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• Inside compact stars
– 1010 to 1015 Gauss

• Non-central HIC
– 1018 to 1019 Gauss

• Early Universe 
– up to 1024 Gauss 

MAGNETIC FIELDSMAGNETIC FIELDS
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Magnetic catalysis at zero temperature 

nonzero mass for arbitrary small G 
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Magnetic catalysis at zero temperature 
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Bali et.al. arXiv:1206.4205 [hep-lat]

Magnetic catalysis at zero temperature 
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Inverse Magnetic catalysis at nonzero temperature

Surprise !  Puzzle!
Some important information is missing in our 
Understanding of chiral phase transition, which 
is enhanced by magnetic field!

Bali et.al. arXiv:1206.4205 [hep-lat]
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1) Magnetic inhibition

How to understand Inverse Magnetic catalysis ?

Contribution from neutral pions

Bruckmann et.al. arXiv:1303.3972
2) Contribution from sea quarks    

4) Chiral imbalance

Lang Yu, Hao Liu, MH, arXiv:1404.6969

Jingyi Chao, Pengcheng Chu, MH, 
PRD88(2013), arXiv:1305.1100, Sphaleron transition

Instanton-anti-instanton pairing condensate

3) Polyakov holomoly Nowak et.al. arXiv:1304.6020
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Theta vacuum, instanton and sphaleron:
QCD vacuum has non-trivial topological structure characterized by 
an integer valued Chern-Simons number 

Induce chiral imbalance:
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Chiral Magnetic Effect

Fukushima,Kharzeev,Warringa 2008
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Chiral chemical potential mu_5:

Destroys chiral condensate:
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Why chiral imbalance destroys chiral condensate?

Local chiral imbalance 
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Local imbalance of chirality:

Time evolution for chiral quark density 

Sphaleron diffusion rate from AdS/CFT 
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Khlebnikov, Shaposhnikov 1988, Bodeker,1998, Son, Starinets 2002

Sphaleron diffusion rate at finite T:  variation of topological 
number per unit time and per unit volumn

Sphaleron transition rate under magnetic field:

Debye mass for longitudinal gluons
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Chiral phase transition induced by chiral anomaly

Jingyi Chao, Pengcheng Chu, 
Mei Huang,  arXiv:1305.1100



17

■ Inverse magnetic catalysis at mu?

Avancini,Menezes,et.al.
Phys.Rev. D85 (2012) 091901

Jingyi Chao, Pengcheng Chu, 
Mei Huang,  arXiv:1305.1100

Behavior at high B is fake 
due to the cut-off !
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■ CEP under strong magnetic field

Avancini,Menezes,et.al.
Phys.Rev. D85 (2012) 091901

Jingyi Chao, Pengcheng Chu, 
Mei Huang,  arXiv:1305.1100
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Chiral imbalance induced by instanton anti-
instanton molecule pairing:
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Mean-field approximation:
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Spontaneous generation of CP-violation 
above Tc even at zero magnetic field !

Lang Yu, Hao Liu, MH, arXiv:1404.6969
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Magnetic field catalyzes local CP-violation!

Lang Yu, Hao Liu, MH, arXiv:1404.6969
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Inverse magnetic catalysis

Lang Yu, Hao Liu, MH, arXiv:1404.6969
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Conclusion

1, Inverse magnetic catalysis around Tc indicates that some important 
information is missing in our understanding of chiral phase transition, 
which is enhanced by magnetic field!

2, We suggest that the inverse magnetic catalysis can be naturally induced 
by chiral imbalance, which is related to topological structure of QCD 
vacuum, i.e. Sphaleron transitions or instanton-anti-instanton pairing 
condensate. 
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Thanks for your attention!


