UNEXPLORED REGIONS IN TELEPARALLEL GRAVITY :
SIGN CHANGING DARK ENERGY DENSITY

N.KATIRCI
DOGUS UNIVERSITY

BASED ON THE ONGOING JOINT WORK
IN COLLABORATION WITH
O.AKARSU, B. BULDUK, A. DE FELICE, M. UZUN.

COSMOVERSE@KRAKOW 2024, 9TH-11TH JULY
THE JAGIELLONIAN UNIVERSITY, FACULTY OF PHYSICS, ASTRONOMY AND APPLIED COMPUTER SCIENCE




THE HO TENSION— AS WELL AS A NUMBER OF OTHER LOW-REDSHIFT DISCREPANCIES— MAY BE
ALLEVIATED

BY A DYNAMICAL DARK ENERGY THAT ASSUMES NEGATIVE OR VANISHING ENERGY DENSITY VALUES AT

HIGH REDSHIFTS.
AKARSU,NK, KUMAR, NUNES, OZTURK, SHARMA, EPJC 80, 1050 (2020). 2004.04074
AKARSU KUMAR VAZQUEZ YADAV PHYsS. REV. D 108, 023513 (2023), 2211.05742

MODEL INDEPENDENT/NON-PARAMETRIC OBSERVATIONAL RECONSTRUCTION OF DARK ENERGY
STUDIES PREDICT DARK ENERGY WHICH ATTAINS NEGATIVE VALUES IN THE PAST ACCOMPANIED BY

A SINGULAR EOS PARAMETER AS WELL.

CALDERO’N ET.AL, PRD 103, 023526 (2021) 2008.10237,

ESCAMILLA, AKARSU, DI VALENTINO & VAZQUEZ, JCAP 11, 051 (2023). 2305.16290 ,

SABOGAL, AKARSU, BONILLA, DI VALENTINO, NUNES, 2407.04223

THESE STUDIES SHOW THAT SOME NON-TRIVIAL FUNCTIONS/BEHAVIORS ARE REQUIRED TO ALLEVIATE

TENSIONS.

WE EXPLORE VIABLE COSMOLOGIES IN A PARTICULAR MODEL DUBBED EXPONENTIAL INFRARED
TELEPARALLEL GRAVITY IN A THEORETICAL FRAMEWORK, SINCE IT ALLOWS A TRANSITION TO
NEGATIVE ENERGY DENSITIES THROUGH TORSIONAL DARK ENERGY.

f(T) = TeTo/T

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

THE OTHER SOLUTION BRANCH YIELDING B,TO BE OVERLOOKED SO FAR IN THE LITERATURE.
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WHY [ < O CASE?

+ F(T) GRAVITY IS CAPABLE ON THE WAY TO INTEGRATING AsCDM INTO A
THEORETICAL FRAMEWORK.

+ AsCDM IS THE MOST ECONOMICAL PHENOMENOLOGICAL EXTENSION OF THE
STANDARD ACDM,

4+ ITS CAPABILITY TO SIMULTANEOUSLY RESOLVE THE MAJOR COSMOLOGICAL
TENSIONS, NOTABLY, HO, S8 AND MB TENSIONS ALONG WITH LESS
SIGNIFICANT TENSIONS CURRENTLY PRESENT IN ACDM.

AKARSU ET.AL. 2307.10899

4+ THE MODEL COMPRISES A MIRROR ADS-DS TRANSITION, REALIZED BY A SIGN-
SWITCHING COSMOLOGICAL CONSTANT REPRESENTED AS

A= Nsosgn|zt —Z]
4+ WHERE TRANSITION OCCURRING AT THE REDSHIFT Z+ ~ 2 ON AVERAGE.
4+ THE SHIFT FROM A NEGATIVE VALUE TO A POSITIVE VALUE IS
AND CHALLENGING IN THE ACHIEVING OF A CONCRETE MECHANISM
UNDERLYING THE A CDM MODEL FROM FUNDAMENTAL THEORIES OF PHYSICS.
4+ NEVERTHELESS, SUCCESSES ON ALLEVIATING TENSIONS ARE QUITE

