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1. MOTIVATION. STRUCTURE OF THE TALK.

THE MAIN MOTIVATION OF THIS TALK IS TO ARGUE THAT
THERE IS A NOVEL TYPE OF ENERGY. THIS ENERGY HAS
“NON-DISPERSIVE’” NATURE, AND CAN NOT BE EXPRESSED
IN TERMS OF CONVENTIONAL SCATTERING AMPLITUDES.

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. IT IS
EXPRESSED IN TERMS OF A NON-LOCAL CHARACTERISTICS
OF THE SYSTEM SUCH AS THE HOLONOMY.

IT SHOULD BE CONTRASTED WITH THE “DISPERSIVE”
TERMS COMPUTED FROM THE DISPERSION RELATIONS
(SEE TOLLEY’S TALK).




WE WANT TO TEST THE IDEAS IN A TABLETOP EXPERIMENT
WHERE THERE IS AN EXTRA CONTRIBUTION TO THE CASIMIR
VACUUM PRESSURE. A NOVEL EXTRA TERM CAN NOT BE

EXPRESSED IN TERMS OF PROPAGATING PHYSICAL PHOTONS
WITH TWO TRANSVERSE POLARIZATIONS (S-MATRIX).

THE EFFECT (BASED EXCLUSIVELY ON THE SM PHYSICS) IS
HIGHLY SENSITIVE TO THE 6’ PARAMETER. IT MOTIVATED
FEW NEW IDEAS ON THE AXION SEARCH EXPERIMENTS.

THE TALK IS BASED ON APPLICATIONS OF THIS NEW TYPE
OF ENERGY TO:

1.COSMOLOGY- DE, INFLATION (PRD, ARXIV:1505.05151);
2.TESTING OF THESE IDEAS IN A TABLETOP EXPERIMENT
(PRD-2017, ARXIV; 1605.01411);

3.AXION SEARCH EXPERIMENTS (ARXIV:1702.00012).

NEW OPPORTUNITIES EMERGE DUE TO HIGH SENSITIVITY
OF THESE NOVEL EFFECTS TO THE AXION f(x) FIELD



2. TOPOLOGICAL SUSCEPTIBILITY

% A CONVENIENT WAY TO EXPLAIN THE NATURE OF NEW TYPE
OF VACUUM ENERGY IS TO STUDY THE TOPOLOGICALLY

sUSCEPTIBILITY ( it is the Eey element in the resolution oftﬁe so-

called fU(l) Joroﬁfem in QCD, Witten, Veneziano, 1979 )

ow = dog@qoyo  Tle@ .,

To avoid conﬂsian: This is the Wick’s T—Joroafuct, not @yson’s

® XYM DOES NOT VANISH, THOUGH ((X) ~ ! K¥(X) . IT HAS
""WRONG SIGN”, SEE BELOW. IT CAN NOT BE RELATED TO
ANY PHYSICAL PROPAGATING DEGREES OF FREEDOM.
FURTHERMORE, IT HAS A POLE IN MOMENTUM SPACE

| kuk
: 4 . ik kw4
&ln%/d ze™ (Ku(z), Ku(0)) ~ =5

® THERE IS A MASSLESS POLE, BUT THERE ARE NO ANY
PHYSICAL MASSLESS STATES IN THE SYSTEM.
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CONVENTIONAL PHYSICALTDEGREES OF FREEDOM ALWAYS
CONTRIBUTE WITH SIGN () WHILE ONE NEEDS SIGN (+) TO

SATISFY WI AND RESOLVE THE U(1) PRloBLEM
Xnon—dispersive — /d43j <Q(x)7Q(O)> = m’Evac‘ >0

CONVENTIONAL TERMS (RELATED TO PROPAGATING DEGREES
OF FREEDOM) ALWAYS PRODUCE exp(—Agcpl) BEHAVIOUR
AT LARGE DISTANCES.

<0,

WITTEN SIMPLY POSTULATED THIS TERM, WHILE VENEZIANO
ASSUMED THE UNPHYSICAL FIELD, THE SO-CALLED THE
“VENEZIANO GHOST” TO SATURATE ‘“WRONG” SIGN IN X.

