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Theoretical foundation: how the vacuum energy can
be generated in strongly coupled QCD for pure de
Sitter state when H = constant
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DESI results and Dark Energy from QCD topological sectors
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How these results can be generalized to a time
dependent background H — H(t)



Evolving Dark Energy Is Vacuum Energy After All
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Confronting the QCD-induced vacuum energy with
current observations:Planck, DESI DR2, Type la
supernova from Patheon+, DES-Dovekie



MOTIVATION: RECENT OBSERVATIONS FROM
DARK ENERGY SPECTROSCOPIC INSTRUMENT
(DESI)

® DESI observed a time evolving EoS
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behaviour is complete disaster: it
contradicts Unitarity, causality, and
other fundamental features of QFT

® Previously data had been fitted as a
cosmological constant with w = —1
DESI results suggest t-dependence.



Our proposal is that the source of the observed Dark
Energy (DE) is the QCD vacuum energy and tunnelling
processes between the topological k) sectors.

The variation of the transition rate between |k) sectors
in expanding Universe will result in variation of the DE
with time (DESI results).

No any new degrees of freedom such as ¢ with
potential V' (¢) are present in the system. Nevertheless
there is a nontrivial dynamics of the system

How a theory with a gap Aqcp = 100MeV could be
ever sensitive to arbitrary large distances?



1. ENERGY IN NON-PERTURBATIVE QCD

WE WANT TO ARGUE THAT THERE IS A NOVEL TYPE OF
ENERGY IN STRONGLY COUPLED QCD. THIS ENERGY HAS
“NON-DISPERSIVE’” NATURE, AND CAN NOT BE EXPRESSED
IN TERMS OF CONVENTIONAL SCATTERING AMPLITUDES.

THIS PHYSICS IS HIDDEN IN CONTACT TERM WHICH IS
SATURATED BY IR (LARGE DISTANCES), NOT UV PHYSICS

ALL THESE NOVEL EFFECTS ARE DUE TO THE NONTRIVIAL
TOPOLOGICAL SECTORS |k7> 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.




2. DEFINITION OF THE GRAVITATING ENERGY

® WE ASSUME THAT THE RELEVANT (GRAVITATING) ENERGY
WHICH ENTERS THE FRIEDMAN’S EQUATION IS THE
DIFFERENCE AF = (ErLrw(H) — EMink) SIMILAR TO
COMPUTATIONS OF THE CASIMIR ENERGY, WHEN THE
DIFFERENCE AF IS OBSERVED. THIS ASSUMPTION WAS, IN
FACT, ORIGINALLY FORMULATED BY ZELDOVICH IN 1967.

® WE CAN NOT (BY TECHNICAL REASONS) TO PERFORM THE
COMPUTATIONS IN FLRW BACKGROUND. HOWEVER, WE
CAN PROCEED WITH COMPUTATIONS IN A TOY MODEL
FORMULATED ON HYPERBOLIC SPACE [? x S! ;, WHEN ROLE
OF H ~ 1072 ¢V PLAYS PARAMETER Kk — 0

® WE WANT TO ARGUE THAT A NONTRIVIAL HOLONOMY
GENERATES A LINEAR CORRECTION AF(k) ~ KIN CONTRAST
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WITH CONVENTIONAL EXPECTATION AFE ~ R [H?| ~ k



TECHNICALLY, WE WANT TS SEE A LINEAR (RATHER THAN
VERY SMALL QUADRATIC K~ ) CORRECTION IN THE RATIO

T S S S ST
[ K K ] ~ 1 _|_ O K
Evac [Rg X Sl] AQC’D

IF THE SAME PATTERN PERSISTS IN REAL FLRW
UNIVERSE ONE COULD REPLACE K — /H (HUBBLE) :

IN OTHER WORDS, WE INTERPRET THE OBSERVED DARK
ENERGY AS A LEFTOVER BETWEEN EXPANDING
UNIVERSE AND FLAT MINKOWSKI SPACE-TIME

opE — A — et dar o B!
IT HAS THE SAME NON-DISPERSIVE NATURE CCAN NOT BE
EXPRESSED IN TERMS OF PROPAGATING DOF), IT IS NON-~-
LOCAL IN NATURE CNOT EXPRESSIBLE IN TERMS OF THE

LOCAL CURVATURE, LOCAL SCALAR FIELD ¢ ), AND
IT HAS A POSITIVE SIGN.