ENCOURAGING FOR THE SEARCH OF INCORPORATING THIS MODEL INTO A WELL
ESTABLISHED AND PREDICTIVE THEORETICAL FRAMEWORK.
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POSSIBLE SCENARIOS

OVERALL SIGN CHANGE OF THE METRIC [ALEXANDRE, GIELEN, MAGUEIJO, JCAP 02 (2024) 036,
230611502] : IMAGINARY SPACE" EXTENSIONS OF THE USUAL LORENTZIAN THEORY, WITH

a* <. A = sgn(a?)A

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, &NOBLE, SORIANO 2404.17334

TYPE Il MINIMALLY MODIFIED GRAVITY (VCDM). [AKARSU ET AL. 2402.07716, 2406.07526]

CONSTRUCTION OF AsCDM FROM THE PRESENCE OF HIGHER DIMENSIONS [AKARSU, BULDUK,
NK, OZULKER,PERIVOLAROPOULOS]
(n - 1) kint

2 52

g=A-"

PREVIOUS ATTEMPTS SATISFYING NEGATIVE ENERGY DENSITIES

+

BRANS DICKE EXTENSION OF GR [AKARSU, NK, OZDEMIR, VAZQUEZ EPJC 80 (2020) 32,
1903.06679]

RASTALL EXTENSION OF GR [AKARSU,NK, KUMAR, NUNES, OZTURK, SHARMA, EPJC 80,
1050 (2020). 2004.04074]

SIMPLE GRADUATED DARK ENERGY AND SPATIAL CURVATURE, ACQUAV[VA, AKARSU, NK,
VAZQUEZ, PRD 104, 023505 (2021), 2104.02623

CAN THEY BE DISTINGUISHABLE FROM
DIFFERENT PREDICTIONS FROM ANCDM
AND FROM EACH OTHERS?



A SCHEMATIC ILLUSTRATION OF THE ROLES OF CURVATURE R%,,, , TorsioN T9,, AND NON-METRICITY Qqyy
Buv 0 H

R

CURVATURE (ROTATION) TORSION (NON CLOSING) NON METRICITY (CHANGING LENGTHS)

non-metricity changes the norm of vector fields

If the space—time contains curvature,
In the presence of torsion,

transported along a curve

then the direction of a vector field changes
parallelograms do not close.

when we move it along a closed circle

RQBW =0, Qquv =0 and Tapv ?é 0

TELEPARALLEL GRAVITY



TELEPARALLEL DESCRIPTION OF GRAVITY

a 4-dimensional differentiable manifold whose tangent space is, at each point, a Minkowski spacetime.  TeLeraraLLEL GRAVITY: FROM THEORY TO CosmoLoGY
a BAHAMONDE ET.AL REP. PROG. PHYS. 86 026901 (2023)

€ four linear independent vector fields (vierbeins/tetrads) defined on this smooth manifold M. AR
To obtain a nondegenerate metric, the vierbeins should satisfy the orthonormality conditions:

Hpl@ — SH peb — 8
eqey, =04 and efje;, = 4.

_ a b . .
The Lorentzian metric tensor of the spacetime can be derived as Guw = Nab€ 4y yhere Mab = diag(—1,1,1,1)

torsionless Levi- Civita connection  e——gp curvatureless Weitzenbock connection, which is defined by the vierbeins in the fol-
lowing way:

a g
= —e*,0ve,,

whose nonsymmetric feature gives rise to the definition of torsion tensor as follows: 7o, =%, —T7,, = e, (D€, — B,e,)

The spacetime-indexed superpotential tensor is defined as 5 » = % (TVF T H —TH ) +% ((ngA'fA — 5;TA“A)

(skew symmetric in the last pair of indices)

- 1, . 1
_ iz —mo vy _ o vy
Contracting it with the torsion tensor yields the torsion scalar (Weitzenbock invariant), viz., T = SUIWTUW T= 4T /WTG + 2T /wT o= T ;wT v



The action reads

S = / dtz detf;;) {% £(T) + cm]

we proceed by assuming the following vierbeins

to investigate the cosmological applications of the model
e, = diag(1,a(t),a(t), a(t)),

ds? = — dt* + a(t)? (dac2 +dy? + sz) T = 6H2,

V9
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EXPONENTIAL INFRARED TELEPARALLEL GRAVITY F(T) = TeBTo/T

pm + 3H pm = 0.

