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Quantum gravity

.- . 4 (string theory)
* We are all familiar with the swampland program Energy
Swampland
» Properties EFT must satisfy to be compatible conjectures
with quantum gravity.

* Spin-2 conjecture klaewer, List, Palti ‘18

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

mMp

h‘uv and guvl AEFT ~ M_w Only huv :AEFT ~m
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1. Find all possible on-shell cubic vertices (parity even and parity odd). Following Costa, Penedones, Poland, Rychkov ‘11

Ay Massless spin-2 Massive spin-1 Scalar Already appeared in
the literature, e.qg.,
E.g. hﬁhﬁhﬁ Bonifacio, Hinterbichler
! h g A ,
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hyy

4 even, 2 odd 5 even, 4 odd 2 even, 2 odd 2 even, 2 odd

2. Find all possible Lorentz-invariant quartic vertices (finite number of derivatives). Using sonifacio, Hinterbichler, Rose ‘19

Ry Ry

Many (329 £, (s, t)T,) operators

(consider any finite number of E.g. hffhffhgh;, aﬂh,’;‘alhghgh;,...
derivatives)
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3. Compute the Amplitude A¢oa1(S, t) = Ainterchange + Acontact for all polarisations.

Atotal = 2 ac>rmf< +ﬁbK + VM + A;}----§i+ fH

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

5. Impose A; = 0,i = 3. Solution for {a, B,y,4,&} # 0?
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= Duff, Pope, Stelle 1989; related to the breaking of gauge invariances

= Bonifacio, Hinterbichler '20; preserving unitarity under dimensional reduction. Stronger bounds derived there.
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e CRG conjecture (A ~ s™,n < 2): EFT containing a single massive spin-2 and no
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Take home
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V3 2 4 5 G

vm; !Elmk: m; < —my;mj < §ml gz Related work: Bonifacio, Hinterbichler ‘20
iil

2

General
case?

Gravity + finite # massive spin-2

Massive gravity

* Prove the CRG conjecture. Have a more direct evidence in support of it. Apply it to other contexts.

* Stay tunned!

Thank you for your attention!
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Technically very involved
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