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Abstract: The Celestial Holography program encompasses recent efforts to understand the flat space hologram in terms of a CFT living on the
celestial sphere. A key development instigating these efforts came from understanding how soft limits of scattering encode infinite dimensional
symmetry enhancements corresponding to the asymptotic symmetry group of the bulk spacetime. Historically, the construction of the bulk-boundary
dual pair has followed bottom up approach matching symmetries on both sides. Recently, however, there has been exciting progress in formulating
top down descriptions using insights from twisted holography. We review salient aspects of the celestial construction, the status of the dictionary,
and active research directions.
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The Celestial Conjecture:

scattering in asymptotically flat spacetimes is dual to a CFT living on the celestial sphere
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This program evolved from a bottom-up approach to flat holography...

Soft Thm. = Ward Id. IR Triangle IR Div. a¢ ASG Violation  OPE Bootetrap o
203 — 2015 — 2017 — 2019 — 202| —

Soft Operatore ag Currente Soft Hair ~ Change of Basie  Amplitude Dictionary

two kinds of infinite dimengional eymmetry enhancemente

... 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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Soft Thm = Ward Id
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ds? = —dt* + dx* + dy® + dz?

P

G,y = 81GT,,

Pirsa: 23100061

Page 6/39




Pirsa: 23100061

<
\\Qﬁ‘ u=t-—r
& D,
g % v=1t+r
transverse S?
Page 7/39




upncal fulloffs

ASG =

allowed gauge symmetries

trivial gauge symmetries
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In Bondi gauge the metric near future null infinity takes the form

ds® = —du? -_‘Zdudr + 2r?y,:dzdz + Q%Eduz
-I-(T'C’;_gdzz + D*C..dudz + ,l(gle — %83(C’_z;C"‘"“"))d"uc‘l_z + c.c.) + ...

which is preserved by the residual diffeomorphisms

et =(1+ ;’_)Y 29, — ;_DEDEY“JE 5+ m)DY 0, + ;DJ"* 29y + c.c
Ry _ | |
+ ft0, — —(D*f*0. + D*f*0;) + D*D.f"0,
r L Superrotations

K Supertranslations
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o, o | P as R R
8TGQT[Y] = Voyd: zdu {§Df}"‘ ud, C** +Y*T,. +uD.Y*T,, + h.c.

QY] = QY]+ QplY]
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(out|a_(q)Slin) = (S(O)_ + S(l)_) (out|S|in) + O(w)

S((-})_ - Z (pk . E_)Q S(l)_ = — Z pkuﬁ_ﬂyq/\(]k/\r./
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Soft Thm = Ward Id

_______________________________________
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Soft Thm = Memory

symmetry

memory

u
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Soft Thm = Memory
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IR Triangle

Our story starts with Strominger's The relnT_iv_isfs were
suggestion that... systematizing what
[ B happens at long
")

distances...

..a series of separate
studies from the sixties
are secretly the same.

The quantum field theorists

were worried about what was

going on at low energies... (]
i’

And, a little later, someone
remembered there was a physical
observable attached to each of
these things....
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IR Triangle

Boost Basis

/‘

2D Stress Tensor

/

Superrotation

Symmetry
New Subleading _/

Soft Graviton Thm. \

Spin Memory

Asymptotic Symmetries

Memory Effects

Soft Theorems
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4D Soft Mode = 2D Current

For a particular choice of Y

1 .
Y™ = 0)

z—w

T..=2iQ{(Y" =

P

the superrotation Ward Id takes the form of a 2D stress tensor Ward Id.

<rI‘~~(91 . On) — Z

n hi | L 1 - ; 7
[ : — (az;.: - ’bllezk) <C)1 T C)”>

(z —2k)?2  z— 2z 2 — 2k

I
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subleading soft —= Ward identity for —= Ward identity for
graviton theorem = 4D superrotations = 2D stress tensor

\ }
|

the asymptotic symmetry is physical
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subleading soft —= Ward identity for —= Ward identity for
graviton theorem = 4D superrotations = 2D stress tensor

\ }
|

we should look for a 2D dual CFT
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4D Soft Mode = 2D Current
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w 4D Amplitude = 4D Correlator

LSZ <& Extrapolate Dict.

. @)
(out|S]in)poost = H}LIEO dv; v 2 (r® (v, 7, 21, 21). . T® (U, T, 20, Z0) )
i

— 00

v ={u,v}
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4D Amplitude = 2D Correlator
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4D Amplitude = 2D Correlator

4D Lorentz invariance = 2D global conformal symmetry

<®§1(21,21)---©§n(3m5n)> = H/ dwz-wf"—l(out|8|z'n)
i=1Y0

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

Lol Sl <E,..0

Lorectz Tayoriance Comformal &\"1”‘?{1\1
Me rocu, Meodes, Celestiol Currents -
Dress, % \Jertex Opsmtors
Collinea® Limits Celestn\ OPES

% Hl(ﬁ'l’i_ Ocdec Rules

OO N W
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Collinear Limit = OPE

K 212

Ga, +2(21,21)04, +2(22, 22) ~ 52—125’(&1 1, A2 = 1)6a, 1 a,,42(22, 22) + ...,
_ _ K Z12 -
Oa, +2(21,21)04,, 2(22,22) ~ *573(31 = 1,89 +3)04, 4 a,,-2(22, 22)
12
K 212 _
~ 23 B(A, + 3,82 — 1)0a, 14, +2(22, 22) + ...,
2
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2D Radial Quantization — More Symmetries

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

H*(z,2) := lim €0pien(2,2), A=k = 2/1,0,-1,...

e—0

Assuming these multiplets shorten, we have

2—-k
2

- 1
HY(,2) = 30 25 HL(2) wh = —(p—n—1)(p+n— 1) H, >

K
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2D Radial Quantization — More Symmetries

Complexifying the celestial sphere variables and defining a holomorphic
commutator

(A, B|(z) = L dw A(w)B(z)

2w,

gives a Lwy,, symmetry algebra for appropriately rescaled modes

["-“ﬂa ’“-’fn] (2) = [7’5(‘1 —1)—m(p — 1)] w{’?ff,;?(z)

Pirsa: 23100061 Page 27/39




Celestial Algebra = Sym of SDG

conformally soft theorems

holomorphic collinear limits

Lwj ;. in gravity, YM analog, ...

Holographic Symmetry Algebras

twistor theory twisted holography

A L”
gravitational phase space
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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?

? >
r ‘s P?oc’??

O
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Celestial = Carrollian

Celestial CFT,

Carrollian CFT;
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Celestial = Carrollian

C — 00
Galilean

/><-\

ds? = —c?dt? + dx?

c=1 c—-0

Lorentzian Carrollian

A
/

L}

Pirsa: 23100061

Page 31/39




Q

5+
H matter

Hard Charges = Light Ray Operators

= €(2,z) = lim ?“Q/duf[}m(u,r,z,z)

r—00
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Hard Charges = Light Ray Operators

CCET Conformal Colliders
_ _ te(0,) - - £(6,)0|0)
6% (21,21)...0% (2, zn (0|0'E(6, n
(0%, (21, 2)-..0%, (0, 2)) s
Single Particle v 2-Particle

Exclusive Inclusive
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Hard Charges = Light Ray Operators

CCET Conformal Colliders
_ _ te(0,) - - £(6,)0|0)
6% (21,21)...0% (2, zn (0|0'E(6, n
(0%, (21, 2)-..0%, (0, 2)) s
Single Particle v 2-Particle

Exclusive Inclusive
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Quantum Info

Celestial Symmetries

ANEC+

Bootstrap
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Amplitudes
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