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Outline of the talk

1. Where does chiral imbalance appear?
2. Topological charge         axial (chiral)  charge:

topological          chiral chemical potentials
3. Phenomenology of chiral imbalance in QGP
4. Chiral imbalance in hadronic phase: influence on

chiral symmetry breaking (on chiral condensates)
5. Observables sensitive to chiral imbalance: new states

in scalar, pseudoscalar, vector meson spectra

(Local) Chiral Imbalance in QCD = 
different densities of left (anti)quarks and right (anti)quarks

in a particular region
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Red - positive 
charge
Blue - negative 
charge

From: P.V.Buividovich, T.Kalaydzhyan and M.I.Polikarpov, Phys. Rev. D86, 074511 (2012)

Topological charge fluctuations
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Top. charge density

In HIC finite time 
and size!

Local Parity Breaking in QCD

T5
3

V    ??  boundaries!! 

Metastable bubbles due to Sphalerons? 
Manton, McLerran, Rubakov, Shaposhnikov,Shuryak…

Rate

Topological charge
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(the subject of this talk)
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Axial baryon charge and axial chemical potential
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Similar to isospin
chemical potential!
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Multiplets under consideration
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Weak decay constants ~ dynamic masses ~ condensates

From: A.A.Andrianov, D.Espriu and X.Planells, Eur. Phys. J. C73, 2294 (2013)
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Lattice for condensates

V.V.Braguta and A.Y.Kotov, Phys. Rev. D 93, 105025 (2016)

V. V. Braguta, V. A. Goy, E.-M. Ilgenfritz, A. Y. Kotov, A. V. Molochkov, 
M. Muller-Preussker, and B. Petersson, J. High Energy Phys. 06 (2015) 094.
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M.R.Ruggieri, Phys.Rev.D84, 014011 (2011)

Critical temperatures in quark models of (P)NJL type: 
do they reveal critical end points?

! There is no CP5 on the divide line induced by
in  EFT and lattice

M.N.Chernodub and A.S.Nedelin, 
Phys. Rev. D 83, 105008 (2011)

??
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Wilson fermions to introduce the chiral chemical potential in a local exponential form

V.V.Braguta, E.M.~Ilgenfritz, A.Y.Kotov, B.Petersson and S.A.Skinderev
Phys. Rev. D 93, no. 3, 034509 (2016) 

V.Braguta, talk on this conference

Rising critical temperature (lattice)
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NJL prediction (appropriate regularization)

TR= traditional 
regularization

MS= medium 
separation scheme

From:   R.L.S.Farias, D.C.Duarte, G.Krein and R.O.Ramos, 1604.04518
See also M.Ruggieri and G.X.Peng, 1602.03651



18

NJL models with chiral and baryon chemical potentials

From: A.A.Andrianov, D.Espriu and X.Planells, Eur.Phys. J. C 74,  2776 (2014)



19

More details in
A.A.Andrianov, D.Espriu and X.Planells, Eur. Phys. J. C73 (2013) 1, 2294

Scalar/pseudoscalar sector  with chiral chemical potential 
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New eigenstates
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Effective mass in flight

Group velocities < c
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Decay widths (at rest)
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Axial charge + photons vector mesons
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Effective meson theory in a medium with LPB
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Thus arises the question.

Can these effects somehow be registered in the
experiments with  heavy ion collisions and thereby  assert
the existence of the local parity breaking phase?

(details see  A.A. Andrianov, V. A. Andrianov, D. Espriu, and X. Planells, 
Phys. Rev. D, 90 (2014), 034024).



27

Anomalous dilepton yield in Au+Au collisions in PHENIX
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Contaminated with thermal effects and low statistics
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Observables sensitive to P-odd effects
• We study the angular distributions for the polarizations in the mentioned 

reactions when the angle between the two outgoing leptons in the decay of 
meson constrained with the laboratory frame.

