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1. Motivation. 
The main goal of this talk  is to argue that local P, 
CP violating fluctuations  in QCD as observed at 
RHIC  and the LHC is a consequence of the  quantum 
anomalies and the topological long range order, 
which is known to occur in many condensed matter 
systems realized in nature (in the so-called the 
“topologically ordered phases”). 

If this long range order were not present in the 
system the intensity of all  effects (to be discussed 
below) would be much smaller  than observed at 
RHIC and the LHC.

The presence of this long range order is supported 
by the lattice numerical computations and by the 
studies in a simplified version of QCD, the so-called 
“deformed QCD”  model.



Basic (sufficiently old) idea is: a large domain with 
effective                may be induced in heavy ion 

collisions (D. Kharzeev et al, 98, A. Zhitnitsky et al, 98). It 
may result in local P and CP - odd fluctuations 
(apparently observed at RHIC and the LHC).

                              is total derivative, does not 
change the equation of motion. Still, it leads to 
the physically observable effects: e.g. dipole 
moment,          . Fundamental (not induced)    is very 
small,                 ; likely it is identically zero.                            

Why does the size of P-odd domain with              
could be  large in heavy ion collisions?  The 
understanding of this  long range order in QCD is 
a key element of this talk. 
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For the uniform magnetic field the  electric field 
will be induced along B in the presence of large 
domain        (assuming a large coherent  effect)

the induced electric field will lead to the induced 
currents and to the separation of charges along B 
(CME) on macroscopical scale:

A similar phenomenon happens when the system is 
rotating, chiral vortical effect (CVE), chiral 
separation effect (CSE), etc.  Therefore:  an upper 
hemisphere can thus have either excess of quarks 
over anti-quarks or vice-versa on scale L .                                       
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2. Charge separation effect. CME. 



D. Kharzeev and A. Zhitnitsky, 2007;  D. Kharzeev, L. McLerran,  and H. 
Warringa, 2007;  K. Fukushima, D. Kharzeev and H. Warringa,2008...

Crucial Question: why the size       of         odd 
domain with                     is large, much larger than 
conventional                  scale ?  This is a required 
feature for effective Lagrangian to be justified         

(in most follow-up papers on the subject it is simply assumed to be correct) 

New scale     (size of the system ~          ): Where 
does it come from (in a gapped QCD with ~    
cutoff)?  Understanding of  this new scale      is 
the key point which will be addressed in this talk. 

We argue in favour of a power suppression      for 
P-odd asymmetries which  should be  contrasted 
with naively expected            .   Why   power       ? 
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The effect is normally formulated in terms of the 
correlations                                     between two 
particles that are not related to the reaction 

plane (RP) orientation (S.Voloshin, 2004) 

3. Observables

�cos(φα + φβ − 2ΨRP )�



Similar analysis is done for  the LHC energies        
(Pb+Pb collisions at 2.76 TeV), ALICE   
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The            dependence in QCD determines the              
mass (Witten,Veneziano, 1979)

The topological susceptibility            does not 
vanish in spite of the fact that operator Q is total 
derivative, the so-called Witten’s contact term.

Sign of          is opposite to what one should expect 
from a physical degree of freedom.  

4. The old story:     dependence in QCDθ
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conventional physical degrees of freedom always 
contribute with sign (-) while we need sign (+) to 
satisfy WI and resolve the U(1) problem

Conventional terms (related to propagating degrees 
of freedom) always  produce                      behaviour

Contact term with “wrong” sign (+) is originated 
from the degenerate topological sectors of the 
theory.  It can be computed in many simplified QFTs  
as well as in holographic strongly coupled QCD. 

Crucial point: the contact (non-dispersive) term can 
not be restored from conventional dispersion 
relations. Therefore, it may, in principle,  exhibit a 
power like scaling        rather than                     .                       
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IV. INSIGHTS FROM LATTICE SIMULATIONS AND FROM HOLOGRAPHIC PICTURE OF QCD

In this section we want to get some insights from the lattice results. The Monte Carlo simulations are normally
performed in Euclidean space. Therefore, we reformulate the low energy relations discussed in previous sections II and
III to Euclidean space time in order to make comparison with lattice results.