IN SOME MODELS THIS CONTACT NON-DISPERSIVE TERM WITH
“WRONG” SIGN (+) CAN BE EXPLICITLY COMPUTED. IT IS
ORIGINATED FROM THE TUNNELLING EFFECTS BETWEEN THE
DEGENERATE TOPOLOGICAL SECTORS OF THE THEORY.
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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
TOPOLOGICALLY ORDERED SYSTEMS);

THE EFFECTS HAVE BEEN EXPLAINED IN TERMS XYM .
HOWEVER, THE () -DEPENDENT PORTION OF ENERGY Evac(f)
(WHICH IS GENERATED DUE TO THE TUNNELLINGS) HAS ALL
THESE UNUSUAL FEATURES DUE TO THE RELATION

)
892 — XYM
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The topological susceptibility ! (r) as a function of . Wrong sign for
t is well established phenomenon; it has been tested on the lattice
(plot above is from C. Bernard et al, LATTICE 2007). This ! (r =0)
contribution is not related to any physical degrees of freedom, and
can be interpreted as a contact term.



3. WARM UP EXAMPLE: MAXWELL SYSTEM IN 2D

% 2D MAXWELL THEORY IS EXACTLY SOLVABLE MODEL. IT IS
AN EMPTY THEORY AS IT DOES NOT SUPPORT ANY
PROPAGATING DOF. STILL, IT HAS NON-TRIVIAL DYNAMICS.

® THE PARTITION FUNCTION FOR l VACUA IS KNOWN (IN
HAMILTONIAN APPROACH):

‘ # " e2V 0 \2
En(0) = %( + zeﬁ)é_ezL,_ 7 (78 SRR (5 2)

n' 7

® WE WANT TO REPRODUCE 7/ (V, !) USING PATH INTEGRAL
COMPUTATIONS AS IT CAN BE GENERALIZED TO 4D SYSTEM.
INSTANTON CONFIGURATIONS, TOPOLOGICAL CHARGE
DENSITY Q, CLASSICAL ACTION ARE:

2|| k e !
2 = ()l s Q= =F = | d2zE? = :
/d TR )=t ks el T o 2/d 1 i
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PARTITION FUNCTION IS QUADRATIC AND CAN BE EASILY
EVALUATED. THE EUCLIDEAN COMPUTATIONS (WITH
BOUNDARY CONDITIONS UP TO LARGE GAUGE
TRANSFORMATIONS) PRODUCE IDENTICALLY THE SAME
RESULTS AS THE HAMILTONIAN APPROACH (WITH
CONVENTIONAL PERIODIC BOUNDARY CONDITIONS)

- " 622V S 23 2T n 2!22k2+ik9
Z(@)—Ze (n+ o) —\/WZG 2V .

nl Z k! Z

TOPOLOGICAL SUSCEPTIBILITY IS FINITE (IN INFINITE
VOLUME LIMIT) AND SATURATED BY VERY LARGE _
TOPOLOGICAL WINDING NUMBERS, K ~ V€2V > 1
INFRARED REGULARIZATION (BOUNDARY CONDITIONS) ARE

ESSENTIAL AT EVERY sTEP (1.Sachs , A. leof)

LEEP 2 . ikx st s ln 20 et
x=lim [ &z e (TQ(2)Q(0) = -7 55 im0 = 15




® THE INTERGRAND '!Z(X) —function FOR THE TOPOLOGICAL
SUSCEPTIBILITY IS SATURATED BY UNIFORM FLUXES
FILLING THE ENTIRE SPACE-TIME VOLUME (IR NOT UV
PHYSICS). THIS ‘““NON-DISPERSIVE” CONTACT TERM IS NOT
RELATED TO ANY PROPAGATING DEGREES OF FREEDOM

2

#Q(2)Q(0)! = 6_52(56). /d2x<Q(JJ),Q(O)> ~ /d2a’:52(az) ~ /d2a: Oy (x—“)

42

B IS THIS CONSTANT NON-DISPERSIVE CONTRIBUTION TO
THE VACUUM ENERGY PHYSICALLY OBSERVABLE?

® THE ULTIMATE ANSWER Is OyesOAs THE ANOMALOUS
WARD IDENTITIES X = (0 (WHEN PHYSICAL MASSLESS
FERMIONS ARE INTRODUCED INTO THE SYSTEM) CAN BE
ONLY SATISFIED IF THE CONT TERM IS NOT ZERO.

