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1. P -PARITY ODD UNIVERSE (OBSERVATIONS)

COSMOLOGICAL OBSERVATIONS ON THE LARGEST SCALES
EXHIBIT A SOLID RECORD OF UN- EXPECTED ANOMALIES
AND ALIGNMENTS, APPARENTLY POINTING TOWARDS A
LARGE SCALE VIOLATION OF STATISTICAL ISOTROPY,
VIOLATION OF P- AND CP- SYMMETRIES.

THESE INCLUDE A VARIETY OF CMB MEASUREMENTS,
LARGE SCALE MAGNETIC FIELD AS WELL AS ALIGNMENTS
OF QUASAR POLARIZATION VECTORS (RADIO AND OPTICAL
MEASUREMENTS).



2. SKY ALIGNMENTS AND ANOMALIES FROM
DISTANT QUASARS AND CMB (OBSERVATIONS)

SIGNIFICANT CORRELATION IN THE LINEAR POLARIZATION
ANGLES OF PHOTONS IN THE OPTICAL SPECTRUM OVER
HUGE DISTANCES OF ORDER OF GPC. THE ROTATION FITS
LINEARLY TO REDSHIFT AT THE RATE OF 0.5 RADIAN/GPC

CMB: THERE IS A STATISTICALLY VERY UNLIKELY
PLANARITY BETWEEN QUADRUPOLE AND OCTOPOLE, WHICH
IS SEEN IN DIFFERENT RELEASES OF THE DATA AS WELL AS
IN DIFFERENT STATISTICAL ANALYSES.

CMB: THERE IS EVIDENCE FOR AN HEMISPHERICAL
ASYMMETRY IN THE POWER SPECTRUM

CMB SPECTRUM EXHIBITS AN EXCESS (RESPECTIVELY
LACK) OF POWER FOR P-ODD (EVEN) MULTIPOLES L<22



3.LARGE SCALE MAGNETIZATION OF THE
UNIVERSE (OBSERVATIONS).

® EVER INCREASING CORRELATION LENGTHS:
1.GALAXIES- B~ uG ON (1-30) KPC SCALE
2.CLUSTER OF GALAXIES- SIMILAR STRENGTHS HAVE BEEN
OBSERVED OVER DISTANCES REACHING MPC SCALE.
3.FIELDS ARE NOT ASSOCIATED WITH INDIVIDUAL GALAXIES.
4. RECENT HINTS ON MAGNETIZATION (WITH SIMILAR
INTENSITY) OF GIGANTIC SUPERCLUSTERS (~1 MPC)
S.EVIDENCE FOR THE MAGNETIC FIELD IN IGM (~10 MPC)

® HIGH REDSHIFTS: B~ uG FIELD WERE PRESENT AT MUCH
EARLIER EPOCH, Z~5 WHEN DYNAMO MECHANISM HAS NOT
HAD ENOUGH TIME TO OPERATE.

@ CONVENTIONAL THEORETICAL MODELS (INCLUDING INVERSE
CASCADE) FAIL TO EXPLAIN SUCH CORRELATION LENGTHS
WITH SIMILAR STRENGTHS AT ALL SCALES.




4. DARK ENERGY AS THE MAIN SOURCE OF
LARGE SCALE (E&M-RELATED) ANOMALIES.

¥ SEVERAL PIECES OF OBSERVATIONS AS REVIEWED ABOVE
TEND TO INDICATE THAT OUR UNIVERSE IS NOT INVARIANT
UNDER P-PARITY.

® MORE THAN THAT: THE OBSERVATIONS REQUIRE A
MECHANISM OPERATING ON UNBELIEVABLY LARGE SCALES
(GPC), WHICH GENERATES COHERENCE AMONG DISPARATE
LIGHT SIGNALS FROM DIVERSE SOURCES.

® THE MAIN GOAL OF THIS TALK IS TO ARGUE THAT ALL THE
ESSENTIAL INGREDIENTS WHICH ARE REQUIRED TO EXPLAIN
THESE OBSERVATIONAL PUZZLES ARE IN FACT ALREADY
PRESENT IN OUR DARK ENERGY PROPOSAL WHICH IS
ENTIRELY ROOTED IN THE STANDARD MODEL (SM) OF
PARTICLE PHYSICS, WITHOUT ANY NEW FIELDS AND/OR NEW
COUPLING CONSTANTS.




