RikeBFHmRERE

2404.05137, 2503.15174

5%
STAREAS

2025 fU BN ERE IRt BT s, WdeE

BYE ((IHRHEAE) Kk BPHHRERE



Celestial Holography

Flat holography:
@ 4D bulk, Minkowski = 2D Celestial CFT (CCFT), celestial sphere
@ Massless: Mellin transforms of plane waves.
@ Massive: Fourier transforms of bulk-to-boundary propagators.

SR, 2010-2016 & Barnich, Cachazo, Strominger, Pasterski, Sundrum...
o HIAXIFR: MIERIFRATINTIE — FiEfT — A& [BMS algebra 1962]
global SL(2,C) I Fl: extended BMS algebra D Virasoro algebra [0909. 2617...]
o HEE ~ CCFT Ward identities of BMS [1308.0589,1312.2229.. ]
@ AdS/CFT : Minkowski — #EE29{¥, AdS; — CFT, [1609.00732]

{RIRIEATH X : 2310.12922, 2203.13022,2111.11392, 2107.02075, 1703.05448
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{5lF: Soft graviton theorem

[low 1958] [Weinberg 1965]: universal soft factor = underlying symmetry

n

m p/ pIV »
MMV (q7pI17 7p;n)p17"' 7pn> qzo E [Z Tk _Zpkupk M (plla ’p;’naplv"’ 7pn)

/
2 o P9 = Pk d
(1)
Z\F CCFT =AY Ward identity, Supertranslation current P(z, z)
(P(2,2)04,, (21,21) .. Op, 5, (20 Z0) )
n 1 ) - B ) B 2
— 2 72 <Oh1,h1 (21,21) -+ Op, 1 1 11 (Zk:2) -+ On, i, (Zn,Zn)> (2)
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Celestial amplitudes [1701.00049,1705.01027]

X
NI

A — HKE,; XEKRTS — foliation — AJS/CFT: bulk-boundary propagator
bulk FIENE — REKFRIAHRIHFZENR A = § + i), A € R: putative CCFT
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Conformal primary wave function

@ massless limit:

w500m 5 ()

o shadow 5 [1205.1941]: 3ITF Ga_p.5(2,2): BN (h,h), BHEJ=h—h

-~ (-1)2r-hr@-2n) dy
qﬁA(Z, Z) = oa(Y,y) = (WF(QFI —1)) / (z— y)272h(2_ y)

A shadow field ¢ (z,2): (1—h,1—h),J=—J,A=2—A.

2_9h ¢A(y7 }_/) (4)
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3pt massive-massless-massless:

@ 2312.08597

3
(@ (1) b, (Wa) day (W) = iX / X e ) (xt i) [T o) (s wy)
=2

i)\(271')4 my\ A2+As—4 F(A1+A22—A3)F(A1—A22+A3)/F(A1) c
16 (7) o[855 g 7o —Ba g oo B )

o F{iJ&FEEH Shadowed amplitude:

(OT (W1)d3, (W), (Ws)) = Ky / - W2’4 o (PR (W1)o 5, (Wh)dn, (Ws))
F(A1+A2 A2JrA3 ) O(—1+ A1+A2+A3)
A2+A3 4 (Al) A3~ Al A2
_iA@2m)'m r(1+ ) ©)
2A2+A3 ’le‘A1+A2—A3|Wl3|A1+A3 A21W23‘A2+A3 AV
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Massive-massive-massless

(O (1) D2 (W) by (W) = N / dX @R (X ) @2 (X W) 0% (X )

2 A;
. dyid?z Vi ’ dws . . .
4 i i i A3z ¢4
= i\(27) /(| | yf’ <y,2 7 - _’i|2> )/WS w3 20% (—=mp1 + Map2 + w3qs)

i=1
= ix(2rm)* (mi —my)
2832 A1 mOTAs T(Ag)D(Ag)I(A1=52=58 4 1)

0 _1\n A14+As+As3—24+2n
{( 1) <m2> F(l_AQ_n)P(w_1+n)