62
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4. APPLICATIONS TO COSMOLOGY

® WE ASSUME (SEE NEXT FEW SLIDES) THAT THE NON-
DISPERSIVE | - DEPENDENT PORTION OF THE VACUUM
ENERGY F,,.(/) SHOWS THE LINEAR CORRECTION WITH
RESPECT TO IR REGULATOR ‘L” OF THE BACKGROUND, I.E.

E(L)= COALCLQCD = ClL_lA%CD R QI AQCD)

® WE ALSO ASSUME THAT THE RELEVANT (GRAVITATING)
ENERGY WHICH ENTERS THE FRIEDMAN’S EQUATION IS THE
DIFFERENCE AF = |E(L)— Euink] SIMILAR TO
COMPUTATIONS OF THE CASIMIR ENERGY, WHEN THE
DIFFERENCE | E IS OBSERVED. THIS ASSUMPTION WAS, IN

FACT, ORIGINALLY FORMULATED BY Zeldovich in 1967.

® IN THIS FORMULA THE DIMENSIONAL PARAMETER “L”
SHOULD BE INTERPRETED AS ANY IR PARAMETER OF THE
SYSTEM. E.G. CURVATURE IN HYPERBOLIC SPACE H® x S! ,
OR TEMPORAL/SPATIAL sSIZE oF T2 xS'or §° x St
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HISTORICAL COMMENTS: MANY PEOPLE FROM DIFFERENT

FIELDS HAD ADVOCATED (AFTER Zeldovich) A SIMILAR
IDEA ON THE RHS FOR THE FRIEDMAN’S EQUATION

l E(L) =[EL)! Emink ]
E(L)!" (V) InZ

‘James Bj’orﬁen Qoam’cfe Joﬁysics), 2001,
Ragc Schuetzhold ((jCR), (BRI D002;
(jm’sﬁa Volovik (CM }oﬁysics), 2008 +many more

I PERSONALLY ADOPTED THIS IDEA IN 2009, MOSTLY
DUE TO THE INTENSE DISCUSSIONS WITH GRISHA
VOLOVIK IN THE RELATION WITH HIS COSLAB
(COSMOLOGY IN A LABORATORY) ACTIVITIES.



THIS “L”-DEPENDENT ENERGY HAS THE SAME ‘“NON-
DISPERSIVE” NATURE, WHICH CAN NOT BE EXPRESSED IN
TERMS OF ANY LOCAL PROPAGATING DEGREES OF FREEDOM
(SUCH AS “INFLATON” OR DE-SCALAR FIELDS). DYSON T-
PRODUCT FORMULATION CANNOT DESCRIBE THIS PHYSICS.

FOR NUMERICAL ESTIMATES WE TAKE [, ~ H~ !, WHERE
“H” |s THE HUBBLE CONSTANT. THIS ESTIMATE
OBVIOUSLY DOES NOT CONTRADICT ANY OBSERVATIONS.IT
SHOULD NOT BE INTERPRETED AS | sl R AS IT IS

FORMULATED IN TERMS OF A DlFFERENT CHARACTERISTIC,
THE HOLONOMY (NOT EXPRESSIBLE AS LOCAL CURVATURE)

WITH THESE ASSUMPTIONS THE NON-DISPERSIVE
CONTRIBUTION TO ENERGY IS AMAZINGLY CLOSE TO THE
OBSERVED VALUES (WITHOUT ANY FITTING PARAMETERS)

L™" ~H ~10"%eV, ppg=AE ~ L "Adcp ~ (10~%eV)*



¥

Q. Howa system with a gap could be ever

sensitive to arﬁi’rmry [arge 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 exp(—r/\) 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 T AND
HOLONOMY ARE NON-LOCAL OPERATORS SENSITIVE TO FAR
IR-PHYSICS, SIMILAR TO ‘“MODULAR OPERATOR” IN
AHARONOV -CASHER EFFECT.




5. APPLICATIONS TO INFLATION

WE ASSUME A SCALED UP VERSION OF QCD WITH THE

SCALE Mp; > Agep > {’/M]%;WMPL ~ 108 GeV  TO AVOID
INTERFERENCE WITH EW PHYSICS.