BASED ON SIX PARAMETERS LIKE THE STANDARD ACDM SUCH THAT B IS NOT A FREE PARAMETER/ IS DETERMINED BY THE PRESENT~
DAY ENERGY DENSITY OF MATTER (2MO) IN THE CONTEXT OF FLRW COSMOLOGY.

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

H? , 3 - : ! .
( - 25) PHEH O 3y (1 1 23, paann, £ Hasary Gorovmvat, 2, Jear 07, 052 (2021)
0
Qo (8) = (1 - 28)¢”,

+ THE B = O CASE IS TELEPARALLEL EQUIVALENT OF GENERAL RELATIVITY (TEGR) GIVING RISE TO EINSTEIN-DE SITTER UNIVERSE
WITH QMO = 1.

*+ THE STUDIES SO FAR ADHERED TO THE POSITIVE POWER OF EXPONENTIAL, VIZ., B > O CASE, EXCLUDING NEGATIVE ONE, AND
OBTAINED AN EFFECTIVE DE WHOSE DENSITY PARAMETER IS BELOW THE PHANTOM DIVIDE LINE.

+ HOWEVER, WE WILL SHOW THAT B < O CASE CONVERSELY GENERATES AN EFFECTIVE DE WHOSE ENERGY DENSITY CHANGES SIGN AT
A CERTAIN REDSHIFT.

+* B < O IS A SUFFICIENT CONDITION TO AVOID INSTABILITIES/GHOSTS, YOU HAVE FT > () INDEPENDENTLY OF THE VALUE DYNAMICS
OF T ON ANY BACKGROUND, INCLUDING THE FLRW SPACETIME, WHICH MAY BE SEEN CONVERSELY, WHEN B > O, ONE NEEDS TO
ENSURE THAT DYNAMICALLY THE UNIVERSE NEVER ENTERED THROUGH AN ERA DURING WHICH FT < O.

fT — e5TO/T (1 _ ﬁTo/T) , SEE FOR VARIOUS RECONSTRUCTION METHODS [DENT,DUTTA & SARIDAKIS, JCAP O1, 009 (201 1).
1010.2215, DAOUDA, RODRIGUES & HOUNDJO, EPJC 72, 1893 (2012). 1111.6575] EXPOSING THE
— e,BHg/HQ (1 . BH2/H2) EXPLICIT HUBBLE PARAMETER OF SEVERAL F(T) MODELS, THEY STILL DO NOT PROVIDE AN
0 ’ EQUIVALENT RESPONSE.

THE REDSHIFT AS A FUNCTION OF THE HUBBLE PARAMETER AS FOLLOWS:
mO0 me 0

1/3
B
Q:p/pcr with po, = 3H?/k z(H) =e*

(H2/H2?-1) H?/H} ;25 1 H? < 2B8HE.
1_2 ) -




UNEXPLORED SOLUTION REGIONS ALONG WITH THE KNOWN REGIONS
QmO = 2/\/57
Point IIT (8= -1/2):
Point II (8 =0 — Qo = 1)
\ /
T T *_'_'?‘ MATTER DOMINATED TEGR,
EINSTEIN-DE SITTER UNIVERSE. (=)
1.0t 1 T
0.5} Point I (8 = 1/2): -
o
e 0.0 SRR ¢4 EMPTY UNIVERSE HOWEVER, A DE
c SITTER BACKGROUND
Region | 2 _ 2
-0.5f Region ] H= = Ho® DUE TO THE F(T)
Region Il MODIFICATION IN THE SPACETIME
-1.0f Region IV ] GEOMETRY EVEN THOUGH NO A IS
’ INTRODUCED.
pET— 6 4 )
B 3H? = kpmo(1 4 2)° + kpr,
3H?
pr(H) === [1 = (1 - 28H3 /H?) 15/1]
as z = o, H = 0, a Minkowski limit
Region I (8 > 1/2): Qo < 0 H? < 28Hg. as z = -1, then HZ2 - 2BHp?2

