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In the recent SPT-3G D1 analysis (arXiv:2506.207079), the combined CMB data sets
(SPA = Planck + SPT + ACT) yields an HO tension in ACDM exceeding 60. 1990 2000 2010 2020

Year

CASERTANO ET AL.[HODN],

THE LOCAL DISTANCE NETWORK: A COMMUNITY CONSENSUS REPORT ON THE MEASUREMENT OF THE HUBBLE CONSTANT AT 1% PRECISION, A.RIESS
ASTRON. ASTROPHYS. 708 (2026), A166

ARXIV:2510.23823

This paper measured the local Hq not by relying on a single team (e.g. SHOES) but by combining dozens of independent distance indicators
(Cepheids, TRGB, SN Ia, masers, SBF, etc.) within a covariance-weighted "Distance Network" community consensus, yielding Hg = 73.50 + 0.81
(about 1% precision). Its significance: the Hubble tension can no longer be easily blamed on one group's method or a possible systematic error,

since the "~73" local value is now firmly established by a broad, independent community. AACDM: Much More Than We Expected, but Now Less Than What We Want

Michael S. Turner
Foundations of Physics 48 (10):1261-1278 (2018)
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FIG. 1: Summarly of H; estimates from differert cosmological probes with error bars smaller than

3.5kms™ ! Mpc™'.
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FIG. 4: Summary of Sg estimates from different cosmological probes.
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AN IDEA THAT GREW OUT OF THE EARLIER "GRADUATED DARK ENERGY" (GDE) WORK, WHERE A SPONTANEOUS SIGN SWITCH FIRST APPEARED AS AN

OBSERVATIONAL HINT RATHER THAN AN IMPOSED FEATURE.
AKARSU BARROW ESCAMILLA VAZQUEZ , PHYs. REvV. D 101, 063528 (2020), 1912.08751

ITS ENERGY DENSITY DYNAMICALLY TAKES

Cogmological Congtant Simple-gDE: gDE: Graduated dark energy
NEGATIVE VALUES IN THE FINITE PAST.

or the usual vacuum energy of QFT
The simplest dynamical deviation

0= constant 0 ="7po | — from zero inertial mass density of the

Acquaviva, Akarsu, Katirc1 & Vazquez Po usua.l vacuum energy deinsity..
PRD (2021), arXiv:2104.02623 Inspired by Graduated inflationary
universes, Barrow, PLB, 1990.
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Cosmological implications of baryon acoustic oscillation (BAO) measurements
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. Vaishali Bhardwaj*2, Dmitry Bizyaevt

We deriv raints on cosmological parameters and tests of dark energy models from the com-
bination of baryon acoustic oscillation (BAO) with cosmic

(CMB) data and a recent reanalysis of Type Ia supernova (SN) data. In particular, we take advan-
tage of high-precision BAO measurements from galaxy clustering and the Lyman-a forest (LyaF)
in the SDSS-TIT Baryon Oscillation Spectroscopic Survey (BOSS). Treating the BAO scale as an
uncalibrated standard ruler, BAO data alone yield a high confidence detection of dark energy; in
combination with the CMB angular acoustic scale they further imply a nearly flat universe. Adding
the CMB-calibrated physical scale of the sound horizon, the combination of BAO and SN data
into an “inverse distance ladder” yields a measurement of Ho = 67.3 £ 1.1kms " Mpc™', with
1.7% precision. This measurement assumes standard pre-recombination physics but is insensitive
to assumptions about dark energy or space curvature, so agreement with CMB-based estimates
that assume a flat ACDM cosmology is an important corroboration of this minimal cosmologi-
cal model. For constant dark energy (A), our BAO+SN+CMB combination yields matter density
Q,, = 0.301 + 0.008 and curvature 2 = —0.003 £ 0.003. When we allow more general forms of
evolving dark energy, the BAO+SN+CMB parameter constraints are always consistent with flat
ACDM values at ~ lo. While the overall y* of model fits is satisfactory, the LyaF BAO measure-
ments are in moderate (2 — 2.50) tension with model predictions. Models with early dark energy
that tracks the dominant energy component at high redshift remain consistent with our expansion
history constraints, and they yield a higher Ho and lower matter clustering amplitude, improving
agreement with some low redshift observations. Expansion history alone yields an upper limit on the
summed mass of neutrino species, 3" m,, < 0.56eV (95% confidence), improving to 3 m,, < 0.25eV
if we include the lensing signal in the Planck CMB power spectrum. In a flat ACDM model that
allows extra relativistic species, our data combination yields Neg = 3.43 + 0.26; while the LyaF
BAO data prefer higher Neg when excluding galaxy BAO, the galaxy BAO alone favor Ner & 3.
When structure growth is extrapolated forward from the CMB to low redshift, standard dark energy
models constrained by our data predict a level of matter clustering that is high compared to most,
but not all, observational estimates.

3 Suzuki2012
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ABSTRACT

Baryon Acoustic Oscillations (BAO) allow us to determine the expansion history of the Universe,
thereby shedding light on the nature of dark energy. Recent observations of BAO’s in the SDSS
DRY and DR11 have provided us with statistically independent measurements of H(z) at redshifts of
0.57 and 2.34, respectively. We show that these measurements can be used to test the cosmological
constant hypothesis in a model independent manner by means of an improved version of the Om
diagnostic. Our results indicate that the SDSS DR11 measurement of H(z)
at z = 2.34, when taken in tandem with measurements of H(z) at lower redshifts, imply considerable
tension with the standard ACDM model. Our estimation of the new diagnostic Omh? from SDSS
DRY and DRI1 data, namely Omh? ~ 0.122 = 0.01, which is equivalent to Qg,,h? for the spatially
flat ACDM model, is in tension \mh the value Qo,,h* = 0.1426 + 0.0025 determined for ACDM flom

+WP. ension is allevi: i the 1 constant was d
ed (compensated) in the past. Such evolving dark energy models display a pole in the effective
equation of state of dark energy at high redshifts, which emerges as a smoking gun test for these
theories.
Subject headings: expansion history — cosmology: observations — methods: statistical

1. INTRODUCTION A second null diagnostic, Om(z), is defined as

(Sahni et al. 2008; Zunkel & Clarkson 2008)

There is ample observational evidence to suggest that
the expansion of the universe is accelerating, fuelled per-
haps by dark energy ch violates the strong en-
ergy condition, so that p + 3P < 0. While the cosmo-
logical constant with 87GTjy Agi. and P = —p =
—A/Xr(“ envisioned by Einstein almost a century ago,
f\\lﬁlls this [hc tiny value associated with

h=HE)/H . (1)

A remarkable feature of Om is that its value remains
pegged to Qo in ACDM. In all other DE models the
value of Om(z) evolves with time.