A. Topological susceptibility

The scalar correlation function in Euclidean space takes the form and it is negative

�
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while the topological susceptibility in the Euclidean space is positive
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c
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The difference in signs4 between these two correlation functions can be seen in Minkowski space as well, see eq. (3)
versus (6). The crucial observation here is as follows: any physical state contributes to χEucl with negative sign

χdispersive ∼ lim
k→0

�

n

�0|q|n��n|q|0�
−k2 −m2

n

< 0, (21)

in drastic contrast with low energy relation (20). It poses no problem for the correlation function (19) when the
physical dilaton saturates the negative sign in eq.(19). At the same time the positive physical mass m2

η� > 0 for
the η� meson requires the positive sign for the topological susceptibility (20), see the original reference [33] for a
thorough discussion. Therefore, there must be a contact contribution to χ, which is not related to any propagating
physical degrees of freedom, and it must have a “wrong sign” (in comparison with (21) representing the conventional
dispersive contribution) to saturate the positive sign for topological susceptibility (20). In different words, it must be a
non-dispersive contribution to χ which is not associated with any asymptotical physical states in conventional dispersion
relations. In the framework [34] the contact term with “wrong sign” has been postulated, while in refs.[32, 33] the
Veneziano ghost had been introduced to saturate the required property (20).

The simplest way to convince yourself in necessity for a non-dispersive contribution to χ with a “wrong sign” is
to compute the topological susceptibility χQCD in QCD rather than in gluodynamics. The topological susceptibility
χQCD(mq = 0) = 0 must vanish in the chiral limit as a consequence of the Ward Identities (WI). It is very instructive to
see how it happens. If one models the contact contribution to χ using the Veneziano ghost, the topological susceptibility
in Euclidean space can be represented as follows, see [9, 49] and references therein:

χQCD ≡
�

d4x�0|T{q(x), q(0)}|0�QCD =
f2
η�m2

η�

4
·
�

d4x
�
δ4(x)−m2
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(22)

where Dc(mη�x) is the Green’s function of a free massive particle with standard normalization
�
d4xm2

η�Dc(mη�x) = 1.
The term proportional −Dc(mη�x) with negative sign in eq. (22) is resulted from the lightest physical η� state of mass
mη� and it has a negative sign in accordance with (21). At the same time the δ4(x) represents the ghost contribution
with “wrong” sign which can not be associated with any physical states. The ghost’s contribution can be also thought
as the Witten’s contact term [34] not related to any propagating degrees of freedom. The topological susceptibility
χQCD(mq = 0) = 0 vanishes in the chiral limit as a result of exact cancellation between two terms entering (22) in
complete accordance with WI. The WI can not be satisfied if the contact term is not present in the system. When
mq �= 0 the cancellation is not complete and χQCD � mq�q̄q� in accordance with WI.

In case of “deformed QCD” considered in [40] we could explicitly compute the contact term and see that it is saturated
by the monopoles which in weak coupling regime describe the tunnelling processes between different topological sectors
of the theory. While the topological sectors in case of strongly coupled 4d QCD of course still exist, we do not have

4 A warning signal with the signs: the physical degrees of freedom in Euclidean space (where the lattice computations are performed)
contribute to topological susceptibility χQCD with the negative sign, while the contact term (the Veneziano ghost) contributes with the
positive sign, in contrast with our discussions in Minkowski space, see eqs. (3), (6).

8

IV. INSIGHTS FROM LATTICE SIMULATIONS AND FROM HOLOGRAPHIC PICTURE OF QCD

In this section we want to get some insights from the lattice results. The Monte Carlo simulations are normally
performed in Euclidean space. Therefore, we reformulate the low energy relations discussed in previous sections II and
III to Euclidean space time in order to make comparison with lattice results.

A. Topological susceptibility

The scalar correlation function in Euclidean space takes the form and it is negative

�
dx �0|T

�
bαs

8π
G2(x)

bαs

8π
G2(0)

�
|0� = −4�0|bαs

8π
G2|0� < 0, (19)

while the topological susceptibility in the Euclidean space is positive

χEucl =

�
dx �0|T

�αs

8π
GG̃(x)

αs

8π
GG̃(0)

�
|0� = 1

N2
c

|Evac(θ)| > 0. (20)

The difference in signs4 between these two correlation functions can be seen in Minkowski space as well, see eq. (3)
versus (6). The crucial observation here is as follows: any physical state contributes to χEucl with negative sign

χdispersive ∼ lim
k→0

�

n

�0|q|n��n|q|0�
−k2 −m2

n

< 0, (21)

in drastic contrast with low energy relation (20). It poses no problem for the correlation function (19) when the
physical dilaton saturates the negative sign in eq.(19). At the same time the positive physical mass m2