Region IT (0 < 3 < 1/2)

1 < Quo < 2/V/e,

0<Qmo<1 H2 > 28H2

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

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

BAND, HOWEVER, IT IS OVERLOOKED IN

COSMOLOGICAL ANALYSES IN THE LITERATURE TO
DATE.
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QUANTITATIVE ANALYSIS 9

a = H(z)/(1 4+ z) (comoving Hubble parameter) '
— ACDM
- 85 #(T) - B.
3 — f(T) - B
CDM P 18 => 80 f(T,A) - B=-0.561
FIXING 6* — T*/DM (Z*) UTILIZING FROM A LANCK - — {(TA)- p=0.388
CONSTRAINED STRICTLY/ ALMOST MODEL INDEPENDENTLY g 75 — f(T,A) - B=—6.436
9 THROUGH THE MEASUREMENT OF @ (100@% = 1.041085) x — LA - p=-7.361
Quoh? = 0.14314 ~70
N
THE CMB-BASED CONSTRAINT DM(Z*) = 13872.83 Mpc ‘t 65k
g
I 60}
EFFECTIVE AT POST-RECOMBINATION EPOCH
NO EFFECT ON PRE-RECOMBINATION EPOCH 550 :] é é 4
— ACDM 1.25
0o Fr_q #(T) - B. ]%g
Ts = f CSH dZ, 1.2 — (1) - B. 1.10 ]
Zx f(T.A) - B=-0.561 1.05
7 — f(T.A) - B=0.388 1.00
¢ : s — f(T.A) - p=-6.436 0.0 0.1 0.20.3 0.4
- ) ' 8 1.1} — f(T.,A) - B=-7.361 1
e sound wave amplitude ; <
! SLS\ ' I
- J | T \
1.0
photons are
scattered D _ Z H_ld
M(z) = J, ¢ Z. 0.9/
photons - - . .
are free 0 S 15

observer

angular size of
sound horizon

68.86 KM s—1MpPc—1, QMO = 0.302 FOR ACDM MODEL

73.69 KM s—TMpPc—1, OMO = 0.264 AND 3+ = 0.413 WITHIN REGION II
85.66 KM s MPC , QMO = 0.195 AND [3— = —3.782 WITHIN REGION IV

H = HO/(100 kM s~ 1Mpc— 1)



EXPLORING THE VIABLE COSMOLOGIES BY INCLUDING A F(T,A) = TePTo/T 24,

ON TOP OF THIS INTERESTING FEATURE, WE COULD STILL ADD TO THE F(T) A COSMOLOGICAL CONSTANT TO HAVE
LARGER PHENOMENOLOGICAL POSSIBILITIES. ACCORDINGLY, IN SEC. V, WE WILL WIDEN THE SCOPE OF THE
EXPLORATION FOR VIABLE COSMOLOGIES BY INCLUDING A IN THE ACTION WHILE RETAINING THE FUNCTION THAT
DESCRIBES THE EXPONENTIAL INFRARED TELEPARALLEL MODEL.

Pde = PT + PA

3H?
pr =" (1= (1 - 28HE/H2) /7] Pde = PT + DA,
A
pA= o B 3H3(1+28HZ/H?)
T k11— BH2/H?+232Hi/HY
A e BHS/H?
PN T T BHZJH? + 2B2HEJHY
V
— ACDM
= T , 71 - B,
e o/H™ — — AN -B.
<H§ Qﬁ) € Qmo(B, A) (14 2)” + Qao, f(T.A) - B=-0.561
5 — f(T.A) - B=0.388
Quo(B,A) = (1= 28)¢” — Quo, A
— f(T.A) - B=-7.361
1 2

Region IV (8 < —1/2)

Interpretating the DESI evidence: cosmic slow down of acceleration via f(T) gravity with 3 <0 for z<1



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

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

EXPONENTIAL INFRARED TELEPARALLEL MODEL WITH COSMOLOGICAL CONSTANT
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THE DOTTED PURPLE LINE IN THE RIGHT PANEL REER

LOW REDSHIFTS.

