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Why a sign switch needs sign-aware diagnostics Akarsu, De Felice & Uzun | 2607.18008

® DESIl-era BAO+CMB+SN combinations revive evolving dark energy, usually phrased
through wge(z) (CPL); inferred dynamics is sensitive to dataset choices and to the
functional prior — and standard EoS parametrizations are sign-preserving by construction:
density-level structure gets smeared into smoother wy.(z).

® |ndependent threads point at sign-changing effective DE densities:

® negative-A / pge < 0 hints at high z; A;CDM-type transitions easing Ho (& Mpg), Ss, 7, with
> m, back in the physical region;

® model-agnostic reconstructions: inferred density zero around z ~ 1.5-2.5, with localized
intermediate-redshift structure.

The problem

These histories enter exactly the regime where wye = pge/pde Ceases to be a regular variable:
the inequalities reverse for pge < 0 and the ratio is undefined at pge = 0.
Which variables should organize the description?

[AsCDM: Akarsu+ 20-'25 .- reconstructions: Akarsu+ '26; Gupta Choudhury+ '26 - CPL with sign switch: G&kgcen+ '26]



The object under study: a timelike congruence Akarsu, De Felice & Uzun | 2607.18008

® A congruence: a family of timelike worldlines
filling spacetime — exactly one through each
event — with unit tangent u*. For cosmology:

the comoving observers. W)
® |ts expansion scalar is the fractional growth -
. «b)
rate of a comoving volume element: £ ut
5
1 doV o,
© =V, u"= © = 3H. =
® Focusing / defocusing = whether neighboring —_—

worldlines are driven together or apart — a
statement about geometry, before any matter
content is specified.



The Raychaudhuri equation, term by term Akarsu, De Felice & Uzun | 2607.18008

do©
dr \— e’ —— ————— N————— N —
expansion shear: rotation: gravity: matter non-geodesic
self-interaction always focuses resists focusing enters only here (forces)

® A purely geometric identity: no EoS parameter, focusing: Ry,ufu’>0 defocusing: R,,utu” <0
nn | |
no stress—energy tensor appears. A } /
® FLRW comoving congruence' c=w=A" =0, \ \ /
® Acceleration = defocusmg, RWu“u” <0—1it
does not require ® > 0: in flat FLRW = = = —f
@ — 3H — _127TGI130131 SO @ < O Whenever the worldlines converge — gravity attracts driven apart — cosmic acceleration (a > 0)

total NEC holds; acceleration needs only

Mot < 0. GR maps it to matter:

R utu” =4nG > . M,

R k'k? =8rnGE*Y., T, and p; = £-T;. The
equations select M = p+3p, I = p+p;

w = p/p is a derived, branch-dependent ratio.



Convergence conditions - and why (7, M) deserve their names Akarsu, De Felice & Uzun | 2607.18008

® Convergence conditions: gravity focuses timelike congruences iff R, u*u” > 0 (timelike

CC), null ones iff R, k*k” > 0 (null CC). The field equations translate: TCC
— Mot > 0; NCC <= Ziot > 0 (the total NEC).

® Active gravitational mass density M; = p; + 3p;: the Newtonian limit of Raychaudhuri is
V20 =47 G > .(p; + 3p;) — pressure gravitates, and M is precisely what attracts.

® |nertial mass density Z; = p; + p;: the relativistic Euler equation, (p + p) a* = —V/'p,
makes p + p the inertia a pressure gradient must push; and continuity transports exactly

it: p; = —O7Z; ie. ,0;- — %I,



One picture: the (pg.,ps.) plane Akarsu, De Felice & Uzun | 2607.18008

A

Pae/Pa0  Ma.>0: attractive ® The field equations draw half-planes:
repulsive Mge < 0; phantom-like
Tae < 0. Regular everywhere —
0.5 - including pge = 0. A lives on the NECB:
. T;(L/L) = —poAgurv = In=0; wa = —11s
only its ratio form.
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One picture:

the (pdeapde) plane
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® The field equations draw half-planes:
repulsive Mg < 0; phantom-like
Tde < 0. Regular everywhere —
including pge = 0. A lives on the NECB:
T,S/L) = —poAgurv = In=0; wa = —11s
only its ratio form.

® Ratio language draws bowties:
{wge < —1} is a union of two opposite
sectors; on pge < 0 even wge > 0 can be
repulsive, and Mge < 0 = Zge < 0
there.



One picture:

the (pdmpde) plane
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® The field equations draw half-planes:

repulsive Mge < 0; phantom-like

Tae < 0. Regular everywhere —
including pge = 0. A lives on the NECB:
T;(L/L) = —poAgurv = In=0; wa = —11s
only its ratio form.

Ratio language draws bowties:

{wge < —1} is a union of two opposite
sectors; on pge < 0 even wge > 0 can be
repulsive, and Mge < 0 = Zge < 0
there.

Trajectories: smooth-AsCDM enters on
the NECB at the —A plateau, crosses
Mae = 0 at zyep (While pge < 0), exits
through the pge. axis below the origin at
zi, lands on +A. CPL instead crosses
the NECB regularly.



