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Debye screening of a pair of charged particles:

1

𝑟
→

1

𝑟
𝑒−𝑚𝐷𝑟~
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𝑟
𝑒−𝑟/𝑟𝐷

screening mass 𝑚𝐷

screening length 𝑟𝐷

Debye screening of a pair of colored particles: 

P.Petreczky, J.Phys.G37, 094009(2010) 

Kapusta and Gale:

Finite-Temperature Field Theory: Principles and Applications
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1) Strong magnetic field created in HIC:

𝑒𝐵~5𝑚𝜋
2 𝑎𝑡 𝑅𝐻𝐼𝐶 𝑎𝑛𝑑 70𝑚𝜋

2 𝑎𝑡 𝐿𝐻𝐶

Question: what is the electromagnetic effect on color screening?

Studies in the two limits of weak and strong magnetic field:

We will calculate 𝒎𝑫(𝑻, 𝑩) in general magnetic field

2) Well-known Landau energy levels for charged particles in an 

external magnetic field:

𝜀𝑛 = (2𝑛 + 1)
𝑞𝐵

2𝑚
What is the quantization effect on color screening?

Motivation
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Quark propagator in magnetic field

𝐵 = 𝐵 Ԧ𝑒𝑧
Quark propagator in electromagnetic field:

𝑖𝛾 ∙ 𝜕 + 𝑞𝛾 ∙ 𝐴 − 𝑚 𝐺 𝑥, 𝑥′ = 𝛿(𝑥 − 𝑥′)

𝐺 𝑥, 𝑥′ = 𝑥
1

𝛾∙෡Π−𝑚
𝑥′

= 0׬−
∞
𝑑𝑠 𝑥 𝛾 ∙ ෡Π +𝑚 𝑒

− 𝑚2− 𝛾∙෡Π
2
𝑠
𝑥′

Schwinger propagator:

𝐺 𝑝 = −න
0

∞ 𝑑𝑣

𝑞𝐵
𝑚 + 𝛾 ∙ 𝑝 ∥ 1 − 𝑖𝑠𝑔𝑛(𝑞)𝛾1𝛾2tanh(𝑣) −

𝛾 ∙ 𝑝 ⊥

𝑐𝑜𝑠ℎ2(𝑣)

× 𝑒
−

𝑣

𝑞𝐵
𝑚2−𝑝∥

2+
tanh(𝑣)

𝑣
𝑝⊥
2

●no more translation invariance.

●the two Schwinger phases for 𝑞 and ത𝑞, which are neglected here, 

will be cancelled to each other in loop calculation. 
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Quark loop

Π𝜇𝜈 𝑇, 𝐵 = lim
𝑘→0

Π𝜇𝜈 𝑘0 = 0, 𝑘

doing ׬𝑑𝑝⊥𝐹(𝑝⊥) → σ𝑛1 𝐹(𝑛1) through Legendre expansion:

quark energy 𝑝0 = 𝑖𝜔𝑛 = 𝑖(2𝑛 + 1)𝜋𝑇
longitudinal momentum 𝑝𝑧
quantized transverse energy 𝜀𝑛

2 = 2𝑛1 𝑞𝐵

Note: normal Landau energy levels are for on-shell fermions, the propagating quarks here   

are off-shell particles. 

Π𝜇𝜇
⊥ 𝑇, 𝐵 = 0
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Color screening mass

Gluon and ghost loops: 

ഥΠ𝜇𝜈 𝑇, 𝐵 = ഥΠ𝜇𝜈 𝑇, 0

Summation over ring diagrams → gluon propagator:

Pole of the propagator → screening mass:

Kapusta and Gale:

Finite-Temperature Field Theory: Principles and Applications

Π
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Result

Magnetic field induced Debye mass shift:

● 𝛿𝑚𝐷/𝑔 is 𝑔 independent.

● 𝑚𝐷 0, 𝐵 = 0.13 GeV at 𝑒𝐵 = 25𝑚𝜋
2 , the magnetic effect is gradually 

washed out by thermal motion. 



庄鹏飞，大连高能物理会议， 20220810         8

Summary

1) We presented a calculation of color screening mass 𝑚𝐷(𝑇, 𝐵) in QCD 

without restriction to T and B.

2) The quantized Landau energy levels in magnetic field are automatically 

embedded into the color screening. 

3) The magnetic field effect at LHC looks washed out by the strong 

thermal motion of quarks and gluons. 


