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1. INTRODUCTION. MOTIVATION.

@ THE MISMATCH BETWEEN BEKENSTEIN- HAWKING
ENTROPY AND THE ENTROPY OF ENTANGLEMENT FOR
VECTOR FIELDS HAS BEEN A SUBJECT OF INTENSE
DISCUSSIONS FOR THE LAST COUPLE OF YEARS.

@ THIS TALK IS CONCENTRATED JUST ON ONE SPECIFIC
SUBTLETY FIRST DISCUSSED BY KABBAT, STRASSLER,
1995 AND IELLICI, MORETTI, 1996

® IT HAS BEEN CLAIMED THAT FOR S =0, S =1/2 FIELDS THE
ONE LOOP CORRECTION TO THE SB%# |s EQUAL TO THE
ENTROPY OF ENTANGLEMENT WHILE FOR GAUGE § = 1 FIELD
THE §gFH HAS AN EXTRA TERM WITH “WRONG SIGN” WHICH
CAN BE INTERPRETED AS THE CONTACT INTERACTION WITH
THE HORIZON.




THE UNIQUE FEATURES OF THE CONTACT TERM RELATED TO
THE VECTOR GAUGE FIELD IN THE ENTROPY COMPUTATIONS
CAN BE SUMMARIZED AS FOLLOWS:

THE CONTACT TERM BEING A TOTAL DERIVATIVE CAN BE
REPRESENTED AS A SURFACE TERM DETERMINED BY THE
BEHAVIOUR AT THE HORIZON;

THIS TERM MAKES A NEGATIVE CONTRIBUTION TO THE SBH

THEREFORE, IT CAN NOT BE IDENTIFIED WITH ENTROPY OF
ENTANGLEMENT S WHICH IS INTRINSICALLY POSITIVE
QUANTITY;

THIS CONTRIBUTION DOES NOT VANISH EVEN IN 2D WHEN
THE ENTROPY OF ENTANGLEMENT S IS IDENTICALLY ZERO
AS NO PHYSICAL PROPAGATING DEGREES OF FREEDOM ARE
PRESENT IN THE SYSTEM.



® THE TECHNICAL REASON FOR THIS TO HAPPEN: ONE CAN
NOT USE THE PHYSICAL COULOMB GAUGE IN PATH-
INTEGRAL (WHEN ONLY PHYSICAL DOF ARE PRESENT IN
THE SYSTEM) AS IT BREAKS DOWN AT THE ORIGIN.

B AN ALTERNATIVE DESCRIPTION IN TERMS OF A COVARIANT
GAUGE (WHEN UNPHYSICAL DEGREES OF FREEDOM
INEVITABLY APPEAR IN THE SYSTEM) LEAD TO A NEGATIVE
VALUE FOR THE ENTROPY S5#,

B IN THIS TALK | WANT TO ARGUE THAT:
A). THE PRESENCE OF THIS =~ WEIRD" TERM IS
INTIMATELY RELATED TO PRESENCE OF THE MULTIPLE
TOPOLOGICAL SECTORS IN GAUGE THEORIES;
B). MISMATCH BETWEEN SBHAND S FOR GAUGE FIELDS
IS DUE TO THE SAME GAUGE CONFIGURATIONS WHICH
SATURATE THE CONTACT TERM WITH ‘“WRONG SIGN” IN
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2. EXAMPLE: 2D SCHWINGER MODEL

® WE START WITH 2D EXAMPLE WHERE ALL COMPUTATIONS
CAN BE EXPLICITLY PERFORMED.

=2 TOPOLOGICAL SUSCEPTIBILITY IS DEFINED AS FOLLOWS
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® EXPRESSION FOR THE TOPOLOGICAL SUSCEPTIBILITY IN 2D
SCHWINGER QED MODEL IS KNOWN EXACTLY:
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@ ANY PHYSICAL STATE CONTRIBUTES TO X WITH

NEGATIVE SIGN
, <0|=E|n >< n|=FE|0 >
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® WARD IDENTITIES (WI) ARE SATISFIED ONLY AS A
RESULT OF CANCELLATION BETWEEN THE CONTACT
(NON-DISPERSIVE) TERM WITH SIGN (+) AND REAL
PHYSICAL CONTRIBUTION WITH SIGN (-)
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@ THE CONTACT TERM Xxrem 70 EVEN WHEN NO PHYSICAL
DEGREES OF FREEDOM ARE PRESENT IN THE SYSTEM
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3. THE CONTACT TERM: WHERE DOES IT COME
FROM?