One picture: the (pg.,ps.) plane Akarsu, De Felice & Uzun | 2607.18008

A
repulsion onsets: all on M4 =0, pge <N Pde / Per0

smooth-A,.CDM
L- CPL
f(T)

Zrep = 0.70

minimal phantom
brane

M. < 0: Tepulsive N

z+ exits: all on the negative py. axis

Zoomed out: the brane traces the same route at a very different scale. All three z; exits pierce the
negative pge axis; all three repulsion onsets sit on Mg = 0 with pge < O.



The branch dictionary Akarsu, De Felice & Uzun | 2607.18008

1
Wae < —3%, Pde > 0,

Mde <0 <= Lage = Pde; Mde — 3pde at Pde = 0.

1
Wde > —3%, Pde <0,

Lge >0 Lige <0
Pde >0 wWie > —1  wge < —1
Pde <0 wWie < —1  wge > —1

The line wge = —1 represents Zq. = 0 only on a nonzero-density branch, with the conventional
side assignment valid only for pqe > 0.

Two frequent questions: (i) the Friedmann constraint bounds only the total source,
Piot > 3K /(8mGa?) — no positivity condition follows for any individual sector; (ii) the opposite
local assignment near a crossing (Zge > 0, i.e. wge < —1 on the pge < 0 side) is impossible for

any continuous zero — realizing it requires a sign flip without a zero (jump- or pole-like, hence
singular).



The sector histories Akarsu, De Felice & Uzun | 2607.18008
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pde switches sign; Qqe flips with it; pge stays finite; only the ratio wq. diverges at z; (dashed).



Exact local structure at a density zero Akarsu, De Felice & Uzun | 2607.18008

Separately conserved sector; smooth negative — positive crossing of finite odd order n at z;.

® Tde; Mge < 0 in a punctured neighborhood of z:; at the zero, < 0 (strict for a simple

zero), with pge(z) = 1ng* Pu.(z+) — the slope at the zero fixes the pressure there: finite

and negative.

® wqye develops a kinematic and universal pole at z;, fixed by (n, z;) alone — no amplitude,
no model details.

® wge = —1 Is never attained near z;: the apparent quintessence — phantom transition
never occurs; the two sides of the divide connect only through the pole.

[zero <+ pole for conserved sectors: Oziilker '22]



Sector repulsion precedes the switch: z . > z, Akarsu, De Felice & Uzun | 2607.18008

Theorem (continuity)

If Mge > 0 at some z; > z;, there is at least one zyep, € (24, zni) With Mye(zep) = 0: a finite
interval where pge < 0 and Mg < 0.

Wge < —1/3 misdiagnoses this interval as non-repulsive.

Smooth-A;CDM profile pp, o< tanh[n(z; — z)|: the onset is unique; for zy = 2:  zp, = 2.67

(n=2), 2.35 (n=b5) — and 3.11 for f(T), 6.75 for the brane: same pattern, widely different
separations.



The Raychaudhuri diagnostics Akarsu, De Felice & Uzun | 2607.18008
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Top: sign-switchers keep Zge. < 0 (CPL crosses the NECB regularly); circles mark z.ep. Bottom: Zyo¢ > 0 throughout —
no total NEC violation; g < 0 <— M, < 0, and only the n = 5 dip re-enters.



When does the Universe accelerate at the crossing? Akarsu, De Felice & Uzun | 2607.18008

At pge(z4) = 0 (flat, matter era): M e
(z:) <0 < pli(z) < —pmo(1l + z)?, and  moon-ncnod
q ZT IOde T ’Omo —“ ! 1.4 smooth—/\sCDiM(n=5)
the total NEC bounds the slope from below: N
2 1.2 '
2 2 @ |
=3pmo(1 + 2t)" < pac(zt) < —pmo(l + ) ENGD” f
0.8
acceleration at the crossing without total NEC °r 2 3 s e
violation. o6 -
zr =2, Qo = 0.3: the dip must pass 0.4 77180
Mae(zt) < —8.1 pero — 1=2 gives —4.2 (fails), SON/A
n=>5 gives —10.5 (succeeds); window 7 o / o
3.9<n<11.6. / o e conts
‘0-6:‘ )I;(raTn)eworId
o 1 2 3 4 5 & 7

The kinematics: transient g < O episode around z;

only for the sharper transition.



Which branch powers which epoch - and how many g = O crossings? Akarsu, De Felice & Uzun | 2607.18008

® T4e drives the history: p; = % Tae — a negative — positive crossing requires Lgo < 0

there; sign-switchers keep Z4. < 0 throughout (phantom-like).

® M. drives repulsion, competing with matter in Mot = pm + Mge: on pge < 0 the
localized dip must beat p,, o (1 + z)® = at most a transient intermediate window; on

Ode > 0, Mge < 0 persists while matter dilutes = the late-time epoch follows
automatically.

® Counting (single impulse in Mge; Mio; C!, at most two stationary points): Rolle =
exactly one or three sign-changing zeros of g; n=>b realizes

Zrep > ZILD >z, > Ziute 5 Flate. 535 > 2.08 > 2 > 1.85 > 0.67.

Density sign change # sector repulsion # cosmic acceleration # total NEC violation.