7TF( A2+A23—A1 )

an_:—o n  \m 2
_ _ Aj+As+Az 2 -
XF(W’m)zFI(Ai” ALt 1*”;1—nm1§)+(AﬁA2)}
3 1

(7)

Kk BPHHRERE

BYE ((IHRHEAE)



Massless limit of Amp

Leading order

my A2 F(A2) my ;M2 Ag—1 m
(7) m@alqﬁg As) m (DA} PA=104,) (8)

A, T (A .
My A2 ( 2) o Roo1 yom T ~—
() i R0k 55 (021650, ©)

Subleading order

mg\42 T (A2) m1 ;mMa Ag—1—n m

<7) TT(D, — 1) 0a Pasfa) = =0 (Pa Sas=1-n0aa) (10)
A, (A )

mo As < 2) my Mo Ax—0,A3—2 m1/~\/

(7) m< AN aAD) A3> My—0 <<I>A1¢A2=lfn¢ﬁs>' (11)

Generalized conformal primaries A € 2 — Z> [2402.09256]: analytic constraints
Wi algebra [2105.14346]: current algebra of BMS
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2d integrable QFT to 0d CCFT

[2209.02776] Sinh-Gordon: no bound state. Rapidity parameter 0: p* = m (cosh 6, sinh 0)
@ Exact 2d S-matrix — Fourier transform — Celestial dual

SO = Ganoisina L TESTOFLSTO) £ =2
= [ dve"s(6) = 2m(5) + B ) + DY) ... ). (12)
@ Unitarity and crossing symmetry — Celestial bootstrap
S(0) = S(ir — 0), |S©®)|* =S(0)S(-0) =1, 0<Imb < . (13)
1 )
et _ A~ TWj iwb Q(n) 1 £+
£t (w) (He_w)[ e iRes [¢'ST(0) - / AFE (e + ) (w )]

(14)

BYE ((IHRHEAE) Kk BPHHRERE



Bullough-Dodd model: particle as the bound state itself

[Arinshtein, Fateev,Zamolodchikov 1979]

tanh (0 — 2’”)tanh (0 + 32’77;)) tanh £ (9 + by’

Q=b"'+b. (15)

Linear space of dimension-seven:

krw . _ 7"-’
f+( e27rw_ ZPI—(’—n 1 e 3, fn( 927”'”— ZPkn 1 3, (16)
1 —TTw ; jw
(e <1+e>[‘ o iRes [0,
+12Res[ e 05 (g 9_71 —Z/ ' (w + ) (w )] (17)
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Convolution integral: 11 kinds of integrals

5 kno!
/ grw Pgin—2(w')e "
/dwf+ (w4 w) MZZe 3 /dw e (1 ) (18)
q=0 k=1
ek%ww/
l{w, k, aw’ k=1,2,...,11
( Ol / w 1+eZ7rw+w’))( 1+627rw/)7 )y 4y )y by
am/(w ka) [ Wme 5™
Mo ka) = (=2) 2209 adw’
(w, k@) <k7r> Moy o “ (—1 + e2m(w+w))(—1 + e2m')’ (19)

Hamonic number:
1 71+(e—27rw)koc/6—1

lw, ko) = (kaa/ﬁ - Hka/ﬁfl)

2t —1+4e2mw
1-1+ (e—27rw)ka/6—1 ko
=5 e cot 6 ) (20)
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Workable bootstrap

Require: {SW(9), 82 (9),...,SN(0)}, f (w),f; (w)
1. N2
2: while n < Ndo
3: compute residue: Res [€“?S("(6)],_,, Res [e S ()] ,_ ... iz

3
ym m0™l(w, k, a)
km oMo

e

compute / dw'fY_(w + W) () using 1™ (w, k, @) = (

5: get i (w), f ( ) from the bootstrap formula

6: n«—n+1

7: end while

o HEANEIZE: WERLE (T) FFHEBHAITHSRECKIIR,

@ Revisit Sinh-Gordon model: Bullough-Dodd model B k = 0, 3, 6 BRI F=(8],

k7rw — — kﬂ'w
f+( eZTrw_ ZPZ_U 1 ’ fn( eQﬂ'w_ ZPk” 1 ’ (21)
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