5. DARK ENERGY PROPOSAL.

® DE IN THIS MODEL ARISES AS A DEVIATION FROM
MINKOWSKI SPACE-TIME GEOMETRY, IN THE FORM OF A
TIME-DEPENDENT VACUUM ENERGY SHIFT, SIMILAR TO THE
CASIMIR EFFECT, THEREFORE IT IS PROPORTIONAL TO THE
RATE OF EXPANSION, THE HUBBLE CONSTANT H~ 10733 eV

® THE ENERGY DENSITY IN THIS FRAMEWORK MUST BE
PROPORTIONAL TO H, ESTIMATED AS pa = HA}cp ~ (107%eV)*

B ALL LOCAL INTERACTIONS AND COUPLING CONSTANTS
ARE FIXED IN OUR FRAMEWORK--THEY ARE SM
PARAMETERS, AND THEY ARE THE SAME IN A CURVED
BACKGROUND AND IN MINKOWSKI SPACE-TIME. NEW
ELEMENTS EMERGE WHEN THE SYSTEM IS PROMOTED TO A
CURVED/TIME- DEPENDENT BACKGROUND, SUCH THAT ALL
NEW EFFECTS PROPORTIONAL TO H~ 10733 eV



WHY DOES THE DIFFERENCE IN ENERGY OCCUR IN FLRW
UNIVERSE IN COMPARISON WITH FLAT SPACE-TIME?
CONVENTIONAL QFT-SUBTRACTION CONSTANT-->FUNCTION

FORMALLY : THE GUPTA-BLEULER-LIKE CONDITION
(SIMILAR TO QED CONDITIONS IMPOSED ON UNPHYSICAL
PHOTON’S POLARIZATIONS) CAN NOT BE MAINTAINED
THROUGHOUT THE WHOLE SPACE IN FLRW UNIVERSE.

FLRW UNIVERSE: (¢2 — ¢1)"") [Hphys) ~ H #0
MINKOWSKI SPACE-TIME: (¢y — ¢1)") |Hpys) = 0

THE FIELDS ¢; and ¢ ARE THE VENEZIANO GHOST AND ITS
PARTNER. WE KNOW ABOUT THEM FROM QCD. THIS IS THE
PLACE WHERE SMALL PARAMETER H/Agcp ~ 10~* ENTERS

THE SYSTEM (WITHOUT ANY NEW FIELDS & INTERACTIONS).



2 TYPICAL WAVELENGTHS CONTRIBUTING TO THE “GHOST ”
FLUCTUATIONS IS k~ H 1~ 101%r . THIS TYPE OF MATTER
(LARGE WAVELENGTHS) IS DRASTICALLY DIFFERENT FROM

ANYTHING ELSE IN THE UNIVERSE AS IT DOES NOT CLUMP.

B THE NATURE OF SMALL PARAMETER H/Agcp ~107%
IS NOT A RESULT OF SUPERSYMMETRY OR ANY OTHER
EXTRA SYMMETRIES IMPOSED ON THE SYSTEM (THERE ARE
IN FACT, NONE), BUT IT COMES ABOUT FROM THE
AUXILIARY CONDITIONS ON THE PHYSICAL HILBERT SPACE
WHICH ACCOMMODATE THE GIGANTIC SPAN OF SCALES.

B ¢; and ¢2 FIELDS ARE P-ODD PARITY FIELDS (ORIGINATED
FROM THE TOPOLOGICAL DENSITY OPERATOR IN QCD).
THEY ARE NOT ASYMPTOTIC STATES, DO NOT VIOLATE
UNITARITY, DO NOT MIX WITH PHOTONS. HOWEVER, THESE
FIELDS DO FLUCTUATE: THE ‘“GHOST CONDENSATE”.



