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



A1 + A2 → γ + Jet + X

Our HIC model

Nucleons inside nuclei are considered to be uncorrelated.

For high momentum scales the hard process is mostly initiated by the collision of one pair 
of nucleons
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FIG. 1. Dominant diagrams for producing QQ̄ in a jet, recoiling against a photon.

and pXh
represents the total momentum of the remnants of the hard collisions, whose state

vectors are denoted by Xh. iM
⌫
h sums over all the subdiagrams contracted with the gluon

field that defines the jet. Here, we only consider the diagrams in which other nucleons

only connect to the jet in the hard process (see [] for a detailed discussion on the range of

validity of such an approximation). Besides, the interactions between hard processes and

the remnants from the collisions between the jet and other nucleons are both neglected.
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where the jet tensor is defined as
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The momenta q and q0 scale as the inverse of the nuclear sizes. We only focus on high-pT jets such

that pT � q+, q0� ⇠ p
sNN/(2A

1
3mnrn) ⇡

p
sNN/(10A

1
3 ) with mn and rn the nucleon mass and radius,

respectively. In this approximation, we neglect power-suppressed terms / qµ/pT or q0µ/pT .

Other nucleons only connect to the jet in the hard process (see Florian’s talk)



The impact parameter dependent cross section

 

where  and 
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Cross section divided into jet and hard vertex sectors

We defined the jet tensor
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Range of validity of factorization

Introduce a light-like vector along  direction and define a new set of LC-coordinatespI
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We must include a factorization scale.

Cross section still not factorized



Factorized cross section

In the phase space region where collinear factorization works

The hard-cross section can be computed from the PDFs and tree level amplitude

From now on we will focus on the calculation of the jet function
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The jet function

Only valid in LC-gauge

For a general gauge we must construct the S-matrix element as a gauge-invariant object

d
do

J(n̄ ⋅ pI, ⃗n; μ2, X) ≡ ∫
μ2

0

dm2
I

2π ∫ d4xIe
i
2 n̄⋅pIn⋅xI+ i

2
m2

I
n̄ ⋅ pI

n̄⋅xI(
∞

∑
m=1

m

∏
j=1

∫ dΓpj)δ(o − o({pj}))

×
−gμν

⊥

2(N2
c − 1)

⟨⟨⟨0 | T̄Aa
μ(X + xI /2) |{pj}⟩⟨{pj} |TAa

ν (X − xI /2) |0⟩⟩⟩



II. THE JET FUNCTION FOR 
 PRODUCTION AT LOQQ̄



The coordinates for the jet function

The hard collision takes place around 

  needed to account for the uncertainty of jet production time 
around .

 will account for the initial position of the jet

Xμ = (0,X,0)
th ≡ n̄ ⋅ X

x+
I ∼ 1/p−

I = 2p+
I /m2

I
th

xI



The general formula for  spectrumQQ̄

The main formula on our model

If we integrate in  up to  we go to the usual limit
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A. The gluon jet function for  in 
vacuum

B.  due to single scattering

C.  due to single scattering

QQ̄

g → g

g → QQ̄

III. SOME PRELIMINAR 
RESULTS



Our model for calculations…

BDMPS-Z formalism

Model the effect of other nucleons by classical fields

The gluon jet can extract as much virtuality from the medium as desired in a single 
scattering.

We will still use it as a toy model

⟨Aa−(t1, x)Ab−(t2, y)⟩ = δ(t1 − t2)δab2n(t)σ(x − y)



A. The gluon jet function for  in vacuumQQ̄

where . Integrating in  and 

The factorization scale regularizes the UV divergence
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where the conjugate momenta of QQ̄ are defined as
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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-

[Ellis, Stirling, Webber (2011)]



B.  due to single scatteringg → g

Brick approximation and integration over virtuality

In the  limit
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We can now integrate the initial virtuality of the jet from 4m2, the minimum invariant

mass that the gluon needs to split into a massive QQ̄ pair, up to the factorization scale we

have introduced. The integration gives
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The dependence of the number of heavy quarks with the factorization scale is complex,

however we can extract some conclusions. We see that we have a logarithmic divergence

when we take the cuto↵ to be parametrically large
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which is consistent because if we allow the virtuallity of the gluon to be infinitely large, the

probability of it splitting into a QQ̄ will not stop growing [].

4. g ! g due to single scattering
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FIG. 3. Representation of the diagram corresponding to g ! g together with the complex conjugate

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

We study here the case where an initially o↵-shell that becomes on-shell by means of a

single interaction with the medium. Using standard DBMPS-Z techniques it is easy to show



C.3.  due to single scatteringg → QQ̄

Virtuality integration

The factorization scale does no longer regularize the UV divergence 
(limitation of our model)
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we do not have the logarithmically divergent term. In this equation Si(x) is the Sin Integral
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Taking µ
2 to be really large, the last two terms vanish and we only have left
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so we can see that the divergence gets cancelled by the medium. The probability of the

process does not infinitely grow as we increase the virtuality phase space, since it is sup-

pressed by the fact that at large virtualities the medium is unable to remove all the gluon

invariant mass with a single scattering. The result is proportional to the number of available

scattering centers that can produce the single interaction with the jet.

5. g ! QQ̄ due to single scattering
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FIG. 4. Representation of the diagram corresponding to g ! QQ̄ with the presence of one scattering

center together with the complex conjugate process in the dipole picture. Relevant coordinates

and color structure are indicated.
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We must introduce a factorization scale in order to ensure that the jet function can be 
factorized from the hard process

Our toy model that allows us to understand some basic features of this separation of 
scales

Future improved model that allows us to keep trace of the virtuality at each step on the 
process

Future resummation at all orders in opacity

IV. CONCLUSIONS AND OUTLOOK