η� > 0 for
the η� meson requires the positive sign for the topological susceptibility (20), see the original reference [33] for a
thorough discussion. Therefore, there must be a contact contribution to χ, which is not related to any propagating
physical degrees of freedom, and it must have a “wrong sign” (in comparison with (21) representing the conventional
dispersive contribution) to saturate the positive sign for topological susceptibility (20). In different words, it must be a
non-dispersive contribution to χ which is not associated with any asymptotical physical states in conventional dispersion
relations. In the framework [34] the contact term with “wrong sign” has been postulated, while in refs.[32, 33] the
Veneziano ghost had been introduced to saturate the required property (20).

The simplest way to convince yourself in necessity for a non-dispersive contribution to χ with a “wrong sign” is
to compute the topological susceptibility χQCD in QCD rather than in gluodynamics. The topological susceptibility
χQCD(mq = 0) = 0 must vanish in the chiral limit as a consequence of the Ward Identities (WI). It is very instructive to
see how it happens. If one models the contact contribution to χ using the Veneziano ghost, the topological susceptibility
in Euclidean space can be represented as follows, see [9, 49] and references therein:

χQCD ≡
�

d4x�0|T{q(x), q(0)}|0�QCD =
f2
η�m2

η�

4
·
�

d4x
�
δ4(x)−m2

η�Dc(mη�x)
�

(22)

where Dc(mη�x) is the Green’s function of a free massive particle with standard normalization
�
d4xm2

η�Dc(mη�x) = 1.
The term proportional −Dc(mη�x) with negative sign in eq. (22) is resulted from the lightest physical η� state of mass
mη� and it has a negative sign in accordance with (21). At the same time the δ4(x) represents the ghost contribution
with “wrong” sign which can not be associated with any physical states. The ghost’s contribution can be also thought
as the Witten’s contact term [34] not related to any propagating degrees of freedom. The topological susceptibility
χQCD(mq = 0) = 0 vanishes in the chiral limit as a result of exact cancellation between two terms entering (22) in
complete accordance with WI. The WI can not be satisfied if the contact term is not present in the system. When
mq �= 0 the cancellation is not complete and χQCD � mq�q̄q� in accordance with WI.

In case of “deformed QCD” considered in [40] we could explicitly compute the contact term and see that it is saturated
by the monopoles which in weak coupling regime describe the tunnelling processes between different topological sectors
of the theory. While the topological sectors in case of strongly coupled 4d QCD of course still exist, we do not have

4 A warning signal with the signs: the physical degrees of freedom in Euclidean space (where the lattice computations are performed)
contribute to topological susceptibility χQCD with the negative sign, while the contact term (the Veneziano ghost) contributes with the
positive sign, in contrast with our discussions in Minkowski space, see eqs. (3), (6).

exp (−ΛQCDL)

L−p exp (−ΛQCDL)



The topological susceptibility        as a function of r.  Wrong sign for             
     is well established phenomenon;  it has been tested on the 
lattice. This contribution is not related to any physical propagating 
degrees of freedom.  It can not be restored from dispersion  
relations. 

χ(r)

Contribution from 
physical degrees of 

freedom 

Contact  term.  

χ



5.     Interpretation: Tunnelling

We interpret the emergence of the contact non-
dispersive term as a result of tunnelling events 
in Minkowski space.

This  interpretation can be tested in “deformed 
QCD” where all computations are under complete 
theoretical control.

the “wrong sign” contribution in topological 
susceptibility emerges as a result of tunnelling 
between topologically distinct (but physically 
equivalent) sectors  

Long range order in the system emerges because 
the large gauge transformation operator         is a 
non-local operator sensitive to far IR-physics.                                

T |n >= |n+ 1 >, [T , H] = 0

T



The tunnelling processes in vacuum do not lead to 
any emission or absorption of real particles, 
similar to the persistent tunnelling events in 
Bloch’s case in condensed matter physics. 

These tunnelling events simply select an 
appropriate ground state of the system which is a 
specific superposition of        states,                        .

While each gauge configuration has definite sign 
of the topological charge density (P-odd), the 
opposite signs of  long range configurations 
alternate. This delicate cancellation leads to the 
known P-even results in QCD  in vacuum at             .     

