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This talk is mostly based on two recent papers where we 
attempt to reveal the nature of vacuum energy in QFT     



We want to argue that there is a novel type of 
energy in gauge theories.   This  energy has Ò non-
dispersive Ó nature, and  can not be expressed in 
terms of conventional  scattering amplitudes. 

It explicitly contradicts to the Òfolk theoremÓ that 
the S-matrix contains all the information about 
all physical observables. 

All these novel effects are due to the nontrivial 
topological sectors in the gauge systems and 
tunnelling transitions between them.   

The effect is non-local in nature, and can not be 
expressed in terms  of local curvature in gradient 
expansion. It is expressed in terms of a non-local 
characteristics of the system -the holonomy.

1. preliminary: energy in gauge theories   



We apply these ideas to cosmology (deSitter 
behaviour  during inflationary stage and Dark 
Energy at present epoch).  

We want to test these ideas with explicit 
computations in Hyperbolic  space and the so-
called Òdeformed QCDÓ model.   

We want to apply  these  ideas to the inflationary 
epoch. We also want to apply these ideas to the 
present time (the Dark Energy epoch) 

We also want to argue that the observed magnetic 
field (with huge correlation length on the level 
of  1 Gps) is the direct manifestation of this DE. 

2. Plan of the talk



A convenient  way to explain the nature  of new type 
of vacuum energy is  to study the topological 
susceptibility  ! it is "e key element in "e resolu#on of "e so-

ca$ed U!1% problem in QCD, Wi&en, Veneziano, 1979 %. 

        does not vanish, though                       . It has 
``wrong signÓ, see below. It can  not be related to 
any physical propagating degrees of freedom. 
Furthermore, it has a pole in momentum space 

There is a massless  pole (Veneziano ghost), but 
there are no  any physical massless  states in the 
system. 

3.  Topological susceptibility

4

the theory is restored not due to the 2! periodicity of Lagrangian (7). Rather, it is restored as a result of summation
over all branches of the theory when the levels cross at" = ! (mod 2! ) and one branch replaces another and becomes
the lowest energy state as discussed in [23].

Finally, the dimensional parameter which governs the dynamics of the problem is the Debye correlation length of
the monopoleÕs gas,
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The average number of monopoles in a ÒDebye volumeÓ is given by
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The last inequality holds since the monopole fugacity is exponentially suppressed,# # e! 1/g 2
, and in fact we can view

(9) as a constraint on the validity of the approximation where semiclassical approximation is justiÞed.

B. Topological susceptibility

The topological susceptibility $ which plays a crucial role in resolution of theU(1)A problem [24Ð29] and is deÞned
as follows1
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= lim
k" 0
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d4xeikx $T{ q(x), q(0)} %,

where " is the " parameter which enters the Lagrangian (6) along with topological density operator q(x) and Evac (" )
is the vacuum energy density determined by (7).

It is important that the topological susceptibility $ does not vanish in spite of the fact that q = %µ K µ is total
divergence. Furthermore, any physical state gives a negative contribution to this diagonal correlation function
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where mn is the mass of a physical state,k ) 0 is its momentum, and $0|q|n%= cn is its coupling to topological
density operator q(x). At the same time the resolution of the U(1)A problem requires a positive sign for the topological
susceptibility ( 12), see the original reference [26] for a thorough discussion,

$non ! dispersive = lim
k" 0

'
d4xeikx $T{ q(x), q(0)} %> 0. (12)

Therefore, there must be a contact contribution to $, which is not related to any propagating physical degrees of
freedom, and it must have the ÒwrongÓ sign. The ÒwrongÓ sign in this paper implies a sign which is opposite to
any contributions related to the physical propagating degrees of freedom (11). In the framework [24] the contact
term with ÒwrongÓ sign has been simply postulated, while in refs.[25, 26] the Veneziano ghost had been introduced
into the theory to saturate the required property ( 12). Furthermore, as we discuss below the contact term has in
fact the structure $ #

)
d4x&4(x). The signiÞcance of this structure is that the gauge variant correlation function in

momentum space

lim
k" 0

'
d4xeikx $K µ (x), K #(0)% #

kµ k#

k4 (13)

1 We use the Euclidean notations where path integral computations are normally performed.

q(x) ! ! µ K µ (x)
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To avoid con'sion: (is is "e Wick)s T-product, not Dyson)s       



conventional physical degrees of freedom always 
contribute with sign (-) while one needs sign (+) to 
satisfy WI and resolve the U(1) problem 

Conventional terms (related to propagating degrees 
of freedom) always  produce                      behaviour 
at large distances.   

Witten simply postulated this term, while Veneziano 
assumed the unphysical field, the so-called the 
ÒVeneziano ghostÓ to saturate ÒwrongÓ sign in     .  

In some models this contact non-dispersive term with 
ÒwrongÓ sign (+) can be explicitly computed. It is 
originated from the tunnelling effects  between the  
degenerate topological sectors of the theory .                      
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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 sectionsII 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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The di! erence 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#Eucl with negative sign
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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 massm2

! ! > 0 for
the %" 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#, which is not related to any propagating
physical degrees of freedom, and it must have a Òwrong signÓ (in comparison with (21) representing the conventional
dispersive contribution) to saturate the positive sign for topological susceptibility (20). In di ! erent words, it must be a
non-dispersive contribution to # which is not associated with any asymptotical physical states in conventional dispersion
relations. In the framework [34] the contact term with Òwrong signÓ 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# with a Òwrong signÓ is
to compute the topological susceptibility #QCD in QCD rather than in gluodynamics. The topological susceptibility
#QCD (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# using the Veneziano ghost, the topological susceptibility
in Euclidean space can be represented as follows, see [9, 49] and references therein:
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where D c(m! ! x) is the GreenÕs function of a free massive particle with standard normalization
)

d4xm2
! ! D c(m! ! x) = 1.

The term proportional # D c(m! ! x) with negative sign in eq. (22) is resulted from the lightest physical %" state of mass
m! ! and it has a negative sign in accordance with (21). At the same time the &4(x) represents the ghost contribution
with ÒwrongÓ sign which can not be associated with any physical states. The ghostÕs contribution can be also thought
as the WittenÕs contact term [34] not related to any propagating degrees of freedom. The topological susceptibility
#QCD (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 satisÞed if the contact term is not present in the system. When
mq &= 0 the cancellation is not complete and#QCD ' mq! øqq" in accordance with WI.

In case of Òdeformed QCDÓ 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 di! erent 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 �QCD 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).
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These contributions can not be described in terms 
of conventional degrees of freedom (wrong sign); 

They are inherently non-local in nature as they 
are related to the tunnelling processes which are 
formulated in terms of the non-local  large gauge 
transformation operator and holonomy ; 

These terms may exhibit the long range features 
even through QCD has a gap (similar to the CM 
topological insulators); 

The effects have been explained  in terms           . 
However,  the      -dependent portion of energy             
(relevant for the cosmological applications) has 
all these unusual features due to the relation 

! Evac (! )
! Y M
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The topological susceptibility        as a function of r.  Wrong sign for             
     is well established phenomenon;  it has been tested on the lattice 
(plot above is from C. Bernard et al, LATTICE 2007).  This 
contribution is not related to any physical degrees of freedom, and 
can be interpreted as a contact term.   

! (r )

Contribution from 
physical degrees of 

freedom (negative sign 
with  Þnite width)

Contact  term  (positive sign +, 
vanishing width in continuum )

!
! (r = 0)



4. Cosmological application: inflation, DE

This proposal represents a synthesis of two 
previous, and naively unrelated, ideas: 

1. self-consistent generation of the de Sitter  
behaviour based on the Euclidean               
gravitational instantons, garlands. They can be 
thought as the thermal (so is the        )  version of 
Hartle-Hawking instantons  !Barvinsky and Co%, see 

next slide with a Figure.  

