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Conformal Field Theo 4 @Sgﬂ\fﬁgﬁpton

A CFT consists of a spectrum and a set of correlators (subject to some symmetry and consistency )

« The Spectrum is a set of numbers that characterizes the states in the Hilbert space of the CFT.
Through state-operator correspondence we associate every state to a local primary operator O, with

a scaling dimension A; .

«  Once we know the spectrum, the two and three-pt correlators are completely fixed (upto an overall
factor) by the symmetry:
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OPE coefficients



Bootstrap Philosophy (Dsouthampton

The set {spectrum, OPE coefficients} is the CFT data.

With this, we can compute any n-pt correlator of the theory recursively, for example:

{Gi{I] }ﬂ {szﬂl £ i ru T-’I Z C; r,_,lp JJIm. le (';}JQJGFG{ ]Ch“{l 34, d.eqjﬂh {Tl}}l

l

Conformal Partial Wave (fixed by conformal symmetry)

Does any random set of CFT data give a consistent CFT?
Consistency check through crossing equation:
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All these statements are in position space for separated points -> momentum space is better

suited to deal with issues arising from coincident points.



Simplest case: Two-Point Function (D southampton

Poles — Divergences

Fourier Transforming the two-point correlator,
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‘ Special cases
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Non-trivial reqularization and renormalization

necessary l
[Osborn,Petkou,'93]
Conformal Anomalies!
[Petkou, Skenderis,"99] (later)

[Henninsgon,Skenderis,'98]



Two-Point Function - Regularization @sgﬂ‘fﬁg‘ﬁpmn

Regularization :
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u ,v are related to the reqularization scheme

[Bzowski, McFadden, Skenderis, '15]



Two-Point Function -Renormalization @sgﬂ‘fﬁg‘ﬁpmn

Regulated action: S[¢] = Scrr + / dr2uey 4O,

627
(O(1)O(x2))reg = So(x1)do(xs)

. $=0
Generating Functional: ~ Z[¢) — / Dde ¥l

Divergence of the correlator removed by adding Set = acs(€, u, v) f d92ueq 2vep 0k g,

[Bzowski, McFadden, Skenderis "15]
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Renormalized correlator : Conformal anomaly: A — [ Az ATk 4 -
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Three-Point Function &) southampton

(These results hold for all CFT's, perturbative or non-perturbative)

For three-point correlators,
{{Ol(Pl}@z(Pz}@a(Pa)}}ﬁ£ da z4/%~ IHP ” fi_ﬂ. —d2(pj).

ji=1

This can also be obtained directly from the conformal Ward Identities in momentum space without
any reference to Fourier Transform

Condition for divergence (obtained from the convergence of triple-K integral) :

d + (A — _) +(Ay— = ) + (As — ﬂ) 9 (four kind of divergences depending on the relative plus or minus signs)

2 2 each of these condition can hold separately or in combinations
Classification :

Ultralocal : (———)-condition: [, [ b2 "¢y, ——»  anomalies

Semilocal: (— — +)-condition: [k 1 k2 b9 (ks O3, —> B-functions

[Bzowski, McFadden, Skenderis'13]
Not true divergences of the correlator, rather the triple-K representation is singular
[Bzowski, McFadden, Skenderis'15]

Nonlocal: (— + +)-condition (+ + +)-condition



Four-Point Function &) southampton

The simplest correlator that encodes the dynamics is a four-point function —> these also

have similar divergences
4-point function not completely fixed by conformal symmetry —> we need to use perturbative analysis.

Some analysis has been done in d=3 for holographic correlators.
Investigating correlators for d=4 holographic CFT is of interest to us because eventually we would like to

understand N=4 SYM.
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Condition for divergence (for contact diagrams)

d Z" —d/2) = —2n [Bzowski, McFadden, Skenderis, 2020]

[Bzowski, McFadden, Skenderis 2027]

Can we renormalize these correlators? If yes, what does that imply about the CFT? Can we constrain the
CFT data by demanding renormalizability?



Holographic Four Point Function (@ southampton

Tree level Contact and Exchange Witten Diagrams,

A2 K, 4 (k2)
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Bulk-to-Bulk :
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Contact correlator: Exchange correlator:
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(Work in progress...)



Analytic structure of a Contact Correlator e TrTyEMe
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with AT #0 when m+a+b<3
where
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Necessary Counterterms

Table 1: list of counterterms of (2;2;4,4;); e is a dummy index for any op
that can be added and there is a summation over e; ¢ # i/j/k/l. (alig
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Summa ry @Sgﬂ\fﬁgﬁpton

We are addressing this question for a holographic CFT in d=4.

» We assume that operators of integer dimension exists, e.g. A= 2 or 4
(which would satisfy the divergence condition).

 The renormalization of two- and three-point functions may impose
constraints on the four-pt functions.

* Preliminary computations indicate that the results for d=4 should differ
from the d=3 case.

 Requiring renormalization of four-point functions appears to impose
constraints on the spectrum and the OPE coefficients whose detailed
structure (s under investigation.

* This analysis should be relevant for N=4 SYM.
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THANK YOU

Questions?




Renormalization of Relevant 3-pt

Table 2: List of counterterms

correlators

of (2,2;4;).basis: 1.
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Table 4: List of counterterms of (4,4x4;). basis: ki, k3, k2k3, k2, kiok?, k2kio
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Table 3: List of counterterms of (2;,4;4;). basis: k%, k‘g, kos

Tl
S 244

A

S (—k1)5p (—ka) 5" (—kz)

2 01 g0
(2310
[A](j’u(]?ﬁ-gﬂ 'ﬁ_u [“]

=

=

=

k3 (rational number)
k3 (rational number)

kog(rational num

iber)

0[3 (f)I”]DO[“]
0214 6l
(9[z dj.n¢[“] )i(f) f}]

(21 (K2)2n(—k2))

g}w.'f. gz

T B (—k1)Eg (—ka)di (—ks)

[12 101 101 0] — ki

Dﬁﬁlﬂlgﬁf}lf’](ﬁ[ﬂ] s k?kg

+ all perm of L] consistent with basis — .-

O g0l 10 = (4p(k1)4n(— k1))
[“]G[4J¢[l'] = (4(k2)4;(—k2))

Ao,

— {4 (k3)dr(—k3))




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14