Scalar fields: the Kinetic sign - not the ratio - decides ‘“phantom” Akarsu, De Felice & Uzun | 2607.18008

Lo=eX—V(p), X =¢2/2>0: Ty,=ed?  My=2(eg?— V)
® EoS labels mislead: canonicality fixes sgnZ4 = €, not sgn ps. A canonical field (e = +1)
with V' sufficiently negative has py, < 0, py > 0: wy < —1 with perfectly healthy kinetics.

® Negative energy density is not forbidden: no known physical principle prevents a canonical
scalar from reaching ps < O.

® The crossing is what costs: py = —©Zy, so climbing from ps < 0 to py > 0 in an
expanding universe requires Z, < 0, i.e. € = —1: a phantom field climbing its potential.
The minimal realization is a genuine ghost — kinematic # microphysical.

® Fixed e forbids an NECB crossing (touched only at b = 0) — the single-field no-go.
Stable embedding used in practice: A;VCDM (type-ll minimally modified gravity; no extra
propagating scalar mode).



Comparison history: exponential infrared f(7) Akarsu, De Felice & Uzun | 2607.18008

S = [d**|e| f(T)+ Sm, f(T)=TeTe/T + 2\ (T = 6H?), negative-3 branch; GR-like
split gives

ptp(E) — Pcr0 [Ez — (E2 — Zﬁ)eﬁ/Ez -+ Q/\O}a SE1 p‘,cp — Sgn[E4 — A(E)}

® Whole-branch result: with x = —3/E?, 7 A (140427 e
A/E* = (1 4 x + 2x*)e ™™ rises monotonically from 1 1.6 - B
0”O<X<de:1.22<%:>E4<A:>Itp<0for 1.5 -
all z > —1. 1.4 -

physical brapCh

® z. =2, Qo =0.3= B~ —-0.977, Qpro ~ 0.81; h9
high-z: ptp — pero(B+2n0) < 0, attractive La-
(Mip > 0) = Zep = 3.11; no intermediate window. 1.1-
® Caveat: a recent perturbation-level analysis disfavors H o S SR
the minimal A = 0 branch; the A-extended branch 0-0 0-5 ;j_ﬁ/ﬁlﬁ 2.0
here is not automatically subject — still, kinematic
regularity # viability. The whole-branch proof in one curve: A/E*
[Awad+ '18; Hashim+ '21; Akarsut+ '25 - caveat: Hashim+ '26] rises from unity and the physical branch never

leaves (0, 2).



Comparison history: the minimal phantom brane

Akarsu, De Felice & Uzun | 2607.18008

Normal branch of the induced-gravity (DGP) braneworld, flat bulk
S=M[ /—8gR+ m?[ ~/—hR —20f  /—h+ Snm; {=2m*/M> Qu =1/0°H;|:

E(z) = VE(2)—vVQu0, T = Quo(1+2)*+Qn0+0,

® The sign switch is automatic — for every parameter
choice: prw(0) = (1 — Qmo)pcro > 0 while
Pbw =~ —20er0V Qe0Qmo (1 + 2)*/? < 0 at high z.

® z.p from an exact quadratic: z..p = 6.75 for
ng — 0036, Q/\o — 1.08 (ZJf — 2)

® g — 0 crossing unique, analytically, for all parameters;
acceleration at the switch would need
6200/ (200+200) > 1, i.e. Qo = 0.54 vs the adopted
(200 = 0.036 (LHS ~ 0.19): repulsive while pge < 0,
yet uniqueness forbids a separate acceleration episode
for every parameter choice.

[Sahni—Shtanov '02—-'03; Alam+ '06, '17; Bag+ ’21]

E(O) — 1= Qrn0=1—-Q0+2v Qyp.

0 1 2 3 4 D 6 7 3

Uniqueness in one curve: F starts negative and

Increases for every parameter choice.



Six histories, one pattern Akarsu, De Felice & Uzun | 2607.18008

Model Zt  Zrep NEC character Accelerating g < 0

ACDM —  — Ipn =0 —1 < z < 0.67

CPL (DESI DR2) — —  regular NECB crossing at z ~ 0.50 0.04 < z < 1.01
Smooth-A;CDM (n=2) 2  2.67 Ir, < 0 forall z> —1 —1 < z < 0.68
Smooth-A;CDM (n=5) 2 2.35 Ih, <O forall z> —1 —1 < z<0.67; 1.85 < z < 2.08
Exponential infrared f(T) 2 3.11 Tip < 0 forall z> —1 —1 < z < 0.75

Minimal phantom brane 2 6.75 Thw < 0 forall z > —1 —1 < z<0.75

Same qualitative pattern — density zero, phantom-like NEC character, z.c, > zf — with widely different separations; only

the sufficiently sharp n = 5 profile opens an intermediate acceleration window.



In practice: what is split-independent, and is it regular? Akarsu, De Felice & Uzun | 2607.18008

e Kinematic, from H(z) alone (flat GR): Mot = 2q perr Lot = no sector
split needed; report these first.

® Sector-level quantities follow by subtracting matter+4-radiation: quote z;, z.p, jointly with
the adopted Q,,,0 (|Az| ~ 0.19 (n=2), 0.08 (n=5) per A0 = 0.01).

® |inear theory is ratio-safe: evolve unnormalized (ép;, dp;, Qi = Z;0;, I'l;) — no division by
p; or I; anywhere.
® Stability and closure belong to the completion: stable embedding in practice is A]ZVCDM

(no new propagating scalar mode); departure concentrated near/above the horizon =
late-time ISW x LSS as the natural discriminator.



