Laboratoire de Physique

Gravitational Causality .
universite

the Eikonal Approximation, and the Photon Self-Stress raris-sactar

IPAT
21 08.05896 [B. Bellazzini, Gl, M. Lewandowski, F. Sgarlata] SACLAY

Giulia Isabella Planck 2022 2nd June 2022



What do we khnow aboub khe gravitational S—-Mabrix?



Validity of gravitational amplitudes
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Validity of gravitational amplitudes
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Validity of gravitational amplitudes

New deqrees of
freedom
(string theory, ...)

and black hole
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Strong gravity



Why do we like the phase shift?
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Why do we like the phase shift?
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Grravikabkional Causali&v

And the photon self-stress



Asymptotic Causality




A tale of scales

Hierarchy in the transplanckian regime
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A tale of scales

What about new physics?

New d.o.f.
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Dimensionless small parameters
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Camanho, Edelstein, Maldacena
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Camanho, Edelstein, Maldacena
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It exists an impact parameter b* such that
asymptotic causality is violated




What have we learnt?




A loop solution to causality violation 7
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Details of the calculation
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Computation of the phase shift
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A loop solution to causality?
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A loop solution to causality?
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A loop solution to causality?
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The strange case of the W
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The strange case of the W
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Conclusion

Asymptotic Causality

Seems to be a robust definition

= > Correctly detects the breakdown of
the theory both at tree and loop-level

= > |t does not predict the details of the UV completion
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Conclusion

Transplanckian Scattering

- = > Transplanckian physics at large impact parar
captured by the Eikonal regime

Asymptotic Causality

Seems to be a robust definition

~ > Correctly detects the breakdown of
the theory both at tree and loop-level

> It does not predict the details of the UV completion
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Extracting the phase shift

N pure gravity

‘ 1 d % e [
1 — 621(3(5‘ b ) = J 11 e 4L : %eik (_ <1 )
| s

byp !

O(G?):  4isy(s,b)* +25,(s,b) =  FT] ?W SR

b Gs?
O(G): 20ys,b) =—Gslog— = FT] WEW | = FT[8z—]




Infrared/Bulk causality

Exploring other causality definitions

Bulk Causality

Grravikon fropaga&on
determines relevant Light cone

ATe — ATV > 0
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Infrared/Bulk causality

Exploring other causality definitions
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Infrared/Bulk causality

Exploring other causality definitions
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Infrared = Bulk causality

Exploring other causality definitions
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Infrared = Bulk causality

Exploring other causality definitions
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F xponentiation in the eikonal
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Beta function

Form factors control the coupling’s running
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IR cutoff

Form factors control the coupling’s running

b* is where gravity becomes repulsive,
and it is independent of b,




