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Abstract: The AAS/CFT correspondence has opened the door to understand a class of strongly coupled quantum field theories. Although the original
correspondence has been conjectured based on string theory, it is possible that the underlying principle is more general, and a wider class of
guantum field theories can be understood through holographic descriptions. In this talk, | will discuss about a prescription to construct holographic
theories for general quantum field theories. As an example, | will present a holographic dual theory for the D-dimensional O(N) vector model. The
phase transition and critical behaviors of the model are reproduced through the holographic theory.
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Ant1 de-Sitter Space/Conformal Field Theory
(AdS/CFT) correspondence

| Maldacena. Gubser-Klebanov-Polyakov, Witten]

[J(z)] = f Do (z)e— Sl d=To D-dimension
— /D ”J(ZI: z)il _S’[J(".L‘ Z)] (D_l_l)-dlmeDSIOIl
J(z,0)=J(z)

* D-dmm theorv 1s dual to (D+1)-dim theorv

» The additional direction corresponds to redundant energyv scale
» Bulk space-time 1s not gauge mvariant

* Emergence of classical space-time 1n large N limait

» In strong coupling limit. the bulk theorv has a local description
A few concrete examples : N=4 SU(N) nd=4. ...
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Anti de-Sitter Space/Conformal Field Theory
(AdS/CFT) correspondence

[Maldacena; Gubser-Klebanov-Polyvakov; Witten]

[J(z)] = f Do (z)e=SIel—[ dzTo D-dimension
= f D “J(z, z)"e _ S 2)) (D+1)-dumension
J(z,0)=J(z)

* D-dmm theorv 1s dual to (D+1)-dim theorv

* The additional direction corresponds to redundant energyv scale
» Bulk space-time 1s not gauge mvariant

* Emergence of classical space-time 1 large N limit

* In strong coupling limit. the bulk theorv has a local description
A few concrete examples : N=4 SU(N) in d=4. ...
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No known general prescription to derive
holographic theory from quantum field
theory

s talk :
Q. Can we dernive (fully quantum)

holographic theory for general
quantum field theory?
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Step 1 : introduce an auxihary field

7

Z[J] = u / dDdd —Su+SHu2d?)

‘low energy’ field

® = ¢+ ¢,+—— "high energy’ field
® = A¢+ B
[Polchinski (84)]
- 4 !
Z[J] = [ dodd e (Silot+ol+M 2¢%+m 252)?
Mf2 — M262adz
. M= mfinitesimally small parameter

i 2adz positive constant






Step 1 : introduce an auxihary field

7

Z[J] = u / dDdd e (Su+S5Hu?d?)

‘low energy’ field

® = ¢+ ¢,+—— "high energy’ field
® = A¢+ B¢
[Polchinski (84)]
zl] = [ dod3 —(Ss[6+314+M 262+ m"252)
Mf2 - M2 eQadz
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=k 2adz positive constant






Step 3 : expand the action 1n the power
of low energy field

Silo + ¢ = S;l4]
+(j1 + 2426 + 3536° + 4548°) ¢
+(j2 + 3530 + 6548°)°
+(z + 4jad) o>
+ia0".

Usually. one mntegrates out high energv modes to
obtain an effective action for the low energy mode

Instead. we mterpret high energy field as

0000000



Step 4 : decouple low energy field

from high energy field
o+9] = S;l9]
+iPLJ) — iPy(j1 + 226 + 37367 + 4jad) + J10

- f = &
iPyJs — iPo(j2

- 3536 -

- 6j48°) + Jod?

-I-iP3J; —iP3(j3 + 4j40) + ngb?’

+iPyJy —1Ppja +

Ja0°

J' : fluctuating sources for low energy fields
P : physical fluctuation of operator Fn ~ ig"

J. P : auxiliary fields (have no dynamics)
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Step 3 : expand the action 1n the power
of low energy field

Sile +¢] = S;ldl
+(j1 + 2520 + 3530° + 4540°) ¢
+(j2 + 3436 + 6546°)$°
+(iz + 4jad) 9>
+ja0”.

