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OUTLINE

Modified Gravity: motivation and common questions


Teleparallel gravity and beyond


• TEGR, f(T) and f(T,B) gravity 


• An alternative EFT formulation: cosmology tension.  


Extra DoFs in f(T) gravity


• Hamiltonian analysis: field configuration dependence


• Perturbation behavior: strong coupling problem.            my work



I.BACKGROUND

At the beginning, I’d like to give some background about modified gravity



Motivation?

Discrepancies between GR predictions and observations:


• Dark Sector: Dark matter and dark energy…


Plus a cosmological constant (ΛCDM): 


• Cosmological constant problem…


• Cosmology tensions…


Self-consistency: 


• Singularity…


• Quantum gravity…



Different scales?

L. Heisenberg 1807.01725, 

Assuming that General Relativity is still the right effective theory for the 
intermediate scales, one can tackle these problems by modifying the 
gravitational interactions in the IR and UV.


Yi-Fu Cai 2021 

Solar System



How to modify?

Lovelock 1971, 1972: Lovelock’s theorem

The only possible second order 


equations of motion are 


the Einstein’s equations and/or 


a cosmological constant.



How to modify?

T. Clifton, et al. 1106.2476



Modified gravity?

ghosts,… 

Q1: How many physical DoFs?

Q2: How do these DoFs behave?

Comparing with GR

T. Clifton, et al. 1106.2476



Different Geometry

J. Beltran Jiménez, et. al. 1903.06830 

Q1: How many physical DoFs?

Q2: How these DoFs behave?

Comparing with GR

Teleparallel: vanishing curvature



 Geometrical trinity
J. Beltran Jiménez, 

et. al. 

1903.06830 



 Teleparallel gravity
CANTATA. 2105.12582; S. Bahamonde, et.al. 1508.05120

Teleparallel : general connection with vanishing curvature



The EFT approach?

Chun-Long Li et al. 1803.09818

A general EFT action of torsional gravity:

all terms that start quadratic 


in perturbations



 f(T) gravity
Sheng-Feng Yan, et. al. 1909.06388; Xin Ren, et. al. 2203.01926



The EFT approach?

Shinji Mukohyama. 2022:

Q1: How many physical DoFs?

Q2: How do these DoFs behave?

Q3:what is the regime of validity?

EFT method should be a good unified way to answer this question



II. EXTRA DOFS IN 
F(T) GRAVITY 



Other hints

Inversible transformaion: dynamically equivalent


Matthew Wright. 1602.05764

the presence of a scalar field with a coupling term




Hamiltonian analysis

Miao Li, et al.1105.5934: 


Pisin Chen, et al. 1412.8383:


Rafael Ferraro, et al. 1802.02130:


Milutin Blagojević, et al. 2006.15303: 

5
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the number of physical DoFs and the classes of Dirac constraints, 


can and do change depending on the values of the fields. 


That is, they are expected to be different on different background geometries.

Pisin Chen, et al. 1412.8383

Inconsistent results?

this could be a generic feature of teleparallel theories, 

Generally there are 5 DoFs in f(T) gravity, however, 


there would exist solutions where the Poisson bracket matrix has less rank.



Xian Gao et al. 2019: degenerate conditions in 3-DoF SCG gravity

Hard to solve?

Alternative method is needed             Perterbation method 



Perturbation

Linear order:  no extra DoF or strong coupling problem ?


K. Izumi and Y.C. Ong, 1212.5774


• In flat FLRW background: 


All possible modes of perturbations up to second order action, including 

pseudoscalar and pseudovector modes in addition to the usual scalar, vector, and 

tensor modes.


• In Minkowski spacetim: 


By taking the limit H→0,  the extra degrees of freedom do not appear in this level.



Perturbation

Higher order:  strong coupling problem ?


J. Beltran Jimene, et.al. 2004.07536


• In Minkowski spacetime: 4-th order perturbation action


Q1: How many extra DoFs?          At least one scalar mode, (not only in M)

What will happen in higher order around cosmology background ?

New DoF would appear in 3rd order or 4-th order ?

consider the general Minkowski solution as perturbation around the trivial tetrad

λ ∈ so(1, 3)



STRONG COUPLING 
ISSUE IN F(T) GRAVITY


BY EFT METHOD
Based on the work arXiv: 2302.03545


in collaboration with Yaqi Zhao, Xin Ren, Bo Wang, E. N. Saridakis, Yi-Fu Cai



Perturbed tetrads

K. Izumi, Y.Ong. 1212.5774; 

only focus on the scalar perturbations

written in the Newtonian gauge

The gauge transformation



Perturbed tetrads

Yu-Min Hu et al. 2302. 3545

higher order expension: up to cubic order

with cubic contribution skipped in this slide



Strong coupling issue

Yu-Min Hu et al. 2302. 3545

linear order perturbation actions:

Solve all the constraint equations of three non-dynamical variables 

with 



Strong coupling issue

Yu-Min Hu et al. 2302. 3545

both linear and second order perturbation actions:

New DoF would not appear in cubic action around FLRW background
Q2: How do the DoF behave?

hint for 4-th order



The EFT approach

Q3: what is the regime of validity ?

If the ratio of cubic to quadratic Lagrangian becomes larger than one, 
then the theory is strongly coupled.

perform a energy scale estimation

Yu-Min Hu et al. 2302. 3545

Strong coupling problem: 4-th order is needed
But equations become much involved and are hard to solve.

Strong coupling scale

When is perturbation method out of the valid regime?



Strong coupling issue

Yu-Min Hu et al. 2302. 3545

Challenge: no time derivatives appear in linear order

In the quadratic action, the leading 
term is assumed to be of order one

introduce a dimensionless parameter

Generally, the physical momentum p is related to E through 


the dispersion relation obtained in quadratic order.

In this notation

the cut-off scale



Strong coupling issue

Yu-Min Hu et al. 2302. 3545

introduce a dimensionless parameter

focusing on the modes deep inside horizon
much higher than the cutoff M

valid up to the scale M



SUMMARY 

Q1: How many extra DoFs of f(T) gravity in flat FLRW?        


• Strongly support one scalar mode at least, fail to confirm.


 Q2: How do this scalar type DoF behave in flat FLRW?


• Scalar DoF do not appear up to cubic action


• Strongly indicate it should appear in 4th action, then strong coupling


Q3: what is the validity regime when stong coupling appear?


• valid up to the EFT cut-off scale M (at least for deep inside modes)



THANK YOU FOR YOUR 
ATTENTION