6. 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?
%

M
3H°Mz; ~AE = 7~H '~— ~10Gyr
AQCD




7. INTERACTION OF THE DE WITH LIGHT

® STANDARD TRIANGLE ANOMALY UNAMBIGUOUSLY FIXES
THE INTERACTION BETWEEN DE FIELDS AND

ELECTROMAGNETIC FIELD IN SM,
rrelevant for cosmology field

o) 5 (MG P2 — D1 -
L(po—p)vy = ENCZQ@ 7 Fu F5°

@ IN MINKOWSKI SPACE THE RELEVANT EXPECTATION VALUE
VANISHES- NO EFFECTS OCCUR DUE TO THE CONSTRAINT:

Gl o = e i o) = (0L

® HOWEVER, THIS CONSTRAINT CAN NOT BE GLOBALLY
MAINTAINED IN THE ENTIRE SPACE IN A TIME-DEPENDENT
BACKGROUND, RESULTING IN THE INTERACTION OF DE AND
EM FIELDS. THIS COUPLING LEADS TO GENERATION OF EM
ENERGY FROM THE -DE FIELDS. IT ALSO LEADS TO MANY
OTHER EFFECTS SUCH AS ROTATION OF POLARIZATION, ETC.




THIS COUPLING AT THE FUNDAMENTAL LEVEL DOES NOT
VIOLATE P INVARIANCE. HOWEVER, P IS EFFECTIVELY
BROKEN AS LONG AS WE ARE CONFINED TO A SINGLE
OSCILLATION OF ¥ FIELD WITH A~ H ' ~ GPc SCALE.

THE SAME DE-E&M INTERACTION CAN BE WRITTEN IN
CHERN-SIMONS FORM

1 3

e — —§puAuFW, B = WOl = ol (k)

Pu -VECTOR CAN BE TREATED AS (ALMOST) CONSTANT
VECTOR ON THE SCALES A ~ H ! ~GPc. THE P, CP AND
LORENTZ SYMMETRIES ARE LOCALLY VIOLATED ON THIS
SCALE WITH EFFECTIVE COUPLING |pu| ~ H ~107°° gV,

IT LEADS TO SOME OBSERVABLE EFFECTS IF IT COHERENTLY
BUILDS UP FOR A VERY LONG TIME ~ H 1~ 10 GYR.




8. MAGNETIC FIELD GENERATION ON GPC SCALE

@ MAGNETIC FIELD WHICH WILL BE GENERATED WILL HAVE A
TYPICAL FOURIER MODE kEM ~ k~ H, HIGHER
FREQUENCIES BEING EXPONENTIALLY SUPPRESSED.

B MAGNETIC FIELDS WILL BE GENERATED AT ALL TIMES,
EVEN AT HIGHER REDSHIFTS, THOUGH THEIR MAGNITUDES
WILL EXPERIENCE A STANDARD 1/a%(t) SUPPRESSION DUE TO
THE EXPANSION OF THE UNIVERSE. THERE IS NO NEED
FOR SEEDS TO FEED A DYNAMO WITH, AS THE LARGEST
SCALES ARE GENERATED LAST.

@ THE SIMPLEST WAY TO SEE THIS GENERATION OF E&M
FIELD IS TO ANALYZE THE DISPERSION RELATION IN THE
PRESENCE OF MAXWELL AND CHERN-SIMONS TERMS:

w? = k% + (p0|E| — w|p] cos 0) . unstable modes with w? <0 are: |k| < |po| ~ H



THIS LEADS TO THE FOLLOWING ESTIMATE FOR THE EM
ENERGY PUMPED FROM DE FIELDS:
2 & 27743 & 2 —3 x4
15 e (%) HAGep ~ (%) ppe, where ppg~ (107°eV)

THE RESULT IS A VERY REASONABLE NUMERICAL ESTIMATE
WITHOUT A SINGLE FITTING PARAMETER:

87
B~ %\/HA%CD ~nG

INTERACTION DOES NOT VIOLATE P INVARIANCE ON THE
FUNDAMENTAL LEVEL, SIMILARLY TO T° — 27 DECAY.
HOWEVER, SUCH A VIOLATION OCCURS LOCALLY, ON LARGE
CORRELATION SCALES )\, ~ H™ 1.

THE ESTIMATED INTENSITY SHOULD BE TREATED AS
INITIALLY GENERATED FIELDS. THEY ARE THE SUBJECT FOR
FURTHER EVOLUTION/DUMPING WITH TIME (WORK IN
PROGRESS).