Inflation stage starts after ÒnucleationÓ of the 
system from             instanton. Analytical 
continuation of the  scale factor leads to the de 
Sitter behaviour !Barvinsky and Co%, see next slide 
with a Figure.

S3 ! S1
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S3 ! S1
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Previous papers (Barvinsky & Co):       was treated as the 
system with Þnite temperature. Novel element: the same       
is a key element to generate a nontrivial holonomy.  



! ! Õ

! = 2m" / # + it, a 2 ! cos(#! ) " cosh(# t) ! exp(! t)
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The ÒnucleationÓ of the system occurs in both cases in the 
same way after analytical continuation from Euclidean to 
Lorentzian spacetime: 



2. Naively unrelated idea is that the same        
plays a key role in generation of the vacuum 
energy in a conjectured            with                  when  
holonomy assumes a nontrivial value   

In our framework the vacuum energy entering the 
Friedman equation is defined  as the difference 
between the energy in nontrivial background and 
flat space time geometry, i.e. 

This subtraction prescription is consistent  with 
conventional subtraction of the UV divergences. 
Non-local functions of geometry (such as         )    
cannot be removed by any UV counter-terms. 

S1
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<latexit sha1_base64="djpCgy7kjPZuGZSlC1rfElD3YH0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgxpKIoDuLblxW6AvatEymk3boZBJmJkoJ+Q83LhRx67+48y/8BCdpF9p64MLhnHu59x4v4kxp2/6yCiura+sbxc3S1vbO7l55/6ClwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW9ym/ntByoVC0VDTyPqBngkmM8I1kbqJz2CedJI035y5qSDcsWu2jnQMnHmpHL9DTnqg/JnbxiSOKBCE46V6jp2pN0ES80Ip2mpFysaYTLBI9o1VOCAKjfJr07RiVGGyA+lKaFRrv6eSHCg1DTwTGeA9Vgtepn4n9eNtX/lJkxEsaaCzBb5MUc6RFkEaMgkJZpPDcFEMnMrImMsMdEmqJIJwVl8eZm0zquOXXXuLyq1m1kaUIQjOIZTcOASanAHdWgCAQlP8AKv1qP1bL1Z77PWgjWfOYQ/sD5+AC2ek7k=</latexit><latexit sha1_base64="djpCgy7kjPZuGZSlC1rfElD3YH0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgxpKIoDuLblxW6AvatEymk3boZBJmJkoJ+Q83LhRx67+48y/8BCdpF9p64MLhnHu59x4v4kxp2/6yCiura+sbxc3S1vbO7l55/6ClwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW9ym/ntByoVC0VDTyPqBngkmM8I1kbqJz2CedJI035y5qSDcsWu2jnQMnHmpHL9DTnqg/JnbxiSOKBCE46V6jp2pN0ES80Ip2mpFysaYTLBI9o1VOCAKjfJr07RiVGGyA+lKaFRrv6eSHCg1DTwTGeA9Vgtepn4n9eNtX/lJkxEsaaCzBb5MUc6RFkEaMgkJZpPDcFEMnMrImMsMdEmqJIJwVl8eZm0zquOXXXuLyq1m1kaUIQjOIZTcOASanAHdWgCAQlP8AKv1qP1bL1Z77PWgjWfOYQ/sD5+AC2ek7k=</latexit><latexit sha1_base64="djpCgy7kjPZuGZSlC1rfElD3YH0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgxpKIoDuLblxW6AvatEymk3boZBJmJkoJ+Q83LhRx67+48y/8BCdpF9p64MLhnHu59x4v4kxp2/6yCiura+sbxc3S1vbO7l55/6ClwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW9ym/ntByoVC0VDTyPqBngkmM8I1kbqJz2CedJI035y5qSDcsWu2jnQMnHmpHL9DTnqg/JnbxiSOKBCE46V6jp2pN0ES80Ip2mpFysaYTLBI9o1VOCAKjfJr07RiVGGyA+lKaFRrv6eSHCg1DTwTGeA9Vgtepn4n9eNtX/lJkxEsaaCzBb5MUc6RFkEaMgkJZpPDcFEMnMrImMsMdEmqJIJwVl8eZm0zquOXXXuLyq1m1kaUIQjOIZTcOASanAHdWgCAQlP8AKv1qP1bL1Z77PWgjWfOYQ/sD5+AC2ek7k=</latexit><latexit sha1_base64="djpCgy7kjPZuGZSlC1rfElD3YH0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgxpKIoDuLblxW6AvatEymk3boZBJmJkoJ+Q83LhRx67+48y/8BCdpF9p64MLhnHu59x4v4kxp2/6yCiura+sbxc3S1vbO7l55/6ClwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW9ym/ntByoVC0VDTyPqBngkmM8I1kbqJz2CedJI035y5qSDcsWu2jnQMnHmpHL9DTnqg/JnbxiSOKBCE46V6jp2pN0ES80Ip2mpFysaYTLBI9o1VOCAKjfJr07RiVGGyA+lKaFRrv6eSHCg1DTwTGeA9Vgtepn4n9eNtX/lJkxEsaaCzBb5MUc6RFkEaMgkJZpPDcFEMnMrImMsMdEmqJIJwVl8eZm0zquOXXXuLyq1m1kaUIQjOIZTcOASanAHdWgCAQlP8AKv1qP1bL1Z77PWgjWfOYQ/sD5+AC2ek7k=</latexit><latexit sha1_base64="wew3fX4eEOgukhZvqH0FcVjcfAA=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXis0C9otyWbZtvQbHZJskoJ+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOFMadf9dgpr6xubW8Xt0s7u3v5B+fCopeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gcjfz249UKhaLhp4m1I/wSLCQEayt1Dc9grlpZFnfXHjZoFxxq+4caJV4OalAjvqg/NUbxiSNqNCEY6W6npto32CpGeE0K/VSRRNMJnhEu5YKHFHlm/nVGTqzyhCFsbQlNJqrvycMjpSaRoHtjLAeq2VvJv7ndVMd3viGiSTVVJDFojDlSMdoFgEaMkmJ5lNLMJHM3orIGEtMtA2qZEPwll9eJa3LqudWvYerSu02j6MIJ3AK5+DBNdTgHurQBAISnuEV3pwn58V5dz4WrQUnnzmGP3A+fwCSjJKK</latexit>

