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A perturbative approach to medium
modification of jet fragmentation



Quark scattering or hadron absorption?
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Quark propagation and scattering, 

Hadronization outside the nuclei

Hadronization inside nuclei

Hadron absorption



Quark Fragmentation Function
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Color Neutralization
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Hard vs soft radiation

2
02

F
dyn S

dE C Q
dx

κ α
π

≡ ≈Dynamic “string tension”:

Static string tension:

q
Q2 >kT

2>Q0
2 kT

2<Q0
2

perturbative non-perturbative

2

2
f

Tk
ωτ ≈

2
2hadr h

T h

E E r
k

τ ≈ =Hadronization time: <kT>~1/rh



⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−+⎟

⎠
⎞

⎜
⎝
⎛=Δ →→→→

⊥

⊥
→ ∫∫ z

zDzP
z
zDzP

z
dzdzD h

hqqgq
h

hqqgq
z

S
hhq

h

)1()(
2

)(
1

2

22μ

π
α

l

l

⎥
⎦

⎤
⎢
⎣

⎡
−+

−
+

=
+

→ )1(
2
3

)1(
1)(

2

z
z
zCzP Fqgq δSplitting function



DGLAP Evolution II
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DIS off Nuclei
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Multiple Parton Scattering
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Multiple Parton Scattering
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Collinear approximation
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Modified Fragmentation
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Twist Expansion
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HERMES data
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Energy Dependence
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Parton Energy Loss
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Energy Loss of A Heavy Quark
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Di-hadron fragmentation function
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DGLAP for Dihadron Fragmentation
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Medium Modified Dihadron
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LPM & kT Correlation
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Azimuthal angular distribution

φ

dNh/dφ

Multiple scattering and induced gluon radiation will 
modified the azimuthal distribution



Jet Quenching in A+A Collisions
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Jet Quenching at RHIC
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Parton Energy Loss

Same-side jet cone remains 
the same for large pT

Hadron rescattering will change 
the correlation between leading 
and sub-leading hadrons 

Low pT enhancement 
implies energy loss



Soft hadrons rings

PHENIX

Stoecker’04
Casalderrey-Solana,Shuryak & Teaney ‘04
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LPM & Cherenkov-like Bremsstrahlung
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Resonances in QGP above Tc?

J/Ψ survives at T=1.6-2 Tc

Asakawa &Hatsuda ’04
S. Datta, et al ‘04

F. Karsch & Laermann ‘03

Could there be other resonances?

Shuryak & Zahed ‘04



Dielectric Constant in QGP
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Flavor of Jet Quenching

Parton recombination



Parton recombination revisited
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Modification due to recombination
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Prospective for Jet Quenching II

• No-trigger bias
– Initial energy
– Surface emission
– Correlation 

background due to v2 
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Conclusions

• Leading hadrons suppressed in DIS eA, 
agrees well with multiple parton scattering

• Hadron absorption likely at lower energies
• Initial gluon density in Au+Au is about 30 

times higher than cold nuclei
• Multiple hadron correlations critical 

measurements



Average Formation Time
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