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The well-known picture...

Hubble Constant Over Time
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The Hubble tensions is at 5.30 as of 2023! e W

But it does not affet only Ho! N
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The GW contribution just as unclear
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Tension in the rq, Ho and Q,, plane
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Tension in both Q., and c/Horqg
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So the tension is everywhere!

Welcome to the CosmoVerse!

* Tension everywhere
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The supernova mechanism

Supernova Spectra
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Key moments:

- an explosive disruption of a
white dwarf star in a binary
system
- primary WD composition C
and O
-carbon nuclei begin to fuse
rapidly, leading to a runaway
nuclear reaction
- characteristic lack of H and
excess of Si in the spectra
- stable peak luminosity due
to Chandrasekhar limit
(1-4Msol)

- broad and smooth LC

Theories that alter Chandrasekhar limit but not

the elemental composition?
- magnetized WD
- scalar-tensor theories
- exotic particles
- higher-dimensions

Credit: H. Stevance.
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Quantities related to white dwarves
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BAO - the ,standard ruler*
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Callibrating SN with BAO

Can we see signs of new physics if we

callibrate the SN differently?

We use the BAO to callibrate the SN by
replacing D, with Da from BAO.

The only non-inferrable parameter that
remains is the sound horizon r,

We use non-parametric methods to check for
signs of a non-constant absolute magnitude

Mg

Planck 2018:

r,=147.5 Mpc,
Ho=67.4+0.5km/s/Mpc
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The Gaussian process

GP reconstructs the dataset as part of a stochastic process
iIn which each element is part of a multivariant normal
distribution

Defined via mean function p(z) and a kernel function k(z, z.)
GP utilizes a Bayesian approach to optimize its kernel

hyperparameter (o: and | ) controlling the smoothness and
the over-all profile of the reconstruction

Model independent up to the choice of the kernel
Tested in numerical cosmological studies
Huge advantage: naturally includes the errors

Radial Basis
function kernel (RB)

Rational Quadratic
kernel (RQ)

2

k(z,z) = : =
(2:2) (1+ |z —2'%/2ad?)”



The GP predictions:
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The final reconstruction

At z=0 we have numeric
singularity due to
DA(Z:O)=O

At large z we have big
fluctuations due to GP
becoming less certain

where fewer points are

We see a hint for a jump
around z~0.01-0.15

The behavior for the two
rq IS Similar
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If we zoom in at the origin:
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Or in the full range for the two kernels we used
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The ANN

* ANN: Input and outptut layers connected
to hidden layers with certain weights and
certain activation function

e QOur input is z and the output are mu and
Dalrg

* Huge number of hyperparameters
optimized during learning

 We use mock data with the same redshift

distribution and number of points. layer K — hidden layers
» To optimize the ANN, we compare the sk = 3 bins? + 3 variance,
generated from SN pia(z) and their errors pa =

01a(z) with the dataset trough the risk

- Z [”fﬂ-(zi) o :U‘Irr(z?:)]2 + Z 0—120. (:U'Ira(zt))
* We use L2 loss function i=1 Pt

N
r l f :
L2 = J\—_ Z{[H”h.-.{:-.-:ll — HJ’J,:-r-rl'{:.':'I:IJ



The ANN reconstruction

Much cleaner than
the GP

Still we see the
jump around z~0.5-
0.15

There are hints of
decrease of Mg for
higher z
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The combined plots

* Not a single Gaussian but a multi-
peak distributions or notable tails

e The mean value differs for the
different NP methods.

* The mean values are close to the
expected from Planck and SHOES
only if one assumes a single
Gaussian, otherwise.

« Camarena & Mara get Mg=- ~20.0 - Mg'e gt
19.23+0.4 (Phys. Rev. Research MGHOES g rW SN+ BAO +SHOES
2, 013028 (2020), 1906.11814). . 1 1
ANN GP-RQ GP-RB
TEChI]i{]‘LlE r{lil}lli ‘{I;I“?ZTSI\'+B,&(}+SHDES Tg,ljl'-iii r{li?:jﬁﬂN+BA(J+SHﬂES
ANN |—19.58 £0.11 and —19.26 = 0.04|—19.1 £ 0.04 and —19.42 4+ 0.11|—19.38 = 0.20 —19.22 4+ 0.20
GP-RQ —19.35 £+ 0.03 —19.18 = 0.03 —19.42 + 0.35 —19.25 4+ 0.39
GP-RB —19.35 + 0.07 —19.18 + 0.07 —19.42 4+ 0.29 —19.25 £+ 0.33




What if we assume Mg(z2)?

