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Photon/vector mesons instability in pseudoscalar back ground

For slowly growing/decreasing neutral pion (isovect or) condensate  

or large scale isoscalar theta field                                  ���� axial chemical potential

(in central heavy ion collisions)

Induced C-S term 

Adiabatic approximation: 

in units                       time derivative of C S vector  << photon frequency/
vector meson energy
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P-and CP-odd condensates

Isoscalar condensate ���� theta vacuum bubbles

Isotriplet neutral condensate =“pion” condensate

A.A.Andrianov and D.Espriu,  Phys.Lett.  B 663 (2008 ) 450 (and refs..therein)

A.A.Andrianov, V.A.Andrianov and  D.Espriu, Phys.Let t. B 678 (2009) 416
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Photons of different circular polarizations have different 
dispersion relation between their frequencies and w ave vectors

Effective photon masses

Photon “+”decays                         

for

Threshold hierarchy!
If for electrons/positrons the threshold is of orde r 100 MeV then 
for muons it is four orders of magnitude higher , i. e. 1 TeV ! 
No muon pairs excess in the PHENIX data!? Maybe in N A60?

Photon “-” is a tachyon
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Polarizations

(Almost) circular polarizations
of distorted photons

Polarized decay !!
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Bounds on lepton momenta

Decay width

Constant at high energies !

Asymmetric!

But the distorted photon is not a proper Breit-Wigner resonance 
as its position (effective mass) moves with momentu m!
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| k |

Dilepton pair creation

“On-shell” enhancement in a range of | k | !

“Giant” resonance
with variable position 
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Taking into account thermal distribution

Boltzmann

For transversal polarizations

RHIC temperatures    T = 150 – 250 MeV

Production rate is sensitive to temperatures via ph oton effective mass and width

Maximums at
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Photon thermal distribution makes resonances broade r
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Does it provide the abnormal   ee excess in the rang e 100 – 700 MeV?

Only partially! Eta scale is plausibly of order of few MeV’s,
mesons must enter the game.

Rho,omega mesons
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Finite-volume suppression (qualitatively)

A typical size of nuclear fireball

Time spent by photons in nuclear medium

Resonance wave function and amplitude

Breit-Wigner

In the peak for

Absolute enhancement

Relative enhancement

For rather large
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From: 0912.0244v1 [nucl-ex]
(PHENIX Collaboration)
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This is an old puzzle!

From K. O. Lapidus and V. M. Emel’yanov, Phys. Part . Nucl. 40 (2009) 29
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Mixing with vector mesons

In the lagrangian

coupling constants              are known from the anomaly or, independently,
can be derived from radiative decays                                                         

One can, in principle,  disentangle the isospin of pseudoscalar condensate:
(after normalization on photon channel)
for  isoscalar

where coupling constants

for pion condensate

In order to derive the value of one has to resolve

These coupling constants are in a very good corresp ondence with data on
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Mass splitting for transversal polarizations

Mass shell

for transversal polarizations

For massless  photons and isoscalar condensate

Transversal photon are not distorted and not decayi ng!

But for a mixture of isoscalar and isovector condensa tes they do decay.

Natural scale



18

channel and VMD

| k |

“Giant” resonances for transversal polarizations 
with variable position

Normal rho meson resonance
for longitudinal polarization

production rate

and to convolute with   thermal distribution
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rho meson enhancement  =
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1) Photon of “+” polarization decays in dilepton pair  
when

Signatures and searches of parity breaking

2) For photons different thresholds for different d ilepton species! 
For vector mesons much weaker!   Search for dimuon e xcess

3) Decay width is energy independent                            for 

4) Distorted photon/vector meson resonances enhance  considerably
the yield of dileptons

5) Positions of resonances with transversal polariz ations move with 
photon/vector meson wave vector   k and therefore convolution with 

photon thermal distribution makes it broader

6) Mixing with vector mesons to disentangle the con densate isospin

Program for RHIC ���� CBM FAIR  + NICA
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Five-dimensional interpretation

5-dim abelian gauge field

5-dim Chern-Simons interaction

KK or brane reduction

Time dependent fifth component 

induces electric field 

Pair creation by a 5-dim Schwinger-like mechanism!
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Estimation of C.-S. coupling in dense (and hot) nuc lear/quark matter

from nuclear evolution from a model 
of P-breaking

(+ temperature when it is relevant)

And vice versa: 
when measuring one can reconstruct the density depend ence 
with a simulated time evolution of density

Crude estimation (order of magnitude)
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SPB

Spontaneous P-parity breaking (IId order phase transit ion)

Jumps of derivatives

normal density

A.A.Andrianov and D.Espriu,  Phys.Lett.  B 663 (2008 ) 450 
A.A.Andrianov, V.A.Andrianov and  D.Espriu, Phys.Let t. B 678 (2009) 416
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Infinite jump in order parameter

Second order phase transition 
in the absence of manifest parity breaking

relevant for anomaly
vertex
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Back-up slides
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From     L.Bravina et al
arXiv:0804.1484 [hep-ph]
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Accompanying processes

Lepton decays

Photon splitting                                      more rare

Red shift of lepton and photon spectra!

A. Andrianov, D. Espriu, F. Mescia and A. Renau, Phys. Lett. B684 (2010) 101
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Kinematics

Narrow cone

For muons it is plausible but for ??
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From: 0912.0244v1 [nucl-ex]
(PHENIX Collaboration)
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Two-multiplet sigma model

Mass-gap equations 
for spontaneous P-breaking

At a critical point typically both v.e.v.  emerge s imultaneously
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Beyond the chiral limit:     
q

m   0≠≠≠≠

2 2 2

q
 = 0               m   m                m   m∼ ≫ΠΠΠΠπ ππ ππ ππ πµµµµ

2 2

c q
 =              m  = 0                    m   mΠΠΠΠππππµ µµ µµ µµ µ ∼

0

2 2 2

c q
 >              m  = 0              m    m  m

± ±± ±± ±± ±ΠΠΠΠπ ππ ππ ππ πµ µµ µµ µµ µ ∼ ∼

heavy 

very light

light

Two Goldstone bosons
of isospin breaking

Three light massive
“pions”

Two new lowest-dimensional operators

The spectrum in dense matter