While the Statefinder has proved exceedingly ver-
fiod gravity (Sahns ok To01,  satile indifferentiating between rival DE models, a
Pecbles & Ratra 2003 Padmanabhan 2003 Sahni distinguishing feature of Om is that it depends only
2004; Copeland et al. 2006; Sahni & Starobinsky 2006; “:l"‘"t‘oL‘(‘]‘otrﬁfj“]‘;“}’r‘o;‘“f} ”(Z>éioi{d‘f\n“1‘ﬁ“'éfffoCi_‘:;
Clfton ct ol z‘?fp c?i“‘““““ 2”104()“‘0 logical con (Shafieloo et al. 2012; Visser 2004 Chiba & Nakamura
ot Mpmmpn,(m" P 2000; Arabsalmani & Salni 2011)). Om can also be

ch for null-diagnostics which can
can inform us, on the basis of observations, whether or  Written as a two-point diagnostic (Shafieloo et al. 2012)
(=) — h2(z;)

not DE is the cosmological constant.
2 o 2
(142)% = (1+2) @

which dark energy with time including modi-

One such diagnostic is the Sta ﬁmm r =i jal?
(also called the jerk) whose value stays pegged to unity
only in ACDM (Sahni et al. 2003; Alam et al: 2003) (also

Om(zis ) =

with Om( >0 defined in (11 Cancormently if the Hihe

Braneworld Model ——
ACDM

BRANS DICKE EXTENSION OF GR EPJC 80 (2020) 32,

arXiv:1701.08165v2 [astro-ph.CO] 13 Jul 2017
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Dynamical dark energy in light of the latest observations

Gong-Bo Zhao'?, Marco Raveri®?, Levon Pogosian®?, Yuting Wang'?, Robert G. Crittenden?,
Will J. Handley®7, Will J. Percival?, Florian Beutler?, Jonathan Brinkmann®, Chia-Hsun Chuang®'°.
Antonio J. Cuesta''2, Daniel J. Eisenstein'®, Francisco-Shu Kitaura'*!>, Kazuya Koyama?, Benjamin
L'Huillier'®, Robert C. Nichol?, Matthew M. Pieri'?, Sergio Rodriguez-Torres*'®19, Ashley J.
Ross*"?, Graziano Rossi?!, Ariel G. Sanchez??, Arman Shafieloo!'®?*, Jeremy L. Tinker*!, Rita
Tojeiro®, Jose A. Vazquez®® & Hanyu Zhang'

A flat Friedman-Roberson-Walker universe dominated by a cosmological constant () and
cold dark matter (CDM) has been the working model preferred by cosmologists since the
discovery of cosmic acceleration’2. However, tensions of various degrees of significance are
known to be present among existing datasets within the ACDM framework*'!. In particular,
the Lyman-a forest measurement of the Baryon Acoustic Oscillations (BAO) by the Baryon
Oscillation Spectroscopic Survey (BOSS)? prefers a smaller value of the matter density fraction
Qy compared to the value preferred by cosmic microwave background (CMB). Also, the
recently measured value of the Hubble constant, Hy = 73.24 + 1.74 km s~' Mpc™ "2, is 3.40
higher than 66.93+0.62 km s~ Mpc ™" inferred from the Planck CMB data’. In this work, we
investigate if these tensions can be interpreted as evidence for a non-constant dynamical dark

energy (DE). Using the Kullback-Leibler (KL) divergence'® to quantify the tension between
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0.1 0.2 0.3 0.4 0.5 0.6 0.1 0.2 0.3 0.4 0.5 0.6
Qnm Qm
S
LSL«DM Ho[kms~1Mpc™1]
As~Asosgn[zt-z]
SHOES 2024 L.BREUVAL ET AL. 2404.08038 [ASTRO-PH.CO]].
Hy=73.174+0.86 km s~ Mpc~!
Dataset Planck Planck+BAOtr  Planck+BAOtr+PP Planck+BAOtr+PP&SHOES Planck+BAOtr4+PP&SHOES+KiDS-1000
IT HAS CAPABILITY TO SIMULTANEOUSLY Model AsCDM AsCDM AsCDM AsCDM A.CDM
ACDM ACDM ACDM ACDM ACDM
RESOLVE THE MAJOR COSMOLOGICAL 2t unconstrained 1.707095(1.65) 1.871033(1.75) 1.7010:19(1.67) 1.7250:95(1.70)
TENSIONS, NOTABLY, HO, S8 AND MB Mp[mag] — - —19.317+0:02L(~19.311) ~19.290 + 0.017(—19.278) —19.282 + 0.017(—19.280)

TENSIONS ALONG WITH LESS

SIGNIFICANT TENSIONS CURRENTLY

PRESENT IN ACDM.

AKARSU, DI VALENTINO, KUMAR, NUNES,

VAZQUEZ, YADAV, 2307.10899

~19.407 + 0.013(—19.411)

71.721073(71.97)
67.39 + 0.55(67.28) 68.84 + 0.48(68.61) 68.55 + 0.44(68.54)
[ 0.2860%0:3230(0.2796)  0.2643%39972(0.2618)  0.2768¥3:9972(0.2759)
0.3151 % 0.0075(0.3163) 0.2958 + 0.0061(0.2984) 0.2995 + 0.0056(0.2992)

Ss 0.801+0:02%(0.791) 0.791 + 0.011(0.794)
0.832 + 0.013(0.835) 0.808 + 0.010(0.804)

Holkm/s/Mpc]  70.77+579(71.22) 73.3011°29(73.59)

0.777 +0.011(0.772)
0.802 + 0.011(0.804)

—19.379 4 0.012(—19.373)

72.82 + 0.65(73.20)
69.57 + 0.42(69.73)

0.2683 + 0.0052(0.2646)
0.2869 + 0.0051(0.2849)

0.783 + 0.010(0.777)
0.788 + 0.010(0.784)

73.16 + 0.64(73.36)
Tk b o atching with
0.2646£0.0052(0.262) GUOEC 96 4 and

0.2837 + 0.0045(0.2816)
0.774 % 0.009(0.773) HODN 2026

0.781 + 0.008(0.782)

NYUGEN ET AL. 2302.01331

+ GROWTH TENSION AS WELL SPECIFICALLY, WHEN TREATING Y AS A FREE PARAMETER WITHIN ACDM FRAMEWORK, A
COMBINATION OF PLANCK AND fog DATA YIELDS ¥ = 0.64 , IN ~ 40 TENSION WITH THE THEORETICALLY EXPECTED VALUE

y = 0.55 (AssuMING GR).

[ESCAMILLA, AKARSU, DI VALENTINO, OZULKER & VAZQUEZ, 2503.12945]



recovers physical neutrino masses — not just a better fit
z & S CD | \/ | TURNS "NEGATIVE NEUTRINO MASS" INTO PHYSICAL NEUTRINO MASS

KIBRIS, ELBERS, AKARSU & DI VALENTINO, "NEGATIVE NEUTRINO MASS OR NEGATIVE DARK ENERGY?" ARX1V:2605.21456

= DESI DR2 + CMB

—— DESI DR2 + CMB + DES-Dovekie o ACDM: DESI DR2 .+ CMEB

: ! —— ACDM: DESI DR2 + CMB + DES-Dovekie
ACDM —— P - - - A;CDM: DESI DR2 + CMB
. . A;CDM: DESI DR2 + CMB + DES-Dovekie
AsCDM . — 3.00
ODE E o 8 &
- EE & 2.80
CPL — = 6 £
. . E
Mirage — —— A = 2.60 8
o 4 5
NPDDE ——— g
—— o § 240
ACDM+Qy — 0 & L o 2.20 ‘ : : ‘ |
P -0.2 -0.1 0.0 0.1 0.2 -0.1 0.0 0.1 0.2
-0.4 -0.3 -0.2 -0.1 0 0.1 Sy [eV] Sy [eV]
Oscillation experiments set a model-independent hard floor:
2 Mmyeff [€V]

2m_v =0.059 eV. Any cosmology that prefers a negative mass conflicts not just with another dataset,
but with established particle physics.