We tested known models for e P
the nuissance parameter
(€2 Model Line -: N
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If we check the standard statistical measures
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We see that there is no
strong preference for any
model for DIC and BF



The Distance Duality Relation

* The distance duality relation or the . : 2
Etherington’s reciprocity theorem dr, = dfl(l + ’3)

* It should hold for any metric theories of « Examples of models in which it may
gravity not hold:

* |.e. for all theories where the photon number _
is conserved and photons travel along null * Curvature of the universe
geodesics. . DDE

* The validity of DDR has been studied and an _
confirmed using different astronomical » Gravitational lensing

sources in pioneer works N
 Dust extinction
* In more recent works, there are some

evidences for mild deviations, especially for
models with spatial curvature

Modified gravity
* Inhomogenities and clustering



Conclusions and open questions

Conclusions:
* The constancy of Mg is at level
of 1o.
* The MCMC do not prefer any of
the tested non-constant model
significantly.
* We exchange the tension in He-
r« With a tension in the Mg-rq
plane (fixing Mg fixes Ho)
* The observed distribution
cannot be described as a
single Gaussian
* Multiple peaks and tails
observed

Is it possible that there is a
nuissance parameter
contribution M(z) of unknown
form?

If so why is this effect so weak?
We see two trends - one for very
small z and one for high z
What are the physical origin of
the small z jJump?

New WD physics, higher
Chandrasekhar mass, unknown
propagation effect?

What about the high z?




What is the context of our work?

Perivolaropoulos and Skara - series of models with a jump at
d~20-50Mpc (Universe 2022 and MNRAS 2023)

Ashall et al., SNe la from star-forming galaxies have a mean
Me = -19.20 *+ 0.05 mag, while SNe la from passive galaxies
-- Mg = -18.57 *+ 0.24 mag, MNRAS, 2016

Evslin, ,Calibrating Effective la Supernova Magnitudes using the
Distance Duality Relation“, Phys.Dark Univ. 14 (2016)
.Statistically insignificant downward shift M(2.34)-M(0.32)=-
0.08+0.15,

Alestas et al., ,Aw — M phantom transition at z; < 0.1 as a
resolution of the Hubble tension®, Phys. Rev. D 103 (2021)
Alestas et al., ,Late-transition vs smooth H(z) deformation
models for the resolution of the Hubble crisis“ Phys.Rev.D 105
(2022) The LMT model includes a sharp transition in the Snla
absolute magnitude M
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Leandros Perivolaropoulos, Foteini Skara,
Mon.Not.Roy.Astron.Soc. 520 (2023) 4, 5110-5125



Furthermore...

,Evidence of a decreasing trend for the Hubble
constant®, XD Jia et al., A&A 674, A45 (2023) (5.60)

,On the Hubble Constant Tension in the SNe la
Pantheon Sample* — M. Dainotti et al., ApJ, 912,
150 (2021) — Decreasing Ho as g(z)~Ho/(1+z)°

»A rapid transition of Geff at zt ~0.01 as a possible
solution of the Hubble and growth tensios*, Marra and
Perivolaropoulos, Phys. Rev. D 104, 021303 (2021)

~Intrinsic tension in the supernova sector of the local
Hubble constant measurement and its implications®,
Wojtak & Hjorth, MNRAS 2022

»A Cosmological Underdensity Does Not Solve the
Hubble Tension®, Castello et al, JCAP07(2022)
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Other perspectives
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Two different time-delay datasets
producing significant effect in the
c/HOrd parameter constraints

Can this dataset be used for
cosmology?

Can this be a sign of the tension?

To be continued soon with more
effects on cosmology

D.S., Class.Quant.Grav.
40 (2023)




Thank you for your attention!

Credits: NASA, ESA, CSA, STScl, Webb ERO Production Team
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The DE models

Model Qpe(z) = QX w(z)
. z 3(14w(z"))dz’ : Lz
CPL exp { o L wo + Wa 35
ﬂ
BA (1 4 z)30+wo)(1 4 ,2;2) ’ }_ wo + 2112w
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3wy 22 °
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(14w ) _ 3wy arctan(z —|— w 22
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