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Energy loss of a heavy quark in a strongly coupled  
𝒩 = 4 𝑆𝑈 𝑁𝑐  supersymmetric plasma has been 
calculated using AdS/CFT correspondence. The 
primary mechanism is through excitation of 
hydrodynamic modes. 
While there is no dual description of strongly 
coupled QCD plasma, one should be able to study 
the interaction of hydrodynamic modes of the 
plasma with the heavy quark in the strong coupling 
limit using a two-scale (𝑴 and 𝒍𝒉𝒚𝒅𝒓𝒐

−𝟏 ) bottom-up 
EFT.

Degrees of freedom & 
Symmetries

Motivation

In addition to spacetime symmetries and the 
𝑆𝑈(3) gauge symmetry of QCD, we have the 
following internal symmetries for the 
hydrodynamic field.

❑ Hydrodynamic field: 𝚽𝑰 𝒙, 𝒕 , 𝑰 = 𝟏, 𝟐, 𝟑
❑ Heavy Quark field: 𝝍𝒗(𝒙)
❑ Gluon field: 𝑨𝝁(𝒙)

𝚽𝑰 ⟶ 𝚽𝑰 + 𝜶𝑰,      𝜶𝑰 =const.

𝚽𝑰 ⟶ 𝑹 𝑱
𝑰 𝚽𝑱 ,     𝑹 𝑱

𝑰 ∈ 𝑺𝑶(𝟑)

𝚽𝑰 ⟶ 𝝃𝑰 𝚽 ,        𝒅𝒆𝒕
𝝏𝝃𝑰

𝝏𝚽𝑱 = 𝟏

EFT Lagrangian
➢ To lowest order in derivative expansion and consistent 

with the symmetries, 𝚽𝑰 couples to 𝝍𝒗  and 𝑨𝝁 via 

𝑱𝝁 =
𝟏

𝟑!
𝜺𝝁𝜶𝜷𝜸𝜺𝑰𝑱𝑲𝝏𝜶𝚽𝑰𝝏𝜷𝚽𝑱𝝏𝜸𝚽𝑲

➢ Lagrangian up to Τ𝟏 𝑴 and lowest order in derivative 
expansion (𝝏𝝁 ≪ 𝒍𝒉𝒚𝒅𝒓𝒐

−𝟏 ):

𝓛 = 𝑭 𝑿 + 𝒁𝑨(𝑿)𝑮𝝁𝝂
𝒂 𝑮𝒂𝝁𝝂 + 𝒁𝝍 𝑿 ഥ𝝍𝒗𝒗 ⋅ 𝒊𝑫𝝍𝒗 + 𝐌 𝐗 ഥ𝝍𝒗𝝍𝒗

+𝑷 𝑿 ഥ𝝍𝒗 𝒗 ⋅ 𝑱 𝝍𝒗 + 𝑸 𝑿 ഥ𝝍𝒗 𝑱 ⋅ 𝒊𝑫𝝍𝒗 + 𝑹 𝑿 ഥ𝝍𝒗𝝈𝝁𝝂𝝍𝒗𝝎𝝁𝝂

➢ Expanding in small perturbations about equilibrium 
𝚽𝑰 = 𝒙𝑰 + 𝝓𝑰, gives us the dynamics of heavy quark, 
gluon fields and ANY NUMBER of phonons to lowest 
order in their momenta.

Feynman rules

Dim. 5 operator Dim. 6 operator

.....

Outlook

❖An EFT of heavy quarks in a strongly coupled medium 
might provide powerful calculational tool to understand 
energy loss through collective modes.

❖Future work: Understanding the finite temperature 
version of the EFT is crucial since higher dimensional 
operators can be enhanced due to hard thermal loop 
effects.

𝜙 𝜙 𝜙 𝜙

𝜙 𝜙𝜓𝑣 𝜓𝑣 𝜓𝑣 𝜓𝑣𝐴 𝐴

𝐴

where 𝑿 = 𝑱𝝁𝑱𝝁 and 𝝎𝝁𝝂 = 𝝏𝝁𝑱𝝂 − 𝝏𝝂𝑱𝝁 and 𝑭, 𝒁𝑨, 𝒁𝝍 … 
are generic functions of 𝑿.
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