Within ACDM, DESI + CMB push the inferred mass into the unphysical negative region
(Cm_v.eff =-0.075eV).

FIG. 4. Summary of the constraints on the effective neutrino
mass parameter, »  m, s, from DESI DR2 BAO + CMB

alone (black) and combined with DES-Dovekie SNe (red), ~ AsCDM is the only model in the set that returns a physical, positive value (Em_v eff = +0.055 + 0.050 eV), with its
for the set of models considered in this work. Points and

horizontal bars indicate marginalized posterior means and with the oscillation lower bound.
68% credible intervals. The vertical dotted lines denote the

lower bounds from neutrino oscillation experiments for the AsCDM is not the best-fitting model: several dark-energy models lower %2 more, and Bayesian evidence
normal and inverted orderings. The figure highlights that

A.CDM is the only model in the current set that yields a 68% penalizes the extra parameters — yet they all leave the neutrino mass negative.
credible interval for )  mu s entirely within the positive range A lower %? with unphysical parameters is no resolution at all;
for the full data combination. AsCDM's distinction is physical consistency, not statistical superiority.



"COSMOLOGICAL CONSTRAINTS ON ASCDM SCENARIO IN A TYPE Il MINIMALLY MODIFIED GRAVITY", PRD 110, 103527 (2024),
AKARSU, DE FELICE, DI VALENTINO, KUMAR, NUNES, OzZULKER, VAZQUEZ, YADAV, ARXIV:2406.07526.
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TABLE II. Marginalized constraints (mean values with 68% CL limits) for the free and selected derived parameters of the A,CDM,
A, VCDM, and ACDM models across different dataset combinations. The relative best fit Ax2;,, Akaike information criterion
AAIC, and log-Bayesian evidence Aln Z are also provided; negative values indicate a preference for the A,CDM/A,VCDM
B A\;VCDM: Planck+BAO models over the standard ACDM model.
m AsVCDM: Planck+BAO+PP&SHOES Dataset Planck Planck+BAO(z>0.8) Planck+BAO Planck Planck+BAO(z>0.8) Planck+BAO
. +P +P +P
B ASCDM: Planck+BAO Model A,CDM A.CDM A.CDM A,CDM A.CDM A.CDM
B A,CDM: Planck+BAO+PP&SHOES A.VCDM A.VCDM A.VCDM A.VCDM A.VCDM A.VCDM
mmm ACDM: Planck+BAO ACDM ACDM ACDM ACDM ACDM ACDM
_ mEm ACDM: Planck+BAO+PP&SHOES 10%wy, 2.241 £0.015 2.243 +0.015 2.237 +0.014 2.246 + 0.015 224575015 2.2451001%
0ES (95%) S 2.250 £ 0.015 2.243 +0.015 2236+£0.014 2246 +0.015 2.249 +0.014 2.244 +0.014
{ in 2.238 +0.014 2.245 4 0.015 2244+£0014  2.264+0.014 2.267 +0.014 2.262 +0.013
700 @ Wedm 0.1195 4 0.0012 0.1193 + 0.0011 0.1203+0.0010  0.1190 + 0.0010 0.1192 +0.0010 0.1197 4 0.0010
£ 0 0.1185 % 0.0013 0.1191+59012 0.1203+0.0010  0.1190 + 0.0011 0.1191 +0.0011 0.1198 + 0.0010
o 0.1200 % 0.0012 0.1189 + 0.0011 0.11910.0009  0.1173  0.0010 0.1168 £ 0.0010 0.1175 + 0.0008
68 £ 1006, 1.04189 + 0.00029 104192000029 1.04185+0.00028 1.0419440.00029  1.04198 +0.00028  1.04195 = 0.00029
1.04201 % 0.00030 1.041940.00030  1.04184+0.00029 1.04197+9:00028 1.04198 +0.00029  1.04190 = 0.00030
— 1.041905 00037 1.04198 +0.00029  1.04198 4 0.00028 1.04217 £0.00028  1.04223 +£0.00028  1.04216 £ 0.00028
138 \ § In(101°4,) 3.040 £ 0.014 3.041%5:01% 3.037 +0.014 3.03979013 3.0397901% 3.04075013
& 3.033 £ 0.016 3.036 £ 0.015 3.034+£0.014  3.032+0.015 3.034 £0.015 3.036 = 0.014
ey 3.046 + 0.014 3.04945012 3.048 + 0.014 3.058+9.912 3.059 £ 0.015 3.056:914
S 137 3 n. 0.9669 & 0.0043 0.9672 + 0.0040 0.9645 + 0.0039  0.9684 + 0.0039 0.9676 + 0.0038 0.9663 = 0.0040
0.9694 % 0.0044 0.9678 + 0.0041 0.9646 £ 0.0035  0.9677 = 0.0039 0.9677 £ 0.0038 0.9660 =+ 0.0038
136 GC (68%) 0.9657 + 0.0041 0.9681 = 0.0039 0.9675 % 0.0036  0.9722 = 0.0039 0.9720 = 0.0036
. Trelo 0.0528 + 0.0073 0.053679:00%% 0.0509 +0.0072  0.0530+5:999 0.0527+95057
0.0507 + 0.0076 0.0514 + 0.0076 0.0493 £0.0071  0.0498*00078 0.0504 = 0.0074
0.86 T 0.0550 = 0.0072 0.057340:00%% 0.0568+0:00%% 0.0630*0.00%% 0.0642 = 0.0079 0.0620+0:00%7
0.84 P > 1.45 (95% CL) 2201537 >211(95% CL)  183%011 1874912 231015
@ : 1.88+92% [> 1.20 (95% CL)] 212503 > 2.06 (95% CL) 1.804012 1864037 2207535
082 \ Ho[km/s/Mpc] 70774978 70.39+950 68.927038 72.07 £0.88 7168 £0.73 69.82 £ 0.49
0.80 / 73.40% )50 70.72957 69.10 +0.55 72.25 £0.91 71.86 £0.79 70.01 + 0.50
67.39 £ 0.55 67.88 % 0.51 67.82 % 0.41 68.69 £ 0.47 68.91 £ 0.46 68.62+031
. Qm 0.2860*0:0230 0.288040:008% 0.3018 £ 0.0056  0.2738 = 0.0072 0.2770 £ 0.0063 0.202970.004¢
0.32 /’ /\ 0.26500:0350 0.2850%0:0557 0.3001 £ 0.0059  0.2725 % 0.0073 0.2755 = 0.0065 0.2915 + 0.0049
03151 % 0.0075 0.3083 + 0.0067 0.3091+0.0054 02981  0.0060 0.2952 + 0.0058 0.2989 = 0.0046
GE 0.30 og 0.8210*9:09%4 0.81690:00% 0.8143 £ 0.0062  0.8228 % 0.0068 0.8215 = 0.0067 0.8160 = 0.0065
0.86200:0390 0.841479:0%90 0.8316 £ 0.0078  0.8560 % 0.0120 0.8520 £0.0110 0.8385 = 0.0090
) 0.81214:005% 0.8098 = 0.0061 0.8097 £0.0058  0.80857 39050 0.8077 = 0.0062 0.808540:006%
0.28 — Ss 0.80150:0%8 0.800 % 0.014 0.817+£0.010  0.786 +0.011 0.789 % 0.010 0.806*5:0%
0.808%0037 0.819 £ 0.012 0.832 + 0.011 0.815 + 0.011 ! 0.826 +0.011
0.832 £ 0.013 0.821 % 0.012 0.822£0.010  0.806 £ 0.011 0.801 £ 0.011 0.807 £ 0.010
0.85 - to[Gyr] 13.62+032 13,6492 1370702 13.56 £ 0.04 13.58 +0.03 13.66 +0.03
w© 13.5270 08 13.62150:0% 13.69 £ 0.03 13.56 +0.04 13.57 +£0.04 13.65 +0.03
© 13.79 £0.02 13.78 £ 0.02 13.78 4 0.02 13.75 £0.02 13.74 £0.02 13.75 £ 0.02
0.80 XCin 2778.06 2785.48 2796.16 4082.28 4086.42 4106.24
277736 2782.92 2793.42 4079.60 14086.34 4106.30
278052 2792.14 2797.44 4105.80 4114.24 4122.20
17 2.0 23 26 29 68 70 13.6 137 13.8 0.80 0.85 0.28 0.30 0.32 0.80 0.85 AxZin —-2.46 —6.66 ~1.28 ~23.52 —27.82 ~15.96
z4 Ho to Og Qm Sg 3.16 -9.22 1.02 26.20 27.90 15.90
AAIC ~0.46 ~4.66 0.72 —21.52 ~25.82 ~13.96
-1.16 -7.22 -2.02 -24.20 ~25.90 ~13.90
FIG. 3. One- and two-dimensional (68% and 95% CL) marginalized distributions of the AsVCDM, A;CDM, and ACDM e jﬁj; 71:2731 jﬁzz jg:jf": jgzzjj jggg:
model parameters from Planck+BAO and Planck+BAO+PP&SHOES. The vertical violet and brown bands show the local 142145 142061 143352 208818 209207 200601
measurements of Ho = 73.04 £ 1.04 kms™ Mpc ™! (SHOES) [10] and to = 13.50 & 0.15 Gyr (stat.) [99]. Az o o o o e

