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Jets in hot plasmas

pp dijet event in CMS PbPb dijet event in CMS

In-medium jets get quenched and broaden
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1) Matter enters through classical background field; usually assumed: homogeneous, 
infinitely long, static, … 

Jets in hot plasmas

z

t x+x−

jet

L∼
1
E

Aµ(x+, x−,x) ≈ Aµ
matter(x

+,x) + δAµ(x+, x−,x)

Aµ
matter(x

+,x)

How do we treat jet evolution in theory?

〈Amatter(x)Amatter(y)〉 ∼ δ(x− y)
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where

Then any process reduces to computing correlators of the form

G(x2, t2;x1, t1) =

∫ x2

x1

Dr exp

(
iω

2

∫ t2

t1

dt ṙ2
)
Wr

dσ ∼ 〈T
∏

{G,Γ}〉matter

The single particle propagator becomes at high energies

Wilson line along 
forward light-cone

Brownian motion in momentum 
space

vertices
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Jets in hot plasmas

2) Any cross-section is constructed from 

Aµ(x+, x−,x) ≈ Aµ
matter(x

+,x) + δAµ(x+, x−,x)



One can gain analytical insight into the problem; covers all main approaches to jet quenching

Jets decouple more from plasma evolution: less sensitivity to medium properties

𝒪(αs)𝒪(α0
s )

Even with these approximations this is a challenging problem! Focus on lowest order processes

Jets in hot plasmas

“momentum broadening” “medium induced gluon emission”
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Initial jet orientation
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Momentum broadening in anisotropic matter
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The final distribution has the form
Usually a unit operator, but now it acts with  on initial distribution∇

Single particle broadening distribution (when Fourier transformed)

Consider the case of a source with finite width

higher odd moments can be generated, for example

Higher  terms dominate due to diverging potential at large momenta N

Coulomb logarithm

N = 1 N = 2

Self normalized (particle number conservation)

Momentum broadening in anisotropic matter
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The full distribution is written in terms of the angle 
 and parameter θ

gradient effects relevant around peak

depletion of higher momentum modes

Enhancement of higher modes

Some simple numerical results

Momentum broadening in anisotropic matter
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Initial jet orientation
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Radiative energy loss in dense anisotropic matter
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The distribution can be written as

l

Solved!

Expanding to first order in gradients allows to perturbatively compute the spectrum in the form

Radiative energy loss in dense anisotropic matter
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Numerical results, in the harmonic approximation for the in-medium scattering cross-section

Radiative energy loss in dense anisotropic matter
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Jet observables in inhomogeneous matter
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(2π)pjett

dρ(r)

dωdα
= 1− 2π

∫ ω

ωr

dkk ω
dI

dωd2k
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Jet observables in inhomogeneous matter

2004, Armesto, Salgado, Wiedemann

We have now the tools to compute jet observables (at least at leading order in the strong coupling)

Observable 1: jet shape
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Gn =
∑

i∈jet

pit

pjett

g(n)(ri)

Jet observables in inhomogeneous matter

Observable 2: jet angularities

At leading logarithmic accuracy we have gn
σ

dσ

dgndα
=

(∫ 1

gn
Rn

dx

(
ωdI

dωd2k

(pjett )2x1− 2
n g

2
n
n

n

)

θn= gn
x

+
αsCF

π2n
log

Rn

gn

)
e−

αsCF
nπ log2 Rn

gn

gn
σ

dσ

dgndα
=

(∫ 1

gn
Rn

dx

(
ωdI

dωd2k

(pjett )2x1− 2
n g

2
n
n

n

)

θn= gn
x

+
αsCF

π2n
log

Rn

gn

)
e−

αsCF
nπ log2 Rn

gn

n=2 pjett = 50GeV pjett = 100GeV

13

2308.xxxx



dΣ

dθdα
=

∫
d#n1d#n2

〈E(#n1)E(#n2)〉
(pjett )2

δ(cos(θ2 − θ1)− cos(θ))

× δ(α− (α1 − α2))

=

∫
dxdθ1dθ2dα1dα2

dσ

σdxdθ1dα1dθ2dα2
x(1− x)

× δ(cos(θ)− cos(θ1 − θ2))δ(α− (α1 − α2))

dΣ

dθdα
=

∫
d#n1d#n2

〈E(#n1)E(#n2)〉
(pjett )2

δ(cos(θ2 − θ1)− cos(θ))

× δ(α− (α1 − α2))

=

∫
dxdθ1dθ2dα1dα2

dσ

σdxdθ1dα1dθ2dα2
x(1− x)

× δ(cos(θ)− cos(θ1 − θ2))δ(α− (α1 − α2))

10°2 10°1 100

10°1

100

d
ß

d
µd

Æ

Vac.

Æ = º
2

Æ = 0

Æ = º

10°2 10°1 100

µ

1.0

1.5

2.0

R
at

io
to

V
ac

.

10°2 10°1 100

10°1

100

d
ß

d
µd

Æ

Vac.

Æ = º
2

Æ = 0

Æ = º

10°2 10°1 100

µ

1.0

1.5

R
at

io
to

V
ac

.

Jet observables in inhomogeneous matter

Observable 3: ENCs Ideally we would need E3C, but already with EEC we have

pjett = 50GeV pjett = 100GeV
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Outlook

To go beyond we need MC with realistic geometry:

LBT model in equivalent setup to before

very preliminary
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