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Classical Regge Growth Conjecture

Quantum gravity

- _ AEner (string theory)
* We are all familiar with the swampland program &y
S land
» Properties EFT must satisfy to be compatible conjectures
with quantum gravity.

* Spin-2 conjecture Klaewer, Lst, Palti ‘18

» WGC to the helicity-1 mode of the massive spin-2 (w,,, ) with mass m:

mMp

W,y and g, Agpr ~ v Only wyy, : Agpr ~ m
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* Classical Regge Growth (CRG) Conjecture

» Formulated in Chowdhury, Gadde, Gopalka, Halder, Janagal, Minwalla '19

» Technically not a swampland conjecture but same spirit. It states

The S-matrix of a consistent classical theory cannot grow faster than s? at fixed (and physical) t

» Classical: non analyticities can only be simple poles. Tree-level scattering
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» Nonperturbative gravitational scattering of scalar particlesin d > 4 satisfies S ~ s™,n < 2 Haring, Zhiboedov '22

* Apply the CRG to theories containing a massive spin-2 particle wy,, @

» Construct a theory where the scattering of 2 — 2 (identical) massive spin-2 particle goes like A ~ s™, n < 2?

» Include all possibilities: exchange of a massive and massless spin-2 particle, a spin-1 particle and a scalar particle
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2. Find all possible Lorentz-invariant quartic vertices (finite number of derivatives). Using sonifacio, Hinterbichler, Rose '19
Wy Wiy
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3. Compute the Amplitude A¢ota1(S, t) = Ainterchange + Acontact for all polarisations.

Atotal = 2 QC}W!{? +ﬁbK + VM + /15::}__-_<+ fH

4. Take {s — oo, t fixed} and expand Aiya1 (s, t) = Aps® + Ayst + A% + Ags® + Ays™ + -

5. Impose A; = 0,i = 3. Solution for{a, 8,y,4,&} # 0?
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» Massive-2 —massive 2 — massive 2 vertices:

1 renormalizable operator (w, wy w) 3 renormalizable operator (e.qg. W‘“’W“ﬁvaﬁ)

4 non-renormalizable operators 3 non-renormalizable operators

> Massive-2 —massive 2 - scalar:

""" rrenormalizableoperater WHw, ¢ ~ s72)

2 non-renormalizable operators

> Massive-2 — massive 2 — massive 1 vertices:

1 renormalizable operator

1 non-renormalizable operators

» Contact terms
6 renormalizable operators

1 renormalizable operator (W# wy Wgwf)

Many non-renormalizable operators (consider any 10+many non-renormalizable operators

finite number of derivatives)
How to deal with the many? Algorithm developed in

@ Only a small number contributes at a given s™ Bonifacio, Hinterbichle '18; Bonifacio, Hinterbichle Rose’ 19
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Thank you for your attention ©




Renormalizable operators

* Inprinciple, it seems natural to consider only renormalizable vertices. Example:

Normalisable: a - wf wY wpg Wﬁ — as™t"
Naturalness: a >> %they
Non-renormalisable: A— 0% wioswy wWpg WB fz s™t™ cannot compensate

* We are being more general and assuming that it could happen a ~ %
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