—2.24 —3.69 ~1.13 —13.86 —13.63
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Model x>  AAIC AAIC. ABIC
CMB+BAO+SN

ACDM 1500.370 0.000 0.000 0.000

A;CDM 1489.347 -9.023 -9.014 -3.574

LACDM 1487.836 -8.535 -8.514 2.363

SSCDM 1488.956 -7.414 -7.393 3.484

ECDM 1488.917 -7.553 -7.532 3.344

"SIGN-SWITCHING DARK ENERGY: SMOOTH TRANSITIONS WITH RECENT DESI DR2 OBSERVATIONS"
IBARRA-URIONDO & BOUHMADI-LOPEZ, PHYSICS OF THE DARK UNIVERSE, ARXIV:2602.12347



GENUINE THEORETICAL EMBEDDING For \sCDM

Can théy be distinguishable from different predictions from ACDM ahd from each others?

J OVERALL SIGN CHANGE OF THE METRIC: IMAGINARY SPACE EXTENSIONS OF THE USUAL LORENTZIAN THEORY, WITH a2 <0 [ALEXANDRE,
GIELEN, MAGUEIJO, JCAP 02 (2024) 036, 23061 1502] - ~2
A =sgn(a”)A

v A STRING INSPIRED MODEL WHERE CASIMIR FORCES OF FIELDS INHABITING THE BULK OF THE DARK DIMENSION SCENARIO [ANCHORDOQUI
& ANTONIADIS & LUST, PHYS. LETT. B 855 (2024) 138775, 2312.12352, ANCHORDOQUI, ANTONIADIS, LUST, NOBLE & SORIANO,
PHYS. DARK UNIV. 46 (2024) 101715 2404.17334 ]

v TYPE Il MINIMALLY MODIFIED GRAVITY (VCDM) [ AKARSU DE FELICE, DI VALENTINO, KUMAR, NUNES, 6ZULKER, VAZQUEZ, YADAV, MNRAS
546 (2026) 1 2402.07716 & PRD 110, 103527 (2024) 2406.07526] 1 nn—1) 5 sfa b ¢
Peft = = |FP— ——nf(f+—+g)],

2 s? s\a b

v/ THE FORMER NEGATIVE CORRELATION BETWEEN THE SPACES, ALONG WITH THE ACCELERATED EXPANSION OF THE EXTERNAL SPACE, SUCH AS
A WORMHOLE-TYPE CONTINUATION, MAY REVERSE THE CORRELATION FROM NEGATIVE TO POSITIVE. A< 0 —>1>0 CAUSING BOTH SPACES
TO BEGIN EXPANDING. KATIRCI, JHEAP 45 382 (2025) , 2501.02109

v’ UNEXPLORED REGIONS IN TELEPARALLEL F(T) GRAVITY: SIGN-CHANGING DARK ENERGY DENSITY
[AKARSU, BULDUK, DE FELICE, KATIRCI, UZUN, PRD 112, 083532 (2025) 2410.23068] (TORSION OR NON-METRICITY )

J CONSTRUCTION OF AsCDM FROM SPATIAL CURVATURE OF INTERNAL SPACE
[AKARSU, BULDUK, KATIRCI, OZULKER, PERIVOLAROPOULOS] ONGOING WORK

by embedding ACDM in a (1 + 3 + n)-dimensional n(n —1) 11
Kaluza—Klein spacetime with compact extra As = Aso——— Kint (S_z - _2)
dimensions of constant intrinsic curvature P




A Geometric Route to AsCDM from Curved Internal space
Beginning with Curvature-induced sign transitions in four dimensions rons = —1 4 N
0. - Qko )

SIMPLE-GRADUATED DARK ENERGY AND SPATIAL CURVATURE, ACQUAVIVA, AKARSU, KATIRCI AND VAZQUEZ, PHYS. REV. D 104 (2021), 023505 2104.02623
DARK ENERGY WITH CONSTANT INERTIAL MAsSs DENSITY: UPDATED CONSTRAINTS AND CURVATURE-INDUCED SIGN TRANSITIONS IN ODE AND ODE + PDE; Qk.() < 0
7