IF ONE ASSUMES THAT THE SAME EFFECT TO PERSIST IN
OUR FLRW UNIVERSE ONE SHOULD REPLACE kK — H TO
ARRIVE (AMAZINGLY CLOSE TO THE OBSERVED VALUES):
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THE DRIVING FORCE FOR THE DESITTER BEHAVIOUR IS NOT
A LOCAL DYNAMICAL DE FIELD ¢ . RATHER, THE DRIVING

FORCE SHOULD BE THOUGHT AS A CASIMIR TYPE VACUUM
ENERGY GENERATED BY TUNNELLING TRANSITIONS
BETWEEN DIFFERENT TOPOLOGICAL SECTORS.

THERE IS A SINGLE DIMENSIONAL PARAMETER OF THE
PROBLEM, IT IS Aqcp >~ 100MeV . No ANY NEW
PARAMETERS IN THE SYSTEM. IT IS THE SM PHYSICS



BQ: How a system with a gap could be ever

sensitive to arﬁitmry farge distances?

B Al: 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 €xp(—7/\) A NEUTRAL
MAGNETIC FLUXON WILL BE STILL SENSITIVE TO EXTERNAL
CHARGE AT ARBITRARY LARGE DISTANCES. THIS IS THE SO-
CALLED ‘“NON-DISPERSIVE” CONTRIBUTION. TOPOLOGICAL
INSULATOR IN CM SYSTEM IS ANOTHER ANALOG

A2: IT CAN BE TESTED IN EXACTLY SOLVABLE MODELS SUCH
AS 2D QED, OR “DEFORMED QCD”. IT CAN BE ALSO TESTED
IN A TABLETOP EXPERIMENT (MEASUREMENTS OF THE SO-
CALLED TOPOLOGICAL CASIMIR EFFECT).



3. TIME DEPENDENT DE AND ADIABATIC
CONDITION

THERE IS A NUMBER OF HINTS THAT DE I1s NOT A
COSMOLOGICAL CONSTANT, IT MAY CROSS THE PHANTOM

BINE 70 — — 1

IN OUR FRAMEWORK IT IS ANTICIPATED: WHEN THE SYSTEM
DEVIATES FROM EXACT DE SITTER ( H = constant) THE
VACUUM ENERGY ALSO STARTS TO DEPEND ON TIME

3
THE FORMULA FOR DE PDE X AQCDI_L HOLDS ONLY
WHEN THE ADIABATIC CONDITION IS SATISFIED
s = s
% <H —2z2505

IT IMPLIES THAT DE CAN BE EFFECTIVELY GENERATED
ONLY NOW. IT SOLVES THE QUESTION  WHY IT IS NOW?”



® IN PRINCIPLE THE DE CAN BE COMPUTED FROM THE FIRST
PRINCIPLES (E.G. USING THE LATTICE QCD). HOWEVER, IT
IS NOT FEASIBLE TODAY AND WE PARAMETERIZE DE AsS

ppE ~ B(t)[AgepH], B(t) € (0,1)

B THE ﬁ(t) IS A SWITCH FUNCTION WHICH DESCRIBES
TRANSITION Z~1 WHEN ADIABATIC APPROXIMATION IS
MARGINALLY JUSTIFIED (STRONGLY DEVIATES FROM DE