FIELDS ARE PREDICTED TO BE HELICAL, CORRELATED ON
HUGE GPC-SCALES, NOT ISOTROPICAL, NOT HOMOGENEOUS.




9. DE-E&M COUPLING: OTHER APPLICATIONS

EARLY UNIVERSE LARGE SCALE MAGNETIC FIELDS MAY
HAVE A PROFOUND IMPACT ON THE MECHANISMS OF

STRUCTURE FORMATION. IN FACT, THE OBSERVATIONS
SUGGEST (SEE E.G. KRONBERG, 1994) THAT GALACTIC
SYSTEMS HAVE EVOLVED IN ENVIRONMENT WHERE B 2 uG.

IMPACT TO THE TRAVELLING LIGHT SIGNALS FROM SUCH
DISTANCE SOURCES AS QUASARS. IN FACT, IT HAS BEEN
CLAIMED (SEE E.G. HUTSEMEKERS, 1998, 2001, 2005)
THAT THE POLARIZATION VECTORS ARE ALIGNED OVER
HUGE REGIONS ~ GPC. MEAN POLARIZATION ANGLE (3
ROTATES WITH REDSHIFT AT THE RATE OF 30° PER GPC.

THIS FACT SEEMS TO NOT BE RELATED TO THE LOCAL
ENVIRONMENT WE ARE IMMERSED IN. THE SYMMETRY OF
THE (0 — 2) RELATION IS MIRROR LIKE: 3 ROTATING
CLOCKWISE IN NGP, AND COUNTER-CLOCKWISE IN SGP.
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Plot from Hutsemekers, 2005.
Highest values of reading S i indicate the strongest departure from
uniform distributions of polarization angle. Redshifts are positive (+)

for objects located in the North Galactic Pole (NGP) regions and
minus (-) for SGP regions. Bin size is Ar = 0.4h~'Gpc
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Plot from Hutsemekers, 2005.
Quasar polarization angles as a function of co-moving distance. Bin size is
Ar =0.6 h~! Gpc. Data points (z, 3) are replicated (z, 8 + 180°), (z, 8 + 360°)
to facilitate detection of pattern.



IN OUR FRAMEWORK THE ROTATION OF POLARIZATION IS
DETERMINED BY THE INTEGRAL BEING TAKEN ALONG THE
PATH TRAVELLED BY THE PHOTON

= /puda:“ iy = e =
EFFECT IS ORDER OF ONE BECAUSE OF THE COHERENT

PROPAGATION OF LIGHT. THERE ARE NO ANY NEW SMALL
PARAMETERS INVOLVED AS LONG AS DISTANCE IS ~1/H:

pu = (g0,p) ~ H ~107%%eV, but: /dx“ ~ H™' ~ Gpc

THE PREFERRED DIRECTION IS PARAMETRIZED BY THE
GRADIENT P = —V¢ oF DE FIELD IN OUR FRAMEWORK AND
IS IDENTIFIED IN [HUTSEMEKERS, 2005] As (I ~ 267°, b~ 69°).

THE MIRROR LIKE SYMMETRY (ROTATING CLOCKWISE IN
NGP, AND COUNTER-CLOCKWISE IN SGP) IS DUE TO THE
CORRELATION k7= —k- (9V9)WHEN PHOTON k CHANGES
ITS DIRECTION WHILE DE- FIELD 7= — (gV¢) STAYS CONSTANT



10. DE-E&M COUPLING: P- VIOLATION IN CMB

® ROTATION EFFECTS IN QUASARS SERVE AS OUR,
“NORMALIZATION” OF DE-E&M COUPLING |<gV90> | oAl

@ IT SHOULD BE CONSISTENTLY USED IN ALL OTHER
ESTIMATES, E.G. IN CONTEXT OF CMB.

® P-0DD EFFECTS IN CMB WILL BE SUPPRESSED (IN
COMPARISON WITH ROTATION EFFECTS IN QUASARS)
BECAUSE CMB-PHOTONS TRAVELLED Z~1100 REDSHIFTS
WITH DIFFERENT ORIENTATIONS OF P-ODD DOMAINS.
THEREFORE, ESTIMATIONS FOR P-ODD SPECTRA (TB, EB)

/d:p“ B 5(2;—1“02) i ﬁ(zgfg DER o,

@ P-ODD EFFECTS ARE ORDER OF ONE AT Zz~1100 (SIMILAR
TO ROTATION OF POLARIZATION FROM QUASARS), NOT NOW.