QCD
<latexit sha1_base64="zWI9QuGLceJV5LD9JaPo997PTzI=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQXcW68JlC/YBTSiT6aQdOnkwMxFKiBt/xY0LRdz6F+78Cz/BSdqFth4YOJxzD3Pv8WLOpLKsL2NpeWV1bb20Ud7c2t7ZNff22zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjjeu537mnQrIovFOTmLoBHobMZwQrLfXNQ+RE2s/jqRNgNRJB2qzfZFnfrFhVqwBaJPaMVK6+oUCjb346g4gkAQ0V4VjKnm3Fyk2xUIxwmpWdRNIYkzEe0p6mIQ6odNPiggydaGWA/EjoFypUqL8TKQ6knASensyXlPNeLv7n9RLlX7opC+NE0ZBMP/ITjlSE8jrQgAlKFJ9ogolgeldERlhgonRpZV2CPX/yImmfVW2rajfPK7XraRtQgiM4hlOw4QJqcAsNaAGBB3iCF3g1Ho1n4814n44uGbPMAfyB8fEDfUKYVw==</latexit><latexit sha1_base64="zWI9QuGLceJV5LD9JaPo997PTzI=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQXcW68JlC/YBTSiT6aQdOnkwMxFKiBt/xY0LRdz6F+78Cz/BSdqFth4YOJxzD3Pv8WLOpLKsL2NpeWV1bb20Ud7c2t7ZNff22zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjjeu537mnQrIovFOTmLoBHobMZwQrLfXNQ+RE2s/jqRNgNRJB2qzfZFnfrFhVqwBaJPaMVK6+oUCjb346g4gkAQ0V4VjKnm3Fyk2xUIxwmpWdRNIYkzEe0p6mIQ6odNPiggydaGWA/EjoFypUqL8TKQ6knASensyXlPNeLv7n9RLlX7opC+NE0ZBMP/ITjlSE8jrQgAlKFJ9ogolgeldERlhgonRpZV2CPX/yImmfVW2rajfPK7XraRtQgiM4hlOw4QJqcAsNaAGBB3iCF3g1Ho1n4814n44uGbPMAfyB8fEDfUKYVw==</latexit><latexit sha1_base64="zWI9QuGLceJV5LD9JaPo997PTzI=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQXcW68JlC/YBTSiT6aQdOnkwMxFKiBt/xY0LRdz6F+78Cz/BSdqFth4YOJxzD3Pv8WLOpLKsL2NpeWV1bb20Ud7c2t7ZNff22zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjjeu537mnQrIovFOTmLoBHobMZwQrLfXNQ+RE2s/jqRNgNRJB2qzfZFnfrFhVqwBaJPaMVK6+oUCjb346g4gkAQ0V4VjKnm3Fyk2xUIxwmpWdRNIYkzEe0p6mIQ6odNPiggydaGWA/EjoFypUqL8TKQ6knASensyXlPNeLv7n9RLlX7opC+NE0ZBMP/ITjlSE8jrQgAlKFJ9ogolgeldERlhgonRpZV2CPX/yImmfVW2rajfPK7XraRtQgiM4hlOw4QJqcAsNaAGBB3iCF3g1Ho1n4814n44uGbPMAfyB8fEDfUKYVw==</latexit><latexit sha1_base64="zWI9QuGLceJV5LD9JaPo997PTzI=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQXcW68JlC/YBTSiT6aQdOnkwMxFKiBt/xY0LRdz6F+78Cz/BSdqFth4YOJxzD3Pv8WLOpLKsL2NpeWV1bb20Ud7c2t7ZNff22zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjjeu537mnQrIovFOTmLoBHobMZwQrLfXNQ+RE2s/jqRNgNRJB2qzfZFnfrFhVqwBaJPaMVK6+oUCjb346g4gkAQ0V4VjKnm3Fyk2xUIxwmpWdRNIYkzEe0p6mIQ6odNPiggydaGWA/EjoFypUqL8TKQ6knASensyXlPNeLv7n9RLlX7opC+NE0ZBMP/ITjlSE8jrQgAlKFJ9ogolgeldERlhgonRpZV2CPX/yImmfVW2rajfPK7XraRtQgiM4hlOw4QJqcAsNaAGBB3iCF3g1Ho1n4814n44uGbPMAfyB8fEDfUKYVw==</latexit><latexit sha1_base64="FrG+5Yt5mAUOydRpY6A4NNW0o0c=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZEXRZrAuXLdha6Awlk2ba0DyGJCOUoW78FTcuFHHrX7jzb8y0s9DWA4HDOfeQe0+UMKqN5307pZXVtfWN8mZla3tnd8/dP+homSpM2lgyqboR0oRRQdqGGka6iSKIR4zcR+NG7t8/EKWpFHdmkpCQo6GgMcXIWKnvHsFAWj+PZwFHZqR41mrcTKd9t+rVvBngMvELUgUFmn33KxhInHIiDGZI657vJSbMkDIUMzKtBKkmCcJjNCQ9SwXiRIfZ7IIpPLXKAMZS2ScMnKm/ExniWk94ZCfzJfWil4v/eb3UxFdhRkWSGiLw/KM4ZdBImNcBB1QRbNjEEoQVtbtCPEIKYWNLq9gS/MWTl0nnvOZ7Nb91Ua1fF3WUwTE4AWfAB5egDm5BE7QBBo/gGbyCN+fJeXHenY/5aMkpMofgD5zPH+Iwlyg=</latexit>

! QCD ! M P
<latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="/fX3v9dNTuMapqRnfgjiAJJwbew=">AAACBnicbVDNSsNAGPzib61Vq1cvi0XoqSRe9CjUgweFFuwPNCFsNpt26SYbdjdCCXkFL76KFw+K+AjefBs3bQ/aOrAwzMzuft8EKWdK2/a3tbG5tb2zW9mr7tcODo/qx7W+EpkktEcEF3IYYEU5S2hPM83pMJUUxwGng2DaLv3BI5WKieRBz1LqxXicsIgRrI3k15vunQmH2M9dYXLlM7kbYz2Rcd5t3xRF4XKO7v2OX2/YLXsOtE6cJWnAEib/5YaCZDFNNOFYqZFjp9rLsdSMcFpU3UzRFJMpHtORoQmOqfLy+UYFOjdKiCIhzUk0mqu/b+Q4VmoWByZZDqtWvVL8zxtlOrrycpakmaYJWXwUZRxpgcp6UMgkJZrPDMFEMjMrIhMsMdGmxKopwVldeZ30L1qO3XK6NlTgFM6gCQ5cwjXcQgd6QOAJXuAN3q1n69X6WNS1YS17O4E/sD5/AIm1nHA=</latexit><latexit sha1_base64="/fX3v9dNTuMapqRnfgjiAJJwbew=">AAACBnicbVDNSsNAGPzib61Vq1cvi0XoqSRe9CjUgweFFuwPNCFsNpt26SYbdjdCCXkFL76KFw+K+AjefBs3bQ/aOrAwzMzuft8EKWdK2/a3tbG5tb2zW9mr7tcODo/qx7W+EpkktEcEF3IYYEU5S2hPM83pMJUUxwGng2DaLv3BI5WKieRBz1LqxXicsIgRrI3k15vunQmH2M9dYXLlM7kbYz2Rcd5t3xRF4XKO7v2OX2/YLXsOtE6cJWnAEib/5YaCZDFNNOFYqZFjp9rLsdSMcFpU3UzRFJMpHtORoQmOqfLy+UYFOjdKiCIhzUk0mqu/b+Q4VmoWByZZDqtWvVL8zxtlOrrycpakmaYJWXwUZRxpgcp6UMgkJZrPDMFEMjMrIhMsMdGmxKopwVldeZ30L1qO3XK6NlTgFM6gCQ5cwjXcQgd6QOAJXuAN3q1n69X6WNS1YS17O4E/sD5/AIm1nHA=</latexit><latexit sha1_base64="XBr/zDPTvRjmhdvv27bmC1lIK9k=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqVCUsMFaUgQGkVqIPqYkix3Fbq7YT2Q5SFeUXWPgVFgYQYmVj429w2gzQciRLR+eee33vCWJGlbbtb6u0tr6xuVXeruzs7u0fVA+PeipKJCZdHLFIDgKkCKOCdDXVjAxiSRAPGOkH01Ze7z8QqWgk7vUsJh5HY0FHFCNtJL9ad2+NOUR+6kbGl49JXY70RPK007rOssxlDN75bb9asxv2HHCVOAWpgQLG/+WGEU44ERozpNTQsWPtpUhqihnJKm6iSIzwFI3J0FCBOFFeOr8og2dGCeEokuYJDefq744UcaVmPDDOfFm1XMvF/2rDRI8uvZSKONFE4MVHo4RBHcE8HhhSSbBmM0MQltTsCvEESYS1CbFiQnCWT14lvfOGYzecjl1rXhVxlMEJOAV14IAL0AQ3oA26AINH8AxewZv1ZL1Y79bHwlqyip5j8AfW5w9QHJ3o</latexit><latexit sha1_base64="foknGFsEQC32MQMJE5QigVoREyI=">AAACEXicbVDLSgMxFM3UV62vqks3wSJ0VWZE0GWxLlwotGAf0BmGTCZtQzPJkGSEMswvuPFX3LhQxK07d/6NmXYWWj0QOJx77s29J4gZVdq2v6zSyura+kZ5s7K1vbO7V90/6CmRSEy6WDAhBwFShFFOuppqRgaxJCgKGOkH01Ze798Tqajgd3oWEy9CY05HFCNtJL9ad2+MOUR+6grjy8ekboT0REZpp3WVZZnLGLz12361ZjfsOeBf4hSkBgoY/6cbCpxEhGvMkFJDx461lyKpKWYkq7iJIjHCUzQmQ0M5iojy0vlFGTwxSghHQprHNZyrPztSFCk1iwLjzJdVy7Vc/K82TPTowkspjxNNOF58NEoY1ALm8cCQSoI1mxmCsKRmV4gnSCKsTYgVE4KzfPJf0jttOHbD6ZzVmpdFHGVwBI5BHTjgHDTBNWiDLsDgATyBF/BqPVrP1pv1vrCWrKLnEPyC9fENUVyd7A==</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="gAQfKY8LM/x8Lu5+bPm9ym0XfBc=">AAACEXicbVDLSsNAFL2pr1pfVZduBovQVUlE0J3FunCh0IJ9QFPKZDJph04ezEyEEvILbvwVNy4UcevOnX/hJzhJu9DqgYHDuefeufc4EWdSmeanUVhaXlldK66XNja3tnfKu3sdGcaC0DYJeSh6DpaUs4C2FVOc9iJBse9w2nUmjazevaNCsjC4VdOIDnw8CpjHCFZaGpar9rU2u3iY2KH2ZWMS28dqLPyk1bhM09TmHN0Mm8NyxayZOdBfYs1J5fwLcmj/h+2GJPZpoAjHUvYtM1KDBAvFCKdpyY4ljTCZ4BHtaxpgn8pBkl+UoiOtuMgLhX6BQrn6syPBvpRT39HObFm5WMvE/2r9WHlng4QFUaxoQGYfeTFHKkRZPMhlghLFp5pgIpjeFZExFpgoHWJJh2AtnvyXdI5rllmzWieV+sUsDSjCARxCFSw4hTpcQRPaQOAeHuEZXowH48l4Nd5m1oIx79mHXzDevwHsX58b</latexit><latexit sha1_base64="foknGFsEQC32MQMJE5QigVoREyI=">AAACEXicbVDLSgMxFM3UV62vqks3wSJ0VWZE0GWxLlwotGAf0BmGTCZtQzPJkGSEMswvuPFX3LhQxK07d/6NmXYWWj0QOJx77s29J4gZVdq2v6zSyura+kZ5s7K1vbO7V90/6CmRSEy6WDAhBwFShFFOuppqRgaxJCgKGOkH01Ze798Tqajgd3oWEy9CY05HFCNtJL9ad2+MOUR+6grjy8ekboT0REZpp3WVZZnLGLz12361ZjfsOeBf4hSkBgoY/6cbCpxEhGvMkFJDx461lyKpKWYkq7iJIjHCUzQmQ0M5iojy0vlFGTwxSghHQprHNZyrPztSFCk1iwLjzJdVy7Vc/K82TPTowkspjxNNOF58NEoY1ALm8cCQSoI1mxmCsKRmV4gnSCKsTYgVE4KzfPJf0jttOHbD6ZzVmpdFHGVwBI5BHTjgHDTBNWiDLsDgATyBF/BqPVrP1pv1vrCWrKLnEPyC9fENUVyd7A==</latexit>



