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Outline

n Motivations

u why prompt photons and how to use them

n Single inclusive production

u pQCD spectra in p p
u photon quenching in Au Au

n Photon-tagged correlations

u accessing medium-modi�ed fragmentation functions

[ FA, Aurenche, Belghobsi, Guillet, JHEP 11 (2004) 009 ]
[ FA, JHEP 09 (2006) 015 ]
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Hard probes

Schematically

1. Interacting probes

n modi�ed by the dense medium

u jets
�

hard pions, heavy quarkonia

2. Non-interacting probes

n gauge “nuclear” effects (shadowing, Cronin effect)

u Drell-Yan, W�
�

Z, prompt photons
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Hard probes

Schematically

1. Interacting probes

n modi�ed by the dense medium

u jets
�

hard pions, heavy quarkonia

2. Non-interacting probes

n gauge “nuclear” effects (shadowing, Cronin effect)

u Drell-Yan, W�
�

Z, prompt photons

Let's compare interacting vs. non-interacting probes !
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Strategy

Two possibilities to compare:

1. Single-inclusive interacting vs. non-interacting

π γ

2. Double-inclusive interacting–non-interacting

γ π
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Terminology

Many different photons

n Prompt photons p? � � QCD

u produced in the binary NN collisions

n Thermal photons p? = O (T)
u quark-gluon plasma radiation

n Background photons all p?

u mostly � 0 radiative decays

http://cern.ch/~arleo
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pQCD

n Direct contribution (“Drell–Yan like”)

d� ∼ f p,A
i (x

1
) f p,A

j (x
2
) �̂

= O (� � s)

n Fragmentation contribution (“jet like”)

d� ∼ f p,A
i (x

1
) f p,A

j (x
2
) �̂ Dγ/k(z)

= O
�
� 2

s

�
Dγ/k = O (� � s)

Both contribute to the same order in the perturbative expansion
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pQCD

n Direct contribution (“Drell–Yan like”)

d� ∼ f p,A
i (x

1
) f p,A

j (x
2
) �̂

= O (� � s)

n Fragmentation contribution (“jet like”)

d� ∼ f p,A
i (x

1
) f p,A

j (x
2
) �̂ Dγ/k(z)

= O
�
� 2

s

�
Dγ/k = O (� � s)

The produced medium could – in principle –

affect prompt photon production
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Direct vs. fragmentation

n Exp. distinction between direct and fragmentation through

u isolation criteria (w/o hadronic activity)
u kinematics

n Arbitrary theoretical distinction at NLO

Fragmentation LO Direct NLO

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

http://cern.ch/~arleo
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Proton-proton spectrum
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n Good agreement between NLO pQCD and PHENIX data

u invaluable constraints on fragmentation functions
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Data over theory
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n Error dominated by the too low statistics

u hopefully better data to further constrain pQCD ?
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Nucleus-nucleus collisions

n No real predictivity of pQCD in heavy-ion collisions

n Strategy

u let's stick to leading order accuracy
u only quenching factors are computed

R
AA

(p? ) =
dN

AA

dp?

,
T

AA
� pp

dp?

u with/out nuclear shadowing (as given by EKS98)
u with/out parton energy loss in the dense medium in the

parton-to-photon fragmentation process

http://cern.ch/~arleo
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Model

n Multiple scattering shifts parton energy from k? to k? − �

k? k? − � E

n Simple model for medium-modi�ed fragmentation functions

[ Wang, Huang, Sarcevic 1996 ]

zD med
γ/k (z; � ) =

Z (1 � z)k?

0
d� P(�; k? ) z� Dγ/k(z� ; � )

with z� =
E


k? − �
=

z
1− �=k?
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Quenching weights

[ Baier, Dokshitzer, Mueller, Schiff JHEP 01 ]
[ Salgado, Wiedemann PRL 02 ]

[ FA JHEP 02 ]
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Medium-modi�ed fragmentation functions

10
-1

1

10

10 2

10 3

10 4

0 0.2 0.4 0.6 0.8 1
z

D
π u 

( 
z 

, M
F
 , 

k T
 )

D γ / u 

ωc = 0 GeV

ωc = 10 GeV

ωc = 20 GeV

kT = 10 GeV

n Strong suppression at large z
n Pronounced effects for partons k? . ! c
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n Isospin effect not negligible !

n Less quenched than neutral pions (remember Rπ0 ' 0:2)
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n Isospin effect not negligible !

n Less quenched than neutral pions (remember Rπ0 ' 0:2)
n Good agreement with PHENIX data
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Limits

Parton energy not �x ed in inclusive production !