Working dictionary: geometry first, sectors second, ratios last Akarsu, De Felice & Uzun | 2607.18008

® Density sign change, sector repulsion, cosmic acceleration, total NEC violation: four
distinct notions — the Raychaudhuri pair (Zge, Mge) keeps them apart; wy. cannot.

® Exact results at a smooth crossing: Zge, Mge < 0; universal pole residue n(1 + z:)/3;

Zrep > Z+; acceleration-with-NEC window; one-or-three g = 0 transitions.

® |n practice: track (pde, Pde, Zde, Mde); use parametrizations and priors that admit both
density branches (at the density, pressure, or Z level — M-level as a natural next step);

read wy. poles as kinematic signatures; take the NECB, not the PDL, as the regular
boundary; quote zi, z.¢, with 2,0.

The field equations already single out these combinations;
we propose only that inference follow them.

[arXiv:2607.18008]
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Models proposed to solve the Ho tension
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Graduated dark energy: observational hints of a spontaneous sign switch in the cosmological constant Akarsu, Barrow, Escamilla & Vazquez, PRD (2020), arXiv:1912.08751

Local energy conservation
(Continuity equation)

O \ Local momentum conservation
\ D 'up —I— ‘Qu'u — O(Euler equation/Newton’s 2nd Jaw of motion)

N\

O = P + P (Inertial mass density)

VMG'UJV — O > VILLT'[“/ —

Cosmological constant

Simple-gDE: DE: Graduated dark ener
or the usual vacuum energy of QFT PIE=5 5 . Y
IO The simplest dynamical deviation from zero
s O Q — Const ant Q — fy p 0 . inertial mass density of the usual vacuum
‘Q A - energy density. Inspired by Graduated
Acquaviva, Akarsu, Katirc1 & Vazquez 0 inflationary universes, Barrow, PLB (1990).

PRD (2021), arXiv:2104.02623

1 _m

1 1—A\ — n
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l EoS parameter

_1
. ,0:,00sg]f1[1—\111na]‘1—\1111101‘1_A
m and n are odd integers
Otherwise, one encounters computer-related 1ssues!

v
w = —14 w=—-1+~vtora=1 A< 1and v <0 S\ — — 1

1+3v(A—1)Ina ! v = —37(A ) <0

Sign changing energy density requires an EoS exhibiting a singularity/pole. Under these conditions, energy density takes negative values in the past, and

(Oziilker, PRD 2022, arXiv:2203.04167) the EoS exhibits a singularity/pole during its sign change!
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Constraints on gDE-CDM from PLK+BAO+SN (JLA)+H (Cosmic Chronometers)

A Qm .0 ho ~v = wo + 1 Y Zs to|Gyr] —2A In Loax
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Relaxing cosmological tensions with a sign switching cosmological constant Akarsu, Kumar, Oziilker & Vazquez, PRD (2021), arXiv:2108.09239
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The figures are plotted by fixing Das(2:) and pm(2:) (and hence pmo) to that of ACDM using the mean values of
the Planck 2018 TT, TE,EE+lowE+lensing results.
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Relaxing cosmological tensions with a sign switching cosmological constant: Improved results with Planck, BAO and Pantheon data

Akarsu, Kumar, Oziilker, Vazquez & Yadav, PRD (2023), arXiv:2108.09239
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AsCDM model: A promising scenario for alleviation of cosmological tensions Akarsu, D1 Valentino, Kumar, Nunes, Vazquez & Yadav, arXiv:2307.10899
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FIG. 1. 2D contours at 68%, and 95% CLs in the €,,-Ss plane for the A;CDM and ACDM models. Ss = 0.80175075 (AsCDM:
Planck), Sg = 0.74679:02° (A,CDM: KiDS), Sg = 0.832 £ 0.012 (ACDM: Planck), Ss = 0.74910:227 (ACDM: KiDS) at 68% CL.



work) CMB+BAOtr+PantheonPlus&SHOES+KiDS-1000
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Dataset Planck Planck+BAOtr Planck4+BAOtr+PP Planck+BAOtr+PP&SHOES Planck+BAOtr4+PP&SHOES+KiDS-1000
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Qm 0.286071 0 0059 (0.2796)  0.2643700555(0.2618)  0.2768" 1 goe3(0.2759) 0.2683 = 0.0052(0.2646) 0.2646 + 0.0052(0.2622)
0.3151 & 0.0075(0.3163) 0.2958 £ 0.0061(0.2984) 0.2995 + 0.0056(0.2992) 0.2869 + 0.0051(0.2849) 0.2837 + 0.0045(0.2816)
Ss 0.80110926(0.791)  0.777 £ 0.011(0.772)  0.791 & 0.011(0.794) 0.783 4 0.010(0.777) 0.774 % 0.009(0.773)
0.832 4+ 0.013(0.835)  0.802 £ 0.011(0.804)  0.808 & 0.010(0.804) 0.788 4 0.010(0.784) 0.781 4 0.008(0.782)

B N.CDM: CMB+BAOtr+PP&SHOES+KiDS-1000

: =
2.0
1.8+

N = p=

- A o

1.6{ S 2
© S A
8 s a
o =® | N |
N % Vv > © >

@?’ Q(\ Qﬁ\ Q(\ Q(\




Common baseline free parameters
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DESI DR2 breaks the CMB degeneracy and localizes the transition near z, ~ 3

Clara, Escamilla, Nunes, Capistrano, Kumar, Akarsu & D1 Valentino, in preparation
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DESI DR2 selects zt = 3 and Ho = 68.5 km s~ Mpc™.