WE COMPUTE THE CONTACT TERM IN 2D PHOTO-DYNAMICS
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WE SATURATE DIFFERENT TOPOLOGICAL SECTORS OF THE
THEORY BY ‘“INSTANTONS’” DEFINED ON TWO DIMENSIONAL
EUCLIDEAN TORUS WITH TOTAL AREA ‘V”:
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THIS GAUSSIAN INTEGRAL CAN BE EASILY EVALUATED:
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THE OBTAINED EXPRESSION Y — e°/47°1S FINITE IN LARGE
VOLUME LIMIT AND COINCIDES WITH CONTACT TERM FROM
EXACT EXPRESSION.

IT HAS “WRONG SIGN” IN COMPARISON WITH ANY PHYSICAL
CONTRIBUTIONS;

THE TOPOLOGICAL SECTORS WITH VERY LARGE £k ~ Ve2V
SATURATES THE SERIES;

THE FINAL RESULT IS SENSITIVE TO THE BOUNDARIES,
INFRARED REGULARIZATION;

2
THE CONTACT TERM X — 62/47T DOES NOT VANISH IN A
TRIVIAL 2D MODEL WHEN NO ANY PROPAGATING DEGREES
OF FREEDOM ARE PRESENT IN THE SYSTEM!



4. THE GHOST AS A TOOL TO DESCRIBE THE
CONTACT TERM

WE WANT TO DESCRIBE THE SAME CONTACT TERM WITHOUT
EXPLICIT SUMMATION OVER TOPOLOGICAL SECTORS ‘“K”.
WE USE KOGUT SUSSKIND, 1975 GHOST FIELDS INSTEAD.

THE EFFECTIVE LAGRANGIAN DESCRIBING THE LOW
ENERGY PHYSICS (INCLUDING GHOSTS) IS GIVEN BY
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THE GHOST FIELD ()1 IS ALWAYS PAIRED UP WITH ¢2 IN
EVERY GAUGE INVARIANT MATRIX ELEMENT. CONDITION
WHICH ENFORCES THIS STATEMENT IS THE GUPTA -
BLEULER LIKE CONDITION, SIMILAR TO 4D QED:
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@ THE CONTACT TERM IN THIS FRAMEWORK IS PRECISELY
REPRESENTED BY THE KS- GHOST CONTRIBUTION
REPLACING THE STANDARD PROCEDURE OF SUMMATION
OVER DIFFERENT TOPOLOGICAL SECTORS.
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Contact term is saturated By the KS gﬁost’

@ THIS UNPHYSICAL GHOST SCALAR FIELD DOES NOT VIOLATE
UNITARITY OR ANY OTHER IMPORTANT PROPERTIES OF THE
THEORY AS CONSEQUENCE OF GUPTA-BLEULER-LIKE
CONDITION ON THE PHYSICAL HILBERT SPACE
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5. ACCELERATING RINDLER SPACE-TIME

® THE RESULT (Hphys|N|[Hphys) =0 OBVIOUSLY IMPLIES THAT
NO ENTROPY DUE TO THE FLUCTUATION OF “FICTITIOUS
PARTICLES” MAY BE PRODUCED IN MINKOWSKI SPACE.

@ WE WANT TO SEE HOW THIS SIMPLE CONCLUSION
CHANGES WHEN A HORIZON IS PRESENT IN THE SYSTEM.
A RINDLER OBSERVER IN (R,L) WEDGE WILL MEASURE
THE NUMBER DENSITY OF UNPHYSICAL STATES USING
THE DENSITY OPERATOR
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® FOR ACCELERATING RINDLER OBSERVER THE EXACT
CANCELLATION (SIMILAR TO MINKOWSKI SPACE) HOLDS:
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HOWEVER, IF THE SYSTEM IS PREPARED AS THE
MINKOWSKI VACUUM STATE, A RINDLER OBSERVER WILL
OBSERVE THE FOLLOWING NUMBER DENSITY IN MODE ‘K
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@ NO CANCELLATION OCCURS IN RINDLER SPACE AS A
RESULT OF MIXTURE OF POSITIVE AND NEGATIVE
FREQUENCY MODES (BOGOLUBOV’S COEFFICIENTS).