EXTENSIVE CLASS OF MODEL-AGNOSTIC RECONS

REMARK Il: STANDARD ACDM

CENTS QMO + QA0 = 1.

1.041085) AND THE CMB-BASED CONSTRAINT QMOH2 = 0.1431

0.30} + +

: ol

° + ACDM + + 2
E f(T,A) [Phantom DE] . 5 :.
G 0.25} « f(T,A) [Sign-Changin§§ DE] . gl_l‘ :
020} .+ o
’ +. .° M :

-1.0 0.5 0.0 0.5 1.0
Qno

HS, QMO, QAO, [3} THAT SATISFY DM(z%) = 13872.83 MPC cO

TRAINED STRICTLY AND ALMOST MODEL

ON THE PHYSICAL ENERGY DENSITY.

REMARK | : PURPLE PLUS SIGN REPRESENTS THE MODEL IN LINE WITH FINDINGS FROM DESI PAPER GIVEN IN CALDERON, ET AL. 2405.04216 THAT ADDS AN

RUCTIONS WITH ACCEPTABLE FITS TO THE DATA, INCLUDING MODELS WHERE COSMIC ACCELERATION SLOWS DOWN AT

MODEL (RED PLUS) CORRESPONDS TO A VERY SPECIAL POINT, NAMELY, TO A LOCAL MINIMUM IN THE LEFT AND MIDDLE PANELS.



CONCLUDING REMARKS AND FUTURE PLAN

+ THESE ARE THE FIRST ATTEMPTS ON HAVING NEGATIVE ENERGY DENSITIES IN THE PAST.

+ IN THIS MODEL, THE MODIFIED FRIEDMANN EQUATION DOES NOT ALLOW US TO ISOLATE THE HUBBLE
PARAMETER H AS A FUNCTION OF REDSHIFT.

+ YET WE ARE NOW SEEING THAT TORSIONAL DARK ENERGY MODELS MAY PROVIDE VERY DIFFERENT
THEORETICAL OPPORTUNITIES , SUCH AS RESOLVING TENSIONS, GIVING POSSIBLE SLOW DOWN IN
ACCELERATION.

+ WE SHOW A CASE STUDY, HERE WE SHOULD CONSIDER THE TWO DIFFERENT BRANCHES OF LAMBERT W
FUNCTION ASSOCIATED WITH NEGATIVE AND POSITIVE POWERS OF THE EXPONENTIAL.

+ STANDARD ACDM MODEL CORRESPONDS TO A VERY SPECIAL POINT, TURNING POINT FOR HO.

+ FOR SIGN-CHANGING MODEL, THE BEGINNING OF THE ACCELERATION AT AN EARLIER TIME THAN EXPECTED
RESULTS IN A COMOVING HUBBLE PARAMETER, THAT IS IN HUGE DISCREPANCY WITH THE BAO DATA.

+ WE SHOULD MAKE SURE THAT G/GN DOES NOT CHANGE MUCH IN THE EVOLUTION OF THE UNIVERSE. SAY
AT MOST BY 10% AT BBN.



Cor _fr _ frog_ 28I/ Al
T 1 BHZ/H? AN f(T) =TT/ + g(T).

Ger fr fr
The advantage of this choice is that we can set

fr(z=0)=1 and frr(z=0)=0,

where the first ensures Gog(z = 0) = G and the second
Zinen ‘ ensures that Geg varies only slowly in the late universe.

— f(T) - B.
lan pa ] To satisfy these conditions with a minimal function of

— f(T,A) - B=-6.436

— g T, one can introduce a quadratic correction equation for
g(T), which leads to

10 a : = ) F(T) =TePT/T 4oy T + aoT? /Ty,

These conditions are satisfied for
FIG. 7. Gert/Gn vs z

a1 =14+ (B2+p -1’ and ay=—p%"/2.