Usually. one integrates out high energyv modes to
obtain an effective action for the low energy mode

Instead, we mterpret high energy field as

00000000000



Step 4 : decouple low energy field
from high energy field

o+d] = Sjé]

+iPyJy — iPy (i1 + 2128 + 3736 + 4jaé) + 16
iPzJ; —iPy(jo + 3436 + 6746%) + J;qﬁz
+iP3J3 —iP3(j3 + 4jad) + J36°

+iPyJy — iPyjs + Jad®

J : fluctuating sources for low energy fields
P : physical fluctuation of operator Fn ~ ig"

J. P : auxiliary fields (have no dynamics)
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Step 5 : integrate out high energy mode

Z[J] —(S s[ol+M>¢*+S[J,P])

f doN?_,(dJ.dPy) e
f N4_,(dJ,dP,) e SUFPlZ[J]

a
Z i(J, — Jn +nadzJ,) Py

n=1
adz

- 2M?2

Si.I Pl

(J1 — 2iP1Jo — 3iPyJ3 — 4iP3Jy)?

» J. P acquire dvnamics

* The action for the low energy field comes back to its
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Step 4 : decouple low energy field
from high energy field

o+9dl = Sj[é]

+iPyJ; —iPy(j1 + 226 + 35302 + 4jad>) + J16
iPaJy — iPa(jo + 373 + 6ad?) + Jo¢?
+iP3J3 — iP3(j3 + 4jad) + J36°

+iPyJy — iPyjs + J4o"*

J : fluctuating sources for low energy fields
P : physical fluctuation of operator Fn ~ ig"

J. P : auxiliary fields (have no dynamics)
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Step 1 : introduce an auxihary field

7

Z[J] = wu f dodd e (Su+S;Hu?d?)

‘low energy’ field
¢ + &,+—— "high energy’ field
A¢+ Bo

D

D

[Polchinski (84)]
ZIJ] = f dodd e—(SJ[¢+5]+Mr2¢2+mf252)!

F
M 2 — M2 82(1’(1',3
2 M= mfinitesimally small parameter

e oo 2adz positive constant



Step 5 : integrate out high energy mode

Z[J] —(S s[ol+M>¢*+S[J,P])

f doN?_,(dJ.dPy) e
f N4_,(dJ,dP,) e SU-FPlz[]]

4
Z 2'(‘]?'!. = Jn + ﬂ(leJn)Pﬂ

n=1
adz

- 2M?2

S|, P}

(J1 — 2iPy Jo — 3iPoJs — 4iP3Jy)?

» J. P acquire dvnamics

* The action for the low energy field comes back to its
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Step 6 : repeat the steps 1-5

Z[J]

L T i e e T

R 4
Y ¥ Y AP paesahpt
E=1n=1

adz . _(k (k) (& . (k) (k - (k) (%
—2M2(J§ ) _2iP() J§B) _ 3, p{F) 1{F) _ 4, p(F) 5$k)y2

(1) _
™ o

S[r®) ply

1D Path integral of source fields J and conjugate fields P

for partition function

Imitial value of J fixed by the original couplings

irsa: 10050087 Page 22/78



Non-trivial solution for Z|J]

Zl] = f DJDPeSU.F]

SIEPY — [0' = AL k)P

+E1'

(i1 + 2P1I> + 3Py J3 + 4P3Jy)’

1D Path mtegral of source fields J and conjugate fields P
on [0,2°)

Boundary value of J fixed by the original couplings
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Step 6 : repeat the steps 1-5

Z1J]

[t (it pelh) S PSRy

B &
Y ¥ (Y 2Pt naded )P
k=1 n=1

adz _ _(k (k) (% (k) (& (k) (&
—QMQ(J_.E ) _2iP() J§B) _ 3, p{R) 1(F) _ 4, p{F) 5{k)y2

(1) _
72

= =Tl

S[re) ple)

1D Path mtegral of source fields J and conjugate fields P
for partition function
Inmitial value of J fixed by the orniginal couplings
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Non-trivial solution for Z|J]

