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EFT Operators Basis

Standard Model EFT:



On-shell EFT Operator Construction

❏ EFT from UV massive particles:
○ Warsaw basis by EOM and IBP

○ All operator basis for SMEFT (José’s talk)

○ SMEFT Geometry (Mia’s talk)

○ . . .

❏ It that all?



Extra Graviton EFT Needed



Puzzle from Graviton Scattering

❏ Dispersion relations link EFT and UV spectrum

❏ Froissart Bound

Regge High-Energy Behaviour

❏ No one allow Amplitude growth faster than s^2



Dispersion Relation

❏ Vanishing Boundary term 

❏ 4-graviton Low-Energy EFT:

❏ Only graviton-pole survive!



Isolate QFT from Gravity

❏ Graviton-pole cancelled by its own Ladder diagrams, even when mix with QFT

❏ Change the spatial size B where scattering occur, we can isolate QFT from Gravity

❏ i.e. EFT = resonances

Elastic Scattering → Positivity



Not all EFT from Massive UV particle

❏ No matching term from massive-particle induced EFT

❏ Another mechanism to obtain mass: Glueball mass.
Glueball (Pomeron) and Meson (Reggeon),

❏ In Regge limit 



Glueball may contribute to 
the missed EFT

❏ Vanished Boundary + Positive s-, u-channel 
Discontinuity

❏ Something must be in C0 contour! Could we 
calculate it?

❏ Feynman ladder diagram only give cuts, only 
running of αs let cuts become poles.

Too complicate to get low-energy EFT!



Glueball Exchanging Amplitude

❏ ’t Hooft double line view:
Glueball —— Closed QCD string;
Meson —— Open QCD string.

❏ Uniquely identify the UV Singularity
1. Quantum Number;
2. Even/Odd Spin;
3. Angular momentum selection rule, J≥Δh.

❏ String-like behaviour in Lattice QCD

Virasoro-Shapiro amplitude with 
Pomeron trajectory

not Quantum Gravity trajectory



Virasoro-Shapiro amplitude for Glueball

❏ Role of each part of V-S amplitude:

❏ Regge trajectory uniquely fix all Γ-functions.



❏ Plot all the poles for ++-- 4-graviton 
scattering

No double pole,

No nonsense-pole.



V-S amplitude has new EFT!

❏ After contain all massive poles, we also need to ensure the high-energy Regge 
behavior of the amplitude

❏ Give a New EFT ~ s^2 not in Local EFT Construction!



What’s the new EFT?

❏ Remarkably, the low‑energy prefactor is exactly the one‑gluon‑loop amplitude for four 
gravitons

❏ The log brunch cuts (2, 3, … loops) are absorbed by the Glueball’s Regge behavior, 
generating an tower of massive glueballs. 



Coincidence?



Sudoku Game or 6 Pages 
Calculation



Back to EFTs on Collider



New EFT Operators in High-J 
Channel

❏ Gluon loops need not satisfy the usual angular momentum 
selection rules

❏ Higher point EFT Operator: 


