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Introduction: Quark-Gluon Plasma
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Heavy Ion Collision 
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Jet quenching

• Partons interact with 

medium and deposit 

energies before 

hadronization. 

• Studying medium 

properties and how 

parton lose energy 

is interesting.
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Parton Energy Loss in Weak Coupling
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From “Collision Rate” to Bremsstrahlung

• bremsstrahlung refers to any radiation

due to the acceleration of a charged

particle.

• If quarks or gluons in the plasma kick 

a moving parton (through exchange

a virtual gluon), then the parton will

deflect from its original direction and 

may bremsstrahlung a final gluon.

• In order to evaluate the gluon 

bremsstrahlung rate, we must 

study the property of the medium,

and find out the rate of “energy

transfer” via elastic collisions with medium.
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Characterization of the Medium



Differential Elastic Scattering Rate
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Differential Rate for Parton Splitting 
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LPM Effect

• Because of multiple collisions during the long formation time, the 

bremsstrahlung gluons from before and after scatterings can interfere:

• The interference will suppress bremsstrahlung rate when initial energy

of parton is very large.

• Parametrically: 
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Stopping Distances
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Quark Number Stopping Distances. 1
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stopping distance



Quark Number Stopping Distances. 2
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stopping distance



Quark Number Stopping Distances. 3
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Calculation of Stopping Distances
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Calculation of Quark Number Stopping



A Simple Leading Order Analysis
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Next-to-Leading Logarithmic Order Analysis
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Numerical Results for Quark Number Stopping
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• Even  in the weak coupling, gluon splitting is quite different 
from quark splitting. 

• After gluon bremsstrahlung a final gluon, or create a quark-

antiquark pair through pair production , we don’t know how 

to follow an individual gluon’s path.

• Try to take all the particles cascaded from an initial gluon

into account. 
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Gluon Energy Stopping. 1



Gluon Energy Stopping. 2
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Calculation of Gluon Energy Stopping
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Results for Energy Stopping Distances
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Numerical Test of the Result
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Discussions and Conclusions
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Thank You
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