Historical comments: many people from different 
fields had advocated (after Zeldovich, 1967 )  a 
similar idea on the RHS for the FriedmanÕs 
equation  

                                      

James Bjorken !par#cle physics%, 2001,                             

Ralf Schuetzhold !GR%, PRL, 2002;                                                    

Grisha Volovik !CM physics%, 2008 +many more  

I personally adopted this idea in 2009, mostly 
due to the intense (and never ending) discussions 
with Grisha Volovik in the relation with  his 
COSLAB (Cosmology in a Laboratory) activities. 

E (L ) ! " (!V )! 1 ln Z

! E(L ) = [ E(L ) ! EMink ]



5. Holonomy and the linear correction    
in hyperbolic space 

Normally it is expected that all corrections due to 
the time-dependent (curved) background are 
proportional to the local curvature 

We want to test these ideas  in gauge theories with 
nontrivial holonomy. In this case corrections are 
not reduced to the local observables. The IR 
regularization plays key role in all computations.  

Specifically, we compute the ratio which explicitly 
shows the linear correction  
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The computations are based on KvBLL calorons 
with nontrivial holonomy (Kraan-van Baal-Lee-Lu) 

Normally, nontrivial holonomy (            ) 
generates zero contribution to the partition 
function in thermodynamical limit. However, the 
KvBLL configurations are known to generate IR -
finite contribution to the free energy (in huge 
contrast with conventional instantons). 

The KvBLL configurations can be thought as a 
superposition of ÒNÓ different monopoles which 
carry the fractional topological charge 

Confinement can be understood as percolation of 
these fractionally charged monopoles which 
enter the partition function in  sets of ÒNÓ .  
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The crucial role in generating this result is zero- 
mode determinant. These modes  are drastically 
different in hyperbolic and in Euclidean spaces. 

This difference in these two cases is determined by 
asymptotic behaviour (different cutoff:               )  

   

Eventually, this difference translates into the 
difference in fugacities (and vacuum energies ) as 
claimed above
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The correction        can be explicitly computed in 
some simplified settings (Hyperbolic space, weakly 
coupled deformed QCD model, etc): 

These corrections do not modify the equation of 
states which is normally associated with the 
cosmological constant contribution: 

The driving force for the deSitter behaviour is not  
a local dynamical inflaton field          . Rather, the 
driving force should be thought as a Casimir type 
vacuum energy generated by tunnelling transitions 

T ! 1
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Q:       How a sys*m wi" a gap could be ever 

sensi#ve + arbi,ary large distances?

A1: The long range order in gapped QCD is similar 
to Aharonov -Casher effect. If one inserts an 
external charge into superconductor  when 
electric field is screened                  a neutral 
magnetic fluxon will be still sensitive to external 
charge at arbitrary large distances.  

A2: Long range order  in the system emerges because 
the large gauge transformation operator  and 
holonomy are non-local operators sensitive to far 
IR-physics, similar to Òmodular operatorÓ in 
Aharonov -Casher effect. 

exp(! r/! )



6.  How the inflation ends. The Reheating  

In a simplified  case (no SM particles) the Hubble 
constant H and the energy density remain constant 
after the ÒnucleationÓ from the gravitational 
instanton. The system assumes conventional 
Lorentzian signature. 

The solution after nucleation corresponds to 
inflationary de-Sitter behaviour  

This would be the final destination  of the Universe 
if the interaction with SM particles is switched off  
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When the interaction with SM particles is 
switched back on the inflation ends as a result of 
this interaction with SM particles.  

The computational procedure is well defined in 
principle (profoundly complicated in practise): 

1.One should describe the relevant Euclidean 
configurations satisfying proper boundary 
conditions (similar to calorons with nontrivial 
holonomy defined on                ) 

2. One should compute the corresponding path 
integral accounting for the tunnelling 
transitions;  

3.One should compute          in the presence of all 
massless SM gauge fields (                    ) 
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<latexit sha1_base64="0sV3tjRjoJ1Vp1v9DFy4+eDsc2U=">AAACCHicbVDJSgNBEK2JW4zbqEcPNgbBU5iJot4MevEYlyyQjZ5OJ2nS0zN09whhyNGLv+LFgyJe/QRv/oWfYGcSQRMfFDzeq6KqnhdyprTjfFqpufmFxaX0cmZldW19w97cKqsgkoSWSMADWfWwopwJWtJMc1oNJcW+x2nF61+M/ModlYoF4lYPQtrwcVewDiNYG6ll79Z9rHueF18Pm4d1zXyq0I90M2y6LTvr5JwEaJa4E5I9+4IExZb9UW8HJPKp0IRjpWquE+pGjKVmhNNhph4pGmLSx11aM1Rgs7ERJ48M0b5R2qgTSFNCo0T9PRFjX6mB75nO0Y1q2huJ/3m1SHdOGzETYaSpIONFnYgjHaBRKqjNJCWaDwzBRDJzKyI9LDHRJruMCcGdfnmWlPM59ziXvzrKFs7HaUAadmAPDsCFEyjAJRShBATu4RGe4cV6sJ6sV+tt3JqyJjPb8AfW+zdeOZr+</latexit>