ESCAMILLA, KARADAVUT & KATIRCI, 2603.15868

DI VALENTINO, MELCHIORRI, SILK, NATURE ASTRON.
1911.02087, 2003.04935 , HANDLEY, 1908.09139

Dataset BAO+CC+SN+SHOES
oACDM owCDM osimple-gDE Q Q [1 3 ( 1 2
i = Qe Weio) In(1 4 2)] + Qxo (1 + 2)
Qo 0.301+0.011 0.309+0011  0.313+0.011 kci cio [1 + + Weio + + Sko(l + )
Quohd 0.0224 + 0.0004 0.0224 + 0.0004  0.0224 + 0.0004
ho 0.698 £ 0.015  0.697 +0.015 0.717 +0.014 : — BAGHCCA SN SHOES
Wieio -1 —0.94140.047  —0.536 4 0.228 BAO-+CMB-+SN-+SHOES
Qo 0.021+0.036 —0.036+0.041  —0.035 % 0.026 mm BAO+CC+SN
i X 10% [gem ™7 0 2.296 = 3.001 18.67271 T BAO+CMBASN 0.15
Qeio 0.639£0.025  0.658 =+ 0.037 0.641 £ 0.027 A oSimgle-gDE W_, branch 76
Qkeio 0.652 £0.011  0.649 +0.011 0.652 £ 0.010 w00 I
it (> 0)(68%) 6.21+5:41 449742 151%068 & 1314145 do. @ [ 0.10
Xain —1423.972 —1423.371 —1417.546 | \ J 74
AxZin 0 —0.60 —6.43 - 0\ 0.05
InZ —728.857 —1730.511 —1725.222 ‘ It . -
AlnZ 0 1.65 ~3.63 - } ng
. e 2
& 0.00 €
| ‘ 7024
- o
. _ % % T
Weip > 1, \ \ -0.05 \
P y - : 68
1 1 ( ) || '
14 e 3Fuaey 2W-1(@) @ . -0.10 o branch
I y \ 66
Rkcit = 1 1 9 | W W
— s S 5 Wo xr 0.28 0.32 0.022 0.64 0.70 -1 0 -0.1 0.0
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Z
FIG. 8. One- and two-dimensional (68% and 95% CLs) t
marginalized posterior distributions for the free parameters of
QkO ) 5 0SimpleGDE model using the combined datasets.
— T 3(1+wei) . .
T=09 0 3(1 + weio) e cio’, For the BAO+CC+SN+SHOES dataset, the oSimple-gDE model yields a
Cl Cl o . . . . .
transition redshift zf = 1.51755% in the W_, branch, while the crossing of the
1 1 o .
Zheit = —1 + &~ TFoay ~2Wo@) Null Energy Condition boundary (NECB), defined by ppg + ppr = 0, occurs at

1.48
ZNECB — 2'361L1.48'



INTERNAL
DIMENSIONS?

R x M3 Manifold
1+3-D external space

+

kext =0

IN PROGRESS
kint # 0

A=0
static internal space

K™ Manifold

[ sign-switching A model ]
n-D internal space

COMPACT
INTERNAL MANIFOLDS

kint =0

J

f(z) varying
kinematical constraint

redshift dependent A

Hex-Hyp = A/9 |

INTERNAL SPACE CORRELATIONS

sigmoid functions,

constant A K e.g. tanh(2)
FRW 1>0 Bianchi | Higher dimensional
. ~ A>0 A<0 Steady state Universe
General solution

for arbitrary n
parametric

J

dCDM-Iike solution with\
n=3

AKARSU,DERELI, KATIRCI, SHEFTEL 1407.2231

KATIRCI 2501.02109

wDE—>1(ast—>0)

WpE — —l(as t— to)

Early dark energy model

Qimickers /

with constant anisotropy o2
derived from A

!

Higher dimensional
Anisotropic extension
of ACDM

Anisotropic De Sitter expansion

AKARSU, DERELI, KATIRCI 2112.14259

MODIFIED
EXPANSION ANISOTROPIES

without anisotropig fluid
IN PROGRESS
AKARSU DERELI|1210.8106.
Wormbhole type continuation transition
A<Qe=e—=A>0 Mechanism?

with Wick rotation

Taken from “Role of internal space correlations in the dynamics of a higher-dimensional Bianchi

type-| universe: shear scalar and Hubble parameter perspectives”

KATIRCI, JOURNAL OF HIGH ENERGY ASTROPHYSICS 45 382 (2025) , 2501.02109



CONSTRUCTING NsCDM MODEL FROM COMPACT INTERNAL SPACE MANIFOLD koxt =0

AKARSU, BULDUK, KATIRCI, 8ZULKER AND PERIVOLAROPOULOS, ONGOING WORK

IS INTERNAL SPACE CURVED ?
MU = R MP x K"
R - R+ Ag kT ds? dr® + a*(1) —dfz +s2(t —dj;z ,
v — 39uv v = Klyp, = - - ’
we = I g (1 + kex [72/4)° (1 + kinc 712/4)
T = diagl=p, Dext; Pext; Pext: Pint; - Pint Therefore, the scenario is observationally indistinguishable from ACDM model ~ A _|_ ~
3 equations and § unknown @2 1 L
int X ~ ~
3¥ + En(n - )32 — A =Fkp,
2 — 7= n(n — 1) kit
a Koxt as 1 $ Kint D = 2
3|:0,2+ 2:|+3 ag‘l‘in(n—l) |:82+ 82:| KPext s 2 S*
— A =7p, ip
mt- H2 '%ﬁmO —3 5/
) ) ext + 5
a a Kext 8 1 $ Kint 3 3
25+;+ 3 +ng+2 **‘f’in(ﬂ—l) 72+82
— A = —Rpext, (6)
2
) 1,1, -1, -1+ 2 14 2L
a a ox s as n n -
3|:a—|—2—|— 2t:|+( _1)|:+3a8:| ¥>0 — Q5>0,
1 : k;in X ~ ~ i
+ 5(” —1)(n—2) |:32 2t:| — A = —Fpint i eunELOM K - K _
s Pm = Epm =8y Pm and py = Epext =0,

