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I. INTRODUCTION



Motivation of this work

In vacuum we know the jet evolution in virtuality

In medium we know the jet evolution in time

Consistent way to combine virtuality and time evolution of medium jets



Motivation of this work

, collisional energy loss, conventionally believed to be small

, transverse momentum broadening, jet quenching parameter

, enhanced production of  pairs, a new transport coefficient?
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Modeling the nuclei

We study 

Nucleons are consider to be uncorrelated (Glauber model)

The jet is created by a hard collision among 2 nucleons

The effect of the other nucleons is modeled by a classical field

A + A → Jet + γ + X



II. FACTORIZATION OF JET 
CROSS SECTIONS IN 
HEAVY-ION COLLISIONS



Factorization of the cross section
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Cross section divided into jet and hard vertex sectors

Formula still not factorized
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We must include a factorization scale that separates two regimes

• For  the jet function factorizes 

• For  the jet function cannot be factorized
mI ≪ p+
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mI ≳ p+
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The jet function

dσ
d2bdod2pγdηγ

= ∫ d2XTA1
(X)TA2

(X − b)∫ dΓ ̂pI

d
do

J(n̄ ⋅ pI, ⃗n; X)
dσh

dΓ ̂pI
d2pγdηγ

(PA1
, PA2

; ̂pI, pγ)

We will focus on the calculation of the jet function
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The main difference with usual calculations is the restriction on the virtuality phase 
space

Uncertainty in the creation point of the jet x+
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III. THE JET FUNCTION FOR 
 PRODUCTION AT LOQQ̄



The general formula for the  spectrumQQ̄
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It can be generalized for any other 3-particle vertex

Literature results should be recovered in the limit μ2 → ∞



The gluon jet function for  in vacuumQQ̄

where 

The gluon can only split when it’s virtuality is higher that 
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3. The gluon jet function for QQ̄ in vacuum
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FIG. 2. Representation of the diagram corresponding to g ! qq̄ together with the complex conju-

gate process in the dipole picture. Relevant coordinates and color structure are indicated.

Let us draw the diagram using the dipole picture. As the background fields are inde-

pendent of x�, we integrate it out to have the conservation of the ”+” momentum at each

vertex among the jet constituents.

Without interacting with the medium, it is straightforward to use the conventional tech-

niques in QFT to evaluate the jet function. Here, we instead use the old-fashioned pertur-

[R.K. Ellis, W.J. Stirling and B.R. Webber (2011)]



The gluon jet function for  in mediumQQ̄

Explore what happens if the gluon transverses a QCD medium before splitting

Calculation at first order in opacity

We fix , studying the phase space forbidden in vacuum

The virtual diagram cannot contribute, only real contribution
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The BDMPS-Z formalism

The background (classical) field contribution is included as a potential term in the 
path integral

The only non-zero correlator is

Medium can transfer whatever virtuality to the jet in a single scattering

⟨Aa−(x+, x)Ab−(y+, y)⟩ = δ(x+ − y+)δab2n(t)σ(x − y)



Results for medium induced  in productionQQ̄
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Spectrum of  pairs in the vacuum forbidden phase space regionQQ̄
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Production of  pairs enhanced by the 
length of the medium

Overestimating the effect due to non fixed 
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IV. CONCLUSIONS AND 
OUTLOOK



Conclusions…

We must introduce a factorization scale to separate the jet function from the hard vertex

The medium fills with  pairs the virtuality phase space that is forbidden in vacuum

We need to introduce  to control the virtuality transfer by the medium

QQ̄
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… and outlook

Develop a model where  depends on the medium parameters

Include splittings inside the medium

q−
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