THE FRIEDMAN EQUATION HAS A DE SITTER SOLUTION
AFTER THE PHASE TRANSITION TO THE CONFINED PHASE

WHEN THE TOPOLOGICAL SUSCEPTIBILITY IS GENERATED

8¢ 8rG ! 8rG

= —(Plnf PR) = i aH! dcp *+ pr , Ho! 3 — (@ 4cp )

THIS NON DISPERSIVE TYPE OF ENERGY (THE CONTACT
TERM) IS LINEAR IN ‘“H’” AND DRIVES THE UNIVERSE INTO

THE DE SITTER PHASE

THE RELEVANT DYNAMICS IS GOVERNED BY SOME NON-
PROPAGATING AUXILIARY TOPOLOGICAL FIELDS WITHOUT
CANONICAL KINETIC TERM; IT CAN NOT BE EXPRESSED IN
TERMS OF ANY LOCAL FIELDS LIKE ‘“INFLATON”’



THIS REGIME WOULD BE THE FINAL DESTINATION OF OUR
UNIVERSE IF THE INTERACTION WITH SM FIELDS IS
SWITCHED OFF.

WHEN THE COUPLING IS SWITCHED BACK ON, THE END OF
INFLATION IS TRIGGERED PRECISELY BY THIS INTERACTION
WHICH ITSELF IS UNAMBIGUOUSLY FIXED BY TRIANGLE
ANOMALY.

@) L. (HO)

wa NQ [ ( )].FW]:“W,

WHERE b(z)1S TOPOLOGICAL NON-PROPAGATING FIELD
AND «(Hy) ~ agpw(Hpy) ~ as(Hp) ~0.1 1S THE COUPLING AT
INFLATIONARY SCALE

THE NUMBER OF E-FOLDS IN THIS FRAMEWORK IS RELATED
TO THE GAUGE COUPLING CONSTANT AND NOT TO SOME AD
HOC INFLATON POTENTIAL, I.E. N¢_ folas ~ o 2 (Hp) ~ 107



Concfucfing comments on cosmo[ogica[ apyﬁ’caﬂ’ons:

WE SPECULATE THAT A LINER IN “L” CORRECTION TO THE
ENERGY COULD BE GENERATED AS A RESULT OF DYNAMICS
OF TOPOLOGICAL CONFIGURATIONS WITH NONTRIVIAL
HOLONOMY. THE IDEA IS TESTED IN “DEFORMED QCD” AND
IN THE SYSTEM DEFINED ON HYPERBOLIC SPACE Hi X S,i_l

IT PRODUCES AN ORDER OF MAGNITUDE ESTIMATE WHICH IS
CONSISTENT WITH THE OBSERVATIONS FOR DE:

poe = AE ~ L7 A% cp ~ (107 %eV)*
THE SAME IDEA CAN BE APPLIED TO DESCRIBE INFLATION.

TECHNICALLY: EFFECT IS SIMILAR TO AHARONOV -BOHM
EFFECT WHEN THE GAUGE POTENTIAL A, (RATHER

THAN f,1) IS PHYSICALLY OBSERVABLE. EFFECT CAN NOT
BE EXPRESSED IN TERMS OF PROPAGATING DOF



CPmJoosa[: Instead of theoretical syecufau’ons ] suggest to conduct a

rea[ t&LB[eU)’}? experiment to SfMC[y tﬁlS new Wye (Zf energy:

WHEN THE MAXWELL SYSTEM IS FORMULATED ON A NON-
SIMPLY CONNECTED MANIFOLD THERE WILL BE AN EXTRA
CONTRIBUTION TO THE CASIMIR PRESSURE, NOT RELATED
TO THE PHYSICAL PROPAGATING PHOTONS WITH TWO
TRANSVERSE POLARIZATIONS

THIS SETTING SHOULD BE CONTRASTED WITH
CONVENTIONAL SETTING WHEN THE CASIMIR ENERGY IS
GENERATED BETWEEN TWO CONDUCTING PLATES (TRIVIAL
HOLONOMY).

THE MAXWELL SYSTEM ON A NON-TRIVIAL MANIFOLD
SHOWS ALL SIGNS (DEGENERACY, ETC) WHICH ARE
NORMALLY ATTRIBUTED TO THE TOPOLOGICALLY ORDERED

SYSTEMS.



