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Jet tomography

• Jets see the matter in HIC at multiple scales, and essentially X-ray it;

• The existing jet quenching theory is based on multiple simplifying assumptions: 
large parton energy, static matter, no fluctuations, etc;

• There is a very recent progress on the medium motion and structure effects in 
jet quenching and this is the focus of this talk;

• The developed formalism can be also applied to include orbital motion of 
nucleons and some of the in-medium fluctuations to the energy loss in cold 
nuclear matter;
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ĝ V (x) ·r dN (0)

d2xdE

)

Jet broadening
inhomogeneous matter

E
dN (0)

d2p0dE
=

1

2(2⇡)3
|J(p0)|2 = f(E)�(2)(p0)

⌦
p p2?

↵
' �2 LrT

2T

µ4

E

✓
log

E

µ

◆2



⌦
p p2?

↵
' �2 LrT

2T

µ4

E

✓
log

E

µ

◆2



Color potential

gAµa
ext(q) =

X

i

eiq·xi tai u
µ
i vi(q) (2⇡) �

�
q0 � ~ui · ~q

�

the fluid velocity

pp− q

q

J

inhomogeneity

the initial 
distribution



iMn(p) = e
�i

✓
u·p� p2?

2E

◆
L
Z

d2p0

(2⇡)2
Gn(p, L;p0, 0) J

�
E � u · (p� p0),p0

�
,

Jet broadening



17

uniform matter
Jet broadening

⌦
p2k? p

↵
=

Z
d2p d2r

(2⇡)2
p2k? p e�ip·re�V(r)L = 0 +O

✓
?

E

◆
Eikonal approximation -- E ! 1

Opacity expansion -- � ⌘ C g4⇢

4⇡µ2
L ⌧ 1

⌦
p2k? p

↵
' � u

2E
C⇢L

Z
d2p

(2⇡)2
p2k+2
?


E
f 0(E)

f(E)
v(p?)

2 + p2?
@v2

@p2?

�

E
dN (0)

d2p0dE
= f(E)�(2)(p0)



hpi ' 3�u
µ2

E
log

E

µ



19

• Opacity 𝜒 ≈ 4
• 𝑢 ≈ 0.7 (about 𝜋/4 to z-axis)
• 𝜇 = 𝑔𝑇 with 𝑔 ≈ 2 and 𝑇 ≈ 500 𝑀𝑒𝑉

What jet energy corresponds to 𝜃 ≈ 1!?

𝐸~50 GeV
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Summary

• Jets do feel the transverse flow and anisotropy, and get bended;

• The transverse flow and anisotropy do affect the medium-induced radiation, 
bending the substructure of jets;

• These effects can be in principle probed in experiment, leading us towards actual 
jet tomography;

• One should also expect similar evolution-induced effects for the other probes of 
nuclear matter;


