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Abstract: <p>In this talk | will discuss a new use for conformal field theory crossing equation in the context of AAS/CFT: &nbsp;the computati
loop amplitudes in AdS, dual to non-planar correlators in holographic CFTs. | will revisit this problem and the dual 1/N expansion of CFTs, i
independent ways.&nbsp;The first is to show how to explicitly solve the crossing equations to the first subleading order in 1/N"2,&nbsp;gi
leading order solution. This is done as a systematic expansion in inverse powers of the spin, to all orders. These expansions can be re
leading to the CFT data for finite values of the spin. The second approach involves Mellin space. As an example, I&€E™II show how the polar
the four-point, loop-level Mellin amplitudes can be fully reconstructed from the leading-order data. The anomalous dimensions computed wit
methods agree. In the case of \phi*4 theory in AdS,&nbsp;the crossing solution reproduces a previous computation of the one-loop bubble c
| will end with a discussion on open problems and new developments.</p>
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Amplitudes in AdS

AdS/CFT correspondence

CFT correlation functions

at large N

e Understand the structure
of amplitudes in curved
space
e Difficult to access with

usual Feynman diagrams
techniques

e Understand better the
dynamics of holographic
CFTs, beyond leading

order
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Amplitudes in AdS ety Mellin representation

T
=)

et

CFT correlation functions

at large N ol Bootstrap approach
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* Review of the problem at order —
I\ <~
2l . . e ]
. Solvmg crossing equations at order —
N
« Using an expansion in inverse powers of the spin,
reconstruct the anomalous dimension (also for finite spins)
¢ Reconstruct the polar part of Mellin amplitude from the leading
order data
+ Compute the anomalous dimension
L

Discussion and open problems.
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* Consider the four point function of a generic CFT in d
dimensions, with large N expansion and large mass gap.

OxO=14+0+T,u +[00|ne+ [TT|ne+ [OT)n

double trace npemtnrs
single trace operator O Um fe (')/,,., O A
of dimension A

stress tensor of

dimension d and spin 2
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* Consider the four point function of a generic CFT in d
dimensions, with large N expansion and large mass gap.

- O forbidden in a theory with Zo symmetry
- In the simplest setting, it is possible to ignore T

- Quadruple and higher traces can also appear, but not up to
I

N

order
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G(u,v)

(O(21)O(22)O(23)O(24)) ,;,2;1\,1,133
L12 434
O(9) O(ry)
O(q) O(rs)
O,

Associativity of the OPE > ' =

O(x1) O(4)

e

. . : { A\ - Ay 1
Crossing equation LU= Gou ) =1 Gly, ul)
\\\\\nv‘ RSl /__(
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. e G(u,v)
(O(21)O(22)O(23)O(x4)) z.(ﬁ—z;,&

-

-(..!;\g(“w -(.’) = ‘(LAG('(.-’.‘ 'U.-)

l.)ccomposilion n A, p—

Glu,v) =1+ L”’”-(“ 2 ga i)

Mk

conformal blocks

OPE coetficients squared Conformal blocks
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The four point function and the CFT data can be expanded in
inverse powers of N, more specifically:

7/ v ' l = »(2
9(“‘.‘,‘,) — 9([3)(”‘ Iv) i II\:'._)_(,(])(” [') o vJ(—J)(” (1) o2
e ooyl (o)
A-rh(' = H)A } 2’“ ) ( l ,\r-) ﬁ/”'-n.(' I \* ] Af n.f l
(0) L Lo
Un. ¢ — ”"H ¢ } /\;"__)”':1.( t /\‘;_I (Lf} ¢ !

Crossing has to be satisfied order by order in N.
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At 0-th order the four point function is given by

.,(()) . : A U A
gl u,v)=14+u" + | — - crossed

We can decompose this in conformal blocks, to obtain
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~y /

Crbelt
A'n R 4

An ¢ —

Heemskerk, Penedones, Polchinski, and Sully, ‘09
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PN p— ¢

TL

By expanding the CPW Z, Aol 2.

IR

E : (1) b J 3,

(1% SR A+n AR _(_(l}_\([} : :

(J (”" : ) o (”u_f' T «)”u.f In, € ]“‘U‘- U+ n G2A42n4-£,¢ (“- f‘)
n, ¢ o i

R—— P - "

- G A Ao A ey

| Note on Conformal Block 4

e u — 0 limitis explicit from above |

g o) — () ;
.‘l.\,,‘((’HA v) Yo f'r.\il_;(m v) + /).\f,_;(aa. v) log v

N ﬁ .

Heemskerk, Penedones, Polchinski, and Sully, ‘09

ga,, ,.¢(u,v), we obtain:
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A p—£

TL ,

By expanding the CPW 2 an et~ 2 ga. ,¢(u,v), we obtain:

08 &
; : Al s 0
G Hyn) = E Vet a, ¢ F =, b7, ¢ Jlogu+ - goa+2n+e0(u,v)
{ R o
T, : v

e By studying divergent terms and using crossing, it is
: o 2 . (1) (1)
possible to find set of solutions {v,, ;,a,, /}

n T, ¢

re (12 01) »- - soi s
® {7, a,,} aredifferent from zero only for a finite range of

spin. log u log v is reproduced with FINITE num of blocks

o & . (1) (1)
¢ There is a relation between 7, and ¢, ;

0y (D)
(1) l((”u_('jn‘()
!u.(' B 9

(J71!