6. MAXWELL SYSTEM IN 4 DIMENSIONS

® IT IS NORMALLY ASSUMED THAT TOPOLOGY PLAYS NO ROLE
FOR ABELIAN MAXWELL THEORY BECAUSE 7m3(U(1)) 1s
TRIVIAL.

® HOWEVER, IF WE CONSIDER A NON-SIMPLY CONNECTED
MANIFOLD (FOR EXAMPLE, A CYLINDER), OR CONSIDER
EXTERNAL FIELD WHICH ENFORCES A NONTRIVIAL
BOUNDARY CONDITIONS THAN 7;|U(1)] &2 Z PLAYS A ROLE.

® IN THIS CASE THE PROBLEM IS REDUCED TO THE
PREVIOUSLY STUDIED 2D CASE WHEN THE ‘“INSTANTON
FLUXES” DESCRIBE THE TUNNELLING TRANSITIONS
BETWEEN DISTINCT TOPOLOGICAL |k) SECTORS. IN
PARTICULAR, INSTANTON-FLUXES ALONG Z-DIRECTION ARE:

| : 2"k # n2i12
Bt A= 0,0, il R ST
4 €Lil> 2 top =2



THE ACTION IS QUADRATIC SUCH THAT THE CROSS TERM
VANISHES AND THE QUANTUM FLUCTUATIONS DO NOT
DEPEND ON TOPOLOGICAL SECTORS ‘“K’, I.E. PARTITION
FUNCTION DECOUPLES:

1T 2k
4 by & 4 4 -4
fdeB Bu= pr [ deB=0 Z = 2 X Ziop,.
[HE TOPOLOGICAL PART OF THE PARTITION FUNCTION IS

NON~-ANALYTICAL lN COUPLING exp(—1/e?)
T %Lg —2!2L = | 22 i 2
Ziop = €2L1L2 Z 2SS \/_Z ¢ iy == 25[/3/6 L1L2.

keZ

OUR COMPUTATIONS ARE BASED ON EUCLIDEAN PATH
INTEGRAL, IN WHICH CASE WE IMPOSE THE BOUNDARY
CONDITIONS UP TO LARGE GAUGE TRANSFORMATIONS.

THESE FIELDS SATURATE THE PATH INTEGRAL BUT SHOULD

NOT BE CONFUSED WITH REAL MINKOWSKI FIELDS WITH

CONVENTIONAL BOUNDARY CONDITIONS IN HAMILTONIAN
APPROACH. BOTH APPROACHES LEAD TO THE SAME RESULTS
AS CONSEQUENCE OF THE POISSON SUMMATION FORMULA



7. TOPOLOGICAL CASIMIR EFFECT IN A TIME-~

DEPENDENT BACKGROUND

THE DYNAMICAL CASIMIR EFFECT (DCE): REAL PHYSICAL
PHOTONS CAN BE RADIATED FROM THE VACUUM DUE TO
THE TIME- DEPENDENT BOUNDARY CONDITIONS.

OUR CASE: THE EXTRA ENERGY IS GENERATED DUE TO THE
TUNNELLING TRANSITIONS BETWEEN TOPOLOGICAL
SECTORS |M) — M +1). THE EMISSION OCCURS FROM
E&M CONFIGURATIONS DESCRIBING THESE TRANSITIONS.

TECHNICAL OBSTACLE: TUNNELLING TRANSITIONS ARE
FORMULATED IN TERMS OF EUCLIDEAN CONFIGURATIONS,
WHILE RADIATION OF PHYSICAL PHOTONS IS INHERENTLY
A REAL-TIME MINKOWSKIAN PHENOMENON.

THE PROBLEM HAS BEEN RESOLVED BY INTRODUCING
AUXILIARY TOPOLOGICAL FIELDS + WICK ROTATION.



/

Vacuum/

fluctuations

Casimir
plates

Im) lm—+1)

Radiation of real photons due to the tunnelling transitions in a
time-dependent background. The: are emitted from E&M
configurations interpolating between |m! sectors in contrast
with conventional DCE when virtual ! become real !



THIS IS EXACTLY SOLVABLE MAXWELL SYSTEM WITH
TOPOLOGICAL TERMS AND AUXILIARY FIELDS.

