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Some motivation
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• Learning about QCD in Early Universe (”Big Bang” matter)

• Probing QCD phase diagram (extreme conditions)

• Probing  nuclear structure (probing partons)

• Understanding matter formation (and its evolution)

• …

• Add your favorite option here

K. Rajagopal et al., review, 2018
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Jet quenching formalisms
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the idea goes back to Landau and Pomeranchuk (1953) and Migdal (1956)
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Jet quenching formalisms



Resummation (BDMPS-Z)
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J. Casalderrey-Solana, C. Salgado, lectures (Acta Phys.Polon.B), 2007
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Resummation (BDMPS-Z)
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• Where is the energy loss?

• What about the other phases of matter in HIC? For which phases 
that description works at all? 

• Do we really need all these approximations? Do we learn 
anything in such an oversimplified setup?

Some questions



Gluon emission
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M. D. Sievert, I. Vitev, PRD, 2018



Gluon emission
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Gluon emission
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J. Casalderrey-Solana, C. Salgado, lectures (Acta Phys.Polon.B), 2007
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Gluon emission
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Gluon emission
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Gluon emission
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1

AP exp

0

@�i

LZ

0

d⌧ taprojv
a(r(⌧), ⌧)

1

A



Gluon emission
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iM(p) =

Z

xl
e�i(p�l)·xW(x)J(E, l)

W = P exp

✓
�i

Z
dxµ taproj A

a
µ(r(⌧), ⌧)

◆

we don’t need the LPM phases to get !𝑞

@LW (p,Y) = �p ·rY

E
W (p,Y)�

Z

q
V(q)W (p� q,Y)

hp2i =
Z

p,Y
p2 W (p,Y) = L

Z

p
p2V(p) = Cg4⇢

4⇡
L log

E

µ



Gluon emission

26

G(xL, L;x0, 0) =

xLZ

x0

Dr exp

0

@ iE

2

LZ

0

d⌧ ṙ2
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broadening of the gluon emission kernel

Gluon emission
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broadening of the gluon emission kernel

Gluon emission
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broadening of the gluon emission kernel

Gluon emission
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broadening of the gluon emission kernel

Gluon emission
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Energy loss
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• We have derived the radiative energy loss (in its simplest form)

• Any further jet quenching calculation can be reached from this 
point in a similar manner

• Having the full spectrum in hand, one can study not only the 
energy loss but the whole jet shape modification

• In fact, this is the entry point to the state-of-the-art branch of 
many-body QCD applied to heavy-ion collisions, and, in general, 
energy loss in nuclear matter

Summary
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Notable tension in observations:
• Small systems seem to flow
• No clear signal for jet quenching