R3 ! S1

<latexit sha1_base64="eAbwZOlVbVV5Od3Dvr8tUrVWb7g=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEF6UkRdSdRTcuK9gHtqFMppN06EwSZiZCLf0SNy4UceunuPMv/ASnaRfaeuDC4Zx7ufceP+FMacf5snIrq2vrG/nNwtb2zm7R3ttvqjiVhDZIzGPZ9rGinEW0oZnmtJ1IioXPacsfXk/91gOVisXRnR4l1BM4jFjACNZG6tnFboiFwGXUKqP7Mgp7dsmpOBnQMnHnpHT5DRnqPfuz249JKmikCcdKdVwn0d4YS80Ip5NCN1U0wWSIQ9oxNMKCKm+cHT5Bx0bpoyCWpiKNMvX3xBgLpUbCN50C64Fa9Kbif14n1cGFN2ZRkmoakdmiIOVIx2iaAuozSYnmI0MwkczcisgAS0y0yapgQnAXX14mzWrFPatUb09LtatZGpCHQziCE3DhHGpwA3VoAIEUnuAFXq1H69l6s95nrTlrPnMAf2B9/AAHYJLS</latexit>

! , W, Z, g



4. One should subtract the corresponding 
expressions                    to derive   

While these steps are well defined in principle, it 
is not feasible now to perform the computations   

There is analogy with the Dynamical Casimir Effect 
(DCE) when photons are radiated from time-
dependent background.  

the difference is: in our case photons are emitted 
not from conventional quantum vacuum 
fluctuations, but from configurations describing 
the vacuum tunnelling processes.  

This is a hard technical problem: tunnelling is 
described in Euclidean  path integral while the 
emission represents inherent Minkowski  process 

<latexit sha1_base64="sJl/1RAxgDxxWc/suSbPjfuwOcU=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQQcpMKerOohuXVewDOmPJpGkbmnmQZIQy9APc+CtuXCji1g9w51/4CWamXdjWA4HDOeeSe48bciaVaX4bmaXlldW17HpuY3Nreye/u9eQQSQIrZOAB6LlYkk582ldMcVpKxQUey6nTXd4lfjNByokC/w7NQqp4+G+z3qMYKWlTr5gi0FQtD2sBq4b347vK8cnKJwVdMosmSnQIrGmpHDxAylqnfyX3Q1I5FFfEY6lbFtmqJwYC8UIp+OcHUkaYjLEfdrW1McelU6cHjNGR1rpol4g9PMVStW/EzH2pBx5rk4mS8p5LxH/89qR6p07MfPDSFGfTD7qRRypACXNoC4TlCg+0gQTwfSuiAywwETp/nK6BGv+5EXSKJes01L5plKoXk7agCwcwCEUwYIzqMI11KAOBB7hGV7hzXgyXox342MSzRjTmX2YgfH5C7KQm44=</latexit>

! (R4), p(R4)
<latexit sha1_base64="dFoG2Mec0Ew1MhVEEO8B4mP3kw4=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqCBlpoi6s6gLlxXsAzpDyaRpG5p5kGSEMrQbf8WNC0Xc+hfu/As/wXSmC60euHByzr3k3uNFnEllWZ9GbmFxaXklv1pYW9/Y3DK3dxoyjAWhdRLyULQ8LClnAa0rpjhtRYJi3+O06Q2vpn7zngrJwuBOjSLq+rgfsB4jWGmpY+6VnGvKFXbEIDxGk+yBInTUMYtW2UqB/hJ7RooXX5Ci1jE/nG5IYp8GinAsZdu2IuUmWChGOB0XnFjSCJMh7tO2pgH2qXST9IIxOtRKF/VCoStQKFV/TiTYl3Lke7rTx2og572p+J/XjlXv3E1YEMWKBiT7qBdzpEI0jQN1maBE8ZEmmAimd0VkgAUmSodW0CHY8yf/JY1K2T4tV25PitXLLA3Iwz4cQAlsOIMq3EAN6kBgAo/wDC/Gg/FkvBpvWWvOmM3swi8Y798TWJbN</latexit>

(! ! , ! p)



Fortunately, the key features can be understood 
using alternative technique formulated in terms of 
the auxiliary topological non-propagating field, 
similar to the Veneziano ghost field in QCD.  

The end of inflation is described by such effective 
auxiliary field. It is fixed by triangle anomaly:  

where        is topological non-propagating field 
(Lagrange multiplier).  This technique has  been 
explicitly tested in simplified solvable systems       

In Condensed Matter  this technique is well known 
when summation over topological sectors is 
replaced by auxiliary (non-propagating) field, e.g. 
in topologically ordered systems  

L b!! =
! (H0)

8"
NQ2 [# ! b(x)] áFµ" ÷F µ" ,

b(x)



In QCD context               implies that the helical 
instability will be developed (studies were done in 
relation with the chiral magnetic effect in QCD 
where       is the chiral chemical potential). 

In QCD context  (            )  the typical time scale for 
development of the helical instability is  

We identify                   with  

The number of e-folds                                                   

The deviation from pure De-Sitter is related to the 
coupling with SM (we know and love) and not to 
some ad-hoc  local inflaton potential  