ONE CAN EXPLICITLY SEE HOW THE VACUUM TRANSFERS
ITS “NON-DISPERSIVE” VACUUM ENERGY TO EMIT REAL
PHYSICAL PHOTONS IN A TIME DEPENDENT BACKGROUND.

TECHNICALLY THIS PROBLEM WAS MOTIVATED BY
INFLATION WHEN THE VACUUM ENERGY SHOULD BE
TRANSFERRED TO THE REAL PHYSICAL PROPAGATING
PARTICLES, SO CALLED ‘“REHEATING EPOCH”.

FOR THIS SIMPLIFIED SYSTEM THIS PROBLEM HAS BEEN
SOLVED. THE EUCLIDEAN TUNNELLING TRANSITIONS ARE
REFORMULATED IN TERMS OF THE AUXILIARY FIELDS.
THEIR ANOMALOUS INTERACTION WITH PHYSICAL FIELDS
INDUCE THE RADIATION FROM VACUUM (‘““REHEATING”?).



8. APPLICATIONS TO THE AXION SEARCH

EXPERIMENTS AND HQED IN MAXWELL THEORY

® IT IS NORMALLY ASSUMED THAT (qgp IN THE ABELIAN
MAXWELL ELECTRODYNAMICS (IN CONTRAST WITH QCD) IS
UNPHYSICAL PARAMETER, AND CAN BE ALWAYS REMOVED
FROM THE sYSTEM (TRIVIAL T3(U(1))).

® A CONVENTIONAL ARGUMENT IS BASED ON OBSERVATION
THAT Oqep(E - B) 1S TOTAL DERIVATIVE FOR 0qep = const,
DOES NOT CHANGE THE EQUATIONS OF MOTION.

® THIS ARGUMENT IS FLAMED FOR NON-SIMPLY CONNECTED
MANIFOLDS (RINGS WITH Zip(f) # 1 AS DISCUSSED ABOVE).
IT IS ALSO INCORRECT IF AN EXTERNAL MAGNETIC FIELD
ENFORCES THE NONTRIVIAL BOUNDARY CONDITIONS.

® IT OPENS UP A NEW PERSPECTIVE WITH AXION SEARCHES
WHEN EFFECTS ARE PROPORTIONAL TO ) , NOT {) ~ 1,



Sg~962/d4mﬁ-§

INDEED, THE QTERM IN THE BACKGROUND OF THE
MAGNETIC FIELD IN THE GIVEN TOPOLOGICAL SECTOR ‘/ﬁ;>
CAN BE REPRESENTED AS

0 [e / dszBZ] - [e / dzthz] =21k § - [e / dzthz] |

NON-TRIVIAL TOPOLOGICAL SECTOR ﬁAudxu =275 g
ENFORCED BY EXTERNAL FIELD SIMILAR TO AB PHASE.

4D FORMULA FOR 9 -TERM IS REDUCED TO 2D SCHWINGER
MODEL WHERE 9 IS OBVIOUSLY A PHYSICAL PARAMETER

OF THE SYSTEM DUE TO THE NONTRIVIAL 71 [U(l)] =/

THE EFFECT IS SIMILAR TO WITTEN EFFECT WHEN (9
BECOMES A PHYSICAL PARAMETER IN THE MONOPOLE
SECTOR AND THE MONOPOLE BECOMES THE DYON WITH
ELECTRIC CHARGE ¢ — —(ef/2m)



IN BOTH CASES THE ) PARAMETER BECOMES A
PHYSICALLY OBSERVABLE PARAMETER NOT IN VACUUM
BUT IN A HEAVY TOPOLOGICAL SECTOR (MONOPOLE’S
CHARGE IN WITTEN’S CASE, MAGNETIC FLUX IN OUR CASE)

IN BOTH CASES THE TOPOLOGY IS ENFORCED BY SOME
EXTERNAL FIELDS, IN CONTRAST WITH OUR PREVIOUS
DISCUSSIONS WHEN THE TOPOLOGY IS ENFORCED BY NON-
SIMPLY CONNECTED MANIFOLDS (RINGS).

THE EFFECT IS PROPORTIONAL TO ( wiTHOUT
TUNNELLING SUPPRESSION FACTOR exp(—1/e?)