§ = S8, = const., Wext = 0

. PR . 5 7 b ) +1 equa?:i,o\r\
* a EAY a . Ss : . a B 5
P+ (3a+n8>P+3apext+nspmt 0. p+3_(1+wext)p:07

a




AKARSU, BULDUK, KATIRCI, 8ZULKER AND PERIVOLAROPOULOS, ONGOING WORK

CONSTRUCTION OF NsCDM MODEL FROM COMPACT INTERNAL SPACE MANIFOLD

+1 equa&ion

when the internal space undergoes

a rapid transition between two stabilized radii

necessarily induces a correlated step in G4D

&

s(t) = 3p+(30 _Sp)9 (t_tT)a S
— Tr iti f the Effective C logical eps . .
Wext = 0 ansition o CO(;S tafl: tve Losmologica Transition of the Gravitational constant G4p
+1 equa&iov\ N
~ n(n—1) kit K
U L (%) "
2 s2 f x)p  Gapo Sp
0, t<ty, = — — |\
ot —ti) = (£), Gapp 50
L, t=>t, ( )
-~ n(n—1) kit
o =A— —~— 2" for t > ts. .
Y0 2 8(2) = Uy *
The Unifying Relati
o sy for t<ti, e Unifying Relation
sy for t> iy
1 — G n(R-q\"
a ( = — 1) ® sinh | 3Hexto (1= Omo) t Do _ (e == 10 .
. 0\ a(1=Gmo) 2 Gapp 50 A -7,
ag (1525"2‘0 >§ sinh? [?’Hexto \/2 m0 (¢ — b)}
m0 ﬁ(tg) dﬁ/ a(t2) da/ to 8
/ - = —3/ — n/ dt— [1 + ’lZ}int(S)] s
where p(t1) P a(ty) @ t1 s
~ —~1/3 ~ - ~ N
QmO . 1.—2/3 3Hext0 - . ﬁmpa(t)‘3 for t <ty Qmp _ pﬂ . Q’yp _ 77p
ap = <1 — Qm()) sinh / [ t(] —-b ] pm(t) = { pmoa(t)™3 for ¢ >t QmO o Pmo along with ng B Yo ‘
2arcsinh [ 1=al=Qumo) G p <3He"t° 20 4 } -
aflmo Wint
b=ty — = = (SO) ! , Pmp = Pmo = const. and  Wing (t37) = 0.
1 3Hext0 1_ Qmo Pmp = Pmo 5 P 0 NS




VIABLE TRANSITION MODELS  |S INTERNAL SPACE CLOSED OR OPEN % -A- """ for i<t
p
TABLE I. Classification of transition models in terms of .
@ = 50/ ] Model v X v
1 higher-dimensional ACDM with static s Spherical space Flat space Hyperbolic space ~ ~ n(n — 1) Kint
(0,1) |Magnitude change only, no sign change G \.  [EE=== Yo=A-— 2 s2 for ¢t

0 Sudden Appearance of 4o at ¢4, 0 — dS transition
(—=1,0) |Sign change, AdS — dS transition
-1 Sign switch, Mirror AdS — dS transition - A;CDM

i— i 1 1
Mirror AdS-dS transition: o = —1 N mt | g2 + %

~ Figure 5. Picturing Space Curvature for the Entire Universe: The density of matter and energy determines the overall geometry of space. If the density of
~ the universe is greater than the critical density, then the universe will ultimately collapse and space is said to be closed like the surface of a sphere. If the

’Yp P density exactly equals the critical density, then space is flat like a sheet of paper; the universe will expand forever, with the rate of expansion coming to a halt

o= —= — infinitely far in the future. If the density is less than critical, then the expansion will continue forever and space is said to be open and negatively curved like
~ — ~ 9 the surface of a saddle (where more space than you expect opens up as you move farther away). Note that the red lines in each diagram show what happens

fyo in each kind of space—they are initially parallel but follow different paths depending on the curvature of space. Remember that these drawings are trying to

Q;}}O show how space for the entire universe is “warped”—this can't be seen locally in the small amount of space that we humans occupy. Sgn [A] — Sgn [ kll’lt ] .

Acbm NCDM AsCDM

kit >0 = sp<s0 = Gupp > Gapo. king <0 —  sp>s0 —  Gupp < Gapo-
AG4p/Gapo = —0.05 AGyp/Gapo = 0.05

1 A~ (20n—1)30 , sp~ (1—1/20n)s0. Am=Q0n+1)% sp~ (141/20n)s0

n(n — 1)kint n(n — 1)kint

— < 5 < =
n(n — 1)king I 4A 2A
S > —_—.
4A

the internal space must SHRINK

the internal space must EXPAND over time, leading to a STRENGHENING of the gravitational force
over time, leading to a WEAKING of the gravitational force

A —2
A= AQFT ~ lPlaan7

Predicted change ON MAGNITUDE is minuscule YET WITH A SIGN CHANGE IN HD CC.

6+ 2H(2)0 — 47Gogpd = 0,



THE RAPID TRANSITION MAY ARISE FROM QUANTUM TUNNELING BETWEEN QUASI-STATIC

COMPACTIFICATION BRANCHES

V(s)

FIG. 2. Illustrative examples of the potential function V(s) as a function of the internal scale factor s for different internal
space dimensions n. The red, blue, and purple curves correspond to n = 2, n = 3, and n = 4, respectively, with parameters
so = 1.2 and 5 ~ 1.9. The potential attains its minima at s = |so + 5| and s = | — s, + 5|, indicated by the vertical dark green
and brown dashed lines respectively. Left panel: Negatively curved internal space (kint = —1). Middle panel: Flat internal
space (kint = 0). Right panel: Positively curved internal space (kint = 1).

2 kin V(|s—s >V S + Ssgl).
V() =2 [(s =57 =]~ n(n— 1zt (s - 9), (15 = spl) > V(|5 + s0)
S
VS(S) :)\(82_33)2a so+ s 3s0 —sp)(s0+ s
av 2 9 B Kint 5= O;Z’i\/( 0 P1)2(0Jr p)’ Sp/50§3-
ds ls=s. 2 [(8* -5 - 50] (s« —3)—n(n—1) 5 = 0.

In every curvature case, sp is the false (higher-energy) vacuum and s0 the true (lower-energy) vacuum:
The transition is therefore always high—low energy, spontaneous and physically natural.
V(s) = Vs + Va. Negative curvature (stable) — internal space contracts (sp>s0)

positive curvature (unstable) — it expands

THE INTERNAL RADIUS IS A MODULUS IN A DOUBLE WELL WHOSE ASYMMETRY IS SET BY CURVATURE ITSELF;

SP IS THE FALSE VACUUM AND SO THE TRUE VACUUM, SO THE TRANSITION CAN HAPPEN SPONTANEOUSLY




STABILITY CONDITIONS IN STATIC CASE lNTERNAL SPACE ls OPEN

We have to check the stability of this exact solution A SYSTEM ANALOGOUS TO THREE SPRINGS
considering linear perturbations dext (), dint(t) and (%) 436 5o _o
about the backgrounds 90t 5 0t = 0
a(t) =a(t)[1 + dext ()],
s(t) =s(t)[1 + dine (1)), M=

o(t) =p(t)[1 + 6(2)];

CONNECTED IN SERIES, WHERE THE TOTAL
LENGTH OF THE SYSTEM REMAINS CONSTANT

S(t) + 30uxe (t) + g(smt(t) = C.

d? d ;
(dt2 + 3Hext<t)& + wg) 5int(t) =0, ¢ Seesaw SyntheSIS

oscillating with a real natural frequency

Gravity Strengthens

. Internal Space G4p increases
B / vV =2(n = Dk Hyperbolic space T (Gap )
wo =2 =
Sx

(sp — 80)

3 [=

The stability condition is at least two dimensionai o
. Vz G4D0 = 8p
internal space / = <*>
Guapp 50
king <0, and n#1,

A shifting internal radius does not merely alter the vacuum energy.
It is physically impossible to change A4p without simultaneously shifting Newton’s constant.

