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Introduction

• Heavy ion collision 

• Non-central collision

• Non-zero background field

 QGP state

 Strong magnetic field

 Large angular momentum

 Spin polarization

STAR collaboration, Nature 2017.



In high temperature region:

• A direct choice: Chiral Kinetic Theory(CKT)

• effective in finite-temperature physics 

• Limitations: weak coupling

• New point of view: Form Factor Formalism (for the chiral fermions)

• Describe the vertex structure

• Universal, does not require weak coupling

Describe the spin interaction non-perturbatively
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CKT & Field theory

(may incompatible with phenomenology calculation)



• Wigner function (right-handed component) in CKT

• Wigner function (right-handed component) in field theory:

• Fermion-background field coupling

• Feynman diagrams
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CKT & Field theory

Spin interaction

spin-magnetic 
coupling

spin- Hall effect

 𝒪𝒪 𝜕𝜕𝑋𝑋0 :

 𝒪𝒪 𝜕𝜕𝑋𝑋 : (1)

(0)

Definition:



𝑆𝑆𝑟𝑟𝑟𝑟 =

𝒪𝒪 𝑞𝑞0 : a “free” propagator carrying kinetic momentum.

𝒪𝒪 𝑞𝑞 : contribute to the spin interactions.
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CKT & Field theory

𝑆𝑆 0
<𝜇𝜇(𝑃𝑃 → 𝑃𝑃 − 𝐴𝐴 = 𝐾𝐾) = −2𝜋𝜋𝐾𝐾𝜇𝜇𝛿𝛿(𝐾𝐾2)𝑓𝑓(𝐾𝐾0)

𝑆𝑆 1
<0(𝐾𝐾) = −2𝜋𝜋(𝑘𝑘 ⋅ 𝐵𝐵)𝛿𝛿𝛿(𝐾𝐾2)𝑓𝑓(𝐾𝐾0)

𝑆𝑆(1)
<𝑖𝑖 (𝐾𝐾) = −2𝜋𝜋(𝑘𝑘0𝐵𝐵𝑖𝑖 − 𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖𝐾𝐾𝑗𝑗𝐸𝐸𝑘𝑘)𝛿𝛿𝛿(𝐾𝐾2)𝑓𝑓(𝐾𝐾0)

𝑞𝑞 ~ 𝜕𝜕𝑋𝑋

𝑆𝑆<μ = −
1
2
𝑇𝑇𝑇𝑇[𝜎𝜎𝜇𝜇 𝑆𝑆𝑟𝑟𝑟𝑟 − 𝑆𝑆𝑎𝑎𝑎𝑎 𝑓𝑓]

KMS relation

• Field theory calculation 



• Vacuum:  represent spin interaction as a QED coupling.

• Medium:

• Introduce the EMFF into decomposition of the vertex: 

• Constraint condition: Ward identity

• “no work” condition: 𝐾𝐾 ⋅ 𝐸𝐸 = 0
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In-medium electromagnetic form factors (EMFF)

 𝐾𝐾 ⋅ 𝑄𝑄 = 0 : 𝑃𝑃1,2 on shell (up to 𝒪𝒪 𝑄𝑄2 )

 𝑄𝑄 ⋅ 𝑢𝑢 = 0 : electromagnetic field static
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 Lorentz covariance is broken

 coefficients of spin interaction might be partially changed



• Replacement: 𝜎𝜎𝜇𝜇 → Γ𝜇𝜇: 

where

• For tree-level diagrams: 𝐹𝐹0 = 1; 𝐹𝐹1 = 1; 𝐹𝐹2 = 1

• Nonindependence of each other:
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𝐹𝐹0 : spin Hall effect;          𝐹𝐹1 : spin-perpendicular magnetic coupling;

𝐹𝐹2 : spin-parallel magnetic coupling. 

CKT
correspond

 𝑨𝑨𝟏𝟏 gives 𝐹𝐹1,2,3

 Still in vacuum yet

In-medium electromagnetic form factors (EMFF)

𝑢𝑢† 𝑃𝑃1 [𝑨𝑨𝟏𝟏𝜎𝜎𝜇𝜇]𝑢𝑢(𝑃𝑃2)

(1)

(1)



• An example: QCD radiative correction to electromagnetic form factor

(1)

(2)

where                          , 

• Approximation: Hard Thermal Loop, external propagator on-shell
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Example: Radiative correction (in medium)



Medium correction to electromagnetic form factors: 

where
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

 : fermion thermal mass;

 : gluon thermal mass.

𝛿𝛿𝐹𝐹0 = 𝛿𝛿𝐹𝐹1 ≠ 𝛿𝛿𝐹𝐹2

𝐹𝐹0 : spin Hall effect;          

𝐹𝐹1 : spin-perpendicular magnetic coupling;

𝐹𝐹2 : spin-parallel magnetic coupling. 

Example: Radiative correction (in medium)



• Spin interaction in CKT is reformulated in field theory.

• Extending to form factor, CKT propagator correspond to the tree 

level diagrams.

• Medium correction lift the degeneracy of these form factor to a 

certain extent.

• Outlook

• Go beyond “no work” condition

• Fermion-metric perturbation coupling
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Thanks
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