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Celestial Holography proposes a duality between scattering in asymptotically flat spacetimes…

… and a CFT living on the celestial sphere. 



This program evolved from a bottom-up approach to flat holography…

… recognizing soft theorems as Ward Identities for asymptotic symmetries and recasting the soft 
operators as currents in a codimension 2 CFT.
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Carrollian CFTs + conformal colliders
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The Celestial Dictionary

4D Lorentz invariance = 2D global conformal symmetry

If we go to a boost basis, amplitudes transform as CFT correlators under the Lorentz group.



• Single particle operators have a continuous spectrum 𝑢, Δ, 𝜔

→ Can analytically continue to integer Δ

• Collinear limits → Celestial OPE of single particle operators



Splitting Function → Celestial OPE → OPE of “Currents”



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

Assuming these multiplets shorten, we have



Complexifying the celestial sphere variables and defining a 
holomorphic commutator

gives a  𝐿𝑤!"# 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?



LSZ      ⇔ Extrapolate Dict.



[Freidel, Pranzetti, Raclariu ’21] we can try to realize the same 
holographic symmetry algebras using the standard phase space bracket



From the extrapolate dictionary we have

with phase space bracket



We can realize the w-infinity symmetry 

using a tower of Δ, 𝐽 = 3, 𝑠 operators



These involve a series of terms with more collinear gravitons

With the linear and quadratic charges taking the form



• We can realize the BMS subalgebra using only 
linear and quadratic modes.

• We can realize the wedge subalgebra using 
only quadratic operators.

• We need higher particle (𝑘 ≥ 3) contributions 
to go outside the wedge.

𝜒-Poincare
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The same is true for matter fields!



• BMS symmetry of light ray supported operators

ex.		 ⇔

• ∧ 𝐿𝑤!"# realization for light sheet supported operators

→ Need mixed graviton/matter to realize 𝐿𝑤!"# with light ray operators



• These phase space representations amount to symmetries of the free 
m=0 theory

• Free m=0 matter sector is a special case of the [Cordova Shao ’18]  
BMS result for general CFT4.



Cordova and Shao ‘18 examined light-ray operators in unitary CFTs operators 
restricted to a light-sheet

And found that one could generically construct a representation of the BMS 
algebra starting from the bulk matter stress tensor



All these light-ray supported operators are local on the celestial sphere. Seemingly by 
accident*

these matter operators, and similar ‘detector’ [Belin et al ’11; Kravchuk Simmons-Duffin  
‘18] generalizations are themselves celestial primaries. 



All these light-ray supported operators are local on the celestial sphere. Seemingly by 
accident*

these matter operators, and similar ‘detector’ [Belin et al ’11; Kravchuk Simmons-Duffin  
‘18] generalizations are themselves celestial primaries. 

* or not: the subalgebra of CFT4 preserving Scri is Poincare + Dilatations;  primaries at i0 – Including Light-transformed ones – are zero energy states, which form 
a closed sector



Conformal collider physics applies CFT techniques and insights from AdS/CFT to compute
observables relevant to particle experiments.

The main objects – ANEC operators and their generalizations – appear in precision tests of
QCD, in QI settings, to bound anomaly coefficients, and to identify good observables.



• The celestial and conformal collider literature both look at 4D 
correlation functions of operators that produce boost eigenstates

• Both are interested in the Celestial OPE.
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Let’s close with three applications where this perspective is useful

• CCFT Spectrum   (w/ J. Kulp)

• CCFT OPE   (w/ Y. Hu + A. Ball)

• Relating CCFT Extrapolate Dictionaries   (w/ E. Jørstad + A. Sharma)



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

. . .



Celestial OPE    vs Feynman Diagrams
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In those examples the 4D uplift help us understand the local behavior when 
two operators approach each other on the celestial sphere.

Uplifting to the Einstein cylinder vs 
the Poincare patch further relates:

→ 2D Shadows & 4D Inversions

→ different CCFT Dictionaries



Conformal colliders are just one of many other ventures we can make direct 
contact with…

… just starting from the kinematics! 

conformal colliders
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light ray operators
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A Collision of Research Programs: Soon

Amplitudes:     mathematical structures → consistency → S-matrix 

Conformal Bootstrap:     conformal symmetry + OPE → space of CFTs

Quantum Gravity: 
(It from Qubit)    entanglement → spacetime
(Corner)               symmetries → Hilbert space
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soft and collinear factorization

IR finite S-matrix

complex spin
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