15 20 25 340 35

Zc

0.32
0.30
0.28
= 0.26
0.24
0.22

CMB + DESI DR2 + SNe

LsCDM CMB

LsCDM CMB+DESI

LsCDM CMB+-DESI+PP
LsCDM CMB+DESI+U3
LsCDM CMB+-DESI4+-DESY5

70

5

80 022 026 030
Qm

15 20 25 30 35

Zc

DESI DR2 versus SHOES

LsCDM CMB

LsCDM CMB+DESI
LsCDM CMB+DESI+PP
LsCDM CMB+PP

LsCDM CMB+PP&SHOES

75 80 0.22 0.26

O

The finite-transition solution Is stable across the supernova compilations; SHOES selects the lower-zt, higher-Ho branch.
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Plot notation: z ¢ = zf.

Posterior panels supplied by Clara et al. (in preparation).



DESI DR2 breaks the CMB degeneracy and localizes the transition near z, ~ 3 Clara, Escamilla, Nunes, Capistrano, Kumar, Akarsu & D1 Valentino, in preparation

Further supported by SNIa data

Parameter CMB CMB+DESI-DR2 CMB+DESI-DR24+PP CMB+DESI-DR2+Union3 CMB+DESI-DR2+DES-Dovekie
Qp, h? 0.02221 + 0.00014  0.02223 £ 0.00012 0.02221 + 0.00012 0.02221 =+ 0.00012 0.02220 =+ 0.00012
0.02218 + 0.00013  0.02233 4 0.00012 0.02231 + 0.00012 0.02231 =+ 0.00012 0.02231 =+ 0.00012
Qe h? 0.1193 4 0.0011  0.11919 + 0.00079 0.11940 + 0.00079 0.11935 + 0.00079 0.11945 + 0.00078
0.1198 +0.0011  0.11760 + 0.00062 0.11781 + 0.00060 0.11776 + 0.00062 0.11786 =+ 0.00060
100 Orrc 1.04079 £ 0.00025 1.04081 + 0.00024 1.04079 + 0.00024 1.04080 =+ 0.00024 1.04079 + 0.00024
1.04076 4 0.00025 1.04101 + 0.00024 1.04100 + 0.00023 1.04098 + 0.00024 1.04098 + 0.00024
Treio 0.0510 &+ 0.0073  0.0532 % 0.0069 0.0524 £ 0.0069 0.0527 + 0.0068 0.0523 £ 0.0069
0.0526 + 0.0071 0.0597+9-0062 0.0590 + 0.0069 0.059090959 0.0586 ) 0o9a
ne 0.9646 &+ 0.0041  0.9649 + 0.0035 0.9644 + 0.0035 0.9644 + 0.0035 0.9642 + 0.0036
0.9634 4+ 0.0039  0.9685 + 0.0034 0.9683 & 0.0034 0.9684 + 0.0033 0.9679 + 0.0034
log (10" Ay) 3.033 +0.014 3.038 + 0.014 3.036 + 0.014 3.037 + 0.014 3.036 + 0.014
3.038 +0.014 3.048 +0.014 3.048T0 013 3.04710-012 3.047 +0.014
at < 0.329 0.25519:032 0.25615:533 0.25679:533 0.256 70059
Ho [km/s/Mpc]  69.9979-87 68.62 + 0.32 68.53 + 0.31 68.55 + 0.31 68.50 + 0.31
67.21 + 0.47 68.18 + 0.28 68.09 + 0.27 68.10 + 0.28 68.06 + 0.28

o3 0.815275500" 0.8103 £ 0.0057 0.8105 + 0.0057 0.8104 + 0.0057 0.8106 + 0.0057
0.8079 & 0.0055  0.8060 + 0.0057 0.806410 0020 0.80627 0029 0.8061 =+ 0.0056
Ss 0.80375 074 0.8126 + 0.0077 0.8144 + 0.0076 0.8140 + 0.0078 0.8150 4 0.0076
0.829 £ 0.011 0.8092 + 0.0078 0.8114 + 0.0076 0.8108 4 0.0078 0.8115 4 0.0077
Qrn 0.29170 0507 0.3017 + 0.0036 0.3029 + 0.0035 0.3026 + 0.0036 0.3033 4 0.0034
0.3157 +0.0065  0.3024 % 0.0036 0.3037 £ 0.0035 0.3035 + 0.0036 0.3040 + 0.0035
Qe h? 0.1422 £ 0.0010  0.14206 + 0.00076 0.14225 + 0.00075 0.14220 4 0.00076 0.14229 4 0.00075
0.1426 + 0.0010  0.14057 =+ 0.00060 0.14077 4 0.00059 0.14072 + 0.00060 0.14081 =4 0.00059
ra 147.46 4 0.25 147.48 4+ 0.21 147.45 4 0.21 147.46 4+ 0.21 147.44 £+ 0.21
147.39 4 0.25 147.79 4 0.19 147.75 4 0.19 147.76 & 0.19 147.74 £+ 0.19
2t 2.501051 2.961923 2.9510-23 2.9519-23 2.95%0 25
Xin 10,978.054 10, 988.182 12, 393.466 11,016.094 12,622.136
10, 980.632 10,997.728 12, 402.844 11,025.218 12, 632.452
AxZin —2.578 —9.546 —9.378 —9.124 —10.316
AAIC —0.578 —7.546 —7.378 —7.124 —8.316
Aln Z 0.07 —3.28 —3.11 —3.11 —3.19