µ5 ! H0

! inßaton
<latexit sha1_base64="3wMRtrHBeTBB5sJ9cTpnK9Q0FxY=">AAAB/3icbVA9SwNBEJ3zM8avU8FCm8UgWIU7Gy2DNpYJmA9IQtzb7CVL9vaO3TkhnCn8KzYWitj6N+xs/C1uPgpNfDDweG+GmXlBIoVBz/tylpZXVtfWcxv5za3tnV13b79m4lQzXmWxjHUjoIZLoXgVBUreSDSnUSB5PRhcj/36PddGxOoWhwlvR7SnRCgYRSt13MMW0rSTtXREhAolxViNCCEdt+AVvQnIIvFnpFA6qnzfAUC54362ujFLI66QSWpM0/cSbGdUo2CSj/Kt1PCEsgHt8aalikbctLPJ/SNyapUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+5zVTDC/bmVBJilyx6aIwlQRjMg6DdIXmDOXQEsq0sLcS1qeaMrSR5W0I/vzLi6R2XvS9ol+xaVzBFDk4hhM4Ax8uoAQ3UIYqMHiAJ3iBV+fReXbenPdp65IzmzmAP3A+fgDdTpd/</latexit><latexit sha1_base64="KEsmmrECZuyoyW0TQlBBzHfh4o0=">AAAB/3icbVC5TsNAEF1zhnAZkCigWREhUUU2DZRRaCgTiRxSbFnrzTpZZb22dsdIkUnBr9BQcIiWni+go+Fb2BwFJDxppKf3ZjQzL0wF1+A4X9bS8srq2npho7i5tb2za+/tN3WSKcoaNBGJaodEM8ElawAHwdqpYiQOBWuFg6ux37plSvNE3sAwZX5MepJHnBIwUmAfekCyIPdUjLmMBIFEjjDGgV1yys4EeJG4M1KqHNW/+Uv1oxbYn143oVnMJFBBtO64Tgp+ThRwKtio6GWapYQOSI91DJUkZtrPJ/eP8KlRujhKlCkJeKL+nshJrPUwDk1nTKCv572x+J/XySC69HMu0wyYpNNFUSYwJHgcBu5yxSiIoSGEKm5uxbRPFKFgIiuaENz5lxdJ87zsOmW3btKooikK6BidoDPkogtUQdeohhqIojv0gJ7Qs3VvPVqv1tu0dcmazRygP7DefwAunpk7</latexit><latexit sha1_base64="KEsmmrECZuyoyW0TQlBBzHfh4o0=">AAAB/3icbVC5TsNAEF1zhnAZkCigWREhUUU2DZRRaCgTiRxSbFnrzTpZZb22dsdIkUnBr9BQcIiWni+go+Fb2BwFJDxppKf3ZjQzL0wF1+A4X9bS8srq2npho7i5tb2za+/tN3WSKcoaNBGJaodEM8ElawAHwdqpYiQOBWuFg6ux37plSvNE3sAwZX5MepJHnBIwUmAfekCyIPdUjLmMBIFEjjDGgV1yys4EeJG4M1KqHNW/+Uv1oxbYn143oVnMJFBBtO64Tgp+ThRwKtio6GWapYQOSI91DJUkZtrPJ/eP8KlRujhKlCkJeKL+nshJrPUwDk1nTKCv572x+J/XySC69HMu0wyYpNNFUSYwJHgcBu5yxSiIoSGEKm5uxbRPFKFgIiuaENz5lxdJ87zsOmW3btKooikK6BidoDPkogtUQdeohhqIojv0gJ7Qs3VvPVqv1tu0dcmazRygP7DefwAunpk7</latexit><latexit sha1_base64="KEsmmrECZuyoyW0TQlBBzHfh4o0=">AAAB/3icbVC5TsNAEF1zhnAZkCigWREhUUU2DZRRaCgTiRxSbFnrzTpZZb22dsdIkUnBr9BQcIiWni+go+Fb2BwFJDxppKf3ZjQzL0wF1+A4X9bS8srq2npho7i5tb2za+/tN3WSKcoaNBGJaodEM8ElawAHwdqpYiQOBWuFg6ux37plSvNE3sAwZX5MepJHnBIwUmAfekCyIPdUjLmMBIFEjjDGgV1yys4EeJG4M1KqHNW/+Uv1oxbYn143oVnMJFBBtO64Tgp+ThRwKtio6GWapYQOSI91DJUkZtrPJ/eP8KlRujhKlCkJeKL+nshJrPUwDk1nTKCv572x+J/XySC69HMu0wyYpNNFUSYwJHgcBu5yxSiIoSGEKm5uxbRPFKFgIiuaENz5lxdJ87zsOmW3btKooikK6BidoDPkogtUQdeohhqIojv0gJ7Qs3VvPVqv1tu0dcmazRygP7DefwAunpk7</latexit><latexit sha1_base64="0XA7bBtBjCQ1kJGInHuFdmZSqNs=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSL3osevFYwbZCE8Jmu2mX7m7C7kQosQf/ihcPinj1b3jz37htc9DWBwOP92aYmRdnghvwvG+nsrK6tr5R3axtbe/s7rn7Bx2T5pqyNk1Fqu9jYpjgirWBg2D3mWZExoJ149H11O8+MG14qu5gnLFQkoHiCacErBS5RwGQPCoCLTFXiSCQqgnGOHLrXsObAS8TvyR1VKIVuV9BP6W5ZAqoIMb0fC+DsCAaOBVsUgtywzJCR2TAepYqIpkJi9n9E3xqlT5OUm1LAZ6pvycKIo0Zy9h2SgJDs+hNxf+8Xg7JZVhwleXAFJ0vSnKBIcXTMHCfa0ZBjC0hVHN7K6ZDogkFG1nNhuAvvrxMOucN32v4t169eVXGUUXH6ASdIR9doCa6QS3URhQ9omf0it6cJ+fFeXc+5q0Vp5w5RH/gfP4ASUqVlg==</latexit>

! instability
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úb = µ5
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V (! )



Lesson 1: There is a fundamentally new type of the 
vacuum energy   which can not  be expressed in 
terms of the scattering amplitudes (the S-matrix 
elements).  

Lesson 2: It emerges as a result of tunnelling 
processes between degenerate topological 
sectors, and formulated in terms of the Ònon-
dispersiveÓ contact terms and nonlocal holonomy.   

Lesson 3: We identify this new type of energy with 
cosmological vacuum energy.  

Instead of unknown gauge theory (we called         ) 
relevant for inflationary scale we apply the same 
ideas to QCD (we know and love)  

7. Applications to the Dark Energy 

QCD
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In this case we simply modify all our previous 
formulae  and computations by replacing  

The obtained  relevant parameters are amazingly 
close to the observed DE values: 

In case of          the coupling with SM particles 
leads to the reheating (energy transfer from the 
vacuum to gauge fields) 

In case of           the coupling with Maxwell EM 
field leads to  similar energy (very slow) transfer.  

Result: the large scale magnetic field (with 
correlation length of entire visible Universe) will 
be generated. 
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8. Large Scale Magnetic field
There are many ideas how the observed 
cosmological magnetic field is generated including 
primordial mechanisms  

We advocate unorthodox mechanism which is 
dramatically different from all previous 
approaches:  the B- field is generated with 
enormous coherence scale from DE, similar to 
reheating in the Inflation studies  

No need for any amplifications as it is 
characterized by the largest possible scale at the 
moment of formation  

The B field correlated on enormous (Gpc) scale 
must exist. What is the origin of such correlation?  



Constraints on the B Þeld [From Neronov & Vovk]. The B-Þeld 
correlated on Gpc scales must exist: 
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The starting point is the same Effective Lagrangian 
in terms of the auxiliary field  

It generates well known extra term with  

Similar equations have been studied before (e.g. 
dynamical axion field). The difference here is that 
the       does not satisfy any classical equation of 
motion as there is no canonical kinetic term for 
auxiliary field            . The      is background field  

The             field was introduced as the Lagrange 
multiplier to account for tunnelling events
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It is known that the presence  of the       term 
leads to the helical instability. In the present 
context it implies the generation of the magnetic 
field on the huge scales where       is correlated.   

The instability develops for large wavelengths: 

In case of the inflation this coupling leads to the 
reheating.  In case of DE at present time the same 
physics leads to the generation of the magnetic  
field  correlated on the enormous scales. 

The order of magnitude estimates suggest (present 
time) 
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           Concluding comments on In-a#on 

We speculate that a liner correction               to the 
energy could be generated as a result of dynamics 
of topological configurations with nontrivial 
holonomy. The idea is tested  in Òdeformed QCDÓ and 
in the system defined on hyperbolic space       

Application to the inflation with         . It generates 
the de Sitter behaviour which ends (reheating) as a 
result of coupling with SM particles: 

Technically:  Effect is non-local in nature, and can 
not be expressed in terms of propagating DoF. There 
are many analogies with topologically -ordered 
systems, including auxiliary fields                                                
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<latexit sha1_base64="M0aEyziuOSl0wAKwYWVSyJ26M8E=">AAACA3icbVC7SgNBFL0bXzG+Vu20GQyCVdgNonYGY2FhkYB5QHYJs5NJMmT2wcysEJYFG3/FxkIRW3/Czr/wE5xsUmjigYHDOfdw5x4v4kwqy/oyckvLK6tr+fXCxubW9o65u9eUYSwIbZCQh6LtYUk5C2hDMcVpOxIU+x6nLW9UnfiteyokC4M7NY6o6+NBwPqMYKWlrnngeFgkzq1O9HDaTRJH+KhevU5T1DWLVsnKgBaJPSPFy2/IUOuan04vJLFPA0U4lrJjW5FyEywUI5ymBSeWNMJkhAe0o2mAfSrdJLshRcda6aF+KPQLFMrU34kE+1KOfU9P+lgN5bw3Ef/zOrHqX7gJC6JY0YBMF/VjjlSIJoWgHhOUKD7WBBPB9F8RGWKBidK1FXQJ9vzJi6RZLtlnpXL9tFi5mrYBeTiEIzgBG86hAjdQgwYQeIAneIFX49F4Nt6M9+lozphl9uEPjI8fNtqYrQ==</latexit>