@ ASYMMETRY OF WMAP <TT>

DIFFERENT TYPES OF P OoDD
EFFECTS IN CMB STUDIED FROM
<TT> SPECTRA (IN CONTRAST
WITH <TB>, <EB>) IS NOT A
SUBJECT OF SUPPRESSION (AS
<TT> IS NOT SENSITIVE TO THE
SIGN OF DE-E&M COUPLING).

POWER SPECTRUM:
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@ FIG. ABOVE INDICATES: THERE EXISTS POWER DEFICIT

(EXCESS) AT MOST EVEN (ODD) MULTIPOLES AS IT IS

WEIGHTED WITH (—1)'(+1).

@ 100+ PAPERS ON ASYMMETRY WITH TYPICAL TITLES: “ IS
THE UNIVERSE ODD?”, “ ANOMALOUS PARITY

ASYMMETRY...” ETC (THE PLOT IS FROM PAPER BY KIM AND

NASELSKY, 2010)




INSTEAD OF CONCLUSION

@ A NEW PARADIGM: THE “RENORMALIZED COSMOLOGICAL
CONSTANT” TO BE ZERO IN MINKOWSKI VACUUM WHERE
THE EINSTEIN EQUATIONS ARE CONSISTENTLY SATISFIED.

IT DEFINES OUR “POINT OF NORMALIZATION” WHERE
SUBTRACTION IS BEING MADE. THE BEHAVIOUR OF THE
SYSTEM IS UNAMBIGUOUSLY PREDICTED FOR ANY OTHER
GEOMETRY SLIGHTLY DEVIATED FROM MINKOWSKI ~H.

@ THE DE OBSERVED IN OUR UNIVERSE MIGHT BE A
RESULT OF MISMATCH BETWEEN THE VACUUM ENERGY
COMPUTED IN SLOWLY EXPANDING UNIVERSE AND IN
FLAT MINKOWSKI SPACE

AEyqc ~ HAbop ~ (107%eV)*



® A NUMBER OF FINE TUNING PROBLEMS IS AUTOMATICALLY
RESOLVED AS A RESULT OF AUXILIARY CONDITIONS ON
THE PHYSICAL HILBERT SPACE WHICH ACCOMMODATE THE
GIGANTIC SPAN OF SCALES WITHOUT A NEW SYMMETRY.

® DIRECT CONSEQUENCES OF THE DE-E8&M COUPLING:
1. LARGE CORRELATION SCALES OF HELICAL MAGNETIC
FIELD IN THE UNIVERSE WITH THE LARGEST SCALES ARE
GENERATED LAST (CONSISTENT WITH OBSERVATIONS OF
MAGNETIC FIELD IN IGM, NERONOV, VOVK, 2010).
2. P-ODD CORRELATIONS IN CMB AS CONSEQUENCE OF P-
ODD NATURE OF THE DE FIELD. CURRENT DATA ARE
SIGNALLING ON INCONSISTENCIES WITH THE STANDARD
COSMOLOGICAL MODEL (HOMOGENEOUS & ISOTROPIC).
3. OBSERVATIONS OF ROTATIONS OF THE LINEAR
POLARIZATIONS FROM QUASARS (Z~2).



® TESTING THESE IDEAS ON THE LATTICE (I.E. TESTING
THE SUBTRACTION CONSTANT IN TOPOLOGICAL
SUSCEPTIBILITY) ~ 1/L instead of ~ exp(—L). PRELIMINARY
RESULT: THE CASIMIR LIKE EFFECT IS PRESENT FOR 4D
QCD (AZ & M. POLIKARPOV, ITEP).

® LOCAL VIOLATION OF P- SYMMETRY HAS BEEN OBSERVED
AT RHIC (BROOKHAVEN), WHERE P oDD DOMAINS CAN
BE EXPERIMENTALLY PRODUCED/STUDIED (AZ &
KHARZEEV, BROOKHAVEN, STONY BROOK).



