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General Research Interests of the Group

extended and modified theories for gravity: 

general aspects of consistent field theories

new symmetries and implications for quantum gravity

gravitational theories with more than one metric

gravitational theories with different geometry

particle physics interpretation of theories with massive spin-2 fields

implications for cosmology and astrophysics
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Why are we interested in these topics ?



This is a slide title

Spin 0:        Higgs boson   

Spin 1/2:     leptons, quarks 

Spin 1:        gluons, photon, W- & Z-boson      
       
Spin 2:        graviton  

Consistent Field Theories
Standard Model of Particle Physics & General Relativity

Going beyond known physics

Standard Model of Particle Physics & General Relativity

spin 0: Higgs boson �

spin 1/2 : quarks, leptons  

a

spin 1: gluons, photons, W- & Z-bosons Aµ

spin 2: graviton gµ⌫

9
>>=

>>;

well-known
consistent
theories

“Beyond known physics" can mean . . .

. . . more copies of the known field theories.

. . . new field theories (i.e. higher spin).
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less understood …

well understood 

Consistent Field Theories
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MASSLESS !

Standard Model of Particle Physics & General Relativity

massless 

& massive 

Consistent Field Theories



How do we describe massive spin-2 fields ?



This is a slide title

Massless Gravity

General Relativity with Einstein-Hilbert action for metric gµ⌫

SEH[g] = M

2
P

Z
d4x

p
g

⇣
R(g)� 2⇤

⌘

Einstein equations: Rµ⌫ � 1
2gµ⌫R+ ⇤gµ⌫ = 0

maximally symmetric solutions: R̄µ⌫ = ⇤ḡµ⌫

linear perturbation theory: gµ⌫ = ḡµ⌫ + �gµ⌫ :

Ē ⇢�
µ⌫ �g⇢� � ⇤g

�
�gµ⌫ � 1

2 ḡµ⌫�g
�
= 0

! equation for a massless spin-field with 2 degrees of freedom
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Einstein-Hilbert action:
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= classical nonlinear field theory for metric tensor

Which metric represents gravity?

Absence of ghost: only one of the metrics couples to matter

Sgf = m

2
g

Z
d4x

p
g R(g) + m

2
f

Z
d4x

p
f R(f)

� m

4

Z
d4x

p
g

4X

n=0

�nen

⇣p
g

�1
f

⌘

+

Z
d4x

p
g Lmatter(g,�)

! only known coupling that does not re-introduce the ghost

! gµ⌫ is the gravitational metric

The gravitational metric is not massless!

18 / 26

describes the two degrees of freedom of a self-interacting,  
massless spin-2 field

General Relativity



Bimetric Theory

Massive Gravity
nondynamical background metric fµ⌫ , fixed by hand

! 5 d.o.f.

dynamical fµ⌫ , determined by its equation of motion
! 5 + 2 = 7 d.o.f. [Rosen, 1940; Isham, Salam & Strathdee,1971/77]

Bimetric action:

Sb[g, f ] = m

2
g

Z
d4x

p
g

⇣
R(g)� 2⇤

⌘

+ m

2
f

Z
d4x

p
f

⇣
R(f)� 2⇤̃

⌘
�

Z
d4x V (g, f)

But there’s still a problem . . .

Nonlinear field theory for two interacting tensors:
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But there’s still a problem . . .

Nonlinear field theory for two interacting tensors:

Linear Massive Gravity

Fierz & Pauli (1939): equation for massive spin-2 field

Ē ⇢�
µ⌫ �g⇢� � ⇤g

�
�gµ⌫ � 1

2 ḡµ⌫�g
�
+

m2
FP
2

�
�gµ⌫ � a ḡµ⌫�g

�
= 0

propagates 5 degrees of freedom for a = 1

for a 6= 1 there is an additional propagating scalar mode that
gives rise to a ghost instability
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Bimetric Theory

E   < 0kin
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Bimetric Theory

unique structure!



contains a new massive field with spin-2

describes a massive & a massless spin-2 field

Bimetric Theory

lots of interesting new physics 
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Nonlinear Massive Gravity

Mass term should have non-derivative interactions of gµ⌫ , but
if we try to contract the indices we get:

g

µ⌫
gµ⌫ = 4

This is not a mass term.

Only way out: introduce second metric to contract indices

g

µ⌫
fµ⌫ = Tr (g�1

f) f

µ⌫
gµ⌫ = Tr (f�1

g)

Massive Gravity action is of the form

SMG[g] = SEH[g] �
Z

d4x V (g, f)

What determines fµ⌫?

10 / 26

Standard Model of Particle Physics & Bimetric Theory

Consistent Field Theories



Features of Massive Spin-2 Fields

massive spin-2 theories can have extra symmetries which could be  
relevant for quantum gravity

they can drive the cosmic acceleration in the absence of vacuum energy

massive spin-2 particles are naturally ideal dark matter candidates



Our Achievements in 2018



Completed projects in 2018

better understanding of the matter coupling in bimetric theory
M. Lüben & ASM; 1804.04671 (Fortsch.Phys.)

What are the interactions with the 

Standard Model particles 

and how is the gravitational force 

modified ?



Completed projects in 2018

better understanding of the matter coupling in bimetric theory
M. Lüben & ASM; 1804.04671 (Fortsch.Phys.)

new interactions in multi-spin-2 theories
S.F. Hassan & ASM; 1804.09723 (under review by PRL)

What are the most general theories  

for multiple spin-2 fields ?



Completed projects in 2018

better understanding of the matter coupling in bimetric theory
M. Lüben & ASM; 1804.04671 (Fortsch.Phys.)

new interactions in multi-spin-2 theories
S.F. Hassan & ASM; 1804.09723 (under review by PRL)

establishment of a relation to higher-derivative theories for gravity
B. Gording & ASM; 1807.05011 (JHEP)

How is our setup related to 

other known theories ?



Completed projects in 2018

relating 4-dimensional gravity theories to 5-dimensional gauge theories
N. Gonzalez Albornoz, D. Lüst, S. Salgado & ASM; 1811.05435 (JHEP)

(continued)

Can the structure of spin-2 

interactions arise from a gauge 

formulation ?



Completed projects in 2018

proposal of a gravitational theory including an antisymmetric field
C. Markou, F. Rudolph & ASM; 1811.12419 (under review by JHEP)

(continued)

What is the geometry of massive 

spin-2 theories ?

relating 4-dimensional gravity theories to 5-dimensional gauge theories
N. Gonzalez Albornoz, D. Lüst, S. Salgado & ASM; 1811.05435 (JHEP)



Completed projects in 2018

consistent interactions for multiple massive spin-1 fields
V. Errasti-Diez , B. Gording, J. Mendez & ASM; work in progress

(continued)

proposal of a gravitational theory including an antisymmetric field
C. Markou, F. Rudolph & ASM; 1811.12419 (under review by JHEP)

relating 4-dimensional gravity theories to 5-dimensional gauge theories
N. Gonzalez Albornoz, D. Lüst, S. Salgado & ASM; 1811.05435 (JHEP)

What is the complete set of 

consistent field theories ?



Questions for the Future

New symmetries ?

Relation to string theory ?

Most general interactions for spin up to 2 ?

Quantum theory ?

Observational constraints on massive spin-2 fields ?
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  Thank you for 
your attention!