ø! QCD



   Concluding comments  on Dark Energy & B .eld 

If the same idea is applied to the present DE when 
the gauge filed is the QCD (we know and love), it 
produces correct  order of magnitude estimate 
which is consistent with the observations: 

Similar to the reheating (in case of inflation)  the 
vacuum energy will be eventually transferred to 
the magnetic energy in  

The magnetic field at present time could be large: 
!  . It must be  correlated on the scale of 
the visible Universe (order of magnitude estimate 
for B-field,  at the very best).                                          

<latexit sha1_base64="vt4tdl9iUVaR7sW+1JoP+rfUlTA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUUXeWutBlBfuANpbJdNIOnUnCzKRQQv/EjQtF3Pon7vwLP8Fp2oW2HrhwOOde7r3HjzlT2nG+rNzK6tr6Rn6zsLW9s7tn7x80VJRIQusk4pFs+VhRzkJa10xz2oolxcLntOkPb6Z+c0SlYlH4oMcx9QTuhyxgBGsjdW272lFMINd5TM9cZ4Juu3bRKTkZ0DJx56R4/Q0Zal37s9OLSCJoqAnHSrVdJ9ZeiqVmhNNJoZMoGmMyxH3aNjTEgiovzS6foBOj9FAQSVOhRpn6eyLFQqmx8E2nwHqgFr2p+J/XTnRw5aUsjBNNQzJbFCQc6QhNY0A9JinRfGwIJpKZWxEZYImJNmEVTAju4svLpFEuuRel8v15sVKdpQF5OIJjOAUXLqECd1CDOhAYwRO8wKuVWs/Wm/U+a81Z85lD+APr4we1HpM0</latexit>
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<latexit sha1_base64="H7C3LqOm6UvmocBrrX3ryYs5dIg=">AAACBXicbVC7SgNBFL3rM8ZX1FKLwSDYGHaDqJ1Bm5QRzAOya7g7mSRDZh/MzAphSWPjr9hYKGLrP9j5F36Ck0ehiQcu93DOvczc48eCK23bX9bC4tLyympmLbu+sbm1ndvZrakokZRVaSQi2fBRMcFDVtVcC9aIJcPAF6zu969Hfv2eScWj8FYPYuYF2A15h1PURmrlDlwUcQ/v0pPikJRNc4bElQEZMJSqlcvbBXsMMk+cKclffsMYlVbu021HNAlYqKlApZqOHWsvRak5FWyYdRPFYqR97LKmoSEGTHnp+IohOTJKm3QiaSrUZKz+3kgxUGoQ+GYyQN1Ts95I/M9rJrpz4aU8jBPNQjp5qJMIoiMyioS0uWRUi4EhSCU3fyW0hxKpNsFlTQjO7MnzpFYsOGeF4s1pvnQ1SQMysA+HcAwOnEMJylCBKlB4gCd4gVfr0Xq23qz3yeiCNd3Zgz+wPn4AlTWYyw==</latexit>
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Physical meaning of     (the size of    )  

!appendix A3 /om   paper  wi" Barvinsky%
Originally        was introduced in Euclidean  space 
for computations in the weak coupling regime with 
given holonomy.  

It should not be confused with real size  in 4d in 
Minkowski space.  

In weakly coupled gauge theories (such as deformed 
QCD) all computations can be carried out explicitly 
with fixed     . One can see explicitly confinement, 
fractionally 1/N charged monopoles (instanton 
quarks), generation of the vacuum energy  expressed 
in terms of the auxiliary field              , etc  

<latexit sha1_base64="k4EvImC/0p7yAN6DMxBn0dl4rC0=">AAAB7nicbZC5TgMxEIZnOUO4wtHRWERIVNFuCqAjggLKIOWSklXkdbyJFa/Xsr1IYZWHoKEAIVoqHoaOMq/AE+AcBST8kqVP/z8jz0wgOdPGdb+cpeWV1bX1zEZ2c2t7Zze3t1/TcaIIrZKYx6oRYE05E7RqmOG0IRXFUcBpPehfj/P6PVWaxaJiBpL6Ee4KFjKCjbXqLYJ5Whm2c3m34E6EFsGbQf7ye3TzcfgwKrdzn61OTJKICkM41rrpudL4KVaGEU6H2VaiqcSkj7u0aVHgiGo/nYw7RCfW6aAwVvYJgybu744UR1oPosBWRtj09Hw2Nv/LmokJL/yUCZkYKsj0ozDhyMRovDvqMEWJ4QMLmChmZ0WkhxUmxl4oa4/gza+8CLViwTsrFO/cfOkKpsrAERzDKXhwDiW4hTJUgUAfHuEZXhzpPDmvztu0dMmZ9RzAHznvP2fHlBE=</latexit>
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<latexit sha1_base64="izoOTUUSkCD9FTq5sCWIzLOl8gE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqjuLblxWtA9oYplMJ+3QySTMTIQS+htuXCji1p9x51/4CU7SLrT1wMDhnHu5Z44fc6a0bX9ZhZXVtfWN4mZpa3tnd6+8f9BWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj++zvzOI5WKReJeT2LqhXgoWMAI1kZy3RDrke+nd9MHp1+u2FU7B1omzpxULr8hR7Nf/nQHEUlCKjThWKmeY8faS7HUjHA6LbmJojEmYzykPUMFDqny0jzzFJ0YZYCCSJonNMrV3xspDpWahL6ZzDKqRS8T//N6iQ4uvJSJONFUkNmhIOFIRygrAA2YpETziSGYSGayIjLCEhNtaiqZEpzFLy+Tdq3q1Ku127NK42rWBhThCI7hFBw4hwbcQBNaQCCGJ3iBVyuxnq036302WrDmO4fwB9bHD4eBksw=</latexit>
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<latexit sha1_base64="k4EvImC/0p7yAN6DMxBn0dl4rC0=">AAAB7nicbZC5TgMxEIZnOUO4wtHRWERIVNFuCqAjggLKIOWSklXkdbyJFa/Xsr1IYZWHoKEAIVoqHoaOMq/AE+AcBST8kqVP/z8jz0wgOdPGdb+cpeWV1bX1zEZ2c2t7Zze3t1/TcaIIrZKYx6oRYE05E7RqmOG0IRXFUcBpPehfj/P6PVWaxaJiBpL6Ee4KFjKCjbXqLYJ5Whm2c3m34E6EFsGbQf7ye3TzcfgwKrdzn61OTJKICkM41rrpudL4KVaGEU6H2VaiqcSkj7u0aVHgiGo/nYw7RCfW6aAwVvYJgybu744UR1oPosBWRtj09Hw2Nv/LmokJL/yUCZkYKsj0ozDhyMRovDvqMEWJ4QMLmChmZ0WkhxUmxl4oa4/gza+8CLViwTsrFO/cfOkKpsrAERzDKXhwDiW4hTJUgUAfHuEZXhzpPDmvztu0dMmZ9RzAHznvP2fHlBE=</latexit>
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<latexit sha1_base64="k4EvImC/0p7yAN6DMxBn0dl4rC0=">AAAB7nicbZC5TgMxEIZnOUO4wtHRWERIVNFuCqAjggLKIOWSklXkdbyJFa/Xsr1IYZWHoKEAIVoqHoaOMq/AE+AcBST8kqVP/z8jz0wgOdPGdb+cpeWV1bX1zEZ2c2t7Zze3t1/TcaIIrZKYx6oRYE05E7RqmOG0IRXFUcBpPehfj/P6PVWaxaJiBpL6Ee4KFjKCjbXqLYJ5Whm2c3m34E6EFsGbQf7ye3TzcfgwKrdzn61OTJKICkM41rrpudL4KVaGEU6H2VaiqcSkj7u0aVHgiGo/nYw7RCfW6aAwVvYJgybu744UR1oPosBWRtj09Hw2Nv/LmokJL/yUCZkYKsj0ozDhyMRovDvqMEWJ4QMLmChmZ0WkhxUmxl4oa4/gza+8CLViwTsrFO/cfOkKpsrAERzDKXhwDiW4hTJUgUAfHuEZXhzpPDmvztu0dMmZ9RzAHznvP2fHlBE=</latexit>
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In strongly coupled real QCD (when you start from 
the very begging from               ) such computations                            
cannot be done as calorons with nontrivial 
holonomy cannot be constructed   

How do we know about anything about holonomy 
defined on       if it was not a part of construction 
to begin with? 