Z[ = f DJDPeSU.F]

Sl P] = fd = &bt k)R
_.I...

o
2M?2

(iJ1 + 2Py Jo + 3P2J3 + 4P3J4)°

1D Path mtegral of source fields J and conjugate fields P
on [0,9°)

Boundary value of J fixed by the original couplings
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Step 4 : decouple low energy field
from high energy field

o+d] = Sjé]

+iPyJy —iP(j1 + 226 + 3i36° + 45ad) + J16
iPzJ; — iPy(jo + 3436 + 6746%) + J;@ig
+iPyJs — iP3(j3 + 4748) + J36°

+iPyJy — iPyja + Juo*

J' : fluctuating sources for low energy fields
; - = - 1T
P : physical fluctuation of operator Fn ~ 1@

J. P : auxaliary fields (have no dynamics)
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Step 5 : integrate out high energy mode

Z[J] —(S s[el+M>¢*+S[J.P])

f doN?_,(dJ.dPy) e
f N4_,(dJ,dP,) e SUPlZ[J]

4
Z ?'(Jﬂ. ana Jn + ﬂﬂ!dZJn)Pn

n=1
adz

- 2M?2

S[J, P]

(Jq1 — 2iPy Jo — 3iPoJg — 4iP3J3)?

» J'. P acquire dvnamics

* The action for the low energy field comes back to its
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Step 4 : decouple low energy field
from high energy field

o+d] = Sj[d]

+iPyJy —iPy(j1 + 2526 + 3i36° + 454d°) + J10
iPyJy — iPa(j2 + 336 + 6a6?) + Jo4°
+iP3J3 — iP3(j3 + 4548) + J36°

+iPyJy — iPyis + Ja6"

J' : fluctuating sources for low energy fields
P : physical fluctuation of operator Fn ~ ig"

J. P : auxiliary fields (have no dynamics)
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Step 5 : integrate out high energy mode

Z[J] —(S s[ol+M>¢*+S[J,P])

f doN?_,(dJ.dPy) e

f N4_,(dJ,dP,) e SUPlZ[]]

4

n=1
adz

- 2M?2

S[J, P]

(J1 — 2iP1Jo — 3iPsJ3 — 4iP3Js)?

* J. P acquire dvnamics

* The action for the low energy field comes back to its
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Non-trivial solution for Z|J]

ZLy — f DJDPeSU.Fl

S[J, P] — -/(;:)c dZ['I(aan + ﬂﬂJﬂ)Pﬂ
+

o
2M?2

(iJ1 + 2Py Jy + 3P>J3 + 4P3J4)?

1D Path mtegral of source fields J and conjugate fields P
on [0,9°)

Boundary value of J fixed by the original couplings
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Functional integral over coupling fields

tree-level scaling
Ialz) = FA(Q)e ™

-------------------------------------------------------------------------------------------------------------------------------
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Physical meaning Q

(8% i 2
J 2P J 3PJ 4P3J.
t53 (001 +2P1J> + 3P2J3 + 4P3J4)

L = JnPn+aoH
a : rate high energy modes are eliminated
("speed” of RG flow)
Can be made to be z-dependent 0.(z)
Interpret z as time : Q(z) becomes the lapse function/g-»
a(z) 1s NOT mtegrated : H=0 NOT mmposed
= / " a(z)dz total proper time’ 1s fixed to be infinite

0
The theory can be viewed as 1D gravitational theory

“With fixed size along the z-direction







Step 1 : introduce an auxihary field

)

ZLJ} — p f ddd®d e~ (Su+SHu?®?)

‘low energy’ field
¢ + &,+——— "high energy’ field
A¢+ Bo

D

D

[Polchinski (84)]
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!
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Step 1 : introduce an auxihary field

ZI = g f dddd e~ (Su+SHu2d?)