DESI DR2 breaks the CMB degeneracy and localizes the transition near z, ~ 3 Clara, Escamilla, Nunes, Capistrano, Kumar, Akarsu & D1 Valentino, in preparation

Further supported by SNIa data

Parameter SPA SPA+DESI-DR2 SPA+DESI-DR2+PP SPA+DESI-DR2+Union3 SPA+DESI-DR2+DES-Dovekie
Oy, h? 0.022446 £ 0.000096 0.022444 + 0.000093  0.022438 + 0.000092 0.022436 £+ 0.000091 0.022436 £+ 0.000091
0.022425 £ 0.000096 0.022493 £+ 0.000091  0.022488 + 0.000091 0.022485 + 0.000092 0.022485 + 0.000093

Q. h? 0.1193 4 0.0010 0.1193375-500%7 0.11947 £ 0.00077 0.11947 £ 0.00075 0.11947 £ 0.00075
0.11980 & 0.00099  0.11786 4 0.00062 0.11803 4 0.00061 0.11802 4 0.00059 0.11807 4 0.00060
100 Opic 1.04077 £ 0.00024  1.04077 + 0.00023 1.04076 + 0.00023 1.04077 + 0.00023 1.04077 + 0.00023
1.04073 £ 0.00024  1.04092 + 0.00022 1.04091 =+ 0.00023 1.04092 =+ 0.00023 1.0409170 00024
Treio 0.0585+9-0027 0.0596 + 0.0057 0.059270 0555 0.059019-9649 0.059070 0560
0.059319 5955 0.065010 5057 0.064619:9958 0.0647+5-5054 0.0643 100004
N 0.9711 + 0.0035 0.9708 + 0.0030 0.9705 + 0.0031 0.9705 + 0.0031 0.9705 + 0.0031
0.9697 + 0.0034 0.9740 + 0.0029 0.9736 + 0.0030 0.9738 + 0.0030 0.9734 + 0.0029
log (10" Ay) 3.050 + 0.011 3.055 + 0.010 3.054019:90997 3.053810-0095 3.053810 007
3.056 & 0.011 3.068 & 0.010 3.0667 0 009" 3.0667 0005 3.065970 057"
a: < 0.335 0.2527 021 0.25270-032 0.25270-032 0.25210-032
Ho [km/s/Mpc] 70.4979 24 68.79 & 0.31 68.72 & 0.30 68.73 & 0.31 68.73 £ 0.31
67.48 £ 0.41 68.28 & 0.25 68.22 + 0.25 68.22 + 0.24 68.20 £ 0.25

o8 0.826170 0009 0.8206 4 0.0040 0.8206 4 0.0040 0.8205 4 0.0040 0.8205 4 0.0040
0.8182 4 0.0039 0.8177 4 0.0041 0.8178 4 0.0042 0.8178 & 0.0042 0.81761 0 0oas
Ss 0.80810077 0.8220 + 0.0063 0.8232 + 0.0062 0.8230 =+ 0.0062 0.8230 =+ 0.0062
0.8368 4 0.0091 0.8210 + 0.0065 0.8224 4+ 0.0063 0.8223 + 0.0062 0.8225 + 0.0063
Qrn 0.2887 0 ooos 0.3010 + 0.0034 0.3019 + 0.0033 0.3018 + 0.0034 0.3018 + 0.0034
0.3138 £ 0.0058 0.3024 + 0.0034 0.3034 + 0.0034 0.3033 £ 0.0033 0.3036 & 0.0034
Qb 0.14237 + 0.00099  0.14242 + 0.00074 0.14256 + 0.00075 0.14255 + 0.00074 0.14255 + 0.00074
0.14287 £ 0.00097  0.14100 4 0.00061 0.14116 + 0.00061 0.14115 + 0.00059 0.14120 + 0.00059
ra 147.21 + 0.26 147.19 + 0.20 147.16 + 0.21 147.17 £ 0.20 147.17 £ 0.20
147.09 + 0.25 147.53 + 0.18 147.49 + 0.18 147.50 + 0.18 147.48 + 0.18
2t 2.5014 3.01%0%% 3.011033 3.001082 3.0010%3
Xoin 993.82314 1005.1308 2410.8283 1033.1501 2640.1721
994.39781 1011.523 2417.0608 1039.6012 2646.4171
AXtin —0.5746 —6.392 —6.232 —6.45 —6.245
AAIC 1.425 —4.392 —4.232 —4.45 —4.245
Aln Z —0.4811 —3.2167 —3.2066 —3.2116 —3.1539




The priors on z, should be chosen with care Clara, Escamilla, Nunes, Capistrano, Kumar, Akarsu & Di Valentino, in preparation

Flat prior [z ., z; ..x]: posterior summaries from Tables V-V — 95% e (3% O mean A prior ceiling
CMB CMB + DESI-DR2
| | | | | | | | | | | | | |
nearly A CDM:-like | nearly ACDM-like
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95% lower edge changes little: 1.20-1.40 (CMB), 2.29-2.39 (CMB+DESI DR2).

