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Motivation

( )

to understand AdS/CFT form field theories without using string theory
4 y

IHKLL bulk reconstruction | Hamilton, Kabat, Lifschytz, Lowe 2006

free scalar field operator on AdS ®(X)

Banks, Douglas, Horowitz, Martinec, 1998

BDHM relation
lim ®(z, x) = O()

z—0

CFT field operator at the boundary O(x)

Yy express ®(x) in terms of O(x)

A

O(x)

boundary

B(X) = / dy K(X, y)O(y)

c.f. S. Terashima, 202 1: CFT<->AdS without BDHM relation in the large N.



Aoki, Balog, Onogi, Yokoyama (in preparation)

Our proposal: bulk construction

Starting point CFT in d-dimensions
a a 1
(e (x)e"(y)) = 6 P non-singlet primary field

Smeared field %(X) = /ddy h(z,z —y)p®(y) field in d+1 dimensions X := (z, 2)

S(X) = ¢*(X)p*(X)  (gauge) singlet composite field

Correlation functions (5(X;)S(X3)---5(X,,)) =g structure of bulk

EX. metric (g45(X)) =) AdS ?

Fuclidean path integral <+—— HKLL: Lorentzian, canonical operator



Determination of smearing kernel x(z, x)

o (X) = /ddy h(z,z —y)e*(y)
conditions

1. normalization (¢*(X)o*(X)) =1
2. symmetry conformal SO(d+1,1) =P pulk symmetry SO(d + 1,1)
U (y)UT = ¢%(y) = J(y)* " (7) Us®(X)UT := %(X) = 09(X)

translation/rotation/dilatation/inversion

l

2 =2 d
h(z,x):EO( ) : A<§

x2 + 22

. J

h(z,x —y) agree with K(X,y) of HKLL but with A >d — 1.  HKLL, PRD74(2006)066009.



1. translation

2. rotation

3. dilatation

4. inversion

Symmetry

= J(y)>¢"(7)
conformal SO(d+1,1)

gt =yt ", J(y) =1
g =y, Jy) =1

gt =y, J(y) = A

y" 1
2 T

g =

o

bulk SO(d +1,1)

~

ot =zt +a", Z=1=2

~

ot =Qt ot Z ==z

X4 = x4
ga_ X2
X2



Some properties

d—A
“(X) = [ dyh(z,z —y)e"(y). - -
o (X) / yh(z,2z—y)e®(y) hX) =% <w2+z2>
Differential equation (Oaas —m?)o*(X) = 0. Oadgs == 2°(07 + 0) — (d — 1)20,

o“(X) satisfies EOM of a free scalar field on AdS with m? = (A —d)A .

flow equation = equation for z726%X)

BDHM relation lim 2720 (X) ~ ¢%(z)

z—0

. 20 _A o(d)
@ ;%h(z,x)—xz 0 (x).



Boundary to bulk correlation function

F(X,y) :=(S(X)O(y)) a singlet scalar primary field of weight Ap: O(y)

a singlet bulk scalar field: S(X) :=0%(X)o%(X) composite

Ao

Symmetries(bulk & boundary) e F(X, y) = Co <(x )2 + z2) t It
- exact resu

The bulk to boundary propagator in the AdS/CFT correspondence is reproduced.

(Oras — mp)F(X,y) =

oW m = Ao(Ao —d



Metric field

gap(X) = 0? Z 0a0(X)0po®(X) ¢: some length scale

1| simplest among singlet symmetric 2nd rank tensors

2| finite without UV divergence

3| metric becomes classical in the large N limit

(9aB(X1)gcp(X2)) = (9aB(X1)){(9cp(X2)) + O(1/N) large N factorization

——P (Gap(9cp)) = Gap((9cp)) + O(1/N)

|classical geometry after quantum averages |

4 VEV of metric operator = information metric




Bures Information metric

define a “distance” between density matrices p and p + dp p can be a mixed state.

1
d*(p, p+ dp) = §tr(dpG) 4t G+ Gp=dp

Our case p(X) = |o“(X))(c*(X)] mixed state (N entangled pairs)

——> | 2 (p(X), p(X + dX)) = (gan(X))dX X

VEV of gap(X) defines a distance in the bulk as d?(p(X), p(X + dX)).



VEV of the metric field

)
SYMMELIY e <0|9AB(X)|O>:CLO§

AdS metric in the Poincare patch

A(d — A)

0
i1

explicit calculation =% g = ¢?

Conformal symmetry ——p Bulk symmetry —e—p AdS isometry on (0|gap(X)]0)

! !

CFT  |AdS/CFT correspondence is realized. | AdS




Excited state contribution

Mixed matrix element e’C0)10) ~ |0) + J|S)+

.S) : primary scalar state

Gan(X) = (Olgas(X))0) +@<0|9AB<X>\S>]

Olgap(X)]8) = m Gap(X,y)  Gap(X,y):= (0lgas(X)O(y)[0) scalar operator
Y

5 Ta(X,y)Ts (X,
Symmetry = Gap(X,y) =T°(X,y) [aﬁ%ﬂm A<T2y()XBy() ?J)]

Z

T(X,y) := 71 2 Ta(X,y) == 0xaT(X,y)
r N
) 5 an s Ao s Ap—2
—> | anlX)= 22 “o +ar/ <x2+z2> Fazdials ($2+22>
9 y

3 known parameters, ay,q,,a,
z— 0 asymptotically AdS



Summary

CFT ¢*(y) A< g non-singlet, elementary field conformal symmetry
l 0(X) = /ddyh(z,x—y)saa(y) l
bulk non-singlet, elementary ("“quarks”) bulk "qguantum” symmetry

bulk to boundary (¢*(X)o®(X)O(y)) singlet, composite (*hadrons”)

Lqeometrical interpretation |

Metric field gap(X 6225540 )040*(X)

classical in the large N [imit =————)  geometry”

vacuum - =) AdS bulk symmetry = isometry

excited state =~ =——)  agsymptotically AdS

bulk “guantum” symmetry controls all properties in the bulk.



Discussions

Bulk to bulk correlation function for scalars S(X)=0%X)o"(X)

(S(X1)S(X2)) = 1+ =G (X1, Xo) + (S(X1)S (X))

€ )(9x, X " X X, :.:I X,

G(X1,X2)  non-singular at X; = X»

free CFT =P bulk theory is non-local (stringy)

connected contribution :.::

(5(X1)S(X2))e = H/ddyih(Xl,yl)h(Xl,w)h(Xz,ys)h(Xzay4)(Sﬁa(yl)sﬁa(y2)%0b(y:3)90b(y4)>c

CFT interaction is required to recover bulk locality.

strong coupling CFT -  bulk theory becomes local ?



Bulk matter content for asymptotically AdS

What is a matter action, which gives asymptotically AdS metric as a solution
to the Einstein equation ?

1
Rap — —gapR+ Agap = 2rT 4B

2
bulk scalar ?

S = —% /dd“X\@ g P0,4®(X)0pP(X) + m*®*(X)]

gap : Euclidean AdS metric
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