@ AS A RESULT OF THIS MIXTURE, THE VACUUM STATE
DEFINED BY A PARTICULAR CHOICE OF THE ANNIHILATION
OPERATORS WILL BE FILLED WITH PARTICLES IN A
DIFFERENT SYSTEM (UNRUH EFFECT). THIS STATEMENT
HOLDS FOR REAL AND FOR “FICTITIOUS” PARTICLES.




Technical reason for non-cancellation:

@ THE GROUND STATE FOR MINKOWSKI OBSERVER IS DEFINED

AS USUAL
ak\O =R bk\() == (iAo

® THE VACUUM FOR R-RINDLER OBSERVER IS DEFINED AS
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@ THE BOGOLUBOV’S COEFFICIENTS ARE KNOWN TO MIX
POSITIVE AND NEGATIVE FREQUENCY MODES:
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@ NO CANCELLATION BETWEEN THE KS GHOST AND ITS
PARTNER COULD OCCUR AS A RESULT OF OPPOSITE SIGN
(-) IN COMMUTATION RELATIONS AND NEGATIVE SIGN
(-) IN NUMBER DENSITY OPERATOR.

® IF WE HAD STARTED WITH A CONVENTIONAL SCALAR
FIELD WE WOULD DERIVE A WELL-KNOWN FORMULA FOR
PLANK SPECTRUM FOR RADIATION AT 1T = a/(27)
OBSERVED BY A RINDLER OBSERVER IN MINKOWSKI
VACUUM WHICH IS CONVENTIONAL UNRUH EFFECT

THE CANCELLATION FAIL TO HOLD FOR
THE ACCELERATING RINDLER OBSERVER
BECAUSE THE PROPERTIES OF THE
OPERATOR WHICH SELECTS THE POSITIVE
FREQUENCY MODES WITH RESPECT TO
MINKOWSKI TIME t AND OBSERVER'S
PROPER TIME 77 ARE NOT EQUIVALENT.




® WE CONJECTURE THAT THE “WRONG SIGN” IN S%%
COMPUTATIONS WITH “WEIRD” FEATURE LISTED ABOVE AND
“WRONG SIGN” IN CONTACT TERM IN X IS A RESULT OF
THE SAME PURE GAUGE (NONTRIVIAL) CONFIGURATIONS.

® WE INTERPRET <0\N(R’L)\O> ~ (T2 — )78 IN'THE PRESENGE OR
HORIZON AS A RESULT OF FORMATION OF THE SQUEEZED
STATE WHICH CAN BE COINED AS THE ‘“GHOST
CONDENSATE” RATHER THAN A PRESENCE OF ‘“FREE
PARTICLES” AT 1 = a/27r PREPARED IN A SPECIFIC MIXED
STATE. 1
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@ MISMATCH BETWEEN S°Y“AND ENTROPY OF ENTANGLEMENT
IS DUE TO THE SAME TOPOLOGICAL CONFIGURATIONS
WHICH SATURATE THE NON-DISPERSIVE CONTACT TERM IN
TOPOLOGICAL SUSCEPTIBILITY X.



6. THE VENEZIANO GHOST IN 4D.

@ ONE CAN NOT PERFORM EXPLICIT ANALYTICAL
COMPUTATIONS WITH SUMMATION OVER TOPOLOGICAL
SECTORS (SIMILAR TO 2D CASE). HOWEVER, ONE CAN USE
AN EFFECTIVE VENEZIANO-GHOST BASED COMPUTATIONS
SIMILAR TO KS GHOST COMPUTATIONS.

@ IN FACT, ONE CAN EXPLICITLY DEMONSTRATE THAT THE
LOW ENERGY LAGRANGIAN FOR U4s(1) DEGREES OF FREEDOM
IN AD QCD IS IDENTICAL TO THE 2D KOGUT- SUSSKIND
LAGRANGIAN:
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THE NEGATIVE SIGN FOR THE VENEZIANO GHOST APPEARS
IN THE LAGRANGIAN AS A RESULT OF INDUCED TERM
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4-DERIVATIVE OPERATOR CAN BE REPRESENTED AS A
SUPERPOSITION OF THE PHYSICAL STATE AND THE GHOST
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ONE CAN COMPUTE THE TOPOLOGICAL SUSCEPTIBILITY
USING THE VENEZIANO GHOST WITH FOLLOWING RESULT:

%n—cﬁsyersi\/e contact term ﬂom Ghost” Conventionafiﬁysica[ contribution.
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® THE NEGATIVE SIGN IN THE LAGRANGIAN DOES NOT LEAD
TO ANY PROBLEMS (UNITARITY, CAUSALITY...) WHEN
AUXILIARY GB-LIKE CONDITIONS ON THE PHYSICAL
HILBERT SPACE ARE IMPOSED:

- ¢1>(+) Honys) = 0. Zvosiﬁvefrequency/vart enters this condition!

