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Amplitude program

Avoid Lagrangians

Collider background
(gluons everywhere!)

Precision

Insights

Many loops and legs

Hidden Mathematical structures
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SM deviations EFT

Thinking in the on-shell way may be a good idea!

Smaller and smaller deviations allowed …
Beyond dim-8 Processes with more legs

Henning, Lombardo, Riembau, Riva ’19 
Chang, Luty ’20 
Falkowski, Rattazzi ’19 
…

(linear vs non-linear SU(2)xU(1))See C. Murphy talk!
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On-shell-SMEFT

Durieux, Kitahara, Shadmi, Weiss ’20 

Perturbative unitarity

Bottom-up approach


Include full  expansion
v/Λ

…

Lorentz symmetry, Locality, Unitarity
CSM, Aoude ’19 
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Outline
1. Spinor basics 

(and how to go from massive to massless spinors)


2. Massless contact terms 

3. Massive contact terms 

Conclusions 
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Spinor Basics

LG = U(1), helicity

High-energy Limit

UV IR

LG = SU(2), spins

2s symmetrized spinors = spin-s 

[Arkani-Hamed, T.-C.Huang, Y.t-Huang ’17]
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⟨ij⟩[ ji] = sij



HE Limit = “Unbold”

∼ E ∼
m2

E

|p1] = |k]
|p2] = − |q]
|p1⟩ = |q⟩

|p2⟩ = |k⟩

I=1 positive helicities


 I=2 negative helicities

p2 = ⟨kq⟩[qk] = m2

p2
k = 0, p2

q = 0
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3-point amplitudes
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EFT basis

Hilbert series On-shell methods 

Twistors Harmonics 
Henning, Melia ‘19

Henning, Xu, Melia, Murayama ’16 ’17 …

Falkowski ’19

Elvang et al ’10 … 
Cheung et al ’16 … 
Low, Yin ’19 … 
Shadmi, Weiss ’18 
Ma, Shu, Xiao ’19 
CSM, Durieux ’19 
Durieux, Kitahara, CSM, Weiss ’19 
Dong, Ma, Shu ‘21

*not a complete list
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Young Tensor 
See Jiang-Hao Yu 
 Hao-Lin Li and Ming-Lei Xiao talks



Massless basis
(min. spinor structure) x F(sij)
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Massless basis
(min. spinor structure) x F(sij)
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Massive basis
0

0

1/2

1/2

( + + 00) [12] D = 5
( + − 00) [132⟩ D = 6

(+permutations)

Bolding

[12] + [132⟩ (+permutations)

#2008.09652 

w/ G. Durieux, T. Kitahara, 

Y. Shadmi, Y. Weiss

Minimal spinor structures
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Massive basis
0

0

1

1

(0000) [12]⟨12⟩, [131⟩[232⟩
(+000) [12][132⟩

(+permutations)

Bolding

[12]⟨12⟩ + [12][132⟩ + [12]2 + [132⟩2 + [231⟩2

#2008.09652 

w/ G. Durieux, T. Kitahara, 

Y. Shadmi, Y. Weiss

Minimal spinor structures ?

( + + 00) [12]2

( + − 00) [132⟩2, [231⟩2
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Massive basis

Massive identities
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Massive basis

S

Massive identities

(Keep operators of lower dimensions)
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Massive basis

3-point amplitudes with s ≤ 3
4-point amplitudes with s ≤ 1

18



Massive identities
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EW particle content
Broken phase: h, ψ, ψ′ �, W±, Z
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Conclusion
First steps towards the on-shell-SMEFT


Systematic construction of contact terms (massless/massive)


It can be used to compute any 2-2 scattering process     


Applications beyond collider physics                               
(massive contact terms were recently used to compute gravitational tidal effects)
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