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Introduction

Vectorial models of O(N)/U(N) CFT, dual to gauge
theory on AdS,,, — Vasiliev theory of higher spin
gauge fields

Tree level O(N') and “one-loop” O(N°) checks

of agreement between CFT partition functions

and AdS calculations in d=3, in higher dimensions,
thermal and Casimir energy parts in CFT, and

AdS,.,,

Nontrivial check of AdS,/CFT,: vanishing Casimir
energy in odd d+1 - >_a_=0 on S*

Double-trace deformations of CFT - RG flow from

IR fixed point (free CFT) to UV fixed point -- holographic
dual is the transition between different boundary
conditions on dual massless gauge fields in AdS

Something deep behind these miraculous
coincidences extending beyond AdS and CFT?
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Double trace deformation of CFT and the AdS/CFT
correspondence

CFT operator J(5) = q)i(m)d)i(az) , g:;fg:f:d DeWitt
Scrr(®) = Sopr(P) — Qf[dm J?(x) T4 = [ dedy J(@) 7 (@) )

oJ = / dz p(z) J(z)

~ source ,44ﬁﬁiizzzii//////,

Generating  Zopp(s) = [ exp (—SCFT(CD) + % J(®)F15(0) + soJ(cb))

functional
Z 1 . - . A\ J
Zcrr(0) 2 CFT CFT



“Habbard-Stratonovich” transform:

<e‘f’j>2FT = (detf)l/zqu5 <e><|3 (—;¢f¢+ @+ %) j)>CFT

functional
determinant in CFT

1/N-expansion: (J)=0

oJ — TSl TT
<e >CFT 1+2(p<JJ>GFT(’O+"'
1 - =
:exp(§¢<JJ go) = exp (——chgo),
- = 1 1 . .
(J(@) J(y) ) = —F(z,y) ~ = g8 " jd2A A — dimension of J
7\ —1{z 1 1
e@J> = (det £)1/2 (det F exp(-_-¢ — _ w)

< OFT ( f) 2 F 1 + f 1 Gubser, Klebanov 2003

Fp=F+f




RG flow: UV = IR

(@) T(9))} 1 e for <
(J(@)JW) )opr = —5=1 =
sl IR 4L FIF >
1 1 5 0
o—y28 "~ p2n 1 y| — uv, A

1 1
|z —y|2(d=2) ™~ L2h=d [z —y| = o0 |R, d-A




Dual description of higher spin fields: from conserved currents

to dual gauge fields

AdSgyq: XA =Xx1 . . xIT1 ¢ = pi-As(X)

bilinear in r©

Sur1l®] =2 / Jlx 0P
AdS

8(AdSgy1) = RY, 8% 8 x 5971 X = e(a),

B| = P (o)) = ph1He ()
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[ D®e Sd+1l?]

A e
AdS/CFT correspondence <e"0‘]> _ Hl=v

(undeformed CFT): e [ D& e—Sd+1[2]

B =0

U

(7Y = 2 [ hedo (o)
CFT i
shift of integration

f Do e—S[dB] I variable and
— (det f)l/ 2 all & o integral over

[ D e—Sa+1[2]
B|=0

Total action S[®]=S5;,1[P]+ % (cp| — ¢>f<¢| — (p>

1 >
== / 41X &(X) F (V) B(X) AdS bulk part
AdS

_|_% / A% (d5|(x) _ So(x))f(qsl(x) — (p(:[:)) boundary part
H(AdS)



Wronskian relation and Wronskian operator W(r):

— — — —
/dd+1X (9'151F(V)Q§2 — &1 F (V) ¢2> = — / d% (cpl W@y — dq qug) :
M oM

/dd+1x¢1 Fd, = /dd+1x¢1(ﬁqﬁ2)+ / ddmlﬁ/@g‘
M M oM

bilinear in r©

Saddle point of S[® ]:

5S[®] = / dd‘HX(S@(;@)—I—/ddxéqS((IX)/—l—f)gﬂ—fgo) —0
AdSg41 My

F(V)®4(X) =0,

(I?/ (V) + f) cpf‘ = fo generalized (inhomogeneous)
boundary conditions




Neumann Green’s function:

Solution:

On-shell action:

Boundary-to-boundary
propagator:

Preexponential

factors — functional
determinants in the bulk
subject to Neumann
and Dirichlet b.c.:

(W +£) G, (X,Y) =0
XE@MCH_]_
2p(X) = [ dyGn,(X.p) Fow) = Gl fo
1
Slerl = o|f —FGn, || f] e - Condensad

G (@ y) = GN (6 Y) | xme(e), v=e(y) = Oyl

/ D@exp(—S[@]—1(¢|—go)f(d5|—go)>

2
alld
= (Dety, ) exp ( _ %(p[f —fay| f]<p>
/ D& e Sa+1l?] = (DetDF)_l/2
®|=0



Comparison of AdS/CFT result with double-trace deformation:

_ ~1/2
(7 Vg = @0 () o0 (=5l =16 1]¢)

| |

#\ S —1/2 1 1
pJ 142 S
<e >CFT = (det f) (det Ff) exp ( Y——1 = 190)

FfEF—|—f

GNfH =5 g
AdS/CFT duality <¢==)
DethF = det Fy DetpF




Tree level: holographic duality and the induced boundary
theory

5 e—Sa+1[2p(p)]
tree level: <e90 > — F(V)ép(X) =0, ép|=ep(a)
CFT e Si+1[2p(0)] -
dp(X) =-GpW |y
1 N Dirichlet Green’s
Sat1l@p] = 3 / dX &p 7 (V) Pp function
_ AdS N
“Witten’s dt1 oL p N
calculation”: = /d Xop(F®p) -l-/d x@DW@D’