"low energv’ field
/ Ol

P = ¢+ p—— "high energy’ field
® = A¢+ Bo
[Polchimski (84)]
ZlJ] = / dbdd e—(Silo++M 262+m252)
Mf2 — M282adz
2 M? mfinitesimally small parameter

A 2adz positive constant



Step 6 : repeat the steps 1-5

Z[J]

[ B nt_ (DI D) SUD PRl 1R 1))

R 4
> 3 Y P neddRY
EF=1n=1

adz . (k (k) (k& . (k) (& . (k) (&
—2M2(J§ ) _2iP() J§B) _ 3 p{R) 1(F) _ 4 p{F) 5{¥)y2

22 T
n — Jn

sk p(k))

1D Path integral of source fields J and conjugate fields P
for partition function

Initial value of J fixed by the original couplings
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Non-trivial solution for Z|J]

ZLn = f DJDPeS-F]

S[J, P] = -/(:)G dz[ﬁ(az-}-n + ﬂaJﬂ)Pﬂ

+{I

21+ 2P1I> + 3Py J3 + 4P3Jy)°

1D Path mtegral of source fields J and conjugate fields P
on [0,2°)

Boundary value of J fixed by the original couplings
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Physical meaning Q

L e ?.(3;]-;1 + ﬂ{IJn)Pn

e« .
+2 — (iJ1 + 2P1Js + 3P2J3 + 4P3Jy)?

L = JnPp+|oH
Q : rate high energy modes are elimimated
(‘speed” of RG flow)
Can be made to be z-dependent .(z)

Interpret z as time : Q.(z) becomes the lapse function/g->
a(z) 1s NOT mtegrated : H=0 NOT mmposed

| = /:; " a(z)dz total proper time” 1s fixed to be mnfinite

The theory can be viewed as 1D gravitational theory
"With fixed size along the z-direction






Step 6 : repeat the steps 1-5

Z[J] — fn§=1n4=1(Djr(;,k-}_l)Dprgk))E_S[J(k)‘P(k)]Z[J(R_*_}L)]!
R 4
sI® P®] = Y ¥ i — I +nad=s{P) PP
k=1 n=1
adz

—QMQ(Jf‘) —2iP®) 1B _ 3:p(F) () _ 4, p{F) (D)2

(1) _
n — Jn

1D Path integral of source fields J and conjugate fields P

for partition function

Initial value of J fixed by the original couplings
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Physical meaning Q

8 :
+5(iJ1 +2P1 2 +3P2J3 + 4P3J4)2

L = JpPn+oH
Q : rate high energy modes are eliminated
("speed” of RG tlow)
Can be made to be z-dependent .(z)
Interpret z as time : Q.(z) becomes the lapse function/g-~
a(z) 1s NOT mtegrated : H=0 NOT mmposed
= / ~ a(z)dz total proper time’ 1s fixed to be mnfinite

0
The theory can be viewed as 1D gravitational theory

"With fixed size along the z-direction




1D gravitation theory

oo
S[J.P] = /0 dz[i(8=Jn + nadn) Pa
i (GJ1 +2P1 Jo + 3PsJ3 + 4P3J,)2

a
2M?2

The theory 1s local in the "bulk’

Only one set of independent mode because the original
theory has only one propagating mode

Freedom to choose independent fields (sav, J;. P;)

Pirsa: 10050087 Page 42/78



Physical meaning Q

(8% ; 2
J 2P J 3PJ 4P,
+2Mg(% 1+ 2P1Jo + 3P>J3 + 4P3Jy)

L = 5Pl
Q : rate high energy modes are eliminated
("speed” of RG tlow)
Can be made to be z-dependent .(z)
Interpret z as time : Q.(z) becomes the lapse function/g-~
a(z) 1s NOT mtegrated : H=0 NOT mmposed
=/ ~a(z)dz total proper 'time’ is fixed to be infinite

0
The theory can be viewed as 1D gravitational theory

"With fixed size along the z-direction




1D gravitation theory

o0
S[J,P] = /D dz[i(8=Jn + nedn) Pr
3 (iJy +2P1Jo + 3PoJ3 +4P3J,)?

