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The holographic principle states that a quantum theory of gravity can be described ag a lower dimengional
theory without gravity.

o

I-\c:u..s\/{mzs3 Recdiation

—
—r

Horizon

= c’ Area Horizon
e UGoF /

A clagsic success story ig the AdS/CFT correspondence. We would like to be able to apply thie framework
to agtrophysically relevant contexts.

o
-




If we zoom in near the horizon of a rapidly rotating black hole we get a region that we can model with Anti-de
Sitter gpace A<O.



In the real world /> O, g0 we would need a de Sitter/CFT correspondence to deseribe physice at
cogmological ecales.



Physics on intermediate scales is well approximated by A =O.



T

Celestial Holography propoges a duality between gravitational scattering in agymptotically flat spacetimes
and a CFT living on the celestial sphere.




Synopsig

The advantage of thig program ig that it reorganizeg gcattering in termg of symmetries.

[n particular, an so-dimensional enhancement coming from the agymptotic symmetry group.




Outline/ Checkliat

. The cage for CCFT
2. Alittle help from SUSY

3. Ongoing questions



Goal: Apply the holographic principle to A=O quantum gravity.

Plan: Celestial Holography propoges that the natural dual system lives on the celestial sphere.




We are interegted in seattering in agymptotically flat gpacetimes.
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Thege gpacetimeg have the game agymptotic caugal structure ag Minkowski epace.
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In particular mageless excitatione enter and exit along null hypercurfaces T~ = R~ S,
We will refer to thie <* croeg-gection ag the celestial gphere in what follows.




We can merge agpects of the two standard precedents for our hologram...
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... by pushing our Cauchy glice to seri to prepare the in and out states with operators on the boundary.




For example taking r— oo, u- fixed the plane wave localizes...
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.. and we can prepare an m=0 momentum eigenstate with the boundary limit of our bulk operator
ameared on a generator of}f
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Lorentz trangformations of Minkowski Space act ag global conformal trangformationg on the celestial gphere.



So we can map 4 D S-matrix elements to 20 correlators by chooging appropriate wave packete that
prepare boogt eigengtates
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When m=0 thig ig just a Mellin trangform



Themeg

It i beneficial to examine both the agymptotic spacetime and amplitudes manifestationg of a given structure.

CCFT further advocateg for a particular dimengional reduction because it elucidates a larger symmetry algebra.




% oC % Univergal behavior ag w—0 in QFT

Soft Theoreme

We can uge thie template
to find new exampleg.

Memory Effecte Asymptotic Symmetrieg
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We want to understand how bulk quantities behave near the boundary. Outgoing radiation is captured by
the metric at large r, fixed u=t-r.
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To ctudy the phage gpace and symmetrieg one needs to

$ pick a convenient gauge

4 gpecify physical falloffe

< identify reidual trancformationg that pregerve
thege falloffe

phﬂa"ca\ falloffs



Regidual diffeomorphieme that preserve the falloffe and act non-trivially on the asymptotic data are part
of the Agymptotic Symmetry Group.

_ Allowed Symmeteies
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The ASG will be much larger than the group of igometrieg of any given spacetime within thig clags.
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<> Qupertranglationg induce angle-dependent chifte in the time coordinate ;
—2114' :‘}:{Zﬁ\ ‘)w

$ Superrotations extend global conformal trangformationg to local CKVs.

T = Y- 50, M+ e



/ The proposal to allow superrotationg
prompted Cachao and Strominger to look for a eubleading oft graviton thm
and led to the identification of a new memory effect.

Meanwhile it'e ward (dentity promoteg the Lorentz group to a Viragoro symmetry

with thig oft graviton mode providing a candidate 20 stregs tengor

in the boogt bagig

Canonical phage space methods also predict the form of the loop correctiong

The celegtial basig actually pointe to a full tower of coft modes whoge collinear limite encode a
LWeoo QyMmetry!



The celestial holographer wante to bootstrap amplitudes from their soft and collinear limite.

4 The coft limite turn info polee in the weighte.

& Meanwhile collinear limite of acattering tranglate into a celestial OPE.
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SUSY shout-out

% Soft thm « Ward ldentity more general than examples with gauge conetrainte

¥ Wherever SUSY helpe with Amplitudes it helpe with Celestial Amplitudes.

4 Analogougly to the strese tengor, a supercurrent can be congtructed form the goft gravitino.



Ongoing Quegtiong

$ Role of IR requlatorg

< Analytic Continuations

% Toy Modele
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non-zero levelg

deforming symmetry algebra
crogging between in and out
crosging between 20 channels
identifying necesgary ingredientg

Q8B governed goft sector



Thank You!