6. Applications to collisions.           
The Basic idea 

|n�

θ = 0

|θ� = exp(inθ)|n�



As a result of collision the delicate cancellation 
between the opposite (P-odd) signs of the extended 
configurations (observed in lattice simulations) 
can  not be maintained. 

How does vacuum energy scales with the size L of 
the distorted system? Normally, the deviation of 
the vacuum energy (from its Minkowski value) due  
to the propagating degrees of freedom is very 
small                        

However, in QCD- like  theories  the sensitivity to 
the large distances (due to the contact term) is 
much stronger,               . 

We call this “topological Casimir effect” when no 
massless fields are preset in the system. Still, it 
exhibits the Casimir like scaling in a gapped theory.                  

∆E ∼ exp (−mL)

∆E ∼ L−p



In  simplified QFTs the effect can be explicitly 
formulated in terms of auxiliary topological 
fields (similar to Chern-Simons fields in 

topologically ordered phases), A.Z.,Annals. Phys.2013.   

A disturbed long range  structure exhibits 
coherent     violation in the system on scales ~L.  

This picture is very different from conventional 
transitions due to 4d configurations with finite 
size (instantons/sphalerons) characterized by 
scale. In that  case while     violating effects do 
occur, they can not lead to a large coherent 
phenomena as they are always suppressed by a 
finite size of the configuration  
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b) An approximate universality of the temperature with no dependence on energy of colliding particles nor their

nature (including e+e−, pp and pp̄ collisions) is due to the fact that the emission occurs from the distorted QCD

vacuum state represented by the long range vacuum configurations with vanishing width rather than from the colliding

particles themselves. In holographic picture the observed spectrum is a result of emissions from the disturbed D2

branes; therefore, it can not be sensitive to a nature of disturbance and always remains the same. The intensity of the

emission, of course, depends on the nature of colliding particles, and total energy being transferred to the D2 branes to

excite them from their normal equilibrium state in Minkowski space-time.

Along with this simple resolution of two aforementioned puzzles a) and b), this proposal shed some light on another

puzzle formulated in section IA: why the P odd domains are so large, much larger than conventional Λ−1
QCD scale?

Resolution of this puzzle as given in item c) below also elucidates the reason why we treat two naively different
problems formulated in sections IA and 2 as two sides of the same coin.

c) A puzzle with a long- range structure of the P odd domains within our framework is resolved as follows. The

low-dimensional coherent sheets responsible for the tunnelling as explained above, carry the quantum numbers of the

topological charge density GG̃ which is P and CP odd operator. In fact, it was exactly this feature which was studied

on the lattices [50, 51, 56–58]. Therefore, the distortion of these low-dimensional coherent sheets due to the collisions

lead to a local “non-cancellation” between different low-dimensional coherent sheets. Precisely this structure becomes

coherent on the large scales, much larger than Λ−1
QCD as a result of collisions. In different words, the collisions do not

produce a coherent large P odd domain. Rather, the collisions do not completely destroy the coherent structure which

always existed in vacuum. The role of collisions in this framework is that the collisions slightly destroy the delicate
cancellation which is inherent feature of the perfect undisturbed vacuum state as was discussed in section VA.

This picture gives a precise dynamical realization of the conjecture formulated in [9] that these two phenomena

outlined in sections IA and 2 are in fact are intimately related as both originated from the dynamics of the coherent

vacuum structure observed on the lattices and described in section IV. The crucial point here is this: though we

can not presently compute the spectrum, it must demonstrate the same features for P even as well as for P odd

correlations with universal Planck spectrum observed in all high energy collisions. Some supporting evidence for this

behaviour is listed in items f), g) h) below. In holographic description both these phenomena formulated in sections

IA and 2 are due to the same tunnelling events described by D2 branes which emit real particles as a result of small

disturbance of the vacuum state resulted from the collision.

With this basic picture outlined above the main question is: What are the technical tools to describe these effects
quantitatively? In principle, one should model (in one way or another) the relevant gluon configurations which properly

describe the collision itself. After that, one should study the dynamics of slow degrees of freedom represented by

η(x), a(x) fields governed by potential (18), similar to analysis of a different problem given in ref. [48]. In principle, all

relevant information on low energy relations, contact terms, non-dispersive contributions are hidden in formula (18),

including the information about the tunnelling events represented by summation over n-sectors in path integral and

expressed in terms of topological susceptibility (20) with “wrong sign”
6
. It is not the goal of the present work to model

the external sources and study the relevant dynamics which is governed by potential (18). Rather we list below some

model independent consequences of this framework which are based exclusively on the assumption that the collisions

do not completely destroy the coherent structure observed in lattice studies with a number of unusual features as

discussed in section IV. We leave the subject with more specific but model dependent calculations for a future work.