a
2M?2

The theory 1s local 1n the "bulk’

Only one set of independent mode because the original
theory has only one propagating mode

Freedom to choose independent fields (sav, J;. P;)
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O(N) vector model in D dimensions

ZIa = f Do, e—(Sul®H+S;[®D)

Sul®] = [ dzdy ®u(2)G3} (= — 1) Pa(y).
Sie] = / dzx [JaPa + J3PaPp + J 15 PaPpPe + Jo30dPaPp PPy

+ T 3,008, Pp, + J_Dad;Ppd; P+ J3_ DaDpd;Dc0;P ]

S, : quadratic action with UV cut-oft M
S; : deformation with sources
J;, : flavor dependent sources
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1D gravitation theory

o0
SIL.P] = /0 dz[i(8=Jn + nodn) Pa
=% (iJy +2P1Jo + 3PsJ3 +4P3J,)?

a
2M?2

The theory 1s local 1n the "bulk’

Only one set of independent mode because the original
theory has only one propagating mode

Freedom to choose independent fields (sav, J;. P;)
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O(N) vector model m D dimensions

ZIay — / Do, e—(Sul®HS;i®D)

Sul®l = [ dedy ®u(2)G3} (= — 1)®alv),
Sil®] = / dx [JaPa + J3PaPp + J5:PaPpPe + JpcdPaPp PPy

+ TS 8;00; Py + JI_Dad;Ppd; P+ J3_ DaDp8;Dc0;P ]

S, : quadratic action with UV cut-off M
S; : deformation with sources
J;, : tlavor dependent sources
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Dual theory to the O(N) vector model

Z[J] = / DJIDP ¢~ SU-Pl
: 24+ D | _ 5
S[LPl =[dxdz {iPa(8Ja— ada) + iPup(8Jnp — 20 4p) + 1Py ;{0 3)
6—D = s
+iPopc(0d e — TﬂJabc) +1F, abe.ij(aJ;ic = EJ;'},C)

+iPopei(8Japed — (8 — D)o gpeq) + iPaped (@5 , — (2 — d)ad )
+3; [drdydz {aMsa(z)ByGCy(zx — y)sa(y).}.

sa = [idat 2Pty —20;(J20:B) + 3P e — 35(J3 O Prc)
+ Piciidope +4Pocdabed — gaj(Jﬂ‘LﬂainadJ + 273 iPbed.ij]

patial length has to be rescaled to mamntamn the s%me form

r.the quadratic action 0=0; — OTUZ
7!
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Bulk Space : AdS

B : a tree level scaling

Quantum
fluctuation

MD
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Dual theory to the O(N) vector model

(D+1)- dimensional local quantum theory

Path mtegral of source fields J and conjugate fields P on
MD * [O.OD)

Boundary value of J fixed by the original couplings

In general. bulk theory includes objects with spin two or
higher. depending on the deformation of the boundary

theory
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O(N) vector model in D dimensions

ZIN = / Do, e~ (Sul®+S;[®D

Sul®l = [ dedy ®u(2)G3} (= — 1)Palv),
Ssl®]l = / dz [Ja®a + JopPa®p + JopePa®pPe + JpedPaPpPcdy
+ 38,98y + J3_0e8;0p8;Pc + JI_ e8P ]

S, : quadratic action with UV cut-off M
S; : deformation with sources
J;, : tlavor dependent sources
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Dual theory to the O(N) vector model

(D+1)- dimensional local quantum theory

Path integral of source fields J and conjugate fields P on
MD * [O.OO)

Boundary value of J fixed by the original couplings

In general. bulk theory includes objects with spin two or
higher. depending on the deformation of the boundary
theorv
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Large N limait