Heemskerk, Penedones, Polchinski, and Sully, ‘09
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* A complementary way to study this problem is by using the
Mellin representation.

*The main advantage of this approach is that crossing
symmetry is manifest and very easy to implement.

e Analytic properties of the Mellin amplitudes, as poles and
their residues, are directly related to CFT data.

[ - - e sm— s R —— — ———————————
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e In the t channel, the amplitude has poles in t at
. / ] - a

the twist 7 = 8p — £p of the exchanged operator O, and the

residues encode the OPE coefficients:

o0 _
_ 5 Qenl(8;7)
M(s,t) = E S E f”(' ’
s b — 7o+ 2n)
p n=>0 '

R O S R R B e S
3 Mack polvnomials: |
f X - ‘E
P : ; z
| ®They are closely related to the Mellin transform ¢
| RN : !
| of conformal blocks i
IR o : : i
| eThey satisfy orthogonality relations, known |

4 & = i
E explicitly only for n-0 |
a ) )
s 3
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e At tree level, the only poles come from single-trace
operators.

eDouble-trace exchanges are accounted for by the explicit
gamma functions in the definition of the Mellin transform.

e Using the orthogonality properties of Mack polynomials, it
possible to write the anomalous dimension as:

| 10X 5 (8 = RN~ i g
yso) :.1,;,/. rf.w.U”.,.l.{_,w.ﬂ;\'ll"(:l).)l"( : )-;/--_,[ 6L 20~ 1,508, 4,1)

~

eIn our simple setup, the Mellin transform is a polynomial.
This reflect the fact that there is no exchange of single trace

opcmlors.
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e At tree level, the only poles come from single-trace
operators.

eDouble-trace exchanges are accounted for by the explicit
gamma functions in the definition of the Mellin transform.

e Using the orthogonality properties of Mack polynomials, it
possible to write the anomalous dimension as:

| Lise ST o (20— s 7 s

fos

e WARNING: There can be REGUI.AR terms!
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N (1)
) Yo.n # 0 ayn, # 0

4, — 4 0 ¥LD

Mellin amplitudu 1S a constant
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Let’s expand the CPW at order

T

only part where a,,

. - ) | 9 : f.) ¢
v \ | Z) (0 : ) .
G4 (u,v) = 2 uotn _{ E—a 24 [ logu 4 and A appeal
\ O ) n.t 'n.t L= ‘-)“ int

~
~

| | CLYEaEL | | f')
a s tlogu -
-_3 (0 A ¢ ()”

L (0 SN2 (562 91 d 0* _ :
| h’””'{{' Yro.p) og (u) + 2log ”(')u 4 a2 JoA+2n+ee(w,v)

n, &£

.

: X D)
* under crossing this term produces a log” v

* as already noticed, each CB diverges at most as log v
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# golutions at order N

truncate at spin =

2 Rag g (0) (1)\2 .
& '_\)”n.{'( fn__#) .(}Z-_)-A—kjg,;_H"(-(N_ﬂ ()
B

= u (f(u,0) log v + g(u, v))

Mcpcnd (mlv on Ll [ *
| 0 |
%data that we have from N" |

1
: |

e ————y

)

and \ =
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# solutions at order N

truncate at spin =

i '_\)”n,{'( fn__é") YoIA+2n+-2 4 (H_, (-_)
'®
T =1}

’U.-A (_/'(H,_‘ '(!) ](_)}_)}' v 4 ((}(,“31 (‘))

i)

| A
e _ e U o |
Recall that crossing implies 9(“)(-(1‘. V) () G (v,u) , thus
i | 7 v, u
there 9“)(“, V) should contain

T s e e

| G (u,v) u® log?® (v) (f(v,u)logu + g(v,u)) +-:- |
L ' ' : ]

R e S el H/WMH R s

From which term of the decomposition can come?
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+(9 ~ 2 L o (2 ’ d
G\ (u,v) > SRR gl L g\  og i o
.. ¢ D) n.t ‘1. ¢ o (‘)”
n, ¥ = 5
L ) ) fas d
are truncated ; 5%t In,e | 1OBYU | on
sum, cannot ; ;
| {l]} Pacet i ) LT _), \ ) f)
produce a t 2%,0(Tn,e) log™(u) + 2log i

D)

log* v

Provides an L"~]Uali0n for ﬁ/:n

e
I

l J :
E n (0) . (2) 2
= 9 Ay ¢ Vn2928+2n+6,6(U, V)

10,k log?(v)
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S (0)_(2) ]
g & (lrr..("Q'ri..(U:—)‘\ F2n+£,4

(u,v) f(v,u)

n.t :
|<).!',"(i‘]
» To obtain log™ v we need to sum over an infinite number of spin
e The divergence comes from the tail of the sum, from the region of large spin
e The solution has the structure

all the coefficients are computable!

v A

*

sacap

(0) (1) (2)
(2) Cn /)u /n

—~

;|“‘(- — (_E,l l

g

In some cases, for instance @ we manage to re-sum the series and vxirnpululv
results for finite Hpins.
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