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m Motivations
+ why prompt photons and how to use them
m Single inclusive spectra
+ pQCD reference
¢ quenching
m v — 70 correlations
* definitions
¢ probing fragmentation functions

[ FA, Aurenche, Belghobsi, Guillet, JHEP 11 (2004) 009 ]
[ FA, hep-ph/0601075 ]
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Schematically

1. Interacting probes
m sensitive to dense medium formation
+ energy loss, Debye screening

m jets / hard pions, heavy quarkonia

2. Non-interacting probes
B gauge “nuclear” effects

+ shadowing / saturation, Cronin effect

m Drell-Yan, W= / Z, prompt photons

Let’'s compare interacting vs. non-interacting probes !
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Two possibilities
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Two possibilities

1. Single-inclusive production

2. Double-inclusive production




Many different photons

m Prompt photons 2
<+ produced in the binary NN collisions

m Thermal photons p, =0(T)
¢ quark-gluon plasma radiation

m Background photons allp,

+ 70 radiative decays



m Direct contribution (“Drell-Yan like”)

a¥aa"

do ~ fPRa) P (22) 6

Qo}— = O (aay)

® Fragmentation contribution (‘jet like”)

o do ~ fP%@1) 7% (22) & Do
= O(aZ) Dy =0 (aas)




m Direct contribution (“Drell-Yan like”)

do ~ fPRa) P (22) 6

QQQ—— = Oloas)

® Fragmentation contribution (‘jet like”)

% D~ do o~ @) @) 6 Dy

= O(aZ) Dy =0 (aas)

The produced medium could — in principle —

affect prompt photon production
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m Distinction between direct and fragmentation through

¢ isolation criteria (w/o hadronic activity)
+ kinematics

m Arbitrary distinction at NLO

o

Fragmentation LO Direct NLO

+ only the sum direct + fragmentation is meaningful and
scale independent



m p p collisions
+ next-to-leading order

+ CTEQS6 parton densities

¢ KKP (7Y) and BFG (v) fragmentation functions
¢ uncertainty given by the scale dependence
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B Somehow stable at NLO

+ optimal scale u,, =~ p, /2
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m Good agreement with PHENIX data
¢ constraints on fragmentation functions
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m Error dominated by the too low statistics
¢ better data coming soon to probe theory ?



m A A collisions
¢ |leading order

¢ only yield ratios AA/pp

+ with/out EKS98 shadowing
+ with/out energy loss



Multiple scattering shifts parton energy from &, to &, — ¢

k, k, —& E
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Simple model for medium-modified fragmentation functions

[ Wang, Huang, Sarcevic 1996 ]
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Multiple scattering shifts parton energy from &£, to k, — e

kJ_ kJ__E B
"
33

' y

Simple model for medium-modified fragmentation functions

[ Wang, Huang, Sarcevic 1996 ]
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[ Baier, Dokshitzer, Mueller, Schiff JHEP 2001 ]
[ FAJHEP 2002 ]
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m Strong suppression at large z
m Pronounced effects for partons £, < w,
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m Strong suppression in the 7% channel

+ rather good agreement with data at large p
¢ let’'s take w, ~ 20 — 25 GeV in the following
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® Good agreement with PHENIX “data”, but ...
m .. .these are “fake” data !
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m Shadowing corrections below p, < 20 GeV
B Pronounced energy loss effects




Parton energy not fixed

Single inclusive spectra in pQCD to leading-order
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do not allow one to determine

m parton energy k, thus the variable z =p, /k,
m medium-modified fragmentation functions



Parton energy not fixed

Need to go beyond single-inclusive production to better

understand the medium-modified fragmentation processes

prompt photon — hard pion correlations

B momentum correlations
B azimuthal correlations
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m To leading-order in o
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m To leading-order in o

PP,

P, |?

= =

allows for the estimate of the fragmentation variable z
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m To leading-order in o

perturbative calculation of correlation distributions

in p p et A A collisions at RHIC
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Constraints

m Wide range in the z__ variable

| . . ocut - cut
+ asymmetric cuts: p<"* < p
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Constraints

m Wide range in the z__ variable

¢ asymmetric cuts: p°** < pj“f
m Reasonable rates
* P < /5/2
m pQCD at work
* piit > AQCD
Agep K PIE < PTY < /s /2

LHC
p™ =5 GeV p‘ji/t = 25 GeV
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® Pronounced effects at large z
m Reflects fragmentation functions




k; =10 GeV

® Pronounced effects at large z
m Reflects fragmentation functions




S pp

L = AuAuo,=0GeV “Pog
5 | AuAucoc=20GeV
L.
10 - o S O O S NS i U
0 0.2 04 0.6 0.8 1

Zyn

® The more asymmetric cuts the better
m Better to increase p°"* to reduce the double fragmentation

Loy
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m Significant effect at RHIC
® Energy loss and shadowing quite different
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B New configurations in momentum space
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B New configurations in momentum space
m Infrared sensitivity at z




[ FA, Aurenche, Belghobsi, Guillet 2004 ]
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m One ~ produced directly, one produced by fragmentation
m Allows for constraints on the rather unknown ~ FF
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[ FA, Aurenche, Belghobsi, Guillet 2004 ]
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m One ~ produced directly, one produced by fragmentation
m Allows for constraints on the rather unknown ~ FF



m Single inclusive production
+ evidence for dense medium formation
+ slight quenching for photons in agreement with PHENIX
¢ limitations

m Correlations v — ¥
+ hopefully efficient to probe fragmentation processes
+ phenomenology at RHIC and LHC



