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𝑡 ≈ 0

𝑠2
=

6

𝜖 ≤ 1
𝑠 ↔ 𝑢

+
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Define：

SM → 𝑋
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𝑖 = 𝑘, 𝑗 = 𝑙 (𝑖𝑗 → 𝑖𝑗) →

→

For more general：



8

→

However,  the elastic bounds are not the optimal !

For more general：

𝑖 = 𝑘, 𝑗 = 𝑙 (𝑖𝑗 → 𝑖𝑗) →
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1.             is a convex cone

Positivity bounds arise as boundary of cone!
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3 →

These properties make sure our bounds are complete
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Independent 
possible bounds

Extremal Rays
of cone C*

• 𝑛𝑖
𝑒𝑥

𝑛 ⋅ Ԧ𝐶 ≥ 0
𝑛 = σ𝑖 𝑎𝑖𝑛𝑖

𝑒𝑥

𝑛

𝑎𝑖 ≥ 0 𝑛𝑖
𝑒𝑥 ⋅ Ԧ𝐶 ≥ 0

•
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𝑖 ↔ 𝑘 𝑗 ↔ 𝑙 𝑠 ↔ 𝑢

𝑖 ↔ 𝑗 + 𝑘 ↔ 𝑙

Semi-definite matrices
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Ultimate goal :  finding ERs of Spectrahedron!

×
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𝜙𝑖 → −𝜙𝑖
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——resort to the numerical approach 
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Advantage
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→

𝑖, 𝑗, 𝑘, 𝑙 = 𝑔
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→

𝑖, 𝑗, 𝑘, 𝑙 = 𝑔
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SDP always give stronger bounds

𝑖, 𝑗, 𝑘, 𝑙 = 𝑒𝑅, 𝜇𝑅, 𝜏𝑅
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+𝟐𝒅

+𝟐𝒅

−𝟐𝒅
−𝟐𝒅
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+𝟐𝒅

+𝟐𝒅

−𝟐𝒅
−𝟐𝒅

+
…



At least for simple cases, the ext(G) can be found by inspection.

E.g. simplest case:
n=2, with some Z2 symmetry, e=f=0,  T ->

A 3D cross section
of the 4D cone (a,b,c,d)

There are two kinds of ERs

ER1: a=b=c=0, d=1

ER2: ac=b2, d=|b|, a,c>0
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Infer UV model from EFT measurements

Inverse problem: Given the measured values of the operator coefficients around the electroweak scale, 
to what extend can we possibly determine the nature of the new physics beyond the SM? [Gu, Wang, 
2008.07551]

see also [S. Dawson et al. 2007.01296] [N. Arkani-Hamed et al. hep-ph/0512190]

Positivity bounds

Many BSM models

More UV 
DoFs

Less UV DoFs

Less UV DoFs

SM +
particle 1

SM +
particle 2

SM +
particle 4SM +

particle 3

SM + 2
particles

(3&4)

No UV

No UV No UV

[CZ and S.-Y. Zhou 2005.03047]

[2009.02212 B. Fuks, Y. Liu, CZ, S.-Y. Zhou]


