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Causality/Positivity 
⟨∂μϕ⟩ = cδ0

μ

Principles + Symmetries + light d.o.f.

Adams, Arkani-Hamed,  
Dubovsky, Nicolis Rattazzi ‘06



 - Philosophy

ℒEFT
leading = − R + F2

μν + ψ†i∂ψ + (∂ϕ)2 + ψψϕ − V(ϕ)

Complex Universe from simple  building block Principles

SM & GR 
 largely fixed by consistency

Q: Does consistency fix/constrain subleading terms? Yes!
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ℳ(1+2+3−4−) = [12]⟨14⟩(c1,0s+c2,0s2+c2,1tu + …)

1
M2 ( u

u − M2
+

t
t − M2 )

 single spin-1

=
ℳ(1+2+3−4−)

[12]⟨14⟩
1

s − M2

single spin-0 exchange

αs + ut/M2

(u − M2)(t − M2)

infinitely many  
degenerate spins in +-

infinitely many  
degenerate spins in 

+- & ++
M2s + αs2 + βut + γstu /M2

(s − M2)(u − M2)(t − M2)
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A new kind  
of Model Building
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(Ordinary) Amplitudes are NOT good observables

E&M or Gravity

GE2

ϵ

α
ϵ

( GE2

ϵ )
2

( α
ϵ )

2

Weinberg Soft Exp

→ 0

e
−GE2

ϵ → e−∞𝒲ϵ ∼

+ + . . .+ = × Exp ∑
i,j

i j

1. NOT a small perturbation, no matter how small G or α

2. No robust bootstrap program (paradoxical)  
Lessons

3. UV/IR mixing??   Good place where to look!
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Long-Range forces in D=4 E&M or Gravity

+… ∼
2

+

2

L = 1/ℰ ≃ ΔEopt

1/Λ

∝ ( ΔE
E )

α,GE2

 if  dσinclusive → 0 ΔE → 0

Universal log-behavior 
on detector resolution

…NOT analytic

∞

∑
Eγ,h<ΔE

ℳ†ℳ

Cannot decouple the detector! 
Main lesson:

Yet: most of its details are irrelevant
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Stripped/Detector  
Amplitudes

This talk:

1.  IR finite,    2. not too much IR sensitive,    3.  Know about causality??!
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lim
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6. Universal, ℰ ∼ ΔE

Exactly 

In a limit
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Stripped-Amplitudes:  
good observables  &  inputs bootstrap/positivity

,      - fixed (all order)α → 0 α log ℰ = αℰ

,    -fixed (all order)G → 0 G log ℰ = Gℰ

“Detector Amplitude”

ℳℰ = ℳ(αℰ, Gℰ, g)+O(α, G, ℰ)

Tool!
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Earlier, IR-divergent Bounds?
without gravity c2,0 ≥ 0

with gravity, IR-div  
(Tree&Loops)

F(GM2/ϵ) → 256 Chang Parra-Martinez ‘25

(1 + … ) c2,0M4 +
GM2

ϵ
+ ( GM2

ϵ )
2

+ … ≥ 0

With IR-div: Trivialize 256 ≥ 0

→ 0

GM2

ϵ
+ …

c2,0 + 256 ≥ 0
??

Issue is not the t-pole 
 

Remove the IR-divergences and all is good. 
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Conclusions & Outlook

Photons, gravitons in D=4

Principles + Symmetries + light d.o.f. Non-trivial IR-bootstrap problem

Ordinary S-matrix not a well-defined observable

What are good observables/tools?

E&M or Gravity

1.  IR finite,    2. not (too) IR sensitive,    3.  Causality

In detector limit —>  stripped amplitudes are one such tool



1. Detector/IR data are crucial inputs: energy resolution  (or apparatus size)


2. Leading IR effects:  universal, captured by Stripped/Detector Amplitudes   theory tool 
(analytic, crossing-symmetric, Regge behaved, …)


3. Smooth EFT bounds exist: finite, calculable long-range corrections for QED and GR in D=4


4. Optimal resolution  is not necessarily optimal for bounding EFT coefficients 
(e.g. too large apparatus —> too large GR time delay)

ℰ

ℳℰ

ℰ

Some lessons:

Conclusions & Outlook



Thank you!



Backup Slides



T-channel pole & Negativit

∫
M

ℰ
dq ψ(q) ℳhard †

ℰ ℳhard
ℰ ≻ 0

?

forward region excluded

−∫
ℰ

0
dq ψ(q) ℳhard †

ℰ ℳhard
ℰ∫

M

0
dq ψ(q) ℳhard †

ℰ ℳhard
ℰ

Exist  s.t. >0ψ(q) negativity =  sub-leadingO(G2)

∫
ℰ

0
dq ψ(q) ℳhard †

ℰ ℳhard
ℰ ∼ No graviton for 

 in |q | < ℰ ℳhard
ℰ

∼ G2 ∫
ℰ

0
q dq [∫

k dk
2π

θ(k − ℰ)
k2

θ( |k − q | − ℰ)
(k − q)2 ] ∼ G2

Contrast to previous papers 
with IR-divergence

Chang Parra-Martinez ‘25∫
ℰ

0
dq ψ(q) ℳ†

ϵℳϵ = F(
GM2

ϵ
) → G − independent

∫
ℰ

0
dq ψ(q) ℳhard †

λ ℳhard
λ = F(GM2 log ℰ/λ) Analogous in other regularizations

+trivialize the bound



T-channel pole & Unitarit

gEFT = ⟨(⋯)⟩ = ∑
ℓ

∫
∞

M2

ds
s3

(⋯)Imℳℓ
ℰ(s) Re s

Im s |s
| →

∞

 =“Arc ”∮ ℳℰ𝒦(s) 𝒜

1. IR finite

2. Lorentz invariant

3. Analytic

4. Average Regge

5. Unitary


6. Inclusive, ℰ ∼ ΔE

Exactly 

Match  
both sides in  a limit ∫

M

ℰ
dq ψ(q) Im ℳℰ(s, − q2) → ∫

M

ℰ
dq ψ(q) ℳhard †

ℰ ℳhard
ℰ

Unitary limit, examples:

,      - fixedα → 0 α log ℰ = αℰ

,    -fixedG → 0 G log ℰ = Gℰ

(a) Leading-Log (before smearing)

 —finite     
  

α, G
ℰ ≪ −t ≪ E

(c) Leading T-channel sing.(b) Tree-level

 —finiteα, G …

Gs2/t → Gs2 log M/ℰ
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ℰ ℳhard
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Unitary limit, examples:

,      - fixedα → 0 α log ℰ = αℰ

,    -fixedG → 0 G log ℰ = Gℰ

(a) Leading-Log (before smearing)

 —finite     
  

α, G
ℰ ≪ −t ≪ E

(c) Leading T-channel sing.(b) Tree-level

 —finiteα, G …

t-pole matchesGs2/t → Gs2 log M/ℰ


