
Massive Spin-2 particles and the swampland

Joan Quirant 

Padova , June 25th, 2024

Based on 2311.00022 with S. Kundu and E. Palti and on 2405.10100 

String Phenomenology 2024



Motivation



 KK copies of the graviton

 Top-down approach

Motivation
• Massive spin-2 particles appear in (string) compactifications

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

Other 
particles

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

∞



Motivation
• Massive spin-2 particles appear in (string) compactifications

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

Other 
particles

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

∞

• But… from a bottom-up perspective

 KK copies of the graviton

 Top-down approach



Motivation
• Massive spin-2 particles appear in (string) compactifications

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

Other 
particles

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

∞

• But… from a bottom-up perspective

 Gravity coupled to a massive spin-2 particle

 Single massive spin-2 particle

E

Massive spin − 2
Graviton, m = 0

ΛEFT

E

Massive spin − 2 particle

ΛEFT

 KK copies of the graviton

 Top-down approach



Motivation
• Massive spin-2 particles appear in (string) compactifications

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

Other 
particles

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

∞

• But… from a bottom-up perspective

 Gravity coupled to a massive spin-2 particle

 Single massive spin-2 particle

E

Massive spin − 2
Graviton, m = 0

ΛEFT

E

Massive spin − 2 particle

ΛEFT

Are these 
scenarios in the 

swampland?

 KK copies of the graviton

 Top-down approach



Motivation
• Massive spin-2 particles appear in (string) compactifications

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

Other 
particles

E

Graviton, m = 0

ΛEFT

Massive spin − 2 replicas

∞

• But… from a bottom-up perspective

 Gravity coupled to a massive spin-2 particle

 Single massive spin-2 particle

E

Massive spin − 2
Graviton, m = 0

ΛEFT

E

Massive spin − 2 particle

ΛEFT

Are these 
scenarios in the 

swampland?

 KK copies of the graviton

 Top-down approach

Massive 
spin-2 

particles
Swampland 

program

(Swampland) 
constraints for massive 

spin-2 particles?



Contents
0) Motivation

1) The Classical Regge Growth Conjecture (CRG)

2) One massive spin-2 particle
 
3) Several massive spin-2 particles

4) Conclusions and outlook

 

We will only  consider 
𝑑𝑑 = 4 in this talk



Classical Regge Growth Conjecture

• We are all familiar with the swampland program

 Properties EFT must satisfy to be compatible 
with quantum gravity.



Classical Regge Growth Conjecture

• We are all familiar with the swampland program

 Properties EFT must satisfy to be compatible 
with quantum gravity.

• Spin-2 conjecture Klaewer, Lüst, Palti ’18

 WGC to the helicity-1 mode of the massive spin-2 (ℎ𝜇𝜇𝜇𝜇 ) with mass 𝑚𝑚:  

ℎ𝜇𝜇𝜇𝜇  and 𝑔𝑔𝜇𝜇𝜇𝜇: ΛEFT ∼
𝑚𝑚𝑀𝑀𝑝𝑝

𝑀𝑀𝑤𝑤
Only ℎ𝜇𝜇𝜇𝜇  : ΛEFT ∼ 𝑚𝑚
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1.   Find all possible on-shell cubic vertices (parity even and parity odd). Following Costa, Penedones, Poland, Rychkov `11
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 Proof of concept: take General Relativity (ℒ ∼ 𝑀𝑀𝐷𝐷

𝐷𝐷−2 −𝑔𝑔𝑅𝑅) and compactify 𝓜𝓜𝐷𝐷(𝑥𝑥,𝑀𝑀) = 𝑅𝑅1,3(𝑥𝑥) × 𝓝𝓝𝐷𝐷−4(𝑀𝑀)

Closed, compact, 
Ricci-flat

• In the parent D-dimensional theory: pure gravity. CRG is satisfied

• In 4d, a theory of (interacting) spin-2 (ℎ𝜇𝜇𝜇𝜇0 , ℎ𝜇𝜇𝜇𝜇𝑖𝑖 ), spin-1 (𝐴𝐴𝜇𝜇0 ,  𝐴𝐴𝜇𝜇𝑖𝑖 ) and scalar particles (𝜙𝜙𝑙𝑙). Interactions completely fixed.