It turns out that the holonomy can be dynamically 
generated (emerging) in strongly coupled regime. 

The well known example is                 model defined 
on       when the only integer values instantons 
with trivial holonomy were introduced into the 
system 

<latexit sha1_base64="bZPe+Vl9tWbukA290gLw8BHVEsI=">AAACAXicbVC5TsNAEF1zhnCZo0CisYiQqCI7BdARQQFlkHJJcRStN+tklfXa2h2DjBUafoWGggjR8hd0lPkFvoDNUUDCk0Z6em9GM/O8iDMFtv1lLCwuLa+sZtay6xubW9vmzm5VhbEktEJCHsq6hxXlTNAKMOC0HkmKA4/Tmte7Gvm1OyoVC0UZkog2A9wRzGcEg5Za5oFLME/LfVeyThewlOG9y4QPScvM2Xl7DGueOFOSu/geXg/2H4allvnptkMSB1QA4ViphmNH0EyxBEY47WfdWNEIkx7u0IamAgdUNdPxB33rWCttyw+lLgHWWP09keJAqSTwdGeAoatmvZH4n9eIwT9vpkxEMVBBJov8mFsQWqM4rDaTlABPNMFEMn2rRbpYYgI6tKwOwZl9eZ5UC3nnNF+4tXPFSzRBBh2iI3SCHHSGiugGlVAFEfSIntErGhhPxovxZrxPWheM6cwe+gPj4wecVZwX</latexit>
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<latexit sha1_base64="izoOTUUSkCD9FTq5sCWIzLOl8gE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqjuLblxWtA9oYplMJ+3QySTMTIQS+htuXCji1p9x51/4CU7SLrT1wMDhnHu5Z44fc6a0bX9ZhZXVtfWN4mZpa3tnd6+8f9BWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj++zvzOI5WKReJeT2LqhXgoWMAI1kZy3RDrke+nd9MHp1+u2FU7B1omzpxULr8hR7Nf/nQHEUlCKjThWKmeY8faS7HUjHA6LbmJojEmYzykPUMFDqny0jzzFJ0YZYCCSJonNMrV3xspDpWahL6ZzDKqRS8T//N6iQ4uvJSJONFUkNmhIOFIRygrAA2YpETziSGYSGayIjLCEhNtaiqZEpzFLy+Tdq3q1Ku127NK42rWBhThCI7hFBw4hwbcQBNaQCCGJ3iBVyuxnq036302WrDmO4fwB9bHD4eBksw=</latexit>
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<latexit sha1_base64="/WrnJasguNZq2feOgWR3qT/7uzg=">AAAB83icbVC7SgNBFL3rM8ZXfHQ2g0GwMeymUDuDKbSSCOYByRpmZyfJkNnZZWZWiEv8DBsLRWz1Y+ws8wt+gZNHoYkHLhzOuZd77/EizpS27S9rbn5hcWk5tZJeXVvf2MxsbVdUGEtCyyTkoax5WFHOBC1rpjmtRZLiwOO06nWLQ796R6ViobjRvYi6AW4L1mIEayM18j56KJZuk6sjp9/MZO2cPQKaJc6EZM++Bxcfu/eDUjPz2fBDEgdUaMKxUnXHjrSbYKkZ4bSfbsSKRph0cZvWDRU4oMpNRjf30YFRfNQKpSmh0Uj9PZHgQKle4JnOAOuOmvaG4n9ePdatUzdhIoo1FWS8qBVzpEM0DAD5TFKiec8QTCQztyLSwRITbWJKmxCc6ZdnSSWfc45z+Ws7WziHMVKwB/twCA6cQAEuoQRlIBDBIzzDixVbT9ar9TZunbMmMzvwB9b7D5nOlTQ=</latexit>
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<latexit sha1_base64="G81u+E1cLFLnWxUqr1puIhopVbk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqjuLblxWsQ9oYplMJ+3QySTMTIQS+htuXCji1p9x51/4CU7SLrT1wMDhnHu5Z44fc6a0bX9ZhZXVtfWN4mZpa3tnd6+8f9BWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj++zvzOI5WKReJeT2LqhXgoWMAI1kZy3RDrke+nd9OHWr9csat2DrRMnDmpXH5Djma//OkOIpKEVGjCsVI9x461l2KpGeF0WnITRWNMxnhIe4YKHFLlpXnmKToxygAFkTRPaJSrvzdSHCo1CX0zmWVUi14m/uf1Eh1ceCkTcaKpILNDQcKRjlBWABowSYnmE0MwkcxkRWSEJSba1FQyJTiLX14m7VrVqVdrt2eVxtWsDSjCERzDKThwDg24gSa0gEAMT/ACr1ZiPVtv1vtstGDNdw7hD6yPH4d+ksw=</latexit>
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However, when all the instants are taken into 
account (grand canonical ensemble) the fractional 
topological charge 1/N dynamically emerges . It 
looks exactly as we were  started with nontrivial 
holonomy defined on     . However, the semiclassical 
description is not justified.  

Therefore, in this ÒemergentÓ case defined on      
the effective size      is generated dynamically.   

The main lesson  in the present context: the 
effective size     can be unlinked  from the so-called 
bootstrap equations and should be treated as free  
parameter to be fixed from observations: 

Sufficiently large size of      is consistent with 
presently available CMB observations for        

<latexit sha1_base64="izoOTUUSkCD9FTq5sCWIzLOl8gE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqjuLblxWtA9oYplMJ+3QySTMTIQS+htuXCji1p9x51/4CU7SLrT1wMDhnHu5Z44fc6a0bX9ZhZXVtfWN4mZpa3tnd6+8f9BWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj++zvzOI5WKReJeT2LqhXgoWMAI1kZy3RDrke+nd9MHp1+u2FU7B1omzpxULr8hR7Nf/nQHEUlCKjThWKmeY8faS7HUjHA6LbmJojEmYzykPUMFDqny0jzzFJ0YZYCCSJonNMrV3xspDpWahL6ZzDKqRS8T//N6iQ4uvJSJONFUkNmhIOFIRygrAA2YpETziSGYSGayIjLCEhNtaiqZEpzFLy+Tdq3q1Ku127NK42rWBhThCI7hFBw4hwbcQBNaQCCGJ3iBVyuxnq036302WrDmO4fwB9bHD4eBksw=</latexit>

S1

<latexit sha1_base64="G81u+E1cLFLnWxUqr1puIhopVbk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqjuLblxWsQ9oYplMJ+3QySTMTIQS+htuXCji1p9x51/4CU7SLrT1wMDhnHu5Z44fc6a0bX9ZhZXVtfWN4mZpa3tnd6+8f9BWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj++zvzOI5WKReJeT2LqhXgoWMAI1kZy3RDrke+nd9OHWr9csat2DrRMnDmpXH5Djma//OkOIpKEVGjCsVI9x461l2KpGeF0WnITRWNMxnhIe4YKHFLlpXnmKToxygAFkTRPaJSrvzdSHCo1CX0zmWVUi14m/uf1Eh1ceCkTcaKpILNDQcKRjlBWABowSYnmE0MwkcxkRWSEJSba1FQyJTiLX14m7VrVqVdrt2eVxtWsDSjCERzDKThwDg24gSa0gEAMT/ACr1ZiPVtv1vtstGDNdw7hD6yPH4d+ksw=</latexit>
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