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Background

Flat-space

where

AdS Boundary

limMn+1 (q; kl, e
qg—0

Bm (T(q)T (k1) ... T(kn)) = SO(T(ky) ... T(ky,)) + ST (ky) ..

q—0
[K. Hinterbichler, L. Hui, J. Khoury ’13]
[P. McFadden '14]
[J. Maldacena "02]

T(kn)) + O(q")



Main Result
Soft graviton theorem: e

Lim (T(q)T (k1) ... T(kyn)) = SO(T (k1) ... T(kn)) + ST (k1) ... T(k,)) + O(¢?)

q—0

1 n y S(O) — D
S(O) — 5 Z EMngak:aﬂ eHY s pHY ; as
a=1
1 n
SOy SO, -, LS|
a=1 S eHV —mpY - Z q'OKg’

Checked with existing full 4 point result limg ,o(T7TTT)

[J. Bonifacio, H. Goodhew, A. Joyce, E. Pajer, D. Stefanyszyn '22],
|C. Armstrong, H. Goodhew, A. Lipstein, J. Mei '23]



Main Result
Soft photon theorem:

lim (J(q)J (k1) ... J(kn)) = —3 >, encq - Ok, (J (k1) ... J(kn)) + O(q)

qg—0

Soft gluon theorem:

lim (J(q)J (k1) ... J(kn)) = 2(eq - Ok, — €q - Oy ){J (k1) ... T (kn)) + O(q)

q—0

Checked with 5-point datas (JJJJJ) (JOJOJ).



Method
Solving Special Conformal Ward Identity (SCWI)

For correlators, the SCWI acts as

Y KK (01...0,...0,) =0,
a=1

where K is the special conformal generator. The right-hand side (RHS) is
generally nonzero, up to local terms.

This is due to the nature of the Ward identities, i.e.,
0" (1, (1) O (#2) -+ O () = — Yy 6 (#1 — Ta) (O () - 00 (Za) -~ O (&,
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Example: 4-point GR —
IR

[Bonifacio, Goodhew, Joyce, Pajer, Stefanyszyn '22] H
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Local terms pops up?

\W ay OU.t: LSZ [C. Cheung, J. Parra-Martinez, A. Sivaramakrishnan 22, J. Mei '23]

Imposing the EoM on the bulk-to-boundary (Btb) propagator
Dok, 2) = [2°k* — 2202 — (1 — d)20, + A(A — d)]pa(k,2) =0

By generalised LSZ, we can work with A,, within correlators

(0(F) .0 (k) = J szr A (2,02 Fur2 ) Ty 65 (kv 2)

Mellin transformation oAk, z) = 100 ds —2s+d/2 Pa(s, k).

—100 271

(O1...0,) = [[ds;] | %An(zk, $) [Ty B(si, ki)z—284/2,

with [[ds;] =, fﬂoo dsi
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Here, for convenience in performing IBP with respect to 0., we per- TN
form a Mellin transform of the bulk-to-boundary propagator:



Exact Conformal Invariance

Punchline

By generalised LSZ, we can work with A,, within correlators

(O1...0,) = [[ds;] | %An(zk, ) [Ty &(si, ki)z—28d/2,

J. Mei, Y. Mo /24
Working with Mellin-momentum amplitudes | ]

a=1

The RHS of the SCWI is precisely zero by EoM and IBP.




Example: Deriving Soft Photon Theorem
We have the following SCWI constraint:

(Z/cg+/cg> — ‘
@) | B
Ansatz for A,.1: *

Ani1(q, k1, ..., k) = Zehzeq knG (kr,z,2") A, (2 k... Kk, ... k)
h

+R(q,k1,...,kh,...,kn)

where GG is the bulk-to-bulk propagator, and k I =q+ Eh.



Example: Deriving Soft Photon Theorem

We have the following SCWI constraint: ﬂ ,‘
(Z/Céf-l—fcg) A1 =0. U w
a=1

(lcg + ]Cz) An—f—l (QJ kla SR kn)

_4Sq+d—2

— 22(]2 (ZehAn(Zakla7Q+kha:kn)+22qR)
h

A, and R have expansions in ¢ as follows: O (q_Z) Z ep =0

An(z,q + En) = An(z, kn) + (q - Ok, ) An(2, kn) + -+
R(z.q,{k}) = 4 - RV (2, {k}) + efiq"R}) (=, {k}) + ...




Solving the SCWI Order by Order in g Similar to [Z. Bern, S. Davies, P. Di Vecchia, J. Nohle '14]

So the result is 11mAn+1 ;eh (z eq  knG (kr,2,2") — ieq 8kh>A () + O(q)

Punchline

2

Go back to boundary correlator space

[ <% zegkn pa—1(2, kn) da—1(2,q) Glkp, 2,2") = —ng_l Eq' Ok, @d—1(%", kn),

lim (J(q)J (k1) ... J(kn)) = =13, eneq - Ok, (J (K1) ... J(kn)) + O(q)

q—0




Summary

We have the following SCWI constraint: '

SRR £
) 3 @g h@g

Leading order in ¢ Charge conservation Z ep =0 Equivalence principle k; =  for any ¢
contrains h

Solving the SCWI Order by Order in ¢

lim (J(q)J (k1) ... J(kn)) = 2(e4 - Ok, — g - O ) (T (K1) ... J(kn)) + O(q)

Sub-leading order in ¢ q—0
Soft theore lim (T(q)T (k1) ... T(kn)) = ST (k1) ... T(kn)) + ST (K1) ... T (k) + O(q?)
q—
1 mn
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Checked




Thanks

Questions are welcome



Solving the SCWI Order by Order in g Similar to [Z. Bern, S. Davies, P. Di Vecchia, J. Nohle '14]

At O (q_2) we get charge conservation

ch
Y sy =24, =0 I
h h
At O (q_l) we can constrain R(°)
1
R = — Zh:ehiakﬁ/ln.
So the result is  Anp1 =) en(2'eq- knG (k1. 2,2") — ey O, ) An(2) + O()
2z

h
Go back to boundary correlator space

lim (J () (ki) ... J (kn)) = —5 D n€héq - Ok, (k1) ... J(kn)) + O(q)
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