In order to select the transverse polarizations in the spectrum, we will 
perform the different cuts for each angle and study the variations of the
\rho (and \omega)- spectral function.
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Conclusions and outlook                     

1. Topological charge fluctuations transmit their influence to hadron
physics via axial chemical potential:    in this way local parity 
breaking (LPB) occurs in hadron sector

2.  LPB  enhances dynamical chiral symmetry breaking in QCD:
chiral condensates, critical temperature of chiral symmetry 
restoration are increasing with chiral chemical potential

3. Axial chemical potential triggers parity-odd condensation for large 
baryon chemical potential in first-order phase transition (“chiral
catalysis”)

4.   LPB modifies dispersion laws for scalar and vector mesons:
lightest “pseudoscalar” mesons tend to massless states in flight, 
vector meson polarizations split with different in-flight masses

5. There are observables unambiguously indicating LPB 
(ALICE LHC?)
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Backup slides
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Instabilities

From: C.Manuel and J.M.Torres-Rincon, Phys.Rev. D92, 074018 (2015)

0

QED anomaly
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Parity-breaking in strong interactions at extreme conditions

Chiral Imbalance
A.Vilenkin, Phys. Rev. D 22, 3080 (1980)

Chiral Magnetic Effect
D. Kharzeev, R. D. Pisarski, and M. H. G. Tytgat, Phys. Rev. Lett. 81, 512 
(1998). D. E. Kharzeev, L. D. McLerran, and H. J. Warringa, Nucl. Phys. 
A 803, 227 (2008). K. Fukushima, D. E. Kharzeev, and H. J. Warringa, 
Phys. Rev. D 78, 074033 (2008);)…

Local Parity Breaking due to parity-odd condensate field
A.A.Ansel’m, Pis’ma Zh.Eksp.Teor.Fiz. 48, 49-53 (1988) …
A.A., V.A. Andrianov’s and D. Espriu, Phys.Lett. B663 (2008) 450-455; 
Phys.Lett. B678 2009) 416-421; …

Hadronization of Chiral Imbalance
A.A., V.A. Andrianov’s, D. Espriu and X.Planells, Phys. Lett. B 684

(2010) 101;  B 710 (2012) 230,…
Lattice search for CME and LPB

P. Buividovich, M. Chernodub, E. Luschevskaya, and M. Polikarpov, 
Phys. Rev. D, 80, 054503 (2009); V.V.Braguta, V.A.Goy, E.M.Ilgenfritz, 
A.Y.Kotov, A.V.Molochkov, M.Muller-Preussker and B.Petersson, JHEP 
1506, 094 (2015) …
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From: M.Ruggieri and G.X.Peng, 1602.03651

Renormalization scheme dependence

for  T = 0
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Relaxation time

From: M.Ruggieri, G.X.Peng and M.Chernodub, 1606.03287
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Comment on Polyakov loop NJL vs. lattice

Controversy!!  
Critical temperature decreases with chemical potential 
whereas it  increases in lattice simulations

M.R.Ruggieri
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Talk by
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Structural constants: guess with NJL
A.A.Andrianov, D.Espriu and X.Planells, Eur.Phys. J. C 74, no. 2, 2776 (2014) 

Back to Models:
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T.D.Lee

A possible formation of abnormal superdense
nuclei and the possibility of pi-condensation was 

proposed by Lee and Wick that can be associated
with high energy heavy ion physics. 

T. D. Lee and G. C. Wick, Phys. Rev. D 9, 2291 
(1974).  T. D. Lee, Rev. Mod. Phys. 47, 267 (1975)

Migdal's theory of pi-condensation predicts, at a 
certain density, the onset  of an inhomogeneous 
classical pion field in the ground state of nuclear 
matter. 
A.B. Migdal, Sov. Phys. JETP 34, 1184 (1972); 
36, 1052 (1973); Nucl. Phys. A 210, 421 (1973) . A.B.Migdal

SPONTANEOUS
PARITY BREAKING
IN NUCLEAR
MATTER

A bit of history
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T=1

2006-2010

T
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Lagrangian of vector meson dominance model in matter
After the bosonization of the quark sector QCD the corresponding kinetic term for the 
lagrangian of the vector fields V(x) in the pseudoscalar background field contains the 
Maxwell and mass terms supplemented by the term of the Chern- Simons interaction 

The quark-meson interaction is described by


