
Probing QGP at colliders with jets
 Jet Substructure for Quark Gluon Plasma at colliders

Can we derive a factorization formula for jet substructure observables with a clear 
separation of  physics at different scales



An EFT in the forward scattering regime

The jet is made up of  highly energetic massless 
collinear partons 

QGP is a thermal bath made of soft partons 
 (T~λQ <<Q) 
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  An EFT in the forward scattering regime
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Forward scattering mediated by virtual Glauber partons

Soft Collinear Effective Theory : An effective QCD Lagrangian at leading power in λ~T/Q
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Measurement and dynamical scales lead to a more involved factorization



• Treat the jet as an open quantum system interacting with a bath (via Glaubers)

• Write an evolution equation for the factorized reduced density matrix of the jet.

An EFT in the forward scattering regime
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We assume ρB  is time independent 
and intially unentangled from the 
partons(here e+ e- )that form dijets via 
a hard interaction.
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   Jets as Open Quantum systems

QGP density matrix

•  HG prevents factorization of Soft physics from the collinear 

•  Factorization needs to be proven order by order in the HG 
expansion
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Using RG evolution 
of  the factorized 
functions allows us to 
resum large 
logarithms in ratio of  
scales
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   Factorization for the density matrix

Correlator of soft 
operators in the medium

Modified jet function 

Contains large logarithms in the gluon 
mass mD that are not resummed by RG 
evolution -> Match to an EFT at scale mD

Leading order : Vacuum evolution

Next to leading order: Medium evolution



Taking the limit t         0 yields an evolution equation for the differential cross section 

   Master Evolution equation

Vacuum cross section Medium induced cross 
section

Thermal 
correlators in 
the medium

Cross section as a 
function of medium 
propagation time

The solution resums mutiple interactions of the jet partons with the medium in the 
Markovian approximation.

Relate the factorized density matrix to the jet 
substructure cross section

Solution in impact parameter space 



Future directions 
• A phenomenological prediction including nuclear pdf's.

• Match to EFT at the scale mD to resum new medium induced logartihms. 

• Extend formalism to jets initiated by heavy quarks.

• Relax assumption for time independence of   medium density matrix.

   Summary and Future directions
Summary
• An EFT for jet substructure in heavy ion collisions 

• Resums large logarithms of scales using factorization 

• Resums multiples interactions of the jet with the medium in the Markovian approximation


