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Are all EF1s allowed? - SWAMPLAND

With typical assumption that:
UV completion is Local, Causal, Poincare Invariant and Unitary

Answer: NO! Certain low energy eftective theories do not
admit well defined UV completions




Kallen-LLehmann Spectral
Representation

Together with Poincare invariance these imply:
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/A UV Conformal weight
Positive Spectral Density
as a result of Unitarity p(p) =0



Analytic Structure

) .
Define complex momenta squared z=—k" + 1€

Pole Branch cut

Physical region




Region of Vahdity of EF 1

Physical region

EFT valid here, can calculate pole

and ‘low energy’ part of cut UV completion

- unknown?



AnaIYth StrUCture 2 - de Rham, Melville, AJT, Zhou 1702.08577

Bellazzini et al 1710.02539
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Physical region

Removes IR loop eftects!!!!
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Linear (Improved) Positivity Bounds

Dy (0) >0 D (0) > A*Dpr41(0)

Positivity of these integrals enforces positivity of combinations of
Wilson coefhicients for Irrelevant operators



Nonlinear (Improved) Positivity Bounds

Maths by Stieltjes in 1890s, applied to amplitudes positivity in 1970s!! Recently rediscovered ..
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see also Bellazzini et al, Positive Moments .., 2020
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What does this tell us about EF1°7?

e.g. Suppose scalar field in EFT with tree level action ....
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What does this tell us about EF1°7?
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NonLinear (Improved) -
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Scattering Amplitude Analyticity

Ini(s) Complex s plane Physical scattering

region is § = 4m
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‘Improved’ Scattering Amplitude Analyticity

Removes IR loop eftects!!!!

N Complex s plane Physical scatterin§
region is § = 4m

Re(s)

crossing: oy = 4m? — s — t

: . e ST Im(As(u b))t % Im(Ay(p 1))
Ay(sut) = colt) + 05+ = [ Tt [



Fixed t (improved) linear Positivity Bounds
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Fixed t (improved) ‘Stieltjes' Positivity Bounds
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de Rham, Melville, AJ'T, Zhou 1706.02712

Scattering of all spins

Kotanski, 1965

Helicity Transversity
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Crossing is Simple!!



Dispersion Relation with Positivity along

BO'TH cuts

de Rham, Melville, AJ'T, Zhou 1706.02712
Punch line: The specific combinations:
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Positive partial wave Moments
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Crossing Symmetry

AJT, Zi-Yue Wang, Shuang-Yong Zhou
arXiv:2011.02400

Simon Caron-Huot, Vincent Van Duong

arXiv:2011.02957

AS (S, t, u) — At (t, S, U,) Aninda Sinha, Ahmadullah Zahed

Null-constraints
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K@y Ide 2 Make Maximal use of r.yll constraints
to strengthen positivity bounds
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Cauchy-Schwarz

(X (D)) < (X (1, 1)2))
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Weakly Broken Galileon
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AJT, Zi-Yue Wang, Shuang-Yong Zhou
arXiv:2011.02400

Weakly Broken (Galileon
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Contradiction!!!
No local UV completion
for weakly broken

(Galileons

see also Bellazzini et al, Positive Moments .., 2020
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Extended bounds s

Simon Caron-Huot, Vincent Van Duong

o0
/ E
p.q=0

(General Idea:

I: Given a polynomial Poly(l) whose highest power is positive
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LLowordersin | —— Lower t derivatives

II: Use null constraints to define new polynomials
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See also
Simon Caron-Huot, Vincent Van Duong
/ _ P1q
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Bellazzini et al, Positive Moments .., 2020
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What about coupling to
oravity?



oravitational QED scales

Mp; I

Unknown UV completion
gravitational QED EFT

gravitational Euler-Heisenberg EFT




oravitational Euler-Heisenberg
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Relevant for discussions of Hamada, Noumi, Shui 1909.01352
Weak Gravity Conjecture Bellazzini et al 1902.03250



PosmVlty (t-channel pole removed)
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Problem!

Non-Gravitational part positive

(Gravitational part negative

64 m2
<—24 -~ 11M1;2,1> > ()

5760M2 72 e

‘Known’ contribution from electron loops

This contribution can be removed, by applying (improved)
positivity bounds directly to gravitational QED EFT!!



Cutofl of gravitational QED
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Higher order gravitational
contributions

v(1) = ¥m — Bln(u/m)
Coefhcient of
W R squared
terms
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Chen et al. 1901.11480

1162 | YA eMPl

>
360m2me iz A Y TN
Pl Pl X




Alternative Fxplanation - mild negativity allowed
O(1) Alberte et al. 2007.12667
IVEIVE Tokuda et al. 2007.15009
Pl Herrero-Valea et al. 2011.11652

Decoupling limits consistent with .

Positivity Bounds and the Massless Spin-2 Pole

[
C On e Cture Lasma Alberte, Claudia de Rham, Sumer Jaitly, Andrew ]. Tolley
arXiv:2007.12667

For a weakly coupled (tree level) UV completion, given
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Sharp Boundaries for the Swampland
Simon Caron-Huot, Dalimil Mazac, Leonardo Rastelli, David Simmons-Duffin

arXiv:2102.08951
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Conclusions

Positivity Bounds are very powerful at constraining
irrelevant operators in a low energy EFT

Full crossing symmetry implies on
Wilson coefhicients

Strong constraints on interacting massive spin theories and
supersoft theories

Full understanding of extension to (no
mass gap) unclear, although recent exciting progress

Small amount of negativity’ allowed with gravity, without
contradicting unitarity and causality



