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Outline

The H,tension problem

The Teleparallel Gravity (TG) formalism

Constraining parameters in TG models using Markov Chain Monte Carlo
(MCMC) technique and the updated version of Pantheon, Pantheon+
data set
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Motivation



Tensions in the Hubble expansion

 The ACDM model has been called into question — due to open problems
such as the H, tension

H, [km s7* Mpc]

Indirect | P18 67.4 + 0.5
Atacama Cosmology Telescope 679 + 1.5
I ~50 tension I
R22 (SHOES Team) 73.04 +1.04
Direct : . +1.7
HOLICOW Collaboration 73.3718
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Theories beyond GR



Teleparallel Gravity

Einstein 1915: General Relativity (GR),
" Metric tensor (g,,)

= Levi-Civita Connection: Curvature, Torsion-free
= Einstein-Hilbert action

l

Einstein 1928: Teleparallel Equivalent of GR
= Tetrad (e“,): relates the tangent space

=  Weitzenbock Connection: Curvatureless, Torsion

S = ! fd‘*x e[T]

167G
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Modified Teleparallel Gravity, f(T)

 |Inspired by f(R) gravity: f(T) gravity

» Taking a flat FRLW cosmology

* Friedmann equations:
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in Cosmology - 7-12t September

HZ

H

eCurvature-Torsion

Relation: R = —T + B
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The Data



Observational Expansion Data Sets (1)

e Cosmic Chronometers (CC): Spectroscopic dating that depend on stellar

evolution and differential ageing but independent of cosmological models,
redshift range z<2

« Baryonic Acoustic Oscillations (BAO): 10 model dependent points up to redshift
z<2.4
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Observational Expansion Data Sets (2)

« Type la Supernovae (SNe la)

* Pantheon Compilation (SN):

% 1048 data points with redshift range, 0.01<z< 2.3

« Pantheon+ Compilation (SN+): A successor of the original Pantheon

%+ 1701 data points with redshift range, 0.001<z< 2.3

« Pantheon+SHOES Compilation (SN+ & SHOES):

% Uses the Pantheon+ compilations and includes SHOES Cepheids (i.e constraints on H, with R22)
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Our work
Probe f(T) gravity — Use recent observational Hubble data

— In conjunction with Markov Chain Monte
Carlo (MCMC) algorithm

|

Explore two models in f(T) gravity by constraining the model parameters

|

Analyse the impact of different data sets and compare results with ACDM model
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Power Law Mode|



f, — Power Law Model

£(T)

Vi

1

S = TenG

j d*x e[~T +7(T)] + Smatter

F(T) = a, T*1

* To obtain a,— evaluate the Friedmann equation at current times

1= Qp, — O
2b; — 1

a, = (6H5)' ™"

 Thus, the Friedmann equation for this model could be written as

E%(z) = 2,,,(1 + 2)3+2,(1 + 2)*+(1 — 2, — 2., )E*P1(2)

_ H(2)

E
Hy
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F(T) = a, T2
, — Power Law Model Results

---- CC + SN
—(CC + SN.. o CE + S1.\I + BAO
--------- CC + SN, & SHOES — CC + 5N, + BAO _
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f, — Power Law Model

F(T) = a, T2

Data Sets AAIC ABIC
CC + SN 68.6 + 1.8 0.350 £3:9¢3 —0.22 X374 1048.94 1068.88 1.45 6.43
CC + SN, 67.7 £ 1.7 0.324 3952 0.16 1338 1426.81 1446.83 1.72 6.72
CC + SN, & SHOES 68.9 +1.4 0.310 £33 0.24 1933 1420.02 1440.04 1.47 6.47
CC + SN + BAO 67.1 +1.6 0.294 +0.015 0.06 +0.13 1065.13 1085.13 1.68 6.68
CC + SN, + BAO 67.4 + 1.5 0.309 +0.016 0.132 3957 1434.83 1454.91 0.54 5.66
CC + SN, & SHOES + BAO 68.4 + 1.3 0.317 %+ 0.015 0.069 ¥3199 1428.80 1448.88 1.55 6.57

Difference between
AIC = 2k = In(L) BIC = k'”('J)\_ 2In(L) ACDM and PLM in

TN

No. of parameters in model Maximum likelihood

ALTECOSMOFUN’21 - 7-10t% September

No. of data points

AIC & BIC

R.Briffa, (UM) - 15 of 23



Linder Mode|



f(T)

1

. S=1¢ GJd‘*xe[—T +’\1~{(T)]+Smatter
f, — Linder Model :

0= (1~ o] b2 [

* To obtain a,— evaluate the Friedmann equation at current times

1 Q- Oy
1—(1+ by)e b2

(04)

 Thus, the Friedmann equation for this model could be written as

1- 0, -0,
1-— (1 + bz)e_bz

E*(2) = 0,,,(1+ 2)°+02,(1 + 2)* - [((1+ byE(2)) Exp[—b,E(2)] — 1]

_H®@)
=

0, =415 x 1075 / h,
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, — Linder Model Results

—CC 4 SN
—CC + SN;
--------- CC + SN & SHOES
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f, — Linder Model

F(T) = a5T, <1 — Exp [—bz\/TTOD

Data Sets JAVA\[@: ABIC
CC + SN 68.7118 0.298 *5-031 0.12 *321 1049.49 1069.43 2.00 6.98
CC + SN, 67.7%1%8 0.319 9939 0.23 929 1426.83 1446.85 2.74 6.74
CC + SN, & SHOES 69.871% 0.315 927 0.27 921 1420.05 1440.07 1.50 6.51
CC + SN + BAO 67.011¢ 0.294 +0.016 0.22 *)12 1064. 62 1084.52 1.06 6.06
CC + SN, + BAO 67.9%13 0.312 5012 0.262139%4 1434.52 1454.60 0.23 5.35
CC + SN, & SHOES + BAO 68.6%11 0.317%391% 0.21213979 1428.50 1448.58 1.26 6.27

Difference between
AlC =2k — In(L) ACDM and PLM in

TN

No. of parameters in model Maximum likelihood
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Conclusion



HolkmsMpc™1] Qm o b;
CC + SN} i b=0
£fCOMf ———— - ACDM model
£CDMf  ———— I -
CC + SN + BAO}
f,CDM| —— : —— e
,CDM} ———— i —— .
CC+SN.,|
fiCDM} ———— . .
£ECDMp ———— L — .
CC+ SN, +BAO}
f1CDM- ! r —a— —a—
£CDM} — i . —
CC+ SN &SHOES|
fLCDM¢f —_— F —
£,CDM} —— ! —— —
CC + SN . &SHOES + BAO| I B R22 value (Hy = 73.04 + 104 km s~ Mpc™)
fCOM}  —e— A s
f,CDM} —_— . —— —
66 68 70 72 74 025 0.30 035 04606 —03 0.0 03 06
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Conclusion and prospects

We have tested 2 f(T) models

MCMC allows us to constrain the parameters in these models

Our interest: assess how the cosmological parameters are altered

This analysis can be extended to other theories such as f(T, B)
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