Here we continue the list (started in previous page) of model-independent consequences of this framework:

d) When a system is not infinite, but sufficiently large (e.g. large ions with size L � Λ−1
QCD) the observable P

odd effect due to the collisions of objects size L are expected to be proportional to 1/L. The 1/L scaling essentially

describes the deviation of the system from the ground state in the region L as a result of collision. We refer to

Appendix B where we present a number of arguments (including some QCD lattice results) supporting L−1
scaling.

Such a Casimir like behaviour should be contrasted with naively expected exponential suppression exp(−L) when a

mass gap being inherent feature of QCD is present in the system. The crucial point is that L−1
correction is originated

from non-dispersive contributions which are not related to any physical states as discussed in section IV.

e) As one can see from Fig. 2 some suppression of the measured correlations with increasing the size of the system

indeed has been observed. We would like to interpret this suppression as a manifestation of the L−1
scaling. Indeed,

the effect for Au+Au collisions with A � 197 is obviously suppressed in comparison with Cu+Cu collisions with

6 To study the same problem in holographic picture one should analyze the dynamics of D2 branes when they are slightly disturbed by
external forces (including the fluctuations of D2 branes leading to the emission of real particles). In lattice simulations, the relevant
information is hidden in dynamics of extended coherent vacuum sheets when they are slightly disturbed by the collisions. The fluctuations
of the corresponding correlated coherent objects are expected to emit particles with thermal spectrum. In principle, these ideas can be
tested using the lattice simulations. These are technically very challenging problems, though.

Λ−1
QCD

exp−(ΛQCDL)
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              is typical size of 
a domain with   

c∆t

                        is a typical emission time (for pions)   from region  λ∆t ∼ Λ−1
QCD

   

 If                  the P-violating correlations can be observed as emissions which 
effectively occur in P odd environment with effectively non vanishing     

λ ∼ L

θ �= 0

θ �= 0

c∆t ≤ λ



Few consequences of this picture which are model-
independent and  not sensitive to any specific 
details of the framework:

 a). For finite system size L the P-odd correlations  
show the Casimir like scaling          rather than 
naively expected exponential suppression            
when a mass gap is present in then system.  

b). Some suppression of the measured correlations 
with increasing size of the system  L   apparently 
indeed have been observed. The effect for Au+Au 
with A=197 is suppressed in comparison with Cu
+Cu with A=64

7. Comparison with observations 
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puzzle formulated in section IA: why the P odd domains are so large, much larger than conventional Λ−1
QCD scale?

Resolution of this puzzle as given in item c) below also elucidates the reason why we treat two naively different
problems formulated in sections IA and 2 as two sides of the same coin.

c) A puzzle with a long- range structure of the P odd domains within our framework is resolved as follows. The

low-dimensional coherent sheets responsible for the tunnelling as explained above, carry the quantum numbers of the

topological charge density GG̃ which is P and CP odd operator. In fact, it was exactly this feature which was studied

on the lattices [50, 51, 56–58]. Therefore, the distortion of these low-dimensional coherent sheets due to the collisions

lead to a local “non-cancellation” between different low-dimensional coherent sheets. Precisely this structure becomes

coherent on the large scales, much larger than Λ−1
QCD as a result of collisions. In different words, the collisions do not

produce a coherent large P odd domain. Rather, the collisions do not completely destroy the coherent structure which

always existed in vacuum. The role of collisions in this framework is that the collisions slightly destroy the delicate
cancellation which is inherent feature of the perfect undisturbed vacuum state as was discussed in section VA.

This picture gives a precise dynamical realization of the conjecture formulated in [9] that these two phenomena

outlined in sections IA and 2 are in fact are intimately related as both originated from the dynamics of the coherent

vacuum structure observed on the lattices and described in section IV. The crucial point here is this: though we

can not presently compute the spectrum, it must demonstrate the same features for P even as well as for P odd

correlations with universal Planck spectrum observed in all high energy collisions. Some supporting evidence for this

behaviour is listed in items f), g) h) below. In holographic description both these phenomena formulated in sections

IA and 2 are due to the same tunnelling events described by D2 branes which emit real particles as a result of small

disturbance of the vacuum state resulted from the collision.

