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Photon/vector mesons instability in pseudoscalar back ground

For slowly growing/decreasing neutral pion (isovect or) condensate
N = 9o (1) ~ 80(I1(2))
or large scale isoscalar theta field s = 0y /[ (2Nf) € axial chemical potential

(in central heavy ion collisions)

Induced C-S term

1
AL = ?;E*Juéfjk Mo = (1,0,0,0)

Adiabatic approximation:

Inunits  1/fm ~ frime derivative of C S vector << photon frequency/
vector meson energy




P-and CP-odd condensates
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D. E. Kharzeev, L. D. McLerran and H. J. Warringa, Nucl. Phys. A 803, 227 (2008)

|sotriplet neutral condensate =“pion” condensate

A.A.Andrianov and D.Espriu, Phys.Lett. B 663 (2008 ) 450 (and refs..therein)
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Photons of different circular polarizations have different
dispersion relation between their frequencies and w ave vectors

Ky = (wit, k) Wi = \/k3—|—mf_f_:|:n|k|
Effective photon masses k1 = m f +n|k| 2~ dn|k]

Photon “-”is a tachyon

Photon “+"decays ¥ — It

ilm'f

y

for M~ << Me

k| =

= ki

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.1TeV!

No muon pairs excess in the PHENIX data!? Maybe in N A60?




Polarizations A= L. 4. —

iy — kY 2

e (k) = T (%" =0,

EE_{F:-} = {F:ED]_UE (K2 nH — k¥ ?;-I:'} (k%2 >0)

e G Ll A
(Almost) circular polarizations (k) = { 212 W PL" €,
of distorted photons
P = i + 1 cpwaf Na kg 8% = 2 g Nakgeurge n” k7
5 LY 25 S s Si; = E[(” 2 ;.,]E o HEI!"E]
Polarized decay ! v — 111~



Bounds on lepton momenta

. -m-g ) ) ; -mg
A - minp . ~-—— <O < maxpy 28 ———
fDI‘ ;L o ;1 T.-h p T:.‘ .!D p T}'
Asymmetric!
: LE o7
Decay width I, = T_|_1 o T?

Constant at high energies !

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



Dilepton pair creation
j d2N_. M?

ZM M2 M2 — mz P 2N,

4 E 2m:
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Glant” resonance i.;g | ———° ) +w+ (k) _
with variable position 3 Ui (M2 —m2 — n|k|)2 + T2w2 (|E))
— (T - 7] o 4m? — m;-;
aiy (1]} = V 2 mﬁ +n |[. Iy == 5 for k] = ;
_’
> | k| “On-shell” enhancement in arange of | k| !
1 3 |;| -'i:".'i:f —m:
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Taking into account thermal distribution

1
Byl oo
Boltzmann PR T) = —g—
For transversal polarizations

dk"

o “ﬁ*[ (M2 — mig( |k + TLug (k) €7 -

H.IJ-\;I

B = =3P

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

Maximums at M? ~ 2Ty

RHIC temperatures T = 150 — 250 MeV
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Photon thermal distribution makes resonances broade r
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T=150 MeV
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Does it provide the abnormal ee excess in the rang

Only partially!  Eta scale is plausibly of order of few MeV's,

2, & mesons must enter the game.

1000

1200

e 100 — 700 MeV?

o~ afy ~ 1 MeV
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Finite-volume suppression (qualitatively)

A typical size of nuclear fireball L~ 5 =10 fm

Time spent by photons in nuclear medium

Resonance wave function and amplitude

TR

[r] = exp ([_g'.-_,_,- - %I':n-) — D[E] = ?LLFI dT exp ([iﬂE — él-:l'.")

=

exp ((m.g - %I'jr,i.:] _1 AE = E —uw
B AE 4+ LT |
Breit-Wigner //>
In the peak for A p — g I'ry < 1 Dy (0)/D{0) == T'ry /2 = 1
Absolute enhancement [y 3 . Tl -
~ - o v v ) | N, T,
TP T R
Relative enhancement Bk 5. Y
U M ey 2o
For n ~ 10 MeV 7y ~ 5 fm ~ 1/40M eV —1 Benn gin ~ 17 rather large
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O<p, <5 GeVic  p+p & AusAu at\s,, = 200 GeV
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FIG. 27 (Color online) Invariant mass spectrum of e™e
pairs inclusive in pr compared to expectations from the model
of hadron decays for p+ p and for different Au + Au central-
ity classps,
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From: 0912.0244v1 [nucl-ex]
(PHENIX Collaboration)
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TABLE [X: The enhancement factor. defined as the ra-

oon Lo between the measured vield and the expected yield for
0.15 < Mee < 0.75 GV /e, for different centrality bins. The
meaning of the errors is defined in the text.
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FIG.
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This is an old puzzle!