SITTER).
A
Bitali= i
1 4+ exp ( e q)

q

@ THE EOS TYPICALLY GOES TO PHANTOM REGIME WITHOUT
VIOLATING ANY FUNDAMENTAL PRINCIPLES OF QFT AS
THIS CROSSING IS NOT RELATED TO DYNAMICAL FIELDS



10* -

DE is not generated

1071 -
—-1.0 —0.5

+— future —

<

0.5 1.0 1.5 2.0

past >



Equation of state wDE(Z) for typical parameters
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4. COSMOLOGICAL DATASETS AND ANALYSIS

@ WE USE CMB DATA (PLANCK, ACT, SPT)-LABELED “CMB”
@ WE USE BARYON ACOUSTIC OSCILLATIONS-DR2 “DESI”

@ WE USE SUPERNOVAE-DES-Y5 DOVEKIE, PANTHEON+
LABELED AS ‘“PP” AND “DD”

B WE sHow THE BAYEsIAN EVIDENCE RELATIVE To A DM
® WE sHOw X2 rReLaTivE To N\C' DM

B WE ALSO SHOW THE EFFECTIVE QCD-DE EOS IN
COMPARISON WITH CONVENTIONAL CPL (wgwa)
PARAMETRIZATION
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AX? = Xpodel — XAcoM

Plot of the difference in the MAP x.gwith respect to the ACDM

2
AX < 0 indicates a preference for the alternative model
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In B = 1N Zmodel — IN Zacom
Plot of the Bayesian factors with respectto AC' DM evidence.
In B > 0 indicates a preference for the alternative model.
The QCD-DE does not fluctuate much for different data-sets
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The effective DE EoS posterior functions for CPL (wow, )
and QCD-DE from the posteriors from CMB-SPA+DD+DESI



CONCLUSION (THEORETICAL FOUNDATION)

@ LESSON 1: THERE IS A FUNDAMENTALLY NEW TYPE OF THE
VACUUM ENERGY IN SM PHYSICS WHICH CANNOT BE
EXPRESSED IN TERMS OF ANY LOCAL PROPAGATING FIELD

B LESSON 2: WE IDENTIFY THIS NEW TYPE OF ENERGY WITH
COSMOLOGICAL VACUUM DARK ENERGY (DE) WE OBSERVE
TODAY (COINED AS QCD-DE)

B LESSON 3: A SIMILAR TYPE OF NEW VACUUM ENERGY
COULD BE REALIZED DURING INFLATION (MUST BE A
DIFFERENT GAUGE THEORY WITH A DIFFERENT SCALE). IT
COULD BE FORMULATED IN TERMS OF NON-DYNAMICAL
AUXILIARY FIELDS (AXION, DILATON) WHICH IS A COMMON
TOOL IN CM SYSTEM SUCH AS TOPOLOGICAL INSULATOR

® LESSONS 4: THE NEW TYPE OF VACUUM ENERGY CAN BE
TESTED IN TABLETOP EXPERIMENTS (CASIMIR TYPE EXP)



CONCLUSION (PRACTICAL CONSEQUENCES)

WHY IS DE-QCD INTERESTING AND FUNDAMENTALLY
DIFFERENT FROM ANY OTHER DE MODELS? IT IS BASED ON
SM PHYSICS. IT PROVIDES A PHYSICAL MOTIVATION FOR:

1. WHY {pE ~ 1 AND WHY IT STARTED AT Z~1 WITHOUT
ANY FITTING PARAMETERS, ONLY AQCD MATTERS

2 THERE IS NO ANY NEW DYNAMICAL FIELDS ¢ AS DE IN
THIS FRAMEWORK IS SIMILAR TO AUXILIARY TOPOLOGICAL
FIELDS IN CM SYSTEMS (E.G. TOPOLOGICAL INSULATOR).

3. THE EOS CROSSES W=-1 WITHOUT VIOLATING ANY
FUNDAMENTAL PRINCIPLES OF QFT. ONLY FUTURE
OBSERVATIONS HAVE FINAL VERDICT



