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Why bimetric gravity? 

Old CC problem: why isn’t Λ huge? 
New CC problem: why is Λ nonzero? 

 

⇒   Try modifying GR 

⇒   Conceptually simple modification: 
  give the graviton a small mass 

This leads naturally to a theory with two metrics 

Also: field theory motivation: 
how to construct interacting spin-2 fields? 
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Cosmology in bigravity: 
the situation to date 

  Self-accelerating solutions exist, agree with 
background observations (SNe, BAO, CMB) 
  Akrami, Koivisto, & Sandstad 1209.0457 (JHEP) 

  But, they are plagued by instabilities! 
  Crisostomi, Comelli, & Pilo 1202.1986 (JHEP) 
  Könnig, Akrami, Amendola, Motta, & ARS 1407.4331 

(PRD) 
  Lagos and Ferreira 1410.0207 (JCAP) – see next talk 

  Is all lost? (Spoiler alert: Maybe not!) 
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A new way out? arXiv last Friday: 1503.07521
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Bigravity in a nutshell 
The action for bigravity is 
 
 
 

V: interaction potential built out of the matrix  
m: interaction scale/”graviton mass” 
Mpl, Mf: Planck masses for gµν and fµν 
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Three things to keep in mind… 

1.  V has restricted form to avoid ghosts 
de Rham, Gabadadze, and Tolley 
Hassan and Rosen 

2.  Self-acceleration requires m ~ H0 ~ 10-33 eV 

3.  Diffeomorphism invariance broken by g-1f 
Recovered when m=0 
Expect small m to be protected from quantum 
corrections 
(Contrast this with Λ!) 

Adam Solomon – DAMTP, University of Cambridge 

L = �M2
Pl

2

p
�gR(g)�

M2
f

2

p
�fR(f)

+m2M2
Pl

p
�g V (

p
g�1f) +

p
�gLm (g,�i)



There is nothing stable in the world; uproar's your only music. 
John Keats 

  Most FLRW solutions have gradient instability 

  Subhorizon scalar perturbations grow exponentially from 
t=0 until recently 
Until z~0.5 in the simplest model 
 
 
 
 
 
 
 
 
 
Our goal: push back instability without losing acceleration 
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The GR limit of bigravity 
The field equations are 
 
 
 
 
 

Limit Mf à 0: bigravity becomes GR 
f equation:                fixes f in terms of g algebraically 
This implies 
The metric interactions leave behind an effective cosmological 
constant! 
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Exorcising the instability 
  Question: what happens to the instability in the GR limit? 

  Answer: it never vanishes, but ends at earlier and earlier 
times 

  By making f-metric Planck mass very small, instability can 
be unobservable or beyond cutoff of the EFT 

  Perturbations stable after H = H★, with 
 
 

  Ex: instability absent after BBN requires Mf ~ 100 GeV 
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Doesn’t the GR limit make the theory boring? 
Don’t we lose self-acceleration? 

No! 

Consider (example) the interaction potential 
 

The effective cosmological constant is 

We still have self-acceleration and automatic consistency 
with observations! 

Adam Solomon – DAMTP, University of Cambridge 

V = Tr(
p

g�1f)�
⇣
Tr(

p
g�1f)2 � Tr(g�1f)

⌘

⇤e↵ =
1

3
m2 +O

 
M2

f

M2
Pl

!



Taking Mf / Mpl small (<~10-17) we find 
 

Bigravity = ΛCDM + O(Mf2/Mpl2) 
 
Bad news: difficult to distinguish from GR 

Good news: small CC is technically natural 
HUGE improvement over standard ΛCDM 

(More good news: agrees with observations as well as 
GR does) 
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In summary… 

  By taking second-metric Planck mass to be small, 
bigravity cosmologies become stable 
  Instability still exists, but at unobservably early times 

  Cosmologies become exactly ΛCDM at late times 

  GR limit only valid when 
 
 
 
 
This is also the condition for absence of instability! 
(Nontrivial) 
à Possible early-time tests 
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How was this missed? 
Mf is usually seen as a redundant parameter. The rescaling 
 
 
leaves the action unchanged. 

Common practice in bigravity: set Mf = Mpl from the start! 

In this language, the GR limit is 

β1 ~ 1017 
β2 ~ 1034 

etc. 

which looks weird and highly unnatural! 

Also: need more than one βn nonzero 
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