(Gubta — Bleuler in QED) : (9, A*)" [Hpnys >= 0;

@ THE EXPECTATION VALUE FOR ANY PHYSICAL STATE
VANISHES IN MINKOWSKI SPACE AS A RESULT OF GB
CONDITION.

@ HOWEVER, AS IN 2D QED THE NUMBER DENSITY OF
“FICTITIOUS” PARTICLES ( VENEZIANO GHOST) START TO
FLUCTUATE IN THE PRESENCE OF THE HORIZON IN THE
RINDLER SPACE (SIMILAR TO 2D COMPUTATIONS)
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000 | Contact term (ghost contribution).
Depends on the boundary conditions
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The topological susceptibility x(r) as a function of r. Wrong sign
for x(r — 0) ~ 6(r) 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 (Witten, 79) or
as the ghost contribution (Veneziano, 79). It is related to necessity
to sum over different k-topological sectors of the theory.



7.MISMATCH BETWEEN BH ENTROPY AND

ENTROPY OF ENTANGLEMENT
® THE SURFACE TERM WITH A WRONG SIGN" IN ENTROPY
COMPUTATIONS (KABAT,1995) AND THE CONTACT TERM
WITH WRONG SIGN'" IN TOPOLOGICAL SUSCEPTIBILITY
ARE BOTH ORIGINATED FORM THE SAME PHYSICS, AND
BOTH RELATED TO THE SAME GAUGE CONFIGURATIONS.

@ THIS UNAMBIGUOUSLY IDENTIFIES THE NATURE OF THE
WELL KNOWN MISMATCH BETWEEN COMPUTATIONS OF THE
BLACK HOLE ENTROPY AND ENTROPY OF ENTANGLEMENT.

8@ SIMILAR MISMATCH OCCURS ALSO IN DIFFERENT SYSTEM
(FROLOV, 1997). THE DEGENERACY OF THE VACUUM
STATE IS ACHIEVED BY NON-MINIMALLY COUPLING WITH A
SCALAR FIELD. DEGENERACY EMERGES IN THAT SYSTEM AS
A RESULT OF DYNAMICS OF THE SOFT MODES" AT THE
HORIZON.



8. CONTACT INTERACTION AND DARK ENERGY

® WE SPECULATE THAT THE SOURCE OF THE OBSERVED DARK
ENERGY (DE) MAY ALSO BE RELATED TO THE GAUGE
CONFIGURATIONS WHICH ARE RESPONSIBLE FOR THE
MISMATCH BETWEEN S?Y ENTROPY AND THE ENTROPY OF
ENTANGLEMENT IN THE PRESENCE OF CAUSAL HORIZON IN
FRW UNIVERSE.

® WE ADOPT THE PARADIGM THAT THE RELEVANT DEFINITION
OF THE ENERGY WHICH ENTERS THE EINSTEIN EQUATIONS
IS THE DIFFERENCE AF = (E — Fyfink) SIMILAR TO THE
CASIMIR EFFECT (ZELDOVICH, 1967+MANY OTHERS AFTER)

® How DOEs AEFE SCALE WITH HUBBLE CONSTANT H?
OBVIOUSLY AE —0 when H—-0 . BUT HOW DOES IT VANISH?



® NAIVE ANSWER: AF ~ exp(—Agcp/H) ~ exp(—10*') . SUCH A
NAIVE EXPECTATION FORMALLY FOLLOWS FROM THE
DISPERSION RELATIONS WHICH DICTATE THAT A
SENSITIVITY TO VERY LARGE DISTANCES MUST BE
EXPONENTIALLY SUPPRESSED WHEN THE MASS GAP IS
PRESENT IN THE SYSTEM.

® HOWEVER! THE NAIVE ARGUMENT (ON AE ~exp—(AgcpL) )
FAILS BECAUSE THE CORRECTION IS RELATED TO NON-
DISPERSIVE TERM, NOT RELATED TO ABSORPTIVE
PHYSICAL SPECTRAL FUNCTION.