With this basic picture outlined above the main question is: What are the technical tools to describe these effects
quantitatively? In principle, one should model (in one way or another) the relevant gluon configurations which properly

describe the collision itself. After that, one should study the dynamics of slow degrees of freedom represented by

η(x), a(x) fields governed by potential (18), similar to analysis of a different problem given in ref. [48]. In principle, all

relevant information on low energy relations, contact terms, non-dispersive contributions are hidden in formula (18),

including the information about the tunnelling events represented by summation over n-sectors in path integral and

expressed in terms of topological susceptibility (20) with “wrong sign”
6
. It is not the goal of the present work to model

the external sources and study the relevant dynamics which is governed by potential (18). Rather we list below some

model independent consequences of this framework which are based exclusively on the assumption that the collisions

do not completely destroy the coherent structure observed in lattice studies with a number of unusual features as

discussed in section IV. We leave the subject with more specific but model dependent calculations for a future work.

Here we continue the list (started in previous page) of model-independent consequences of this framework:

d) When a system is not infinite, but sufficiently large (e.g. large ions with size L � Λ−1
QCD) the observable P

odd effect due to the collisions of objects size L are expected to be proportional to 1/L. The 1/L scaling essentially

describes the deviation of the system from the ground state in the region L as a result of collision. We refer to

Appendix B where we present a number of arguments (including some QCD lattice results) supporting L−1
scaling.

Such a Casimir like behaviour should be contrasted with naively expected exponential suppression exp(−L) when a

mass gap being inherent feature of QCD is present in the system. The crucial point is that L−1
correction is originated

from non-dispersive contributions which are not related to any physical states as discussed in section IV.

e) As one can see from Fig. 2 some suppression of the measured correlations with increasing the size of the system

indeed has been observed. We would like to interpret this suppression as a manifestation of the L−1
scaling. Indeed,

the effect for Au+Au collisions with A � 197 is obviously suppressed in comparison with Cu+Cu collisions with

6 To study the same problem in holographic picture one should analyze the dynamics of D2 branes when they are slightly disturbed by
external forces (including the fluctuations of D2 branes leading to the emission of real particles). In lattice simulations, the relevant
information is hidden in dynamics of extended coherent vacuum sheets when they are slightly disturbed by the collisions. The fluctuations
of the corresponding correlated coherent objects are expected to emit particles with thermal spectrum. In principle, these ideas can be
tested using the lattice simulations. These are technically very challenging problems, though.

L−p



c).The correlations demonstrate the universal 
behaviour similar to the universality observed in 
all high energy collisions. In particular, the 
correlations do not depend on energy/charge of 
colliding ions. Indeed, all effects are due to 
disturbed long range vacuum structure, rather 
than a result of direct impact of colliding ions.   

We interpret the difference between Au+Au and  
Cu+Cu as manifestation of a coherent          scalingL−p



d). We expect the same tendency to continue for 
the LHC energies. Preliminary results for lead 
(Pb+Pb collisions from ALICE at 2.76 TeV) 
support this expectation. In fact, such a 
prediction  had been made  before the ALICE 
results were posted on arxiv
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the effects are  similar to P-violation in     -meson 
condensate background with                      when all 
physical modes are formed in the P-odd background.

One could argue that this picture must be quite 
universal (does not depend on specific properties 
of colliding ions) because all effects are 
originated from long range topological vacuum 
configurations, not colliding particles. 

Specifically, there should be no dependence on 
energy or charge of colliding ions, similar to the 
universality of the Hagedorn spectrum in all high 
energy collisions.   

Apparently, the recent LHC results (energy 2.76 
TeV in contrast with 200 GeV and 62 GeV at RHIC) 
support this prediction of this framework.  

λcond
π � Λ−1

QCD

π



Conclusion 
We interpret a relatively large observed 
intensities of the asymmetries in heavy ion 
collisions as a coherent vacuum phenomenon. It is 
a direct manifestation of the Casimir 1/L scaling 
when a measured  asymmetry is accumulated on 
large scales               , rather than a result of a 
conventional           fluctuation.  

This long range order should  be (eventually) 
tested using different observables, such as  EM 
probes, or explicit CP violating processes from P-
odd domains. 

Similar phenomena are known to exist in nature in 
topologically ordered CM systems (the so-called 

magneto-electric effect, Zhang et al, 2008), which is 
analogous  to CME, CSE  in heavy ion collisions. 

L ∼ 10 fm
1 fm