For zt = 4, added prior volume is nearly ACDM-like. A flat [1,10] prior places 67% of its mass above 4; the marginal comparison is therefore prior-volume dependent.

Tables V-VI are preliminary; robustness versus the prior ceiling is the relevant methodological test.
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DESI DR2 Results IV: Alcock—Paczynski Measurements from the Lyman Alpha DESI Collaboration, arXiv:2607.27410 (Today’s arXiv)
Forest and Cosmological Constraints

1.03 - — Planck ACDM === ACDM+Qy B DESI Galaxy BAO DESI DR1 Lya BAO
ACDM — == Massless neutrinos & DESI Lya BAO mmm DESIDR2 Lya BAO
—_— CDM = «ieee- high-T ---- DESI DR1 Lya FS

- 1.02 - Wola ® DESILyaFS 5 o | M DESI DR2 Lya FS (this work)
= 1.01 o
3 )
= 1.00 —— o
o~UN B N — o =Lkl (R |
S T VR . iy L Ll + N 85
=099 B T ~= =TT cr T a
Q

0.98 .27

0.97 - + DESI (BA0+|-y01 FS)+CMB 304 Planck prediction in ACDM

. . | | | | | | | | —— CMB + BAO prediction in wow;CDM
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 37 33 39 20 41 25
‘ Z Dw(z = 2.33)/r4
Fig. 13: joint CPL fit including Lya full shape Fig. 7: pre-Lya-FS CMB+BAO CPL prediction
— D, /r,=39.32 £ 0.33 D_./r, =8.0600 %= 0.006 D../D.. =4.572 + 0.046
Zeff 2.33 M"d H"d M, 0% precision)
Planck ACDM: agreement within 0.50 | CMB+BAO CPL prediction: =20 away
DEVI\\I:(I-)IﬁgTDREAS'II'ES DESI+CMB: CPL preference decreases 3.20 — 2.70 after Lya FS; AXZMAP = —-9.8

DESI+CMB+DES-Dovekie SNe: CPL remains preferred at 3.20; AXZMAP =—12.9

Quoted o values are frequentist likelihood-ratio significances, not Bayesian evidence.

POSSIBLE RELEVANCE FOR I\SCDM - OUR INTERPRETATION ZT
If z, > 2.33, the Lya epoch lies on the positive-A, approximately ACDM-like branch. The new high-redshift anchor may theretore help

CPﬂ evolution from a sign-switching history.

Next step: a common-likelihood fit is needed to assess the relative support for the two models.




AsCDM cosmology: Alleviating major cosmological tensions by predicting standard neutrino properties

B N\.CDM+Ngw+2> m,: Planck
B N\.CDM+Ng+> m,: Planck+BAOtr
B A.CDM+Ngs+> m,: Planck+BAOtr+PP&SHOES

~
[

Yadav, Kumar, Kibris & Akarsu, JCAP (2025), arXiv:2406.18496

N
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arXiv:2407.

10965 (Elbers et al.),
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AsCDM cosmology: Alleviating major cosmological tensions by predicting standard neutrino properties Yadav, Kumar, Kibris & Akarsu, JCAP (2025), arXiv:2406.18496
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arXiv:2407.10965 (Elbers et al.),
2503.14744 (DESI Collab: Elbers et al.)
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Planck + BAOtr + PP&SHOES | ™ AsCDM + Nege + Zm, L om— ) |
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Negative Neutrino Mass or Negative Dark Energy? Elbers, Kibris, Akarsu & D1 Valentino, arXiv:2607.18008

Negative neutrino mass anomaly in the post-DESI era: Preference for Zmy <0

Elbers et al. (PRD, 2025), arXiv:2407.10965

>m,=mq + \/m% + Am%l + \/m% + Am%l > (0.059eV if m; < my < ms (the normal ordering)

X imy = m + \mZ = A3+ \Jm3 = AmZ, + AmZ, > 0.10eV if m3 < my < my (the inverted ordering)
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arXiv: 2503.14744



Negative Neutrino Mass or Negative Dark Energy? Elbers, Kibris, Akarsu & D1 Valentino, arXiv:2607.18008
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Negative Neutrino Mass or Negative Dark Energy? Elbers, Kibris, Akarsu & D1 Valentino, arXiv:2607.18008
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DESI DR2 BAO combined with Type la supernovae from the DES-Dovekie compilation, CMB temperature and polarization data from Planck and ACT, and CMB lensing
reconstruction from Planck, ACT, and SPT.



Linear matter density perturbations in the AsCDM model: Examining growth dynamics and addressing the Ss tension
Akarsu, Cam, Paraskevas, & Perivolaropoulos, JCAP (2025), arXiv:2502.20384
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Exploring the Growth-Index (¥) Tension with A,CDM Escamilla, Akarsu, Di Valentino, Oziilker & Vazquez, arXiv:2503.12945

Recently, it was shown that modeling the growth rate of perturbations with the growth index y, current cosmological data favor values
larger than the GR prediction (y = 0.55) in flat ACDM. In particular, the combination of fog and Planck measurements yields y ~ 0.64,

excluding y = 0.55 at the 4.20 level (Nguyen, Huterer & Wen, PRL 2023; arXiv:2302.01331).

