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MAGNETIZED QUARK-GLUON PLASMA
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[Miransky & Shovkovy, Phys. Rep. 576, 1 (2015)]

Image credit: Brookhaven National Laboratory



• QGP produced at RHIC/LHC is magnetized
– 1018 to 1019 G  ~ 𝒎𝝅

𝟐 ~ (100 MeV)2

• Using Lienard-Wiechert potential, one finds

Heavy-ion collisions
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• How to measure the magnetic field of QGP in HICs?

Old idea:
• Electromagnetic probes serve as a thermometer of QGP

New idea:
• They can be also used as a magnetometer (direct photons or dileptons)

Magnetometer for HICs
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PHOTON RATE
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Photon emission rates
• The expression for the rate is

• At 𝐵 ≠ 0, the imaginary part of the polarization tensor 

is nonzero at leading order in 𝛼!!
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Physics processes
• Relevant physics processes (0th order in 𝛼!):

The energy momentum conservation

is satisfied for these 1 → 2 and 2 → 1 processes
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Angular dependence (1)
• At very small 𝑘", the emission rate is maximal at 𝜙 = #

$ (i.e., emission 
perpendicular to the reaction plane) 

• Effectively, this gives photon “flow” with 𝑣# < 0
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Angular dependence (2)
• At large 𝑘", the emission rate is maximal at 𝜙 = 0 (i.e., parallel to 

the reaction plane) 
• Effectively, this gives photon “flow” with 𝑣$ > 0
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Nonzero elliptic “flow” (𝑣&)
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DILEPTON RATE
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Dilepton rate (1)
• The differential lepton multiplicity per unit spacetime 
volume reads

where the leptonic tensor (plane-wave final states) is

• Note: leptons are Landau-level states | ⟩𝑛! inside QGP but turn into 
plane waves when leaving it, i.e.,

∑ | ⟩𝑛! 𝑛! 𝑄 = ⟨𝑄|

• The electromagnetic spectral function (to leading order in 𝛼) is
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Dilepton rate (2)
• The expression for the rate is

where 𝑀" = Ω" − 𝑘" and 

• Three leading-order processes contribute:

• are allowed by the energy conservation
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Dilepton rate: explicit expression
• Explicit expression for the rate

where 𝑔# 𝑛 = 𝑔 𝑛, 𝑛 and 

• ℱ$,$!
& (𝜉) are given in terms of generalized Laguerre polynomials 

• Notation: 𝜉 = 𝑘'"ℓ&"/2 and 
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Cross-check at k=0 & B=0
• The rate in the limit 𝑘 → 0 is related to optical conductivity 

• The optical conductivity in the limit 𝐵 → 0 reads 

• Thus, at 𝑘 → 0 and 𝐵 → 0, one has

• This agrees with the Born rate at 𝐵 = 0, i.e.,
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NUMERICAL RESULTS
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Results: integrated rate
• Definition (               ):

• Overall, dilepton rate grows with temperature

• Large enhancement is seen at small invariant masses, 𝑀 ≲ 𝑒𝐵
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Angular dependence @ small 𝑀
• Dilepton rate tends to decrease with increasing 𝑘!

• The angular dependence indicates a possible nonzero 𝑣"
• A nonvanishing 𝑣" is most prominent at small 𝑀 and large 𝑘!
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Ellipticity of dilepton emission
• Definition: 

• Ellipticity is large (𝑣" ≲ 0.2) for 𝑀 ≲ 𝑒𝐵 and 𝑘! ≫ 𝑒𝐵

• On the other hand, 𝑣" ≈ 0 for 𝑀 ≫ 𝑒𝐵 and all 𝑘!
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Angular dependence @ small 𝑀
• The ellipticity is well pronounced at small 𝑀 and large 𝑘!

• Note: magnetic field strongly enhances the rate at small 𝑀
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Angular dependence @ small 𝑀
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• The ellipticity is well pronounced at small 𝑀 and large 𝑘!

• Note: magnetic field strongly enhances the rate at small 𝑀

𝑒𝐵 = 5𝑚#
"



Angular dependence @ large 𝑀
• The ellipticity is approximately vanishing at large 𝑀

• Note: magnetic field does not affect much dilepton rate𝑀
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Angular dependence @ large 𝑀
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• The ellipticity is approximately vanishing at large 𝑀

• Note: magnetic field does not affect much dilepton rate at large 𝑀

𝑒𝐵 = 5𝑚#
"



Summary (photons)
• 𝐵 ≠ 0: photons are produced at 0th order in 𝛼!

(i)  𝑞 → 𝑞 + 𝛾,     (ii)  2𝑞 → 2𝑞 + 𝛾,    (iii)  𝑞 + 2𝑞 → 𝛾

• Photon emission at 𝐵 ≠ 0 has a well pronounced 
ellipticity

v2<0 for  𝑘" ≲ |𝑒𝐵|

v2>0 for 𝑘" ≳ |𝑒𝐵|

• Nonzero ellipticity of photon emission measures 
indirectly the magnetic field in HICs
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Summary (dileptons)
• Magnetic field strongly enhances the dilepton rate at 

small invariant masses, 𝑀 ≲ 𝑒𝐵

• Dilepton emission rate is non-isotropic when 𝐵 ≠ 0

𝑣2 ≲ 0.2 when 𝑀 ≲ 𝑒𝐵 and  𝑘" ≫ |𝑒𝐵|

𝑣2 ≃ 0 when 𝑀 ≫ 𝑒𝐵 all 𝑘"

• Dilepton rate and ellipticity together can also provide 
indirect measurements of the magnetic field in HICs
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