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• Massive gravity and bigravity theories have cutoffs 

• The cutoff can be raised for KK theories and string theory: infinite set of massive spin-2 fields 

• SUSY massive graviton multiplet : couple it to SUGRA 

Is the corresponding action related to a KK truncated action ? Or string theory effective action ?
Until which energy scale it is valid ?   

• Usually SUGRA solves problems, ex.  causality in gravitino propagation. We find a result superficially 
orthogonal to this lore



Summary & Outline

consistency with local SUSY

- massive spin-2 supermultiplet

Unique at leading order in 𝑀PUnique at leading order in 𝑀P

Supercurrent superfield 

Properties of the coupling
connection with string theory 

4-derivatives coupling to 𝑅!"#$

Relation to Kaluza–Klein theory*

SUGRA

Unitarity and cutoff 



- Massive spin-2 supermultiplet:
[ZINOVIEV ’02]
[BUCHBINDER, GATES, LINCH, PHILLIPS
’02]

The massive spin-2 multiplet



- Massive spin-2 supermultiplet:
[ZINOVIEV ’02]
[BUCHBINDER, GATES, LINCH, PHILLIPS
’02]

The massive spin-2 multiplet

- Supersymmetric Fierz–Pauli lagrangian:



- Massive spin-2 supermultiplet:
[ZINOVIEV ’02]
[BUCHBINDER, GATES, LINCH, PHILLIPS
’02]

The massive spin-2 multiplet

- Coupling to supergravity: 

Supercurrent superfield



- Multiplets of currents:

The supercurrent superfield

linear multiplet conservation-like equation

[FERRARA, ZUMINO ’74] [SOHNIUS, WEST ’81]
[KOMARGODSKI, SEIBERG ’10]



- Multiplets of currents:

The supercurrent superfield

[FERRARA, ZUMINO ’74] [SOHNIUS, WEST ’81]
[KOMARGODSKI, SEIBERG ’10]

- Local SUSY

off-shell SUGRA

𝒮! is the current of the SUGRA gauge fields:

[FERRARA, VAN NIEUWENHUIZEN ’78] [STELLE, WEST ’78] 
[SIEGEL, GATES ’79] [SOHNIUS, WEST ’81]



The supercurrent superfield

- Currents supermultiplets & off-shell SUGRA formulations:

(2) R-symmetry multiplet:

(1) Ferrara–Zumino multiplet:

complex scalar
[FERRARA, ZUMINO ’74]

old-minimal off-shell SUGRA
[FERRARA, VAN NIEUWENHUIZEN

’78]
[STELLE, WEST ’78]

[SOHNIUS, WEST ’81] antisymmetric field

new-minimal off-shell SUGRA

[SOHNIUS, WEST ’81]



The massive spin-2 supercurrent 
& the coupling to supergravity



The massive spin-2 supercurrent

- Supercurrent for the multiplet                               :

R-symmetry:



The massive spin-2 supercurrent

- Supercurrent for the multiplet                               :

R-symmetry current:

new-minimal         
off-shell SUGRA

R-symmetry multiplet:
[SOHNIUS, WEST ’81]



R-symmetry current:

The massive spin-2 supercurrent

stress-energy tensor: 
[CALLAN, COLEMAN, JACKIW ’69]

improvement terms

non-minimal couplings 

diff-invariant

not diff-invariant

terms do not define consistent couplings to gravity

- Supercurrent for the multiplet                               :



The unique consistent coupling

- Improvements to the supercurrent: [FERRARA, ZUMINO ’74] [KOMARGODSKI, SEIBERG ’10]

linear superfield improvement

multiplet of improvements

Parity + linear multiplet + four-derivatives



- Unique consistent improvements :

non-trivial coupling to the Riemann tensor

unique coupling to gravity at 4-derivatives

The unique consistent coupling



The full action quadratic in massive fields is  

where
Higher-derivative terms, potentially dangerous ! 



2 → 2 massive spin-2 scattering amplitude

ℎ!"

ℎ!"

ℎ!"

ℎ!"

(1) High-energy limit: fixed

[BONIFACIO, HINTERBICHLER ’18]
[BONIFACIO, HINTERBICHLER, ROSEN ’19]

&

[ARKANI-HAMED, GEORGI, SCHWARTZ ’03]

spin-2, spin-1, spin-0

dRGT massive gravity & Hassan-Rosen bigravity
[DE RHAM, GABADADZE, TOLLEY ’11] [HASSAN, ROSEN ’12]



2 → 2 massive spin-2 scattering amplitude

ℎ!"

