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More details in

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



New eigenstates







Axial charge + photons



Effective meson theory in a medium with LPB





More details in 

A.A., V.A. Andrianov’s, D. Espriu and X.Planells, Phys. Lett. B 684 (2010) 101;  

B 710 (2012) 230,…





Thus arises the question.

Can these effects somehow be registered in the experiments with  heavy ion collisions and 
thereby assert about 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).       



Anomalous dilepton yield in Au+Au collisions in PHENIX



Structural constants: guess with NJL

A.A.Andrianov, D.Espriu and X.Planells, Eur.\ Phys. J.\C 74}, no. 2, 2776 (2014) 





Critical temperature wrt axial chemical potential: 2-color lattice QCD

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) 



Kenji Fukushima, Marco Ruggieri, and Raoul Gatto Phys. Rev., D81:114031, 2010.

M. N. Chernodub and A. S. Nedelin.. Phys. Rev., D83:105008,2011.

Raoul Gatto and Marco Ruggieri. Phys. Rev., D85:054013, 2012.

Jingyi Chao, Pengcheng Chu, and Mei Huang. Phys. Rev., D88:054009, 2013.

Controversy!!  Critical temperature decreases with chemical 

potential whereas it is increases in lattice simulations

Polyakov loop NJL vs. lattice 





Thanks for your attention!



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.







Parity-breaking in the strong interaction 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) …



D. Kharzeev

Top.charge density

V    ??  boundares!! 

Finite time 

and    size!!!





The lagrangian of the vector meson dominance model in the 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







Conclusions
(signatures of LPB in HIC)

• 1. Based on the generalized lagrangian for vector mesons with Chern-Simons interaction a possibility of 
the local parity breaking in the dense and hot baryon medium (fireball) at high energy and heavy ion 
collisions is described.

• 2. The phenomenology of the appearance of the LPB in the fireball is based on the introduction of the 
topological (axial) charge and the topological (chiral) chemical potential.

• 3. The performed analysis spectra of constituents showed that (in the case of the isosinglet 
pseudoscalar background field a(t)), the spectrum of the massless photons is not distorted when they 
are mixed with the massive of the vector mesons. While the spectrum of the massive vector mesons is 
splitted on three polarizations with the masses                                 . 

• The position of the poles resonances for the transverse polarizations of the \rho, \omega - mesons is 
shifted with the wave vector      and there is the broadening of resonances that leads to the increase of 
the contribution at the dilepton production with compared to the situation when the resonances there 
are in the vacuum states.

• 4. Thus the search of the signal (phase) with the parity breaking in the heavy ion collisions (fireball) can 
be perform in the experiments on the abnormal excess of the dileptons pairs and the different of the 
circular polarizations outside of the resonance region of the invariant mass  \rho and \omega- mesons.

• 5.The characteristic indicating on the possibility of the existence of the local parity breaking in this 
experiments may serve the asymmetry of the longitudinal and transverse polarized states for the 
different values of the invariant mass. 

• 6. The proposed mechanism of the generation of the LPB helps us qualitative and quantitatively to 
explain the abnormal excess of the dilepton pairs in the experiments

of the collaborations CERES, PHENIX, STAR, NA60, LHC.



Signatures of LPB in HIC

• Based on the generalized lagrangian for vector mesons with Chern-Simons interaction in 
medium (i.e the topological (axial) charge and the topological (chiral) chemical potential) 
the phenomenology of LPB  in fireball is described. 

In particular:

• Analysis spectra of constituents (\rho, \omega – mesons) showed that (in the case of the 
isosinglet pseudoscalar background field), the spectrum of the massless photons is not 
distorted when they are mixed with the massive of the vector mesons. While the spectrum 
of the massive vector mesons is splitted on three polarizations with the different masses. 

• There is the broadening of resonances that leads to the increase of the contribution at the 
dilepton production with compared to the situation when the resonances there are in the 
vacuum states.

• The search of the signal (phase) with LPB in the heavy ion collisions (fireball) can be perform 
in the experiments on the abnormal excess of the dileptons pairs and the different of the 
circular polarizations outside of the resonance region of the invariant mass  \rho and 
\omega- mesons.

• The characteristic indicating on the possibility of the existence of LPB in this experiments 
may serve the asymmetry of the longitudinal and transverse polarized states for the 
different values of the invariant mass.

• The proposed mechanism of the generation of the LPB helps us qualitative and 
quantitatively to explain the abnormal excess of the dilepton pairs in the experiments of the 
collaborations CERES, PHENIX, STAR, NA60, LHC.



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)l; Nucl. Phys. A 210, 421 (1973) .

A.B.Migdal



Do not regret the things you did, if when you did them
you were happy



• Thus the search of the signal (phase) with the parity breaking in the heavy ion collisions 
(fireball) can be perform in the experiments "event-by-event" on the abnormal excess of the 
dileptons pairs and mostly with the different of the circular polarizations outside of the 
resonance region of the invariant mass \rho and \omega - mesons.

• The characteristic indicating on the possibility of the existence of the local parity breaking in 
this experiments may serve the asymmetry of the longitudinal and transverse polarized states
for the different values of the invariant mass.

• Of course it should be keep in mind and other possible contributions from the

processes occurring in the study region as well the evolution of the medium in the fireball but 
here we are restricted still the main contributions coming from \rho and \omega -mesons and 
thereby we tried to give the quantitatively description of the mechanism the "anomaly" it is 
the abnormal excess of the lepton pairs in the experiments of the collaborations CERES, 
PHENIX, STAR, NA60.
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Elementary Production channels


