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Introduction

AdS/CFT Framework

@ Weakly coupled gravity theories in AdS < strongly coupled CFT on
the boundary with many degrees of freedom (Large N) and large gap
in the spectrum.

Bulk dynamics affects the CFT spectrum.
Scattering information can be extracted from CFT correlators.

Mellin transform of correlators — AdS amplitudes

Loop expansion in AdS <> 1/N? expansion in CFT

Goals
@ Extract a specific contribution to the anomalous dimension of CFT
double-trace operators from bulk A¢*
@ Compute the corresponding Mellin amplitude
@ Relate it to unitarity cuts of the amplitude
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The four-point function of identical scalar operators O is fixed by
conformal symmetry to have the form:

G(u,v)
(O(x1)0()0(x3)0(x4)) = —a5 a5 (1)
X12 X34
with cross-ratios:
122X324 = 124X223 =
=72 .2 — 4%, V=75 2:(1_2)(1_2) (2)
X13X24 X13%X24

@ The correlator satisfies Crossing symmetry:

u\ Lo
G(uv) = () " Gv.u) (3)
@ It admits a partial wave expansion:
G(u,v) = Z an u'r Gao(u,v) (4)

Al
where Gp ¢(u, v) are the conformal blocks in 4d.
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e The data {A,?; an ¢} from the expansion is known as the OPE data.
@ At leading order in the large N expansion:

O x0=1+[00],, (5)

(assuming a Zy symmetry to forbid O in the OPE)
e [00],,=00"0,, ...0,,0 are double-trace operators. With:

1) )

Tn Yn
A=2Ap+2n+{+ Nf+ Nf+... (6)
(0) (1) (22
ane = a N2 A’;4+... (7)

@ Bulk interactions induce anomalous dimensions in the CFT.

@ For a ¢* theory (no derivatives) in the bulk, crossing symmetry
implies:

’7,(72 o dp,0
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1) @)
e ©)

@ Plugging OPE data expansion into the partial-wave expansion gives

G(u,v) = GO(u,v) +

" (u,v) > Z utor 2(1{9)¥ log" u G (u,v)  (9)
ok k1 2A0p+2n,0\ U,

e This is the leading log u term at order
@ By crossing symmetry, we also get leading log v term:

yPoyn
GW(w,v) > Y T (1) log* v Gangsano(viu)  (10)

n

@ Goal: Extract contribution of this piece to anomalous dimensions of
double trace operators.
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Lorentzian Inversion Formula

@ Extracts OPE data from the correlator:

! _(z—2)? N\ -
car X / dzdz e Gy+3,n—3(2,Z) dDisc[G(z, Z)] (11)
0

@ Double discontinuity:
dDISC[g(Z,Z)] :g(Z,Z)— %go(z,f)— %go(zvz) (12)
@ Singularities of ca ¢ encode OPE data:

an, ¢
A=A, A — A,

CAL
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Anomalous Dimensions

o Fix Ap = 2.
o Inserting (10) into the inversion formula (11), and using (13) to read
singularities yields anomalous dimensions order by order in 1/N?:

) 6 108
e = st (14)

. 6(log J + 924 log J + 924~y — 899
56 = o M ! +... (15)

J4 256
@ 4 denotes the part coming from (10).
@ Conformal spin is defined as:

P=+2)(+1)
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Anomalous Dimensions

o At large J:
k—2
(k) log J
Ynge ™ g (16)
o Leading log behavior of 4 matches the full anomalous dimension:
A(k
‘Iog -2 ’ynZ ‘Iog 2y (17)

Resummation

o Expansion in 1/N?:

1 2 ~(3
0 a2 A

Yo, = vz e e (18)
@ Reorganize the expansion by powers of J:
(1) (1) (2)

~ Yo, 5o,e,N 5o,e,N 19

70€ - N2 J4 + J6 + oo ( )
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Anomalous Dimensions

o The 6() pieces can be resummed. For example:

1 6 2
St = s 4" (20)
1
Ot = 75 (47N — 128/ (21)

@ Suggests a general resummed structure:

(1)

’3/0,3 (1) (22)

Yn
J4+2n+2m+ N2

for a set of coefficients .
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@ So far, we studied the leading log v term in the CFT correlator and its
contribution to leading log J piece of double-trace anomalous
dimensions.

@ These contributions are naturally encoded in the Mellin amplitude
M(s, t), which can be thought of as the AdS scattering amplitude.
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Mellin Space

@ The inverse Mellin transform of the 4-pt function:

1 +ioco . .
_ /2, (0-200)/2
G(u,v) ani /_ioo dsdt M(s,t)u*’“v 3)

<P ETI (R

@ Poles in t generate leading log u terms:

. R(s) R
M(s,1) 5 mZ:O (t— (200 +2m)) Ma-1o0p-

(24)

Mohammad Reza Khansari (SISSA) Bubbles in AdS September 2025, DESY 11/16



Mellin Space

o Coefficients R,(nq) are fixed by matching tree-level data:

9(3m + 4)4™(m + 1)!12

1 _
Ry’ = @m+3)] (one loop) (25)
e We can find 'y(()f(,) from R,(rﬁ(_l) and vice versa.
o At large m, higher-loop coefficients scale as
RE) o (R, m>1 (26)

Flat-space limit
The flat space amplitude A(Sj;) relates to Mellin amplitude by

. R2

e _ M(s,--: AdSSI..)
A(S; l do 4 15 n 0 MSi = 247 95) -
(U)OCRAd'srioo/_,-oo Z R Ol 0
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Mellin Space

@ At one-loop gives:

973 RA

Al—loop( T) —_AdS \/7 (28)

which match the dimensional regularization result for flat space
amplitude.

@ n-bubble diagram amplitudes in flat space satisfy:

(A1—bubble)"

An—bubble = 1 (29)
@ Implying in Mellin space:
Mp_pubble(t) o¢ (Mi_pupble(t))”,  t>>1 (30)

@ So (26) suggests that R-terms are related to bubble diagrams.
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Mellin Space

o Unitarity cuts split diagrams and put cut propagators on-shell.

@ The n-bubble diagram is the only diagram at n-loop thay admits n
simultaneous unitarity cuts in a given channel.

@ Proposing that unitarity cuts relate to discontinuities in the 4-pt
correlator:

Disc,G(u,v) +— (1 —e™)M(s,t)

@ The R-term of the Mellin amplitude corresponds to iterated unitarity
cuts:

; _ flat space limit - —cut
(1 - emt)n 1I\/’f—loop DISCt 1(A£1n—)logu )
pole contribution P
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@ We found a triangular relationship between:

Leading log v / log u terms in the correlator
Leading log J part of double-trace anomalous dimensions
R-terms of Mellin amplitudes

@ All these connect to simultaneous unitarity cuts of the amplitudes.

@ This suggests providing a diagrammatic understanding of the leading
log u term in the correlator.

i log™ u Y, 1ot a D (Y Gop o, v) 5 RETY s

G
&
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Thank Youl