ℎ!"

ℎ!"

ℎ!"

spin-2, spin-1, spin-0

(2) Regge limit: fixed

[KUNDU, PALTI, QUIRANT ’23]

(1) High-energy limit: fixed

[BONIFACIO, HINTERBICHLER ’18]
[BONIFACIO, HINTERBICHLER, ROSEN ’19]

&

[ARKANI-HAMED, GEORGI, SCHWARTZ ’03]



- Massive spin-2 scattering from the unique coupling:

2 → 2 massive spin-2 scattering amplitude

ℎ!"

ℎ!"

ℎ!"

ℎ!"

𝑔!"

both high-energy & Regge  

agreement with [ARKANI-HAMED, GEORGI, SCHWARTZ ’03] [BONIFACIO, HINTERBICHLER ’18]  [BONIFACIO, HINTERBICHLER, ROSEN ’19] [KUNDU, PALTI, QUIRANT ’23]

better behaviour than the generic  

non-minimal improvements worsen the amplitude 



- Connection with superstring theory:

[LÜST, MARKOU, MAZLOUMI, STIEBERGER ’21]

coupling of a massive open string state of mass 𝑚 = 1/ 𝛼!(1)

[CAMANHO, EDELSTEIN, MALDACENA, ZHIBOEDOV ’14]

tower of higher-spin fields(2)

[ADAMS, DEWOLFE, TAYLOR ’10] [KIM, TARAZI, VAFA ’19] [MONTERO, VAFA ’20] [BEDROYA, HAMADA, MONTERO, VAFA
’21]

potential violations of causality

The unique coupling & open string theory

Evidence for the string lamppost principle for              and   



The Kaluza–Klein coupling



SUGRA multiplet chiral multiplet tower of massive spin-2 
supermultiplets

The Kaluza–Klein coupling

- Kaluza–Klein reduction of 5D pure supergravity on the orbifold              :



The Kaluza–Klein coupling

- Kaluza–Klein reduction Stückelberg organisation of the massive degrees of freedom

5D gauge invariance

unitary gauge:

unitary gauge + massive SUSY deformation of the massless SUSY

the Kaluza–Klein coupling cannot be captured by 
the undeformed supercurrent superfield setup 



Infinite distance paradigm
String oscillator Kaluza–Klein mode

- long multiplet in  𝒩 ≥ 2 SUSY 

[BOSSARD, CASAGRANDE, , E.D, LOTY
’25]

- higher-spin tower becoming light for 

- unique coupling to gravity  

tensionless limit of the string

- massive spin-2 tower becoming light for 

- KK coupling to gravity  

decompactification limit

- 1/2-BPS short multiplet in                   SUSY 

deformation expected to be unique

realisation of the infinite distance paradigm of the swampland program
[OOGURI, VAFA ’06] [GRIMM, PALTI, VALENZUELA ’18] [LEE, LERCHE, WEIGAND

’19]



Conclusions & future directions
The coupling of to undeformed                             SUGRA is unique

SUGRA is unique.

causality violation?

• extend the improvement analysis to higher-derivative orders  

• extension to a fully non-linear lagrangian propagation of ghosts  ?

• prove that the KK is (not) the only deformed coupling.    
• Massive spin-2 field could be a DM candidate  (freeze-in production)

Main (conservative interpretation) result : eliminating causality issues needs higher spins with no mass gap  

but it contains higher-derivative terms. 



Thank you!



Non diff-invariant improvements



Non-minimal coupling to the Riemann tensor



1) 5D supergravity algebra: [GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

The Kaluza–Klein reduction

- 5D pure supergravity on the orbifold :



1) 5D supergravity algebra

2) compactification ansatz: 

[GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

- 5D pure supergravity on the orbifold :

The Kaluza–Klein reduction



1) 5D supergravity algebra

2) compactification ansatz 

3) mode decomposition of the fields along.             :

[GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

- 5D pure supergravity on the orbifold :

The Kaluza–Klein reduction



1) 5D supergravity algebra

2) compactification ansatz 

4) Stückelberg organisation of the massive degrees of freedom:

3) mode decomposition of the fields along  S1/Z2 

[GÜNAYDIN, SIERRA, TOWNSEND ’83]  [CERESOLE, DALL’AGATA ’00]

&

- 5D pure supergravity on the orbifold :

The Kaluza–Klein reduction



Stückelberg combinations


