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Long-Range forces in D=4  eavorGraviy

(Ordinary) Amplitudes are NOT good observables

+ ; b = <Exp| 3 L0
2
GE? (GEZ) g - y
€ € -G E2
W~e < —e @
: ()
€ € Weinberg Soft Exp

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

(paradoxical)

| eSSONS 2. No robust bootstrap program

3. UV/IR mixing?? Good place where to look!
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Long-Range forces in D=4  eavorGraiy

Inclusive X-sections? Good observables but ... ...NOT analytic

-
AF a,GE?
a —
(%)

Universal log-behavior
on detector resolution

do; 0if AE — 0

nelusive

Cannot decouple the detector!
Main lesson:

Yet: most of its detalls are irrelevant
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Stripped-Amplitudes:
ervables & inputs bootstrap/positivity
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Tnclusive Detector tamjo[ituo&zs v,

Amplitude
. =Mz o
Weinberg Soft Exp -

2 AE}/,h — g I

Exclusive |Detector-Amplitudes|”2 b
2 2 / a 1 1+ ﬁl_] ® p.
‘ s ‘ ‘ M ‘ "~ 8a2 ( L ;19455 108 =55 ) W
0 2 2 P >
ZE <AE ﬂ \ AW, ;*'. Vira,
/ y Q 4 Q [N Q 4 Q+ ]+

hard
\ % AEy’h
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3. Universal leading-log of any IR-finite amplitude



1. IR finite @
2. Lorentz invariant v, }Exacﬂy
3. Analytic & X-ssing Q
My s 4. Regge/Froissart Bound @
5. Unitary Q

In a limit

6. Universality, & ~ AE Qf

BB, Berman, Isabella, Riva, Romano, Sciotti 2512.13780
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. IR finite

1
2
3. Analytic
4.
5
6

CDiSJoersion Relations

Average Regge

. Unitary
. Inclusive, & ~ AE

. Lorentz invariant }Exacﬂy

}In the limit

a—0, alogd = as - fixed
G — 0, Glogé& = Gy -fixed

(or tree-level)
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8EFT—<( )> ZJ —( )Im/% (s)

M2 53

EFT Dispersive Sum Rule

EFT Positivity bounds
A (Lrrr Az, G2) + O(a, G) > 0
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IR finite ’ £)

Lorentz invariant > Exactly
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4. Average Regge
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EFT Dispersive Sum Rule
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Beyond Tree: Ul g << 1
Effective bounds on g, as long as: while 1/logé/E <1
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without gravity €020
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With IR-div: Trivialize

Issue Is not the t-pole

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

Trinczjo[es + Symmetries + ﬁ’gﬁt o[.of. —>  Non-trivial IR-bootstrap problem

|

Photons, gravitons in D=4 Ordinary S-matrix not a well-defined observable

E&M or Gravity

-
Wﬁat avre gooc[oﬁgervaﬁ&gg/ﬁyo[s? 1. IR finite, 2. not (too) IR sensitive, 3. Causality

In detector IImit —> stripped amplitudes are one such tool



Conclusions & Outlook

Some lessons:

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

. Leading IR effects: universal, captured by Stripped/Detector Amplitudes 4 » theory tool
(analytic, crossing-symmetric, Regge behaved, ...)

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

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



Thank you.’
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Contrast to previous papers Jo €
with IR-divergence % @
qu y(q) M A = F(GM?log €/2)  Analogous in other regularizations
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IR finite

Lorentz invariant > Exactly  8EFr = ((-)) = Z{ F( mA(s)
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. Analytic

Match
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4. Average Regge )
5. Unitary
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Unitary limit, examples:

(@) Leading-Log (before smearing) (b) Tree-level (c) Leading T-channel sing.
a—0, alogd = as-fixed a. G —finite a, G —finite -
G - 0, Glog& = G -fixed B S ELyY-tE T 1

Gs?*/t — Gs*logM/ &
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IR finite

Lorentz invariant > Exactly  8EFr = ((-)) = Z{ F( mA(s)
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Unitary limit, examples:

(@) Leading-Log (before smearing) (b) Tree-level (c) Leading T-channel sing.
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