Jap(z) = Jz{z)&ab + T (2,
Jopelz) = — [Jh(z)ﬁbc + J35(2)0ac + J3:(2)8.8] + NzJabc(z)a
Jabed(2) = J4(z) (0ap0cd + dactpg + 0,408c)-
Pu(z) = Pz(z)5ab + Pyu(2), _
FPopc(z) = P3a(2)0pc + P3p(2)dac + P3.(2)3gp + Fape(2).
Poped(z) = Pa(2)(8,30.0 + 9acdpq + 0540c)
3@ = @b+ T,
I3 = < [F5(2e+ IE(2Vac + IE()ow] + 15702,
= =J 2
Jhed(?) = T ( )(5@5.::& + dacdpd + 9aadbe):
Pab,ij(z) i P2.13(3)6ab = Pab,zj(z) =
Fabeij(z) = P34.:i(2)0pe + P3p.ij(2)0ac + P3c.ij(2)0ap + Fape.ij(2)-
Popedij(z) = Pa;ij(z)(0ap9cd + dactba + 0addse)

We consider the limit where N goes to infinity
with fixed Jo. J2. Jope Jaa. Jabes Jao 5. I3
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Dual theory to the O(N) vector model

(D+1)- dimensional local quantum theory

Path integral of source fields J and conjugate fields P on
MP * [0,00)

Boundary value of J fixed by the original couplings

In general. bulk theorv includes objects with spin two or
higher. depending on the deformation of the boundary

theory

Pirsa: 10050087



Dual theory to the O(N) vector model

Z[J = /DJ’DP E_S[‘I’P],,
s s , 248 : : ¥]
[I.P] =[dxdz {iPa(8Ja— TﬂJu) + iP3(8Jgp — 2ady) + 3Pab.ij(arf;5)
+iPp (88 — %J@) + iPabc,ij(aJéic = ,:, dﬂJi)

+iPoed(8Japed — (& — D) gpeq) + iPaped i85, — (2 —d)ad )
+3 [ dzdydz {aMs.(z)0yGCy(z — y)sa(y)-}.

sa = [iJa + 2Py Jop — 28;(J38:Py) + 3Pyt pe — 35(J5 8:Pe)
+ Phe.ijJghe T 4PocdTabed — 595 (Johed®iPhed) + 2 ghoqFPhod. i)

patial length has to be rescaled to mamtain the same form

; . o
r.the quadratic action 0=0:— LD
7l



O(N) vector model in D dimensions

zZlJ = / D®, e~ Sul®l+Ss®])

Sul®l = [ dedy ®u(2)G3} (= — ) Paly),
Si®] = [de [Ja®a+ JopPa®h + JapcPa®sPe + JabeaPaPpPc®y

+ 28,98y + JI_0e8;Dp8;Pc + JI_ Dadyd; PP ]

S, : quadratic action with UV cut-oft M
S; : deformation with sources
J;, : tlavor dependent sources
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irsa:

Jap(2)
Jabe(2)

Jabed(z)

FPop(2)
Fopelz)
Popea(2)

e

72 (2)

Trped(?)
Fopait2)
Fape ii(z)
Fabed i3(7)

Large N limit

722505+ = Tan ().
2 3= + T35(=)bae + T2e(2)0ua] + 3 Tase(2).

J4(z) (0a80.d + SacOpg + 9,2a%8)

F’2(fc-")5ﬂz: + Pyu(2),
P3,(2)8pe + P3p(2)8ac + P3c(2)80p + Popc(2)-
Ps(2)(0a19cd + 9acdpa + daddie)

T (o + T,
1 [Jg(z)éhc + J5(2)0ac + JE(2)b0s| + Xrlz_ 7 (2),
ij" (=)

(0at9cd + 9acdpd + aadpe)

PZ._:} (Z)‘sab = = Pab,zj(z) _
P34.:i(2)0pe + P3pii(z)ac + P3c.ii(2)8.p + Papeii(2):
Pz ;i(2)(0ap0ca + dacdpd + 90ddbe)

We consider the limit where N goes to infinity
with fined L. J5 Lo Jon Jobes Jau 55 T

10050087

J*J 'I_'F

ij
4, Jg -

Page 57/78



Large N limit

Action 1s manifestly proportional to N
Singlet fields become classical

Correlation function of singlet fields can be computed

from saddle point solutions of the bulk action :
reproduce the known critical exponents. e.g.