IT OPENS UP A NEW PERSPECTIVE WITH AXION SEARCHES
BECAUSE THE EFFECTS ARE PROPORTIONAL TO STATIC 9
AND BECAUSE IT IS PROPORTIONAL TO STRENGTH OF THE
MAGNETIC FIELD (TOPOLOGICAL SECTOR K )



e~

IN PARTICULAR, IF WE TAKE A CYLINDER IN THE

BACKGROUND OF THE MAGNETIC FIELD, THAN IN THE
PRESENCE OF THE PASSING AXION f(x) THE ELECTRIC
FIELD WILL BE INDUCED ALONG THE MAGNETIC FIELD

i gl
<E>ind 3o frya‘gBextp

T

IF WE PLACE THE PLATES AT THE ENDS OF THE CYLINDER
THIS INDUCED FIELD WILL INDUCE THE CHARGES ON

PLATES o) el (t) o eB.LiLo
Y 11 .
2" a 2"
THIS CHARGE SEPARATION EFFECT DUE TO () ;A 0
GENERATES THE POTENTIAL DIFFERENCE (AV)

GQKCW,YL;), GBeXtLlLQ L3 Bext
. M) aft o o B It).
2wl Lo [ D ] et (mm) (Gauss) ol




® IF WE CONNECT TWO PLATES WITH A WIRE THERE WILL
BE INDUCED CURRENT DUE TO INDUCED CHARGES

0 (2) o () (L5).(35) ()

B THE DUAL PICTURE WITH ELECTRIC EXTERNAL FIELD
SUGGESTS THAT THE MAGNETIC FIELD WILL BE INDUCED
IN THE PRESENCE OF Foxt,

OK gy

T

<B>ind A Eext,

@ THE INDUCED MAGNETIC FIELD CAN BE INTERPRETED AS
THE SURFACE PERSISTENT CURRENT ON THE RING

0K -~ 0K E L3
b~ LR e N DYABARET i v R il VN 14 fext il fis ol
< > 3 t (10—14 105% mm

a



9. CONCLUSION. SPECULATIONS.

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).

IT EMERGES AS A RESULT OF TUNNELLING PROCESSES
BETWEEN DEGENERATE TOPOLOGICAL SECTORS, AND
FORMULATED IN TERMS OF THE ‘“NON-DISPERSIVE”
CONTACT TERMS AND NONLOCAL HOLONOMY.

WE IDENTIFY THIS NEW TYPE OF ENERGY (GENERATED IN
QCD) WITH COSMOLOGICAL VACUUM ENERGY, E.G.

PDE — AFE ~ L_lA%CD o (10_36V)4
INTERPRETATION: THE QCD VACUUM ENERGY IS SLIGHTLY
DIFFERENT FROM ITS MINKOWSKI VALUE DUE TO
EXPANSION OR/AND TOPOLOGY. THIS DIFFERENCE AE IS

WHAT WE OBSERVE (SIMILAR TO THE CASIMIR VACUUM
ENERGY)



WE SUGGEST TO TEST THESE IDEAS IN A TABLETOP

EXPERIMENTS IN 4D MAXWELL SYSTEM DEFINED ON A
NONTRIVIAL MANIFOLD.

A DEEP REASON OF WHY ALL THESE NEW EFFECTS EMERGE
IS THAT A CONVENTIONAL QUANTIZATION PROCEDURE DOES
NOT REMOVE ALL UNPHYSICAL DOF: INSTEAD, THE SO-
CALLED GRIBOV’S AMBIGUITIES WILL ALSO EMERGE IN
QED (PHENOMENA IS KNOWN TO MATHEMATICIANS) WHEN
IT IS FORMULATED ON A NONTRIVIAL MANIFOLD.

QQED IS PHYSICAL PARAMETER (SIMILAR TO ) IN QCD) IN
THE PRESENCE OF EXTERNAL MAGNETIC FLUX

THIS 4D MAXWELL SYSTEM IS HIGHLY SENSITIVE TO THE 9
PARAMETER (AXION). IT OPENS UP A NEW PERSPECTIVE IN
THE AXONS SEARCH EXPERIMENTS AS THE EFFECTS ARE
DIRECTLY PROPORTIONAL TO THE 6’



