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Can we violate it… 

… without also violating unitarity? 

The answer is ‘no’… 

… unless we have some higher derivatives. 
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Unitarity Bounds 

𝑔𝜇ν = 𝑔𝜇ν
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e.g. if relativistic, 
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𝑔𝜇ν = 𝑔𝜇ν
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P(X) Theories 

ℒ 𝑔𝜇ν, Φ, 𝜕Φ,… = 𝑃 𝑋 , 𝑋 = −1
2
 𝑔𝜇ν𝜕𝜇Φ𝜕νΦ 

NEC ⇒ 𝑐𝑠 → 0 

0 

𝐻  

−𝜙2 
𝐻

Λ𝑃
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NEC NEC Strong coupling 

Breakdown  Λ𝑠0 ≈ Λ𝑃 𝑐𝑠
7/4

→ 0 ( ℒ ~ 𝑃,𝑋𝑋 𝜕𝑖𝜑
4 ~

𝜕𝑖𝜑
4

Λ𝑃
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𝜔2 ≪ Λ𝑐
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1

𝜔2−𝑐𝑠
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2
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2 

𝑐𝑠
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0 ≤ 𝐸 ≪ 𝑐𝑠
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Higher Derivative Corrections 

Λ𝑠0 𝐸𝑏𝑎𝑐𝑘  Λ𝑠 Λ𝑐 𝑐𝑠
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New propagator 

Strong coupling 

Ostrogradski 

𝑐𝑠
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Higher Derivative Corrections 

Λ𝑠0 𝐸𝑏𝑎𝑐𝑘  Λ𝑠 Λ𝑐 𝑐𝑠
2Λ𝑐 

𝑐𝑠
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Strong coupling 

Ostrogradski 

| | | | 

1 ≪
Λ𝑐
Λ𝑃

< 𝑐𝑠
−1/4 
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Higher Derivative Corrections 
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New propagator 
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1 ≪ Λ𝑐
4  𝑃,𝑋𝑋 < 1/𝑐𝑠  

3. 𝑃(𝑋) and Galileon bounces 

1 ≪ Λ𝑐
6  𝐺3,𝑋

2 < 1/𝑐𝑠  

ℒ 𝑔𝜇ν, Φ = 1
2
𝜑 𝜕𝑡

2 − 𝑐𝑠
2𝜕𝑖

2 𝜑 +
𝑂𝑃
Λ𝑃−4

+⋯ 

𝑐𝑠
2 > 0 is only half the battle! 

Also need Λ𝑠 > 𝐸𝑏𝑎𝑐𝑘 to trust theory (perturbatively) 

1. Beware strong coupling issues 

2. Fix strong coupling issues 

ℒ 𝑔𝜇ν, Φ +
1

 2Λ𝑐
2 𝜕2Φ 2 with  Λ𝑐 > Λ𝑠 > Λ𝑠0 