[02]=2 (D=3)
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Critical exponent

Turn on x-dependent sources at UV boundary :

To(x) = T5 + To(x)

Integrate out all bulk fields consistent with UV
boundary condition.

Bulk field 1s free.
EOM : 9: (672G~ (pe™*)3: fa(p, 2)) = 0.

J3r.1(xa z) — /dp fa(p’ z)eip:rgﬂz—[—(ﬁ—'ﬂ)az/Q_

Pirsa: 10050087



Large N limat

Action 1s manifestly proportional to N
Singlet fields become classical

Correlation function of singlet fields can be computed

from saddle point solutions of the bulk action :
reproduce the known critical exponents. e.g.

[02]=2 (D=3)

Pirsa: 10050087



Critical exponent

Turn on x-dependent sources at UV boundary :

To(x) = T§ + To(x)

Integrate out all bulk fields consistent with UV
boundary condition.

Bulk field 1s free.
EOM : 9z (e72°G 1 (pe®*)3: fa(p. 2)) = 0.

Fau(2) = [dp falp,2)e =6 Doz/2

Pirsa: 10050087



Critical exponent

Turn on x-dependent sources at UV boundary :

T2(x) = TE + To(x)

Integrate out all bulk fields consistent with UV
boundary condition.

Bulk field 1s free.
EOM Oz (e_zazGr_l(Peaz)azfa(Pr z)) = 0.

J3a(}{, Z) — /dp fa(p’ Z)Eipa:gﬂz—[—(ﬁ—'D)az/Q_

Pirsa: 10050087



Large N limat

Action 1s manifestly proportional to N
Singlet fields become classical
Correlation function of singlet fields can be computed

from saddle point solutions of the bulk action :
reproduce the known critical exponents. e.g.

[02]=2 (D=3)

Pirsa: 10050087



Pi

IIIII

O(N) vector model in D dimensions

Z{) = / Do, e~ (Sul®l+S;1®D)

Sul®l = [ dedy ®u(2)G3} (= — 1) Palw),
Syl®] = / dx [JaPa + J3PaPp + J5cPaPpPe + J350dPaPp PPy

+J 3 ;D Py, + J4 bcq’a@ Dd; P + JH bcdcbaq:ba D3;D 4]

S, : quadratic action with UV cut-oft M
S; : deformation with sources

J;, : tlavor dependent sources
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Dual theory to the O(N) vector model

Z[J] = f DJDP ¢~ SU-Pl,
: 24D : _ .
S[.P] = /[dxdz {iPa(8J,a— aeda) + iPop(8Jgp — 2adyp) + iP.i(0T)
P (Base —~ D) + Papeis DT, — 2 Za)

+iPoped(Bgbed — (& — D)t yped) + iPabed s3T5y — (2 — d)ed 3 )
+; [drdydz {aMsa(z)0y Gz — y)saly)-}.

Sa = [iJa + 2Py Jop — 28;(J38:Py) + 3Psctpe — 35(J5 8:Pye)
+ PicijJope + 4PicdJabod — gaj(iﬂxﬁaipw) + 273 iPoediii]

patial length has to be rescaled to mamntan the s%me form

r.the quadratic action 0=0;— OTUZ
]



Dual theory to the O(N) vector model

(D+1)- dimensional local quantum theory

Path itegral of source fields J and conjugate fields P on
MD * [O.OO)

Boundary value of J fixed by the oniginal couplings

In general. bulk theorv includes objects with spin two or
higher. depending on the deformation of the boundary
theorv

Pirsa: 10050087



Pi

IIIII

Jap(2)
Jabe(2)

Jabed(2)

FPap(2)
Fape(2)
Popea(2)

J(2)

73 (2)

Thea()
Papii(2)
Pape.ii(z)
Pobedii(2)

