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Lesson 1: BMS >> Poincare: Λ = 0 spacetimes have a much larger class of possible symmetries. 
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In Bondi gauge the metric near future null infinity takes the form

which  is preserved by the residual diffeomorphisms
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where 𝑛,𝑚 ∈ −1,0,1 	&	𝑘, 𝑙 ∈ − !
"
, !
"
	 give the Poincare subalgebra

Form this bulk analysis we land on the BMS group



as a Carrollian limit of of a Lorentzian CFT3.

We can see this enhancement from the boundary perspective
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Celestial CFT2

Carrollian CFT3

Λ ∝ 𝑐 → 0



Soft Thm = Ward Id

hout|Q+[Y ]S � SQ�[Y ]|ini = 0⇔

Lesson 2: These are indeed symmetries of the perturbative S-matrix! 



The free data for our solution takes the form 

where the u dependence of the Bondi mass and angular momentum aspect are 
fixed by the constraint equations



The free data for our solution takes the form 

where the u dependence of the Bondi mass and angular momentum aspect are 
fixed by the constraint equations
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1. Q += Q −	due to antipodal matching of m&	& N' across i	%

2. Integration by parts turns the charges into fluxes
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Soft Thm = Ward Id
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=subleading soft 
graviton theorem

Ward identity for 
4D superrotations

Ward identity for 
2D stress tensor=

the asymptotic symmetry is physical



=subleading soft 
graviton theorem

Ward identity for 
4D superrotations

Ward identity for 
2D stress tensor=

we should look for a 2D dual CFT



4D Soft Mode = 2D Current



The Celestial Conjecture: 

scattering in asymptotically flat spacetimes is dual to a CFT living on the celestial sphere 



4D Amplitude = 2D Correlator

4D Lorentz invariance = 2D global conformal symmetry

If we go to a boost basis, amplitudes transform as CFT correlators under the Lorentz group.
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Lorentz covariance guaranteed by this choice of wavepackets, with u-direction captured by a 
continuous spectrum

Δ = 1 + 𝑖𝜆

Meanwhile translations shift the weight

𝑝! = 𝑞!𝑒	#) ⇔ Δ ↦ Δ + 1



LSZ      ⇔      Extrapolate Dict.

4D Amplitude = 4D Correlator



Carrollian CFT3

Celestial CFT2

perturbative bulk

to bndy = on shell



Fock Space ↔ 4D Hilbert Space	↔ 2D States ↔ 2D Operators

. . .

Operator Spectrum



Collinear Limit = OPE



     Celestial OPE     vs  Feynman Diagrams

+

+

Celestial OPE



     Celestial OPE     vs  Feynman Diagrams

+

+

Celestial OPE



2D Radial Quantization → More Symmetries

For  special weights, the SL(2,C) multiplets have primary descendants.

 Assuming these multiplets shorten, we have



2D Radial Quantization → More Symmetries

Complexifying the celestial sphere variables and defining a holomorphic 
commutator

gives a  𝐿𝑤BCD symmetry algebra for appropriately rescaled modes



Do these symmetries beyond tree level, or the self-dual sector?

Can we realize them in the matter sector?

Can we really complexify the celestial sphere to define these currents?



WHY?



A Collision of Fields: Then



A Collision of Fields: Then

New Subleading 
Soft Graviton Thm.

Spin Memory
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2D Stress Tensor

Boost Basis
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A Collision of Fields: Now



Holographic Symmetry Algebras

holomorphic collinear limits 

self-dual gravity twisted holography

conformally soft theorems 

gravitational phase space

𝐿𝑤!#* in gravity, YM analog, …

A Collision of Fields: Now



self-dual gravity twisted holography

conformally soft theorems 

𝐿𝑤!#* in gravity, YM analog, …

Holographic Symmetry Algebras

holomorphic collinear limits 

gravitational phase space

amplitudes

covariant phase space

Carrollian CFTs + conformal colliders

A Collision of Fields: Now
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A Collision of Fields: Soon



ANEC+

Quantum Info

Celestial Symmetries

Bootstrap

A Collision of Fields: Soon



WHO?


