2
e nw
y=A+—2.
¥ +

AKARSU & DERELI GRG 45 959 2013

12101155 Positive internal curvature naturally corresponds to compact simply-connected spaces, negative or vanishing curvature does not

imply non-compactness: compact manifolds exist for any curvature sign once non-trivial global topology is allowed.
J. G. RATCLIFFE, FOUNDATIONS OF One may congtruct compact hypgrbghc manifolds of the form K™ = H" /T, where H™ is n-dimensional hyperbolic space and
HYPERBOLIC MANIFOLDS Gamma is a discrete subgroup of its isometry group.
(SPRINGER, NEW YORK, 2006)



A SCHEMATIC ILLUSTRATION OF THE ROLES OF CURVATURE R%,,, , TorsioN T%,, AND NoON-METRICITY Qayy
Taken from Teleparallel gravity: from theory to

cosmology, Rept. Prog. Phys. \textbf{86} (2023), 026901
2106.13793

)
[ ' ,

% £0

(A) (B) (C)

CURVATURE (ROTATION)

NON METRICITY (CHANGING LENGTHS) TORSION (NON CLOSING)

Jimenez,Heisenberg and Koivisto,
"“The Geometrical Trinity of Gravity,''
Universe \textbf{5} (2019) 173.
[arXiv:1903.06830 [hep-th]].

If the space—time contains curvature,

non-metricity changes the norm of vector fields In the presence of torsion,

then the direction of a vector field changes

transported along a curve parallelograms do not close.

when we move it along a closed circle

For sure, we are free to introduce new geometric structures, such as yet
another connection or, equivalently, the torsion and/or the nonmetricity
tensors. However, it is strange to do so without influencing the physical

. a - - a
TELEPARALLEL GRAVITY : R Buv —O, QQIJV —0 and T Hv # O predictions. The philosophy of trinity is based on an erroneous idea that
the Levi-Civita connection was just an arbitrary choice. 2411.14089



UNEXPLORED REGIONS IN TELEPARALLEL GRAVITY :
SIGN CHANGING DARK ENERGY DENSITY

AKARSU, BULDUK, DE FELICE, KATIRCI & UZUN, PHYS. REV. D 112, 083532 (2025)

f(T) =T/t

AWAD, EL HANAFY, NASHED & SARIDAKIS, JCAP 02, 052 (2018).
1710.10194

HASHIM, EL HANAFY, GOLOVNEV&EL- ZANT, JCAP 07, 052 (2021).
2010.14964 JCAP 07, 053 (2021). 2104.0831 1

LETS SEE 5 < O ?
Qmo = 2/V/e,

2410.23068[GR-QC]

THE NEGATIVE EXPONENT ALLOWS A TRANSITION TO
NEGATIVE ENERGY DENSITIES THROUGH TORSIONAL
DARK ENERGY.

EVEN WE THEORETICALLY EXPLORE THE UNCHARTED
REGIONS OF THIS MODEL FOR THE CASE PREDICTING
TORSIONAL DARK ENERGY FEATURING PHANTOM

BEHAVIOUR.
MATTER DOMINATED TEGR,
EINSTEIN-DE SITTER UNIVERSE.

Point IIT (8

"o EMPTY UNIVERSE HOWEVER, A DE
" 4 SITTER BACKGROUND
Point\II (5 = O) H2 = Ho2 DUE TO THE F(T)

MODIFICATION IN THE SPACETIME
GEOMETRY EVEN THOUGH NO A IS
INTRODUCED.

Region I (8 > 1/2): Q0 <0
oPoint I (5 =1/2)
Regipn II (0 < f#<1/2) 0<Qpo<1

THIS REGION ALSO INCLUDES THE OBSERVATIONALLY
REASONABLE QMO INTERVAL SHOWN BY WHEAT BAND,

H N HOWEVER, IT IS OVERLOOKED IN COSMOLOGICAL ANALYSES IN

0.5 Region IV (8 < —1/2) ]
(=)
£
G
0.0
Region |
Region Il
—05F - Regionui Region III (—-1/2< 5 <0) ]
) Region IV
_8 6 -4 —2

0 THE LITERATURE TO DATE.

3H? = kipmo(1 + 2)° + kpr,

_3H?

pr(H) 1= (1 28H3/H2) PH6/1

fr=ePT/T (1 — BT, /T,
= ePHo/H™ (1 - BHE/H?),

+ [ < OIS A SUFFICIENT CONDITION TO
AVOID INSTABILITIES/GHOSTS, YOU
HAVE Fr > 0 INDEPENDENTLY OF
THE VALUE DYNAMICS OF T ON ANY
BACKGROUND, INCLUDING THE FLRW
SPACETIME,

47TGN

O + 2HS,, —
fr

pm(sm = Oa

© CONVERSELY, WHEN [3 > O, ONE
NEEDS TO ENSURE THAT DYNAMICALLY
THE UNIVERSE NEVER ENTERED
THROUGH AN ERA DURING WHICH FT <
O.



QUANTITATIVE ANALYSIS

AKARSU,

TR + 21

BULDUK, DE FELICE, KATIRCI & UZUN, PHYS. REV. D 112, 083532 (2025)

UTILIZING FROM ACDM PLANCKI18

FIXING

9 r D z CONSTRAINED STRICTLY/ ALMOST MODEL INDEPENDENTLY

THROUGH THE MEASUREMENT OF ©% (1006:% = 1.041085)

Qumoh? = 0.14314

THE CMB-BASED CONSTRAINT

EFFECTIVE AT POST-RECOMBINATION EPOCH
NO EFFECT ON PRE-RECOMBINATION EPOCH

_ [ ~1
r., = fz* csH1dz,
;

8 ;

/ sound wave amplitude

§ SLS —

photons are
scattered

photons
are free
angular size of
sound horizon

observer

Da(z,) = 13872.83 Mpc

AWAD, EL HANAFY, NASHED & SARIDAKIS, JCAP 02, 052 (2018).
1710.10194

HAsHIM, EL HANAFY, GOLOVNEV&EL- ZANT, JCAP 07,
052 (2021). 2010.14964 JCAP 07, 053 (2021).
2104.08311

as z = o, H = 0, a Minkowski limit

as z = -1, then H2 - 2BHQ2

— ACDM

D N N
g O 0 o

Hi(1+z) [kms " Mpc']

D
(=)