Large N limit

Jz(z)a'ab + T3,
[J'Sa(z)‘sbc + J3p(2)8ac + J3:(2)da8] + N2anc(z)a

J4(z) (0apdca + Sactpa + 02ddse)-

P2(Z)5ab + Py(2),

P34(2)8pe + P3p(2)8ac + P3:(2)dap + Popc(2),
Pa(z2) (8,00 + 9acdpg + 85a08c) -

T (oo + T,

< ()80 + I5(2)0c + IE()ow] +

J"(z)

X

N2

Wl 75}

PZ.:J (Z)éab -+ Pﬂb,:j (z) 5
P3q.3i(2)0pe + P3pii(2)0ac + P3e ii{z)0.p + Fape.i(2)-
Py i(2)(0ap0cd + acdpd + 00ddbe)

We consider the limit where N goes to infinity

with fixed J,,
o~ J”

: 10050087

J‘J _3_?

J2 '-rabr J3ﬂr jﬂhf_:: J4| Jigjl ;T;jb,

Page 67/78



Critical exponent

Turn on x-dependent sources at UV boundary :

To(x) = T5 + To(x)

Integrate out all bulk fields consistent with UV
boundary condition.

Bulk field 1s free.

EOM : 9: (e722%G 1 (pe®)d: fa(p, 2)) = 0.

Pirsa: 1005008

J3ﬂ(x? z) —— /dp fa(P, z)eipf]?eﬂz_i_(ﬁ—-ﬂ)az/z_

7



Large N limit

Action 1s manifestly proportional to N
Singlet fields become classical

Correlation function of singlet fields can be computed

from saddle point solutions of the bulk action :
reproduce the known critical exponents. e.g.

[02]=2 (D=3)

Pirsa: 10050087



Critical exponent

Turn on x-dependent sources at UV boundary :

To(x) = T5 + To(x)

Integrate out all bulk fields consistent with UV
boundary condition.

Bulk field 1s free.
EOM 9z (e72%°G 1 (pe®*)d: fa(p, 2)) = 0.

Jsa(x,2) = [dp falp, )= HEDz/2

Pirsa: 10050087



IR boundary condition

Bulk solution with UV boundary condition :

K (pe®*/M)
fa(P,z) = wa(p) |1
K (p/M)
One arbitrary parameter should be fixed by additional
boundary condition.

IR boundary condition should be imposed dyvnamaically
by the boundary action

[02]=2 (D=3)

Pirsa: 10050087



Critical exponent

Turn on x-dependent sources at UV boundary :

To(x) = T5 + To(x)

Integrate out all bulk fields consistent with UV
boundary condition.

Bulk field 1s free.
EOM 9z (e722°G 1 (pe®*)d: fa(p, 2)) = 0.

J3a(x,2) = [dp fa(p, 2)e®=H(E-D)az/2

Pirsa: 10050087



IR boundary condition

Bulk solution with UV boundary condition :
K (pe®* /M)
a g < — a 1
falp,2) = o) |1 - 5L
One arbitrary parameter should be fixed by additional
boundary condition.

IR boundary condition should be imposed dvnamaically
by the boundary action

[02]=2 (D=3)

Pirsa: 10050087



Spontaneous symmetry breaking

* Non-singlet conjugate field spontaneously
develop expectation value at IR

P34 ~< ¢2%¢pg >=0 P3, ~< ¢20q >F 0O

Pirsa: 10050087




Physical Locality

In O(N) vector model. one has to keep non-
singlet fields in the bulk to maintain the
locality : theory become non-local if one
integrate out non-singlet modes [higher spin
cgauge theory (Klebanov, Polvakov)]

In more strongly coupled theories (matrix
models). there will be fewer light bulk fields
and the holographic description may become
more useful

Pirsa: 10050087



Summary
General D-dimensional QFT can be mapped

into (D+1)-dimensional quantum theory for
fluctuating source fields

Field theory predictions reproduced for O(N)
model

Pirsa: 10050087



Future directions

Application the method to more strongly

coupled svstems (matrix models. non-Fermu
hquids....)

What bulk theories are dual to local boundary
theories ? Classification of strongly
interacting field theories using holographic
description

Fully covarnant formalism

Pirsa: 10050087
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