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The goal of the report

A possible manifestation of phase Local Parity Breaking (LPB) 

in the presence of chiral imbalance medium in the sector of light 

mesons

ArXiv:1908.09118 v1 [ hep- th] 24 Aug. 2019

Particles 2020, 3, 15–22; doi:10.3390/particles3010002



Outline of the report

i. Introducing chiral imbalance

ii. Linear Sigma Model for light pions and scalar  

mesons in the presence of chiral imbalance

iii. Extended Chiral Lagrangian with chiral chemical 

potential

vi. Conclusions and outlook



Topological charge fluctuations

Isosinglet pseudoscalar condensate

Lattice simulations of local topological fluctuations of gluon fields in QCD vacuum

Chiral Magnetic Effect

Topological charge







Topological charge and Chern-Pontryagin density

Topological charge T_{5} may arise in a fnite volume due to quantum

fuctuations in a hot medium due to sphaleron transitions (Klinkhamer,

Manton, Kuzmin, Rubakov, Shaposhnikov) as a consequence of a HIC,

and survives for a lifetime in the fireball



Outline of the report

Introducing chiral imbalance

Chiral Lagrangian with chiral chemical potential

Linear Sigma Model for light pions and scalar mesons

in the presence of chiral imbalance

Conclusions and outlook

PCAC and Chiral Imbalance



Initial

Stage

After 

HI collision

QGP

Hadronization:

Hadron vacuum with chiral imbalance 

inherited from quark vacuum

< 1 fm/c 1 fm/c < 7-10 fm/c

Sizeable chiral imbalance

Quark-hadron continuity during hadronization

through crossover ( Fukushima et al.)

In the hadron phase we shall assume that the environment in central HIC 

acquires a linear in time pseudoscalar background and search for possible 

manifestation of LPB in electromagnetic and lepton probes. 

Quark-hadron continuity



In the Lorentz invariant form the field of fluctons is described by means of the classical 

pseudoscalar field a(t), so that

A.A., V,A.Andrianov, D.Espriu, X.Planells, Phys. Lett. B 710 (2012) 230



Axial (chiral) chemical potential

• This background a(t), is associated with constant axial 

vector which zero component is identified to chiral (axial) 

chemical potential.

Scalar (and pseudoscalar)  SU(2)- sector mesons

Linear Sigma Model model with chiral chemical                   

potential



Chiral chemical

potential

= time-component

of axial field

current quark mass

pions

scalar mesons (isosingles + isotriplets)

Linear Sigma Model for light pions and scalar mesons 

in the presence of chiral imbalance 



Mass spectrum in vacuum

Take

Obtain

for



mass matrix

and 

chiral condensate

Mass spectrum in chiral medium

Parity breaking mixture



Mass spectrum in chiral  imbalanced medium



T = 0

T = 158 MeV

SU(2) effective

Lagrangian
this talk

NJL model
V.Braguta, A.Kotov.

PRD, 93,105025(2016)

SU(2) QCD
V.Braguta et al

JHEP 06 (2015) 094)

Quark condensate 



Mass spectrum for moving mesons



To increase predictability LPB in the proposed approach, we extend the

vacuum Chiral Lagrangians with the phenomenological low-energy    

structural constants taking into account the chiral medium in the fireball.



External e.m.charges breaking isospin symmetry (R.Urech)

J.Gasser, H. Leutwyler

General form of the Chiral Lagrangian GL



Chiral Lagrangian with chiral chemical potential



Extended Chiral lagrangian in the chiral medium

Comparison of the ChPT and Sigma Model 
In the rest frame of pion

whereas in the sigma model with chiral chemical potential 

Numericaly they have the same sign but differ in magnitude



Chiral Lagrangian with chiral chemical potential



Dispersion low (inverse propagator for pions)

Chiral Lagrangian with chiral chemical potential

(the response of the ChL on chiral medium)



In the pion rest frame

Chiral Lagrangian with chiral chemical potential



The change of pion coupling constant vs. the ChPT

Comparison in two approaches



Comparing one establishes the relationship of isotriplet scalar mass and GL constants

The mass of a_0 - meson



The threshold for the decay of charged pion

The decay channel is closed for 

It must be detected as a substantial decrease of muon flow originated from pion 

decays In fireball.!!!