68.86 kM s—1Mpc—1, om0 =

= 73.69 KM s—1Mpc—1, QMmO =
85.66 KM s Mpc, QMO = 0.195 AND B— = —-3.782 WITHIN REGION IV

— ACDM
(1) - B.
—f(T)-B-

10

0.302 FOR ACDM MODEL
0.264 AND B+ = 0.413 WITHIN REGION 11




EXPONENTIAL INFRARED TELEPARALLEL MODEL WITH COSMOLOGICAL CONSTANT

QUANTITATIVE ANALYSIS

N _ @ = H(z)/(1 4+ z) (comoving Hubble parameter) 90 oo y T T
T) — T 2A — f(T)+2A [8=0.433]
f ( ) f ( ) —l— — 85f F(T)+2A [B=+0.664]
UTILIZING FROM ACDM PLANCK18 To F(T)+2A [B==1.256]
2 80F  — fm+2n(p=t6.202]
/
FIXING 9* — T*/DM(Z*) CONSTRAINED STRICTLY/ ALMOST MODEL INDEPENDENTLY ‘_E — ATp2A [pt7.367]
THROUGH THE MEASUREMENT OF ©% (1006:% = 1.041085) 'w 75
IS
Qmoh? = 0.14314 =70
N
THE CMB-BASED CONSTRAINT Dys(24) = 13872.83 Mpc £ 65
Z T 60
EFFECTIVE AT POST-RECOMBINATION EPOCH ' ' /’— 55 ‘
NO EFFECT ON PRE-RECOMBINATION EPOCH 0.5 1 0 1 2 3 4
z
0.0fN----= s/ fmmmme e g 1.20} — ACDM ]
~ > 115 — f(T)+2A [=0.433]
e’} -1 . f(T)+2A [B=-0.664]
Tx = fz csH ™ dz, ) —hoow 02 4 6 8101214 FT)+2A [6=-1.256]
* : -0.5p — f(M+20 (520433 : . — F(T)+2A [B=-6.202]
. H F(T)+2A [B=-0.664] 5 (T)+2A [p=-6.202]
! % ! F(T)+2A [B=-1.256] 0.0 — A(T)+2A [B=-7.387]
E — f(T)+2A [B=-6.202] 05
7 sound wave amplitude -1.0¢ e _1.0 1
Ee— : 0 1 2 3 4 =1
[ i S 0.00.10.20.30.4
: 12
1.10
photons are 0.90¢ :1188 ]
scattered N 2 -1 ' : !
Dy(2z) = [, cH 'dz. 0 5 10 15
photons - - N
are free

angular size of
sound horizon

EXTENDING VIABLE COSMOLOGIES +

observer

Now WE HAVE LCDM LIMIT FOR [3 =0

H = Ho/(100 kM s~ TMpc—1)



EXPONENTIAL INFRARED TELEPARALLEL MODEL WITH COSMOLOGICAL CONSTANT

fF(T) — F(T) + 2A

1.0 . - : —— - .
- / i « ACDM . : i 20r -,
""'?,“Ml,.w,,m(,u + ::j'i":'c"':f'“_ Do EXTENDING VIABLE COSMOLOGIES +
T2 > B 85f (7 2A [Sign-Changing OE K : i
« f{T}+ ZA [Sign-Changing DE) . H ..
s NoOw WE HAVE LCDM LIMIT FOR [3 =0
—_ ) ' . 1 BHG/H? 3
- 80 - 203 ) eo = Qumo(B,A) (1 + 2) + Qapo,
o 0
[-% M
= RE TP Qo (8, A) = (1 = 28)e” — Qo
Y
£ 75 . o Qrosliy=y ™ . I e | THE EFFECT OF THE LARGE NEGATIVE IS MODERATED
#? : BY THE NEGATIVE VALUE OF A
SHOES + : + 0.5
: 70
-1.0 i : 0.0 S 4 —
| +  AcDM: TurNING POINTT
. . ; MODELS SHOULD BE COMPARED WITH BAYESIAN ANALYS
-6 -4 -2 0 -6 -4 -2 0 018 020 022 024 026 028 030 0.32
Qp,
1 0 B B mo THE POINTS CORRESPOND TO MODELS HAVING PARAMETER
. + ACDM : 20 H , SETS {HO, Qm0O, QAO, [3} THAT SATISFY DM(z+*) = 13872.83
f(T)+ 2\ Pharom DE] e, - - ;:‘,:—(,:"; A pPhaniom DE) MPC CONSTRAINED STRICTLY AND ALMOST MODEL
LTI . . f[T)+2A [Skn-Changing DE) : ° H : Ci-Chanam INDEPENDENTLY THROUGH THE MEASUREMENT OF @3
) Qo+ Qpp=1 + T 85 + : AT +24 o Chandng O (100@# = 1.041085) AND THE CMB-BASED CONSTRAINT
05 . : OMOH2 = 0.14314 ON THE PHYSICAL ENERGY DENSITY.
1.5 -

THE DOTTED PURPLE LINE IN THE RIGHT PANEL REPRESENTS
QMo + QA0 = 1.

(=3
(=3

. -
L o ] 0 P Q70 <0
e \ . REMARK | : PURPLE PLUS SIGN REPRESENTS THE MODEL IN

LINE WITH FINDINGS FROM DESI PAPER GIVEN IN
CALDERON, ET AL. 2405.04216 THAT ADDS AN EXTENSIVE

= . 3 CLASS OF MODEL-AGNOSTIC RECONSTRUCTIONS WITH
SHOES + +: 05 : S ACCEPTABLE FITS TO THE DATA, INCLUDING MODELS WHERE

. : ‘s COSMIC ACCELERATION SLOWS DOWN AT LOW REDSHIFTS.

-
w

0/\0
+4
+
Hy [kms™ Mpc™']
Qo

-05

REMARK II: STANDARD ACDM MODEL (RED PLUS)
. : ; : : . CORRESPONDS TO A VERY SPECIAL POINT, NAMELY, TO A
-1.0 « ACDM i : 0.0} : + LOCAL MINIMUM IN THE LEFT AND MIDDLE PANELS.

' f{T)« 2\ Phamom DE) + +

+ f{T)+ 2A [Sig-Changng DE)

020 022 024 026 028 030 0.32 -1.0 -05 0.0 0.5 1.0 -1.0 -05 0.0 05 1.0
Qo Qnp Qo

SHOES COLLABORATION MEASUREMENT HO = 73.04 = 1.04 kM s~ IMpc—1

RIESS ET AL. ASTROPHYS. J. LETT. 934, L7 (2022) 2112.04510



Concluding remarks

v Sign switching A can be generated by geometrical extensions of GR.

v effectively negative energy densities ARE NOT PROBLEMATIC, EVEN PROMISING.

v  the change of gravitational constant can be used to a smoking gun for AsCDM models realized through
extra dimensions.

vAlong the way, we made unexpected signatures about the nature of dark energy cosmic slowing down at low
redshifts.

vCPL parametrization can not attain negative energy densities, therefore its succees is based on the sign
changing its inertial mass density (IMD), is it fake or side effect due to not having negative energy densities?
o=pt+p

v’ Vacuum energy density may not be fundamental, what about inertial mass density? RELATIVISTIC
GENERALIZED INERTIA, CAPOZZIELLO, NAZARI & KATIRCI, ONGOING WORK

v If DE energy density changes its sign, w does not say anything, we should focus on IMD
Null energy condition boundary crossing, 2602.21169, 2602.08928, 2603.15868
p+p=0

v’ Phantom/quintessence with positive/negative energy density ???

v’ G4 terms may contribute to negative DE density in Horndenski gravity, yet should be checked from stability
point of view.