Following a similar analysis, we have demonstrated that A,CDM is capable of addressing this recently identified tension.
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Hints of sign-changing scalar field energy density and a transient acceleration phase at z ~2 from Akarsu, Caruana, Dialektopoulos, Escamilla, Kahya & Said arXiv:2602.08928
model-agnostic reconstructions

Do equation of state parametrizations of dark energy faithfully capture the dynamics of the late universe? Akarsu, Caruana, Dialektopoulos, Escamilla, Kahya & Said arXiv:2604.12987
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Model independent scalar field reconstruction

Double scalar field action (canonical+phantom) Einstein field equations Friedmann equations
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- Anti-de Sitter — de Sitter transition driven by Casimir forces and mitigating tensions in cosmological parameters Anchordoqui, Antoniadis, Liist, PLB (2024), arXiv:2312.12352

- From infinite to infinitesimal: Using the Universe as a dataset to probe Casimir corrections to Anchordoqui, Antoniadis, Liist, Noble, Soriano, PDU (2024), arXiv:2404.17334
the vacuum energy from fields inhabiting the dark dimension

- Thin-wall vacuum decay in the presence of a compact dimension meets the Hy and Ss tensions Anchordoqui, Antoniadis, Bielli, Chatrabhuti, Isono, JHEP (2025), arXiv:2410.18649
- New insights on a sign-switching A Soriano, Wohlberg, Anchordoqui, PDU (2025), arXiv:2502.19239
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TABLE II: Marginalized constraints, mean values with 68% CL, on derived parameters of the models.

parameter ACDM AsCDM A;CDM™
Ho/km/s/Mpc 70.44 + 0.39 73.25 + 0.65 74.04 £0.71
o8 0.8102 £ 0.0058 0.8284 4+ 0.0070 0.8343 4 0.0071

Despite the AdS swampland conjecture suggesting that
AdS-dS transition seems unlikely given the AdS and dS

vacua are infinitely distant from each other in moduli
space, the Casimir energy of fields inhabiting the bulk
can realize the AdS-dS transition conjectured in AsCDM.
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Abrupt and Smooth AsCDM cosmology from a type-II minimally modified gravity (VCDM): AsVCDM model Akarsu, Di Valentino, De Felice, Kumar, Nunes, Oziilker, Vazquez & Yadav
MNRAS (2026), arXiv:2402.07716

S=25,+ M1:2> dir N ﬁ 1 ( R+ K, KY _ K 2) De Felice, Doll, Mukohyama, JCAP (2020), arXiv:2004.12549
2 J De Felice, Mukohyama, Pookkillath, PLB (2021), arXiv:2009.08718
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Cosmological constraints on AsCDM scenario in a type II minimally modified gravity: AsVCDM

Akarsu, Di Valentino, De Felice Kumar, Nunes, Oziilker, Vazquez & Yadav,
PRD (2024), arXiv:2406.07526
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Dynamical dark energy with AdS-to-dS and dS-to-dS transitions: Implications for the Hy tension Akarsu, Perivolaropoulos, Tsikoundoura, Yikselci & Zhuk, arXiv:2502.14667
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short lived transient era
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Unexplored regions in teleparallel f(7) gravity: Sign-changing dark energy density Akarsu, Bulduk, De Felice, Katirct & Uzun (PRD, 2025) arXiv:2410.23068
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Unexplored regions in teleparallel f(7) gravity: Sign-changing dark energy density Akarsu, Bulduk, De Felice, Katirct & Uzun (PRD, 2025) arXiv:2410.23068
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Conclusion

The introduction of a rapid (mirror-like) AdS-to-dS transition in the late

Y
L 5L4D M universe into the current standard model of cosmology, the AsCDM
model, could represent a promising candidate for, or a guide towards, the

development of a new concordance model of cosmology...

As~Aso sgn[z1+-z]

Thanks!



The |1, 10] analysis averages mostly over an observationally null-like regime prior-volume test | H, World Cup II

|
I

A flat z, € [1,10] prior places 677% of its probability above z,

The reported posterior barely con-
tracts relative to the prior
active transition weakly identifiable A CDM-like tail
1§sz4 4§ZT§10 U(l,lO):u:5.50,a:2.6O
reported: 2z, =6.0+2.4
1 z. >4 10

1 2

By 10 = gBacﬁve + 3 X 1 —> evidence diluted toward 5 = 1.

finite-redshift switch  ACDM-like tail
H, World Cup Il reports: Ax? = —5.60 AAIC = —3.60 In B = +0.92

These numbers mildly favor A,CDM; what fails is the H, shift for their particular CMB+BAO+SN setup.

Without a prior scan and profile Ay? (ZT ), “weak support” is not a prior-robust verdict on the active A CDM regime.

CMB likelihoods and neutrino-mass treatment also differ; the prior is a demonstrable contributor, not yet the uniquely isolated cause. Schoneberg et al., arXiv:2607.13283.