Decay of charged pion in Chiral medium

(Possible experimental detection of Chiral Imbalance in the charged pion decays)



Conclusions and outlook

• Above two descriptions of the spectrum of light mesons in a medium 

provide a solid basis for the searching of a medium with a Chiral 

imbalance and, as a result, a phase with Local Parity Breaking in 

heavy-ion collisions.

The characteristic features of the manifestation of a LPB can serve 

modificationsof the 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.

Signature of LPB in reactions of fireball

There exist observables unambiguously indicating LPB

(STAR, ALICE LHC?): 

suppression of charged pion decays into leptons,

exotic scalar/pseudoscalar meson decays,

asymmetry in photon polarizations, 

mass splitting of vector mesons and  quarks/nucleons etc.

AAA+AVA+ Kovalenko…



Signature of LPB in reactions of fireball

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 LPB changes the shape, position of light resonances 
and also kinematics of decays of light mesons.

The asymmetry of the longitudinal and transverse polarized states 

for the different values of the invariant mass light mesons.

Measurement of photon polarization asymmetry

in the processes with light mesons.

Abnormal excess of dileptons pairs with different circular polarizations

outside the resonance region of the invariant mass for \rho and \omega- mesons

(details in A. A. Andrianov, V. A. Andrianov, D. Espriu, and X. Planells, 

Phys. Rev. D, 90 (2014), 034024).



Thanks for your attention!







Effective meson theory in a medium with LPB







Thus the question arises:

can these effects be registered somehow in 

experiments at heavy ion collisions and 

thereby can one assert that the existence of 

the local space parity breaking phase is 

possible?



The graphic results of the calculations for the abnormal excess of the 

dilepton pairs in the vicinity of the resonance of the polarized vector \rho 

meson



The graphic results of the calculations for the abnormal excess of 

the dilepton pairs in the vicinity of the resonance of the polarized 

vector \rho and \omega meson



Exotic decays of mesons, 

asymmetry in the polarizability of pions 

as an indication of LPB



M. Kawaguchi, M. Harada, S. Matsuzaki, R. Ouyang ,   PHYS. REV. C 95, 065204 (2017)



M. Kawaguchi, M. Harada, S. Matsuzaki, R. Ouyang ,   PHYS. REV. C 95, 065204 (2017)

Our prediction:

Scalar resonance

enhancement!



Resonance enhancement at energies comparable with the mass of a_0 scalars !



The lagrangian of the vector meson dominance model in the                                             

matter

After the bosonization of the QCD quark sector

The quark-meson interaction is described by



CME disappears in central collisions

but chiral imbalance NOT!

!



One loop renlormalization of chiral lagrangian  of G-L



Nuclear Physics B 603 (2001) 125–179G. Colangelo, J. Gasser, H. Leutwyler

From resonance saturation

Aoki S. et al FLAG working group arXiv:1607.00299 [hep-lat]

give      similar results for  

Fits of constants

G.~Ecker, J.~Gasser, A.~Pich and E.~de Rafael,

Nucl.\ Phys.\ B {\bf 321}, 311 (1989).

https://arxiv.org/abs/1607.00299


J.Gasser, H. Leutwyler

One loop renlormalization of chiral lagrangian



Signatures and proposals to detect of LPB in HIC

Based on the generalized lagrangian for vector mesons with Chern-Simons interaction in medium the 
phenomenology of LPB  in fireball is described. 

In particular:

• Analysis spectra of constituents (\rho, \omega – mesons) showed that, the spectrum of the massless 
photons is not distorted when they are mixed with the massive of the vector mesons. 

Meanwhile the spectrum of the massive vector mesons is split to three components with different 
polarizations and effective masses. 

• There is the broadening of resonances that leads to increasing of spectral contribution to the dilepton 
production as compared to the situation when the resonances are in the vacuum states.

• Thus the search of a signal (a phase) with space parity breaking in heavy ion collisions (in fireball) 
can be performed in experiments on abnormal excess of dileptons pairs with different circular 
polarizations outside 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 
as the asymmetry of the longitudinal and transverse polarized states for the different values of the 
invariant mass.

__________________________________________________________________________________________

The proposed mechanism of generation of the LPB helps us qualitatively and quantitatively to explain

the abnormal excess of the dilepton pairs in the experiments of the collaborations CERES, PHENIX,

STAR, NA60, LHC, ALICE



D.Kharzeev, L.McLerran, K.Fukushima, H.Warringa,…

Chiral magnetic  effect