    𝐿𝐿4 ⊃ 𝜕𝜕ℎ0𝜕𝜕ℎ0 + 𝜕𝜕ℎ𝑖𝑖𝜕𝜕ℎ𝑖𝑖 − 𝑚𝑚𝑖𝑖
2ℎ𝑖𝑖ℎ𝑖𝑖 + 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑖𝑖ℎ𝑖𝑖 + 𝛿𝛿𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑖𝑖ℎ0 + 𝑠𝑠𝑖𝑖𝑖𝑖𝑙𝑙ℎ𝑖𝑖ℎ𝑖𝑖𝜙𝜙𝑙𝑙 + 𝑘𝑘𝑖𝑖𝑖𝑖𝑙𝑙ℎ𝑖𝑖ℎ𝑖𝑖𝐴𝐴𝑙𝑙 + 𝑐𝑐𝑖𝑖𝑖𝑖𝑚𝑚𝑛𝑛ℎ𝑖𝑖ℎ𝑖𝑖ℎ𝑚𝑚ℎ𝑛𝑛

Fixed by the internal geometry and related (they come 
from expanding and reducing ℒ ∼ 𝑀𝑀𝐷𝐷

𝐷𝐷−2 −𝑔𝑔𝑅𝑅)



Several massive spin-2 particles
 Proof of concept: take General Relativity (ℒ ∼ 𝑀𝑀𝐷𝐷

𝐷𝐷−2 −𝑔𝑔𝑅𝑅) and compactify 𝓜𝓜𝐷𝐷(𝑥𝑥,𝑀𝑀) = 𝑅𝑅1,3(𝑥𝑥) × 𝓝𝓝𝐷𝐷−4(𝑀𝑀)

Closed, compact, 
Ricci-flat

• In the parent D-dimensional theory: pure gravity. CRG is satisfied

• In 4d, a theory of (interacting) spin-2 (ℎ𝜇𝜇𝜇𝜇0 , ℎ𝜇𝜇𝜇𝜇𝑖𝑖 ), spin-1 (𝐴𝐴𝜇𝜇0 ,  𝐴𝐴𝜇𝜇𝑖𝑖 ) and scalar particles (𝜙𝜙𝑙𝑙). Interactions completely fixed.

    𝐿𝐿4 ⊃ 𝜕𝜕ℎ0𝜕𝜕ℎ0 + 𝜕𝜕ℎ𝑖𝑖𝜕𝜕ℎ𝑖𝑖 − 𝑚𝑚𝑖𝑖
2ℎ𝑖𝑖ℎ𝑖𝑖 + 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑖𝑖ℎ𝑖𝑖 + 𝛿𝛿𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑖𝑖ℎ0 + 𝑠𝑠𝑖𝑖𝑖𝑖𝑙𝑙ℎ𝑖𝑖ℎ𝑖𝑖𝜙𝜙𝑙𝑙 + 𝑘𝑘𝑖𝑖𝑖𝑖𝑙𝑙ℎ𝑖𝑖ℎ𝑖𝑖𝐴𝐴𝑙𝑙 + 𝑐𝑐𝑖𝑖𝑖𝑖𝑚𝑚𝑛𝑛ℎ𝑖𝑖ℎ𝑖𝑖ℎ𝑚𝑚ℎ𝑛𝑛

Fixed by the internal geometry and related (they come 
from expanding and reducing ℒ ∼ 𝑀𝑀𝐷𝐷

𝐷𝐷−2 −𝑔𝑔𝑅𝑅)

• Dimensional reduction given in Bonifacio, Hinterbichler ’20. Similar ideas imposing unitarity.



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.

 Constraints on the spectrum

Exchange ℎ0,ℎ𝑖𝑖 + contact

∀ℎ𝑖𝑖 , �
𝑖𝑖=1(𝑖𝑖≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 (𝑚𝑚𝑖𝑖)

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

𝐻𝐻𝜇𝜇𝜇𝜇 𝑥𝑥, 𝑀𝑀 = �ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑥𝑥 𝜓𝜓𝑖𝑖 𝑀𝑀 ,  ∇2𝜓𝜓𝑖𝑖 = 𝑚𝑚𝑖𝑖
2𝜓𝜓𝑖𝑖 , 

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.

 Constraints on the spectrum

∀ℎ𝑖𝑖 , �
𝑖𝑖=1(𝑖𝑖≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

Exchange ℎ0,ℎ𝑖𝑖 + contact

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 (𝑚𝑚𝑖𝑖)

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

𝐻𝐻𝜇𝜇𝜇𝜇 𝑥𝑥, 𝑀𝑀 = �ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑥𝑥 𝜓𝜓𝑖𝑖 𝑀𝑀 ,  ∇2𝜓𝜓𝑖𝑖 = 𝑚𝑚𝑖𝑖
2𝜓𝜓𝑖𝑖 , 

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.

