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PHENIX PHENIX ππoo - h - h±±    correlation functionscorrelation functions
p+p p+p √√s=200 s=200 GeVGeV: : PRD PRD 7474, 072002 (2006), 072002 (2006)

d+Au

Trigger on a particle e.g. π0 with transverse momentum pTt. Measure azimuthal
angular distribution w.r.t the trigger azimuth of associated (charged) particles with
transverse momentum pTa. The strong same and away side peaks in p-p collisions
indicate di-jet origin from hard-scattering of partons. For the away distribution
calculate the conditional yield in the peak as a function of xE~pTa/pTt

Corrected for acceptance

σN

σA
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PHENIX-compared measured PHENIX-compared measured xxEE  distribution in p-p todistribution in p-p to
numerical integral using LEP fragmentation functionsnumerical integral using LEP fragmentation functions

LEP

PHENIX PRD 74 (2006) 072002. The xE distribution triggered by a
leading fragment (π0) is not sensitive to the shape of the fragmentation
function!!! Disagrees with Feynman, Field&Fox NPB128 (1977) 1

bq=8.2

bg=11.4
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A very interesting new formula for theA very interesting new formula for the x xEE

distribution was derived by PHENIX in PRD74distribution was derived by PHENIX in PRD74

measured

Ratio of jet transverse momenta

If formula works, we can also use it in Au+Au to determine the relative
energy loss of the away jet to the trigger jet (surface biased by large n)

Relates ratio of particle pT

Can be determinedaka zT
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Exponential Exponential FragFrag. Fn. and power law crucial. Fn. and power law crucial

Fragment spectrum given pTt is
weighted to high zt by zt

n-2

Bjorken parent-child relation: parton and particle
invariant pT spectra have same power n, etc.

Incomplete gamma function
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Latest Latest ππ00 Au+Au PHENIX n=8.1 Au+Au PHENIX n=8.1±±0.050.05
Power Law pT>3GeV/c all centralities n=8.10±0.05

PHENIX, PRL 101,232302 (2008)
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Fit works for PHENIX p+p PRD Fit works for PHENIX p+p PRD 7474, 072002, 072002

New fits. Very nice!
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Now Apply Now Apply EqEq. To (STAR) Au+Au data. To (STAR) Au+Au data

STAR, J. Adams, Fuqiang Wang, et al  PRL 95, 152301 (2005)

4 < pTt < 6 GeV/c <pTt>=4.56 GeV/c pp,  AuAu √sNN=200 GeV
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       =0.48
fit*4.0data*0.6AuAu00-05

        =0.75fit*1.75data*0.6AuAu40-80

       =1.0fit*1.0data*0.6p+p ˆ x h

ˆ x h
ˆ x h

Clear effect with centralityClear effect with centrality

STAR, J. Adams, Fuqiang Wang, et al  PRL 95, 152301 (2005)

• Away jet pTa/trigger jet pTt

decreases with increasing centrality

• consistent with increase of energy
loss (jet imbalance) with distance
traversed in  medium

ˆ x h
AA / ˆ x h

pp = 0.48
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PHENIX PHENIX ππ00-h-I-h-IAAAA PRL PRL104104,252301(2010),252301(2010)

IAA=[dNAA/dxE]/ [dNpp/dxE] ≈ [dNAA/dzT]/ [dNpp/dzT]
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central 0-20% mid-central 20-60%

Separately fit pp and Separately fit pp and AuAu xAuAu xEE((zzTT) distributions) distributions
First, use 1 component fit
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central 0-20% mid-central 20-60%

Separately fit pp and Separately fit pp and AuAu xAuAu xEE((zzTT) distributions) distributions
First, use 1 component fit
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Comparison with CMS-fractional jet imbalanceComparison with CMS-fractional jet imbalance

⇒
⇐

ˆ x h =1− (pT1 − pT 2) / pT1(pT1 − pT 2) / pT1 =1− ˆ x h
130:  pp = 0.255,  PbPb=0.36     : pp = 0.745,   PbPb=0.64ˆ x h

ˆ x h
AA / ˆ x h

pp
                = 0.64/0.745= 0.8591− ˆ x h

AA / ˆ x h
pp                        = 0.141

Need to correct for the large non-zero effect in p-p collisions

arXiv:1102.1957v2
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PHENIX 00-20, 20-60 PHENIX 00-20, 20-60     cf cf CMS centralCMS central

Big difference between RHIC and LHC in this analysis
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2 component fit to 2 component fit to dPdP//dxdxEE  c.f. Ic.f. IAAAA

Head |∆φ-π|<π/6
Shoulder π/6< |∆φ-π|<π/2

PHENIXPHENIX AuAu  AuAu PRCPRC7777,011901(R)(2008),011901(R)(2008)

punchthrough IS
significant

punchthrough not
significant

AAfit

pp
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Two component fit to Two component fit to ππ0-h0-h

central 0-20% mid-central 20-60%
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 ?

2 component fit gives larger imbalance2 component fit gives larger imbalance
for AA-fit component at RHICfor AA-fit component at RHIC

LHC

?
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ConclusionConclusion

RHIC and LHC jet imbalance

(= fractional energy loss?)

Appear to be different in this analysis.

Is it due to a difference in the medium
or to the different pT range?
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Comparison with CMS-balancedComparison with CMS-balanced

Punchthrough or balanced jets
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Comparison with CMS-balancedComparison with CMS-balanced

Punchthrough or balanced jets
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Status of RStatus of RAAAA in  in AuAu AuAu at at √√ssNNNN==200 200 GeV GeV QM09QM09

Exponential enhancement of direct-γ as pT→0 is unique. No
other particle is enhanced except in the region of the ‘baryon
anomaly’. This suggests new physics, i.e. thermal photons.

particle ID
is crucial
different
particles
behave
differently
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