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The problem of  the energy loss of heavy quark. 
The problem was first raised 
In Dokshitzer and Kharzeev  Phys.Lett.B 519 (2001) 199-206, who argued that due to the dead 
cone effect 



More recently another approach was developed aimed 
to include both the BDMPSZ interference and the large Coulombic Logarithmic effects 
Was developed in Mehtar-Tani (2019),Mehtar-Tani and Tywoniuk (2020). This approach is a generalization to the 
nonabelian case of the so called 
Moliere theory, known from the abelian (QED) LPM effect  The basic idea is to consider the Coulombic interactions 
leading to large Coulombic Logarithms as a perturbation over LPM interference.



4)Our results show that the Coulombic logs give a large numerical contribution to the Quenching coefficients and energy 
loss as a function of frequency, also decreasing the quark mass  dependence, nevertheless the weak dependence on 
the heavy quark mass comes from the proper taking into account of both the transverse and longitudinal phase 
constraints. Leading to rather weak dependence on the heavy quark mass.

Plan. of  the talk :
1.Basic formalism of the Molier theory
.2. Energy loss and gluon radiation for heavy quark without phase constraints.
3.Angular/Transverse momentum distributions
4. Energy loss and radiation of heavy quark with proper longitudinal and transverse phase 
constraints



ȍ

Moliere Theory

The HO approximation effectively describes the LPM 
bremsstralung.

More precise treatment of the energy loss includes also large Coulomb Logarithms and is 
called in the case of Abelian LPM the Moliere theory.
In the QCD framework the inclusion of Coulombic logarithms can be made using the perturbation theory 
(Mehtar-Tanni 2020,Mehtar-Tani,Tywonniuk 2020). Instead of a conventional  GLV opacity expansion, we 
consider the Coulombic logarithms as a perturbation around the oscillator potential.



Basic formalism:

Here we assume the brick like model for QGP feelig the brick of the finite length L. K is the heavy quark propagator,
And the substraction of free part is to ensure zero in the vacuum, i.e. we consider only medium induced emissions. V 
is an effective  scattering potential in 2 dimensions.

Is the bare quenching coefficient. The mass parameter 𝝁 is 
approximately equal to Debye mass  The potential V is just 
the Fourier image of screened 2D Coulomb-like interaction.

The calculations are done in 
Gyulassi-Wang  model



The dynamics of the process is determined  by the smallest of coherence length. For small frequencies the dynamics is 
determined by the LPM length which is the smallest of the two, while for large frequencies, for the radiation inside the 
dead cone, the relevant coherence length is the heavy quark one, which is actually independent  from the media 
properties (the quenching coefficient). The corresponding integrals are cut by the heavy quark exponent, and the 
radiation into the dead cone becomes vacuum like. For the effective momentum acquired at the coherence length scale 
we 
Now can have an interpolation formula:



Heavy quark energy loss without phase constraints.

In this case   the energy loss can be easily calculated . The calculation, both for the 
leading (HO) term and for Coulombic corrections  proceeds as a sum of bulk and 
boundary terms. For the leading term, i.e. HO approximation new have:



For the Coulombic corrections we obtain





In the case of the zero heavy quark mass   our 
results coincide with the ones obtained earliar    
in Mehtar-Tanni (2020), Mehtar-Tani and 
Tywoniuk (2020)





We see that first HO+Coulomb does not depend  on the heavy qaurk mass up to m/E less than 
0.05, as it is inn N=1 GLV. Second numerically the results for H)+Coulomb are quite close to 
N=1 GLV especially for large frequencies beyond dead cone angle, the agreement improves 
with the decrease of L



Angular Distributions
In this case we  use the same strategy as before: we repeat the calculation of  the HO bulk and 
boundary contributions as it was done in ASW (2004) and then calculate analytically the bulk and 
boundary coulombic corrections. Essentially we are able to calculate analytically the inntegrals over 
transverse coordinates, while time integrals must be taken  numerically. We obtain



Coulombic corrections: there are two sources of corrections: one correction comes from the 
expansion of the exponent  the first correction exists only for bulk term, while the corrections due to  
propagator  are present in both bulk and boundary contributions.

Exponent expansion











We see that the Coulomb distribution is rather smooth, has maximum for small transverse momenta,
Increasing the filling of the dead cone, on the other hand beyond very small angles Coulomb 
contribution has the form very similar to BDMPSZ distribution, slightly shifting it to smaller transverse 
momenta, but larger





Longitudinal phase constraints





Energy loss  calculated as a function of  z  with integration over transverse momenta carried up to Ez(1-
z). We see that small frequency spectra are very close . Similar picture for other energies







Conclusions:
1. The Coulombic contributions for total energy loss are 

rather large, and without phase space constraints lead
to energy loss  and quenching coefficients quite close to 
N=1 GLV.
2. For angular distributions the Coulomb contributions are 
large for very small transverse momenta, and for higher 
transverse momenta 
thei total spectrum is similar in form to BDMPSZ spectrum 
for heavy quark.
3. The close values for Quenching Weights for heavy and 
light quarks beyond m/E=0.05 (and this always includes 
charmed quarks`) is actually the question of correct 
imposition of phase constraints, both longitudinal and 
transverse.