1 [ —>G ‘;[—/”] 1 o
—290 D 90—29090

inverse propagator of o
induced boundary theory F=—-wGpWl|

7 1
()= o0 (297)
CFT 2



Functional determinants relations

7 = /qu exp (—S[®])

all

2(¢)= [ D& exp(-s[2])
Pl=¢

Z=/dsoZ(90)

stel = [ axeOF@ @)+ [ dr (5 0@ 10) o) + @) o)),
Mgy Mg
P ‘ = d(X) ]8Md+1 = ®d(e(z)) = p(z), Mg=0My4q



/7

a

F(V)¢p(X)=0
(I?H—f)abf +j(z) =0

7 = (Dety,F) / exp(=S[®])
~1/2 1 '
= (Dety, 7)o (S )
“Witten’s calculation”
+ boundary term:
Z(¢) = (DetpF)~Zexp(=5[2p]) Fp=— Wepivl + f
1 el ;
= (Detp F)~12exp ( — E‘PFf‘P—jSO)
Z = / de Z ()
= (DetDF)—l/Q(deth)—l/Q exp <%]Ff_lj)
/!
again

Gaussian



Generic manifold with a boundary, generic second order operator:

(W +F) Gy (X,Y)

A.B., Nesterov 2006
PRD 73 066012 (2006)
A.B.JETP 147(2015)1

Particular case of large N
double trace deformed
CFT on AdS spacetime —
RG flow from IR (=1) to
UV (f~=0) fixed points:

XeaMd+1

=0

F(V)Gp(X,Y) =46(X,Y)

GD(X, Y) =0
XEBMd_H

Gn, || = F7* =

DethF = det F'y DetpF.

v (_ _1
-~ WGpWI||+ f ]

Dety, F detFy _det(1+f'F)

Diaz, Dorn 2007

- - —1
Dety, I detFp, —det(1+f,' F) Hartman, Rastelli 2008

f=1ré(z,y), detf=1



Extension to gauge theories

Bulk and brane gauge
invariances:

Bulk and brane
gauge conditions
and Faddeev-Popov
operators:

Analogous relation
for ghost determinants:

D P= =D+ AP, ¢t =p+ 0ty =l=¢
Afgpﬂl---ﬂs(m) — D(Mlg/v@---,us)

H(@) — HAl"'AS_l(X) -~ VngBAl---As—l(X) =0,
ATH(®P) = Q=

h(p) = hH1Hs=1(g) ~ Dy"HlHs=1(g) = 0,
ASh(p) = Q¢

DetyQ = det Q DetpQ A.B. PRD74 084033 (2006)




Example of non-AdS/CFT duality — CFT driven cosmology

The analogue of the thermal AdS/CFT correspondence:
duality of the 4D finite temperature boundary CFT to 5D
black hole thermodynamics in AdS with a boundary

Witten (1998)

VS
4D CFT cosmology: Einstein theory Brane induced gravity in 5D
sourced by quantum conformal matter <:> Schwarzschild-deSitter bulk
at finite temperature (5D black hole in dS,)
G47 /\47 C G57 /\57 RS
primordial 4D 4D radiation is imitated by Schwarzschild
cosmological the BH mass C ~ G5M — R% radius of bulk BH
constant
But (!):
No SUSY

De Sitter, A.>0
No AdS, no group-theoretical arguments




Duality of 4D CFT driven cosmology and 5D brane induced gravity

Sulgun 61 = —o— [ d*sg*? (R 24) + Scrrlom. o)

4D side ‘
B B N 1 conformal
A=A,--4D CC fields of spin s=0,1,1/2
£X V2 (RO - 245)
SIGa(X)] =~ GS / G \RT(Gap) =245
5D side

_ 4. 1/2 1
/d:cg (8 G5[K]+16wG4R(gW)>.

brane

5D Schwarzschild-dS solution with a bulk black hole of mass » R %G,

2

dssy = f(R)AT? + + R2a%, embedding
As

f(R) S'g §°
f(R)=1-"2R?— R3 <: d8(4) =dr+a (T)dQ(3) topology

6 R2
R=a(r), T=T(),

oy = VI (@) —a?

f(a)



Euclidean Schwarzschild-dS “cigar” instanton: f(R)>0, R-<R< Ry

R3 = /\35 (1 +4/1— 2A5R§/3>

R_<a_§a(7')§a_|_<R_|_
- J
'

4D instanton domain

JR_|_

identified identified

—— e — ]

se

1- fold, k=1 k- folded garland, k=1,2,3,...




5D side

4D CFT
cosmology
side

Equation of motion of the 4D spherical shell R = a(7)
in 5D Schwarzschild-de Sitter background

2<i a2>2 1 42 As R2

a2 a2 a2 a2 6 a?
Gs
Te = ———
2Gy
N
B=2r2, Ng="=2
2
C = Rj

Quantum Friedmannn equation for
cosmological factor

2

a? a2

B(1 a2\° 1 a2 A, C
a2  a? 3 a?

C » amount of radiation C = Z S
ewnl + 1



Conclusions

Tree-level AdS/CFT » kinematical relations
One-loop AdS/CFT » functional determinants relations

Beyond one-loop » similar identities with ~» 1/N ?

[poeNSPl= [ap [ DpeNSLP]
all B =

_ d+1+ (1 2, 1 3
S[] = / dd+1x (55(2)45 +23,5(2) +>
Mgy

-I-/ddw <%f(2)902+%f(3)903+--->
My
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