N, Jdm, (N), (100 meV/c?)™!
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Fig. 2. CERES experiment data collected in 2000 [17]. HADES-experiment data on the dilepton yield

From K. O. Lapidus and V. M. Emel'yanov, Phys. Part . Nucl. 40 (2009) 29 15



In order to derive the value of 17 ne has to resolve

Mixing with vector mesons (Via) = (Ap, wys pu)
In the lagrangian Loizing( k) = 1€ Via Nap O Vi

coupling constants Ngapare known from the anomaly or, independently,
can be derived from radiative decays To —+ Y7 W —» Moy f0 — T

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

for isoscalar 5~ a{di/xf; 1 - 3;‘ _
Ny = | =32 2 0 . det (N9} =0,
10e 10e
g g
~me U Toe?
for pion condensate (7o) /m f 1 3 &
Pl N~ o)/ Tl Np) = | -3 o 3% | det(NT)=o.
3
—% 3= 0
where coupling constants 7w P

€ Ju= gp=4g

These coupling constants are in a very good corresp ondence with data on
Mo — %Y., WwW—moY, M —F Ty, W—FTTm,...
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Mass splitting for transversal polarizations

Mass shell
[P (k) (k%dap — (m%)ap) + 7 € Prighy Nap] Vip(k) = 0
2 10e? e e
. Ty 00 n GgT 3 i
UL 0 0 0 | +my _% 1 \
0 0 0 _§ 0 y

for transversal polarizations [sﬁaﬂb — (% )as) £ r;|r-?|;‘a-'d¢,] VE(R) = 0
For massless photons and isoscalar condensate

. .3 2 10e” :
—2+J. : m- = myr dl-ﬂ% ':l: 1: ].+ ggz o~ dl-’.’lg[l:l. J., J.]-

Transversal photon are not distorted and not decayi ng!
But for a mixture of isoscalar and isovector condensa tes they do decay.

Natural scale Nvee =1 {997/ 1062 ) 2= 3607 ~ 360 Mev for  ~ 1 MeV .
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“Giant” resonances for transversal polarizations
with variable position
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Normal rho meson resonance
for longitudinal polarization

m, ~ T7T0Meuv.

(i eps +m2 0psT2)

(M2 —eq|k|)2 + £2M¢

| 2 2 2 2 2 2 12 o o 104
(_-U _”*’*p,eff) +ms el ([_-’lf — =n|k|] +T-’”)

and to convolute with thermal distribution
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Signatures and searches of parity breaking

1) Photon of “+” polarization decays in dilepton pair AN
when A 2
2171
|k| = — Kth
U
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 ', =71 T~ % for ke kb

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 (Ap) = (Ao, ..., A3, As) = (A, As)
5-dim Chern-Simons interaction Ll =cs f AP rePCPEE N 0 Apdp Ap

KK or brane reduction
, = 5 | AoV A0, A,0,A5
Ap(Xe) = Aplz,) ( fr e naCp

Time dependent fifth component
As(zn) = As(t) = 0(t) — frfl.r%?ﬁ' fjkiﬂjﬂh-ﬂi

induces electric field — dpAs = Ex = 6

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

1~ - QE 8{1‘1) (+ temperature when it is relevant)

from nuclear evolution from a model
of P-breaking

fr iIn-medium pion decay constant

op time-dependent baryon density

(II)(op) density dependent P-breaking condensate
(isosinglet (#) or isotriplet (mg))

And vice versa:
when measuring  7)ne can reconstruct the density depend ence
with a simulated time evolution of density

Crude estimation (order of magnitude)

1~ f:tﬂ,-’fﬂ ~afy ~ 1MeV
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Spontaneous P-parity breaking (Ild order phase transit lon)

normal density

|
|
|
|
»
Jumps of derivapves
! |
|
|
|
|
|
|
|
|
|
|

>

Ju'* N'c: IHI

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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Second order phase transition

Infinite jump in order parameter
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relevant for anomaly
vertex
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Back-up slides
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FIG. 2: [ Color onlme) The longtedinal {3F:, dashed curves)
and the transverse (3F:, dash-dotted curves) diagonal com-
ponents of the microscopic pressure tensor in the central 125
fm” cell in (a) UrQMD and (b) QGSM calculations of central
AutAu collisions at energies rom 1164 GeV to 1584 GeV,
Astensks indicate the pressure given by the statistical model
and solid ines show the total microscopic pressure.

From L.Bravina et al
arXiv:0804.1484 [hep-ph]
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TABLE I: The time evolution of the thermodynamic char-
acteristics of hadronic matter in the central cell of volume
V = 125 fm® in central Au+Au collisions at bombarding en-
ergy 204 GeV, The temperature, T, baryochemical potential,
UE. strange chemical potential, ps, pressure, P, entropy den-
sity, s, and entropy density per baryon. s/pg, are extracted
from the statistical model of ideal hadron gas, using the mi-
croscopically evaluated energy density, =", baryonic density,
o5 and strangeness density, p=U, as input. Of each pair of

numbers, the upper one corresponds to the UrQMD calcula-
tions, and the lower one to the QGSM calculations.