Single pion spectra in pQCD to leading-order

d� π

d p? dy
=

X

i,j,k= q,g

Z
dx

1
dx

2
f p

i (x
1
; M )f p

j (x
2
; M )

×
�

� s(� )
2�

� 2 db� k
ij

d p? dy
dz
z2 Dπ/k(z; M

F
)

do not allow for the determination

n parton energy k? thus the variable z = p? �
=k?

n medium-modi�ed fragmentation functions
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Limits

Parton energy not �x ed in inclusive production !

Need to go beyond single-inclusive production to better

understand the medium-modi�ed fragmentation processes

prompt photon — hard pion

momentum correlations
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Limits

Parton energy not �x ed in inclusive production !

Need to go beyond single-inclusive production to better

understand the medium-modi�ed fragmentation processes

prompt photon — hard pion

momentum correlations

. . . why that ?

http://cern.ch/~arleo
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Correlations

n To leading-order in � s

γ π k ? ' −p? 
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Correlations

n To leading-order in � s

γ π k ? ' −p? 


n Momentum imbalance

z
 � ≡ −
p? �

:p? 


|p? 

|2 ' z

allows for the estimate of the fragmentation variable z
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Correlations

n To leading-order in � s

γ π k ? ' −p? 


perturbative calculation of correlation distributions

in p p et A A collisions at RHIC and LHC

http://cern.ch/~arleo
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Kinematic cuts

Constraints

n Wide range in the z
 � variable

u asymmetric cuts: pcut
? �

� pcut
? 


n Reasonable rates

u pcut
? 


� √
s=2

n pQCD at work

u pcut
? �

� �
QCD

� QCD � pcut
? �

� pcut
? 


�
p

s=2
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Kinematic cuts

Constraints

n Wide range in the z
 � variable

u asymmetric cuts: pcut
? �

� pcut
? 


n Reasonable rates

u pcut
? 


� √
s=2

n pQCD at work

u pcut
? �

� �
QCD

RHIC
pcut

? �
= 3 GeV pcut

? 

= 10 GeV
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Kinematic cuts

Constraints

n Wide range in the z
 � variable

u asymmetric cuts: pcut
? �

� pcut
? 


n Reasonable rates

u pcut
? 


� √
s=2

n pQCD at work

u pcut
? �

� �
QCD

LHC
pcut

? �
= 5 GeV pcut

? 

= 25 GeV
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Probing fragmentation at RHIC

[ FA JHEP 06 ]
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n Pronounced effects at large z
n Pretty looks like fragmentation functions
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Probing fragmentation at RHIC

[ FA JHEP 06 ]
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Probing fragmentation at RHIC

[ FA JHEP 06 ]
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n The more asymmetric the cuts, the better
n Better to increase pcut

? 

to reduce the double fragmentation
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Higher-order corrections
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n New con�gur ations in momentum space

n Infrared sensitivity at z
 � . 1
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Higher-order corrections
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Diphoton at LHC

[ FA, Aurenche, Belghobsi, Guillet JHEP 04 ]
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Summary

n Single inclusive production

u slight quenching for photons in agreement with PHENIX
u do not really probe the medium-modi�ed dynamics

n Photon-tagged correlations

u hopefully ef�cient to probe fragmentation processes
u phenomenology at RHIC and LHC

http://cern.ch/~arleo
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Ingredients

n p p collisions

u next-to-leading order
u CTEQ6 parton densities
u Bourhis-Fontannaz-Guillet fragmentation functions
u uncertainty given by the scale dependence
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Scale dependence
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 quenching at LHC
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Counting rates
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Additional constraints

n leading-order in � s (2-body kinematics)
n mid-rapidity production: y
 = y� = 0
n photon produced directly: p? 


= k?
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Direct vs. fragmentation

n Distinction between direct and fragmentation through

u isolation criteria (w/o hadronic activity)
u kinematics

n Arbitrary distinction at NLO

Fragmentation LO Direct NLO

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