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[Baume,Calderon-Infante’23]  for higher spin gap in d>?2

Microscopic nature? [Ooguri,Wang'24] for scalar gap in d=2

* In 2d: scalar modes (KK towers in the target space)
* In 4d: HS fields map to (non-)critical strings in (non-)holographic theories [Calderon-Infante,IV'24]



2) Species scale

Species scale / quantum gravity cut-off * scale at which local QFT (coupled
M [Arkani-Hamed et al'05] to Einstein gravity) breaks down
A < P [Dimopoulos et al’05]
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T Nl/(d—Q) [Dval’07][Dvali,Redi'07] N = number of species d = space-time dimension
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* From scattering amplitudes: species scale = higher-spin onset/graviton pole generation
Species bound recovered from unitarity/causality = [Caron-HuotLi24] [HaringZhiboedov24]

If A < M, then A must contain higher spin fields see Sasha’s review
e R
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* From scattering amplitudes: species scale = higher-spin onset/graviton pole generation

Species bound recovered from unitarity/causality = [Caron-HuotLi24] [HaringZhiboedov24]

If A < M, then A must contain higher spin fields see Sasha’s review
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Bounds on the light spectra? [Hillman et al24] Soft theorems to bound Y2 ?

e.g. bound on number of massless fields!? [Cheung,Helset,Parra-Martinez'2 ]



3) Breaking of global symmetries

What is the minimal breaking allowed for a global symmetry in quantum gravity!?
[Fichet,Saraswat ’| 9] [Daus et al 20] [Harlow,Shaghoulian "20][Chen,Lin "20][Hsin et al 20] [Yonekura ’20] [Cordova et al '22] [Bah,Chen,Maldacena’22]
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* String theory results:
Most examples exhibit a stronger breaking, but some saturate the bound

e.g. NS axion in Type IIB on T"°
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No violation of this bound so far. Can we put it on a firmer footing?



