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The CC problem stems from realizing that the effective or
physical vacuum energy is the sum of two terms:

 The old CC problem as a fine tuning problem

Joan Solà (KCL 2024)
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(Joan Solà, Corfu
2024)

Out of desperation
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 Origin of the CCP in QFT terms

runs too fast

is too large
and

i)

ii)



 The road to RVM: suppose, instead, that…

no longer runs fast

and

ii)

iii)

(Adiabatically) Renormalized VED at scale M adopts the form

i) Vacuum can have effective EoS other than



and

 Beta Function of the VED in RVM

(bosonic case)

C. Moreno-Pulido, JSP (EPJC 2020,2022a,b)
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From the above considerations we expect that:

Similar to ordinary gauge teories, such as QED, EW, QCD...
e.g. at LEP.

Cosmic scale setting in RVM

In FLRW universe we set at each còsmic epoch
what else more natural?...
(consistent with very recent studies of the RVM from lattice QG:
Dai, Freeman, Laiho,Schiffer and Unmuth-Yockey, arXiv:2408.08963 [hep-lat])



 VED evolution

C. Moreno-Pulido, JSP (EPJC 2020,2022a,b)

(Dai et al., arXiv:2408.08963 [hep-lat])

Explicit calculation indeed yields

(J. Solà, 2007,2011,2013,2014, 2016, 2021)

(Recent review: Phil.Trans.Roy.Soc.Lond.A
380 (2022) 20210182)



 Combined contribution Bosons+Fermions

arXiv:2301.05205[gr-qc] (EPJC)
C. Moreno-Pulido, JSP & S.Cheraghchi
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SOME DETAILS OF THE QFT CALCULATIONS…

Comprehensive details given in the following 4 papers and review:

C. Moreno-Pulido, JSP, arXiv:2207.07111 [gr-qc] (EPJC 2022)

C. Moreno-Pulido, JSP, arXiv:2005.03164 [gr-qc] (EPJC 2020)

C. Moreno-Pulido, JSP, arXiv:2201.05827 [gr-qc] (EPJC 2022)

C. Moreno-Pulido, JSP, arXiv:2301.05205 [gr-qc] (EPJC 2023)

JSP, arXiv:2203.13757 [gr-qc] (Phil.Trans.Roy.Soc.Lond.A 2022)
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Adiabatic renormalization of the VED in QFT in a
FLRW background: absence of quartic mass terms
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Quartically and logarithmic divergent contributions for spin-1/2 fermions:
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 VED =
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 Impact for the early universe: RVM-inflation!
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RVM-inflation and vacuum decay

(EoS)
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Joan Solà (Corfu 2023)
e.g.

QUANTUM VACUUM Pressure and EoS



Equation of State of the QUANTUM VACUUM
(EoS)

(Dai et al., arXiv:2408.08963 [hep-lat])

C. Moreno-Pulido, JSP, arXiv:2207.07111 [gr-qc]
(EPJC 2022)



Vacuum EoS

Quintessence-like

Dust-like

radiation-like

(Joan Solà, KCL 2024)

C. Moreno-Pulido, JSP, arXiv:2207.07111 [gr-qc]
(EPJC 2022)
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!!alleviate

arXiv:2304.11157
JSP,A.Gómez-Valent, J. de Cruz
Pérez and C. Moreno-Pulido
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 Composite DE: the LXCDM model

(running )
LXCDM

Originally introduced long ago: J.Grande,JS, H.Stefancic, gr-qc/0604057 (JCAP)

The LXCDM keeps the ``coincidence ratio’’ under control:

The latter remains bounded during the entire cosmic evolution, it
may afford a solution to the ”cosmic coincidence problem”.

In the phantom matter region (see EoS diagram), where

the Universe is halted in the future, coincidence problem may be
solved and Big Rip avoided despite it being in the phantom domain

RVM running

(PhantomMatter)



(Joan Solà, KCL 2024)

gr-qc/0604057 (JCAP)
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 EoS Diagram: Energy conditions for the cosmic fluids

WEC
NEC

. . . . . . . . ... . . . . .. . . . . ... . . ..
DEC

SEC

J. Grande, JS, H. Stefancic LXCDM: gr-qc/0604057

.

N. Mavromatos and JS arXiv:2105.02659
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Composite DE: the wXCDM model

``Phantom matter: a challenging solution to the cosmological tensions’’

A. Gómez-Valent and J. Solà Peracaula [arXiv:2404.18845]

Effective formulation of the LXCDM model with two components: X and Y:

The reason why type II RVM with threshold cannot make it for H_0 is because the latter is not
forced to increase at low z to match the angular diameter distance to the last scattering surface.

(sound horizon)

(Ang. Diam. distance)

We asume no early DE
Changes modifying r_d

Assume, instead,
compensating changes
between X and Y.

Net effect

higger

(ApJ 2024, to appear)
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Consider a LXCDM variant (wXCDM) with two components, X and Y, aimed at increasing H_0:

Double DE Strategy

(LSS)

wXCDM
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arXiv:2404.18845

(Akarsu et al,
arXiv:2307.10899)

(ApJ 2024)
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Why wXCDM can cure the tensions?

i)

and...

(arXiv:2404.18845)
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ii)

helps solving the growth problem



(Joan Solà, Corfu 2024)
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The `fundamental’ physics behind the wXCDM

 from phantom vacuum to true vacuum (dS)

In a nutshell….

and Nick’s talk

The path towards the de Sitter epoch involves a transition…



inflation

See talk by Nick Mavromatos !

(EPJ-ST 2021)

Joan Solà (KCL 2024)
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phantom vacuum

But adding the gCS condensates…
Transitory state !!

True Vacuum

Final de Sitter phase

Possible explanation of the JWST data

N. Mavromatos & JSP
arXiv:2105.02659 [hep-th]
(EPJP 2021)
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Summarized conclusions


