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Can we construct a consistent (ghost free) theory of interacting spin 2 fields? 

Can we construct a consistent theory for massive graviton? 

Can we explain the late time accelration of the univerese trough this 
modification of GR?

Motivation

Henrik Nersisyan / Institute for Theoretical Physics, Heidelberg University 



Massive generalizaton of GR

Fierz & Pauli (1939):

The only ghost-free mass term:

(linearized metric fluctuations around flat space-time)

There is a vDVZ discontinuity and there is a need of the Vainshtein mechanism.

Non linear theory of massive gravity

2010-11: breakthrough

de Rham & Gabadadze [arXiv:1007.0443]

de Rham, Gabadadze & Tolley [arXiv:1011.1232]

Hassan & Rosen [arXiv:1103.6055]

[arXiv:1106.3344]

[arXiv:1109.3515]

[arXiv:1111.2070]

Hassan, Rosen & Schmidt-May [arXiv:1109.3230]

• The only ghost-free, massive 
gravity

• The only ghost-free, bimetric
gravity
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Non-linear theories of massive gravity were conjectured to suffer from ghosts. 



Massive Gravity

The only ghost-free action for a single massive graviton 

Where f is called reference metric and is not dynamical.

: 

Here are the elementary symmetric polynomials of the matrix
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In general it is impossible to construct non trivial interaction terms with only one metric, one 
has to introduce a second metric



Massive Bigravity

The action of the theory: 
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V: interaction potential built out of the matrix
m: interaction scale/graviton mass
Mpl, Mf: Planck masses for gμν and fμν

Gives dynamics to the reference metric Admits FLRW backgrounds

β0…4 : free parameters of the theory 



Viable models on background level

Where
Y. Akrami, T. Koivisto, M. Sandstad [arXiv:1209.0457]

F. Könnig, A. Patil, L. Amendola [arXiv:1312.3208]
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Features and Achievements 

Gives a dynamical dark energy model. 

Phantom behaviour is common (w < -1). 

Possible non-GR signatures at background
level and in structure formation.

Technically natural dark energy candidate .
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Problems 
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Single Coupling:                                                                                                             
Only one metric describes space-time (directly couples to matter)

Finite Branch: Scalar perturbations are plugged by early-time 
gradient instabilities.

Infinite Branch: Vacuum decays immediately because of ghosts.



Ways Out

Cure gradient instabilities nonlinearly (Vainshtein mechanism)

Non-FRLW  backgrounds 

Doubly coupled bigravity, but there are problems

Plank mass hierarchy for two metrics

Other modifications of the theory
(Quasidilaton, Varying mass, Lorentz violation, F(R)-bigravity, trigravity ...) 
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E.Mörtsell, J. Enander arXiv:1506.04977

K. Aoki,  K. Maeda,  R. Namba  arXiv:1506.04543

HN, Y. Akrami, L. Amendola arXiv:1502.03988

Y. Akrami, S.F. Hassan, F. Könnig, A. Schmidt-May, A. Solomon  arXiv:1503.07521

Y. Akrami, T. Koivisto, D. Mota, M. Sandstad arXiv:1306.0004

Y. Akrami, T. Koivisto, A. Solomon  arXiv:1404.0006



Possible metric combinations 

FRLW-FRLW:

FRLW- Lemaître:

LTB-LTB:

Bianchi I-FRLW:

(homogenous-inhomogenous)

(anisotropic-isotropic)

(inhomogenous-inhomogenous)

(homogenous-homogenous)
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Where



Possible combinations 

HN, Y. Akrami, L. Amendola arXiv:1502.03988
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Cosmological implementation of a viable combinations

FRLW-FRLW´:

Attractor solution:

FRLW-FRLW

Attractor solution

At the late times of cosmological evolution, the transformation functions will be 
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Summary

No viable and linear stable model found

Option 1: cure gradient instability nonlinearly?
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Option 2: other backgrounds

Option 3: can couple both metrics to matter

Option 4: take small f-metric Planck mass

Option 5: other theories (modifications/generalizations)





The possibility of different  metric combinations 

Ricci identities + energy-momentum conservation:

Equations of Motion:
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Consistent branches of the theory 

Where


