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

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 ,  𝐴𝐴𝜈𝜈𝑖𝑖 ) and scalar particles (𝜙𝜙𝑙𝑙). Interactions completely fixed.

    𝐿𝐿4 ⊃ 𝜕𝜕ℎ0𝜕𝜕ℎ0 + 𝜕𝜕ℎ𝑖𝑖𝜕𝜕ℎ𝑖𝑖 − 𝑚𝑚𝑖𝑖
2ℎ𝑖𝑖ℎ𝑖𝑖 + 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗ℎ𝑘𝑘 + 𝛿𝛿𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗ℎ0 + 𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗𝜙𝜙𝑙𝑙 + 𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗𝐴𝐴𝑙𝑙 + 𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗ℎ𝑚𝑚ℎ𝑛𝑛

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,𝑦𝑦) = 𝑅𝑅1,3(𝑥𝑥) × 𝓝𝓝𝐷𝐷−4(𝑦𝑦)

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 ,  𝐴𝐴𝜈𝜈𝑖𝑖 ) and scalar particles (𝜙𝜙𝑙𝑙). Interactions completely fixed.

    𝐿𝐿4 ⊃ 𝜕𝜕ℎ0𝜕𝜕ℎ0 + 𝜕𝜕ℎ𝑖𝑖𝜕𝜕ℎ𝑖𝑖 − 𝑚𝑚𝑖𝑖
2ℎ𝑖𝑖ℎ𝑖𝑖 + 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗ℎ𝑘𝑘 + 𝛿𝛿𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗ℎ0 + 𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗𝜙𝜙𝑙𝑙 + 𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗𝐴𝐴𝑙𝑙 + 𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑖𝑖ℎ𝑗𝑗ℎ𝑚𝑚ℎ𝑛𝑛

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, ℎ𝑖𝑖ℎ𝑗𝑗 → ℎ𝑘𝑘ℎ𝑙𝑙  but less interesting.



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

 Constraints on the spectrum

Exchange ℎ0,ℎ𝑖𝑖 + contact

∀ℎ𝑖𝑖 , �
𝑘𝑘=1(𝑘𝑘≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑘𝑘

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

ℎ𝜇𝜇𝜇𝜇𝑘𝑘 (𝑚𝑚𝑘𝑘)

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

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

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑘𝑘 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖
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 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑗𝑗 → ℎ𝑘𝑘ℎ𝑙𝑙  but less interesting.
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𝐷𝐷−2 

𝑀𝑀𝑑𝑑
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𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

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

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑘𝑘 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖
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3
2
𝑚𝑚𝑘𝑘
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𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖
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 Repeat the previous game. Compute A = ℎ𝑖𝑖ℎ𝑖𝑖 → ℎ𝑖𝑖ℎ𝑖𝑖. Impose A ∼ 𝑠𝑠𝑛𝑛,𝑛𝑛 ≤ 2. Also, ℎ𝑖𝑖ℎ𝑗𝑗 → ℎ𝑘𝑘ℎ𝑙𝑙  but less interesting.

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

3
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𝑚𝑚𝑘𝑘
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𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

∀𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑙𝑙
2 ≤

4
3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2

ℎ𝜇𝜇𝜇𝜇𝑘𝑘 (𝑚𝑚𝑘𝑘)

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖

ℎ𝜇𝜇𝜇𝜇𝑖𝑖 𝑚𝑚𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖

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

𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖 = �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑘𝑘 ,  𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖= �
𝓝𝓝𝐷𝐷−4

𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖𝜓𝜓𝑖𝑖

Exchange ℎ0,ℎ𝑖𝑖 + contact

(using 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = ∑𝑘𝑘 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, ℎ𝑖𝑖ℎ𝑗𝑗 → ℎ𝑘𝑘ℎ𝑙𝑙  but less interesting.

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

3
2
𝑚𝑚𝑘𝑘

• 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 , �
𝑘𝑘=1(𝑘𝑘≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑘𝑘

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

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

𝑀𝑀𝑑𝑑
𝑑𝑑−2 )

Maximum allowed gap bounded by the coupling constants

∀𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑙𝑙
2 ≤

4
3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2



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

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

3
2
𝑚𝑚𝑘𝑘

• 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 , �
𝑘𝑘=1(𝑘𝑘≠𝑖𝑖)

4𝑚𝑚𝑖𝑖
2 − 3𝑚𝑚𝑘𝑘

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2 + 4𝑚𝑚𝑖𝑖
2 𝑀𝑀𝐷𝐷

𝐷𝐷−2 

𝑀𝑀𝑑𝑑
𝑑𝑑−2 = 0 

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

𝑀𝑀𝑑𝑑
𝑑𝑑−2 )

Maximum allowed gap bounded by the coupling constants

∀𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑙𝑙
2 ≤

4
3𝑚𝑚𝑖𝑖

2 𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖2



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
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Technically very involved

𝐴𝐴total = ∑ + + + +𝛼𝛼𝑎𝑎 𝛽𝛽𝑏𝑏 𝜆𝜆l𝛾𝛾𝑔𝑔 𝜉𝜉𝑐𝑐 +(∑ 𝜒𝜒𝑥𝑥,𝑘𝑘 )ℎ𝑘𝑘


	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34
	Número de diapositiva 35
	Número de diapositiva 36
	Número de diapositiva 37
	Número de diapositiva 38
	Número de diapositiva 39
	Número de diapositiva 40
	Número de diapositiva 41
	Número de diapositiva 42
	Número de diapositiva 43
	Número de diapositiva 44
	Número de diapositiva 45
	Número de diapositiva 46
	Número de diapositiva 47
	Número de diapositiva 48
	Número de diapositiva 49
	Número de diapositiva 50
	Número de diapositiva 51
	Número de diapositiva 52
	Número de diapositiva 53
	Número de diapositiva 54
	Número de diapositiva 55
	Número de diapositiva 56
	Número de diapositiva 57
	Número de diapositiva 58

