Y. Xu: Measurements of K0 and K+/- Production at High pT up to 15 GeV/c at STAR as a Probe for Jet Flavor 
Conversion at RHIC

• A. Timmins: Strangeness Production in Heavy-Ion Collisions at STAR

• T. Engelmore: Heavy Flavor Production and Energy Loss with Two-Particle Correlations at RHIC-PHENIX

• B. Biritz: Non-photonic Electron-Hadron Azimuthal Correlation for AuAu, CuCu, and pp Collisions at sqrt(sNN) 
= 200 GeV

• A. Adare:  High pT jet correlations as a probe of the QGP (poster)

25
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<z> from PYTHIA

26
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how would you test this?
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Brodsky, AS
PLB 668 111 (2008)
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how would you test this?

• can also make strange baryons: signature balancing strangeness will be on in 
recoil jet

• in contrast, in hard fragmentation picture: balancing strangeness will be close, in 
same jet

27

uu→Σ+s
u

u

s

Σ+

Brodsky, AS
PLB 668 111 (2008)



Jörn Putschke for the STAR Collaboration, QM09, Knoxville

Di-jet triggered (2+1) multi hadron correlations

28

T1: pT>5GeV/c

T2: 4<pT<5GeV/c

A  : 1.5<pT<4GeV/c

“jet-axis”
trigger (T2)

primary
trigger (T1)

associates

associates

Transverse charged hadron momentum sum: 

Δ=∑pT(near)-∑pT(away)

∑pT=∑pT,assoc+pT,trig

Δ(AuAu)=1.50±0.31 GeV
Δ(dAu)=1.64±0.35 GeV

• No energy loss in AuAu for “symmetric” 
2+1 correlations beyond kinematic observed

• Yields and Δη, Δϕ widths comparable
for “asymmetric” 2+1 correlations

T1:    8<ET<15 GeV
T2:    4<pT<10 GeV
A1: 1.5<pT <10 GeV

Au+Au
“asymmetric” trigger selection

Kolja Kauder, 5A

Statistical errors only!`

 Same side T1
Away side T2

- - - -   
Background

“symmetric” trigger selection

Au+Au
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dihadron correlations

29
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 ZYAM Statistical Uncertainty 31

Simulation Simulation

σb0

Bin Methods typically use 
statistical error of points 
(not a real estimate)

Proper Error Calculation:
- Toss new C(Δφ) against measurement(fit)
- Fit new C(Δφ) (fit method only)
- Extract b0, & repeat

Scatter of b0 in tossed C(Δφ)s is the estimation
of statistical error

 

Donʼt trust ZYAM 
yields without this

error bar!

M. McCumber February 2008
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Simulation

Simulation

Simulation

Simulation

Binned ZYAMs deviate significantly from true value at low sampling rates
Fit method deviates most slowly (no effort to recover failed fits made here)
These jet shapes show only minor effects on

ZYAM applied at sufficiently low statistics requires an additional systematic!
(this is usually not never done)

M. McCumber February 2008
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