® [T MAY LEAD TO POWER LIKE SCALING AE~ H+O(H)? . IF
TRUE, THE DIFFERENCE BETWEEN TWO METRICS (FRW
AND MINKOWSKI) WOULD LEAD TO AN ESTIMATE
WHICH AMAZINGLY CLOSE TO OBSERVATIONS

AE ~ HAYeop ~ (107%eV)*



THERE ARE A NUMBER OF ARGUMENTS SUPPORTING THE
POWER LIKE (RATHER THAN AF ~exp—(AgepLl) ) BEHAVIOUR

AE ~ H + O(H)"

AN EXPLICIT COMPUTATION IN EXACTLY SOLVABLE TWO-
DIMENSIONAL QED WITH RESULT AE~ L !. MODEL HAS A
SINGLE MASSIVE PHYSICAL STATE. STILL, THE CASIMIR -
LIKE EFFECT OCCURS IN THIS MASSIVE THEORY.

POWER LIKE BEHAVIOUR AE~L™!' |s ALSO SUPPORTED BY
RECENT LATTICE RESULTS (HoLDOM, 2011). THE APPROACH
BY HOLDOM IS BASED ON PHYSICAL COULOMB GAUGE WHEN
NONTRIVIAL TOPOLOGICAL STRUCTURE IS REPRESENTED BY
THE SO-CALLED GRIBOV COPIES.

ANOTHER SUPPORT: EXPLICIT COMPUTATION IN RINDLER
SPACE-TIME IN 4D QCD IN THE LIMIT Ajep > a* > ml{(qq)|
WITH KNOWN BOGOLUBOV’S COEFFICIENTS (AZ, 2010,
OHTA 2011).



® WITH THIS EXTRA CONTRIBUTION AFE ~ HAQCD THE

FRIEDMAN EQUATION READS
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EQUATION OF STATE WILL APPROACH (-1) FROM ABOVE,
AND THE UNIVERSE IS DRAGGED INTO A DE- SITTER STATE
AT ASYMPTOTICALLY LARGE a(t) > ax

a(t) ~ exp(Hoot), Hoo=—0aAdcp, W = -1+
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A COMPREHENSIVE PHENOMENOLOGICAL ANALYSIS OF THIS
MODEL HAS BEEN RECENTLY PERFORMED (CAI 2010) WITH
CONCLUSION THAT THIS MODEL IS CONSISTENT WITH ALL
PRESENTLY AVAILABLE DATA.



9. FINE TUNING WITHOUT FINE TUNING”.

@ A NUMBER OF FINE TUNING ISSUES SUCH AS COINCIDENCE
PROBLEM, DRASTIC SEPARATION OF SCALES, ETC MAY FIND
A SIMPLE AND UNIVERSAL EXPLANATION WITHIN THIS

FRAMEWORK, WITHOUT NEW FIELDS, NEW INTERACTIONS,
NEW SYMMETRIES...

® FOR EXAMPLE, VACUUM ENERGY IS DETERMINED BY THE
DEVIATION FROM MINKOWSKI FLAT SPACE-TIME,

AE = [E(L, H) = E(L = o0, H = 0)] ~ HA}cp ~ (107 %V)’

@ WHY DOES IT HAPPEN NOW?
2
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® TYPICAL WAVELENGTHS CONTRIBUTING TO THE “GHOST
CONDENSATE” IS k~ H ! ~10%r , WHICH IS A PROPERTY
OF THE BOGOLUBOV’S COEFFICIENTS. THIS TYPE OF
MATTER (LARGE WAVELENGTHS) IS DRASTICALLY
DIFFERENT FROM ANYTHING ELSE IN THE UNIVERSE AS IT
DOES NOT CLUMP.

@ THE SIGN OFAE =(E — Emink) IS NORMALLYAFE <0 IN QFT. THE
CASIMIR EFFECT IS THE WELL KNOWN EXAMPLE OF THIS
SUBTRACTION PROCEDURE AS SOME MODES CAN NOT BE
ACCOMMODATED IN A SYSTEM WITH A NONTRIVIAL
GEOMETRY/BOUNDARIES. IN OUR CASE AFE >0 . THIS IS
CONSISTENT WITH ACCELERATING UNIVERSE IF DE= AFE > 0.

B THE SOURCE FOR DE AND FOR (SP% _8) |Is THE SAME
AND RELATED TO THE CONTACT TERM SATURATED BY THE
TOPOLOGICAL SECTORS OF A GAUGE THEORY.