 Constraints on the spectrum ∞ number of massive spin-2 particles
𝑚𝑚1 < 𝑚𝑚2 < 𝑚𝑚3 < 𝑚𝑚4 < ⋯ < 𝑚𝑚∞∀𝑚𝑚𝑖𝑖! ∃𝑚𝑚𝑖𝑖:  𝑚𝑚𝑖𝑖 <

3
2
𝑚𝑚𝑖𝑖

∀ℎ𝑖𝑖 , �
𝑖𝑖=1(𝑖𝑖≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

Exchange ℎ0,ℎ𝑖𝑖 + contact

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 (𝑚𝑚𝑖𝑖)

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

𝐻𝐻𝜇𝜇𝜇𝜇 𝑥𝑥, 𝑀𝑀 = �ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑥𝑥 𝜓𝜓𝑖𝑖 𝑀𝑀 ,  ∇2𝜓𝜓𝑖𝑖 = 𝑚𝑚𝑖𝑖
2𝜓𝜓𝑖𝑖 , 

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.

 Constraints on the spectrum ∞ number of massive spin-2 particles
𝑚𝑚1 < 𝑚𝑚2 < 𝑚𝑚3 < 𝑚𝑚4 < ⋯ < 𝑚𝑚∞∀𝑚𝑚𝑖𝑖! ∃𝑚𝑚𝑖𝑖:  𝑚𝑚𝑖𝑖 <

3
2
𝑚𝑚𝑖𝑖

∀ℎ𝑖𝑖 , �
𝑖𝑖=1(𝑖𝑖≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

∀𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑙𝑙
2 ≤

4
3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑙𝑙2

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 (𝑚𝑚𝑖𝑖)

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

𝐻𝐻𝜇𝜇𝜇𝜇 𝑥𝑥, 𝑀𝑀 = �ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑥𝑥 𝜓𝜓𝑖𝑖 𝑀𝑀 ,  ∇2𝜓𝜓𝑖𝑖 = 𝑚𝑚𝑖𝑖
2𝜓𝜓𝑖𝑖 , 

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖

Exchange ℎ0,ℎ𝑖𝑖 + contact

(using 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = ∑𝑖𝑖 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 𝑀𝑀𝐷𝐷
𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 )

Maximum allowed gap bounded by the coupling constants



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.

 Constraints on the spectrum ∞ number of massive spin-2 particles
𝑚𝑚1 < 𝑚𝑚2 < 𝑚𝑚3 < 𝑚𝑚4 < ⋯ < 𝑚𝑚∞∀𝑚𝑚𝑖𝑖! ∃𝑚𝑚𝑖𝑖:  𝑚𝑚𝑖𝑖 <

3
2
𝑚𝑚𝑖𝑖

• 1) CRG under dimensional reduction requires either none or an infinite tower of massive spin-2 particles.

 Decoupling a finite number

 Expect these constraints to remain true in more involved scenarios (beyond just General Relativity)

∀ℎ𝑖𝑖 , �
𝑖𝑖=1(𝑖𝑖≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

(using 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = ∑𝑖𝑖 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 𝑀𝑀𝐷𝐷
𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 )

Maximum allowed gap bounded by the coupling constants

∀𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑙𝑙
2 ≤

4
3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑙𝑙2



Several massive spin-2 particles
 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑙𝑙  but less interesting.

 Constraints on the spectrum ∞ number of massive spin-2 particles
𝑚𝑚1 < 𝑚𝑚2 < 𝑚𝑚3 < 𝑚𝑚4 < ⋯ < 𝑚𝑚∞∀𝑚𝑚𝑖𝑖! ∃𝑚𝑚𝑖𝑖:  𝑚𝑚𝑖𝑖 <

3
2
𝑚𝑚𝑖𝑖

• 1) CRG under dimensional reduction requires either none or an infinite tower of massive spin-2 particles.

 Decoupling a finite number

 Expect these constraints to remain true in more involved scenarios (beyond just General Relativity)

• 2) Bound on the gap already appeared in 

 Duff, Pope, Stelle 1989; related to the breaking of gauge invariances 

 Bonifacio, Hinterbichler ’20;  preserving unitarity under dimensional reduction. Stronger bounds derived there.

∀ℎ𝑖𝑖 , �
𝑖𝑖=1(𝑖𝑖≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

(using 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = ∑𝑖𝑖 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 𝑀𝑀𝐷𝐷
𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 )

Maximum allowed gap bounded by the coupling constants

∀𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑙𝑙
2 ≤

4
3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑙𝑙2



Conclusions and outlook



Conclusions and outlook
• CRG conjecture (𝐴𝐴 ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2): EFT containing a single massive spin-2 and no 

higher spin particles would be in the swampland.

Take home



Conclusions and outlook

• Constrains if we add several massive 𝑚𝑚𝑖𝑖  spin-2  particles? Proof of concept: GR dimensional reduced

Related work: Bonifacio, Hinterbichler ’20

E
ΛEFT

Massive spin − 2

Massive spin − 2

E
ΛEFT

Graviton

Massive gravity Gravity + finite # massive spin-2

General 
case?

∀𝑚𝑚𝑖𝑖  !∃𝑚𝑚𝑖𝑖:  𝑚𝑚𝑖𝑖 <
3

2
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Technically very involved
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