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Could gravity be part of a larger spin-2 structure 
similar to how electromagnetism is part of 

electroweak theory?

Massless spin-2 theory!
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Success of General Relativity

• General Relativity: theoretically & empirically successful 

• Open Questions: DM, DE, Hubble tension, Inflation, QG?      Modify gravity? 

• Viable modifications are highly constrained  (theoretically and observationally) 

• A different route: Theoretical consistency first!
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• Lorentzian field theory: (mass, spin)  +  Consistency conditions: 

• Fix structure of field equations 

• Ghost-Freedom: 

• Provides essentially unique theories: 

• s < 2: building blocks of SM: KG, Dirac, YM (well-known) 

• s > 2: Not possible* 

• s = 2: Last part of parameter space! 

• General Relativity (m=0, Lovelock), but beyond one field essentially unknown.
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Multi-Gravity

• Beyond 1 field: 

• Quadratic spectrum:  1 massless & multiple massive spin-2 fields
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Multi-Gravity

• Beyond 1 field: 

• Quadratic spectrum:  1 massless & multiple massive spin-2 fields 

• Generically propagate extra ghostly scalar modes  

• Ghost-freedom is extremely restrictive!
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• Einstein–Hilbert ghost? 

• Ghost-isolating Ansatz: 

This constraint must survive!
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Where is the ghost?

• Multi-gravity: 

                   Necessary condition:
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• Vielbein formulation:
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• Vielbein formulation: 
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Uniqueness of Multi-gravity

• Vielbein formulation: 

• Unique Covariant + Linear in Lapses: 

• Necessary condition (multi-interaction):
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Ghost-free Multi-Gravity

• Full theory:
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Ghost-free Multi-Gravity

• Full theory:
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Ghost-free Multi-Gravity

• Full theory: 

• Free of Ghosts - Full, non-linear Hamiltonian constraint analysis 😮💨 

• Healthy mass spectrum: 1 massless + multiple massive spin-2 fields

<latexit sha1_base64="VmWhJWlbnNBM+O/dhE9UIVGynHY="></latexit>

GI
µω + !Ig

I
µω + V I

µω = 1
2m2

I
T I
µω

[Flinckman, Hassan, 
2410.09439]

[Flinckman, Hassan,  
2510.03014]

<latexit sha1_base64="ymYijyHACObZi2AFKBbRF1CnFpA="></latexit>

S =
∑

I

SEH[gI ]→ 2m4

∫
d4x det

(
∑

I

ωIeI

)
+

∑

I

Sm[gI ,ε
a]



Ghost-free Multi-Gravity

• Full theory: 

• Free of Ghosts - Full, non-linear Hamiltonian constraint analysis 😮💨 

• Healthy mass spectrum: 1 massless + multiple massive spin-2 fields 

Ghost-freedom essentially imposes a unique class of spin-2 interaction!
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• Multi-Gravity FLRW:

Multi-Gravity Cosmology
Scale Factors
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• Multi-Gravity FLRW: 

•                contains terms behaving as dynamical dark energy

Multi-Gravity Cosmology
Scale Factors
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• Multi-Gravity FLRW: 

•                contains terms behaving as dynamical dark energy 

• Massive spin-2 modes provide natural DM candidates

Multi-Gravity Cosmology
Scale Factors
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• Multi-Gravity FLRW: 

•                contains terms behaving as dynamical dark energy 

• Massive spin-2 modes provide natural DM candidates 

• N > 2: Largely unexplored, but bimetric theory (N = 2) is well studied

Multi-Gravity Cosmology
Scale Factors
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• Multi-Gravity FLRW: 

•                contains terms behaving as dynamical dark energy 

• Massive spin-2 modes provide natural DM candidates 

• N > 2: Largely unexplored, but bimetric theory (N = 2) is well studied 

• Rich set of cosmologies: standard, self-accelerating, bouncing, etc.

Multi-Gravity Cosmology
Scale Factors
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• Multi-Gravity FLRW: 

•                contains terms behaving as dynamical dark energy 

• Massive spin-2 modes provide natural DM candidates 

• N > 2: Largely unexplored, but bimetric theory (N = 2) is well studied 

• Rich set of cosmologies: standard, self-accelerating, bouncing, etc. 

• Competitive with          CDM while alleviating Hubble tension

Multi-Gravity Cosmology

[Högås, Mörtsell, 2507.03743]
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Thank you for listening! 
Questions?



• Cosmology 
• Dark Energy  
• Dark Matter 

• Gravitational Waves 
• Graviton mixing 
• GW echoes 
• Waveform inversion 

• Black Holes 
• No Birkhoff's theorem! ⇒ New types of BH solutions

Multi-Gravity Phenomenology