E|:|:]] call atll T

Time fele firs
fm/c MeV/fm® fm™? fm™? MeV MeV MeV MeV/fm? fm—3

pE  ps F #  alph

11 464.2  0.210 -0.0143 1445 450.5 92.7 59.6 2,97 14.16
522.6 0.257 -0.0059 150.2 4878 116.1 T3.8 3.13 12.19
12 343.2  0.160 -0.0115 137.9 459.2 B6.4 44.0 227 14.18
385.7  0.197 -0.0051 141.9 455.1 109.4 53.1 240 12.16
13 255.2 0.124 -0.0093 131.5 469.5 804 32.6 1.76 14.15
286.9  0.153 -0.0046 134.0 609.5 103.1 38.5 1.85 12.09

14 1899 0.006 -0.0072 124.09 481.7 758 24.1 1.34 14.06
2142 0.117 0.0035 127.2 5159 97.1 28.2 1.43 12.22
15 1439 0.075 -0.0064 119.2 4528 68.6 18.1 1.05 13.97
162.3 0.091 -0.0028 121.0 522.3 91.5 20.1 1.12 12.35
16 108.8 0.058 -0.0052 113.T7 502.5 6.7 13.6 0.82 13.97
1254 0.0v2 -0.0025 115.4 529.2 B5.4 15.9 0.89 12.43
17 83.6 0.046 -0.0043 108.7 511.0 57.0 10.4 0.656 14.02
08.3 0.058 -0.0022 110.4 535.9 80.1 12:3 0.72 12.52
18 65.0 0.037 -0.0035 103.5 523.7 52.4 8.0 0.52: 13.88
8.1 0.047 -0.0019 105.9 541.3 75.4 D6 0.59 12.66

19 50.9 0.030 -0.0028 D88 534.

20 40.6 0.025 -0.0027 94.6 544,
31.0 0.033 -0.0014 97.0 560.

3

5 47.6 6.2 0.41 13.82
62.9 0.0389 -0.0016 101.1 552.7 7T2.2 7.6 0.49 12.52

2 389 4.8 (.34 13.76

1 67.4 &.0 (.40 12.54
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Accompanying processes

Lepton decays T — [T
A. Andrianov, D. Espriu, F. Mescia and A. Renau, Phys. Lett. B684 (2010) 101
Photon splitting ¢ — Y_~y_~_ Mmore rare Ly ~ o’

| J—

-

Red shift of lepton and photon spectral
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Kinematics

Wk+ = \/k2 +m?, £ lk| = VD2 +m2++/(p—k)2+m?2

e
' e 4 .2
B m
________ > 0 sin2 @ < ng(l— ':)
dmz nk
-
Narrow cone 0 o < ?]'/2-??1{ n < 2m
For muons it is plausible but for ete™ 27
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= min. bias Au+Au\/s, =200 GeV

" DATA I' r[ﬂ — yes J.I'q_r g
102 B- ¥l <035 === N —+yee w' — ee
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FIG. 26: (Color online) Inclusive mass spectrum of e7e™
pairs in the PHENIX acceptance in minimum-bias Au + Au
compared to expectations from the decays of light hadrons
and correlated decays of charm, bottom and Drell-Yan. The

From: 0912.0244v1 [nucl-ex]
(PHENIX Collaboration)
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Two-multiplet sigma model

2
= - z TAV Agg(m5)* + J'-E(WSJEJ + (7g)° (':53 — My)ay + Agayoy + 3*}*25'22)

k=1

+,3".1crf + -'}'-E'f'r; + ([ Az + Aﬂﬂrfﬁrgz + Aﬁﬂrfﬂrg + Aacrp:ri.

a__ i
mT '2 m
+ ds =in i ]

I’“I

AViglmg) = 2my, [ (dyoy + daos ) cos ——=—

Mass-gap equations
for spontaneous P-breaking (rf) = {(@")8%, (@) = pd™

.u—':". ;_D-.

FD' = —dapeos ——

Qs (™ mgds ()
—Mgdy sin == = p cos —5—
g o P "

0 (dyoy + dams) Fy

(dyoy + daima) sin

_ p( — An + (A — M)ot + Xeci02 + 20007 + 2006%)

At a critical point typically both v.e.v. emerge s  imultaneously

"?TD" (i1u5|'1 -+ EEQG’E

Fo @2+ (dior + daoa)?

for u = fers

O
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Beyond the chiral limit: m,2 0

Two new lowest-dimensional operators
! ditr(Hy + H) im dotr(Hy + HJ)
a”lq 1 1[ 1+ 1,:' 9 q . 2)

The spectrum in dense matter

— 2 2 2
=0 m, ~ m_Z m, > m, heavy
U=l m’ =0 m; ~ m_ very light
2 2 2
H> U m; = 0 mp ~ m, ~ m light

Two Goldstone bosons

Th light '
of isospin breaking ree light massive

“pions” 32



