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Abstract: A local renormalization group procedure is proposed where length scale is changed in spacetime dependent manner. Combin
scheme with an earlier observation that high energy modes in renormalization group play the role of dynamical sources for low energy m
each scale, we provide a prescription to derive background independent holographic duals for field theories. From a first principle constructic
shown that the holographic theory dual to a D-dimensional matrix field theory is a (D+1)-dimensional quantum theory of gravity coupled
matter fields of various spins.The (D+1)-dimensional diffeomorphism invariance is a consequence of the freedom to choose different loc
schemes.
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Maldacena’s = Wilson’s + Sakharov’s
AdS/CFT RG Induced gravity
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Motivation

* First principle construction of holographic
duals for general QFT’s

* Emergence of (D+1)-dim gravity from D-dim
QFT

* Origin of the diffeomorphism invariance
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Outline

Matrix field theory

QFT on flat space with spacetime dependent
source = QFT on a curved space

Multi-trace operators = Single-trace operators
with dynamical sources

* Local RG

* Quantum gravity in Hamiltonian formalism
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single-trace operators
1 / \ i
Ol gl = J1° ["' (040010, ) (f’..f".-f Oz, ®) (" "u:.,‘"”

Spacerime dependent _ ¢ : N x N tracelss symmetric
real matrix field
sources

"

exp |1N? /(!“.r (—;7"'(),,. + V[0, gtmi f“}}])

multi-trace deformation
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single-trace operators

1
Olgrisgusy) = 31 @ (0,00,1-0, @) (0,30,3-0,3,@) - (3,30,3-0,, @)

& : N x N tracelss symmetric
real matrix field

Spacetime dependent
sources

79 = / D® exp |iN* / d"x (—j’”(),,, +\'[(),,,:j{”“}-{“i}])

multi-trace deformation

VI[0,,: J v 2{:‘74~r-’”i()“” (;g,,;g, ()M‘) (f4¢,¢gJ O, ),_,(;4,,;{, O, )
) 71 - 1 P2 i 1 .

q=1
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single-trace operators
1
Olgrisgusy) = 31 @ (0,00,1-0,@) (0,30,3-0,3,@) - (930,10, @)

& : N x N tracelss symmetric
real matrix field

Spacetime dependent
sources

Z17] = / Dd exp |iN? / 2 (~J"Op + V(O T H))

multi-trace deformation
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single-trace operators
1
Oy ey = T“’ [.[II (.1'“}{.-*“1‘. “’n,‘,,'ll) (rr“,fd’l:: ""J-,"._. ‘l") (r)"-l.-r')”; .fJ“;rII‘]')J

Spacehme dependent ¢ : N x N tracelss symmetric
\ real matrix field
sources '

CXp !.‘\'2 /d“.f' (_‘-‘7”,()”1 ar "{(-‘,WZL(]{”II} {1‘1}1)

multi-trace deformation
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single-trace operators
1 :
0 Rt BITON ) j‘\—“' [‘I' (”":E}“i‘ “’“"'I ‘I') (rfi,frJ“i ”‘“;'-_ 'll.) (“‘,.'I”.};:‘_f 'ju','.,, ‘]')J

Spacetime dependent ' ¢ : Nx N tracelss symmetric
real matrix field
sources

exp IN? /{![JJ, (_jm()m +1'{(_),”:j{m.lrh';}]

multi-trace deformation

S atmio, (o

- (O ”"'.""-"-.) (.J.‘ ”"',“"'-,} (,l_‘. !.l|;.‘(}ml_l)
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single-trace operators
1 \ \
Oyt (t}] = ‘_\f” [']' ("u]"”u". r"'rif,l‘") (r-",frJ”:: "’u;’,_ 'l') (“,u',"dn‘_f -"u'.f,‘]'):[

Spacerime dependent ¢ : N x N tracelss symmetric
~ real matrix field
sources '

exp [1N* /d“.r (—j'“(),,, - 1'[('),,,:[}'1'”"1l (v}

-

multi-trace deformation
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From flat space to curved space

* Covariant operator

of %\J:.T-w t [4- (:T:"?\—::f \”:;_._‘q-_) ( VeV fo,-:_."') ('I'{“:".‘,\":"; vl @ )J

* Any operator can be written as a linear
superposition of the covariant operators

“f-'l""ﬂ‘)"d,} 3 T_Fi [Vfl("ll1'(‘]"\_.7':"?':"(]1) + r,;\u-\;"jl("h1'(‘["V(\'(I’ JJ
VI ey
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From flat space to curved space

* Covariant operator

0 = VGt [¢ (V595,75 8) (V57595 @) . (V59596 @)

* Any operator can be written as a linear
superposition of the covariant operators

Ou(z) = ¢,(G)0%(x)

m

= :\’:‘{‘»7(:'HI(')(-: + ‘.-[():’;;:j(e"{m,},{vl:}J}

Gauge freedom : a change of the metric in the

covariant operators can be compensated by change of
the sources
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From flat space to curved space

* For an arbitrary metric, the kinetic term does not
have the canonical form :

—NFCG R/ Cr[pVEVEP]

* Fixthe gauge s.t. the kinetic term takes the
canonical form ( unique ) :

(0 7 J'r—'_ - [ -(0) =
— NGOy GOtr[0V PV @]

* Theory on the flat spaceti

me with spacetime
dependent source = Th

eory on a curved (non-

dynamical) spacetime 7 (0)(2u] _ G (Opv

= -'\"2{—..7“””'(),{,(3’ i ""'-[Of;[r”: j((l).{m._}.{:-_;}]}
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From flat space to curved space

* For an arbitrary metric, the kinetic term does not
have the canonical form :

~NJCE# /G| @V EVE D]

* Fixthe gauge s.t. the kinetic term takes the
canonical form ( unique ) :

~NGO/ GO [eV O v () )

* Theory on the flat spaceti

me with spacetime
dependent source = Th
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From flat space to curved space

* For an arbitrary metric, the kinetic term does not
have the canonical form :

~NJ4BmGr[dvEVE el

* Fixthe gauge s.t. the kinetic term takes the
canonical form ( unique ) :

— _.‘\,'(!r((l};w Vv (:([nt._].[q.,vfl!] v::[nq)]
i r

* Theory on the flat spaceti

me with spacetime
dependent source = Th
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dynamical) spacetime JORu] _ ~(0)uv
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From flat space to curved space

* For an arbitrary metric, the kinetic term does not
have the canonical form:

—~NJ R Grr[@VEVE @)

* Fix the gauge s.t. the kinetic term takes the
canonical form ( unique ) :

—~ NGOV GOt[dV IV P)

* Theory on the flat spacetime with spacetime
dependent source = Theory on a curved (non-
dynamical) spacetime 702wl — (O0)nv

7= i\"z{_j(())m()(()) + Vr[()(()): j((l):{m,},{u.;}]}

m m
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From flat space to curved space

* For an arbitrary metric, the kinetic term does not
have the canonical form :

_;\I,'j(r'::z.[l!/] (;TI.[(I)VI(I"V::;(I)]

* Fix the gauge s.t. the kinetic term takes the
canonical form ( unique ) :

~ NGOV GOtV OIVY ]

* Theory on the flat spacetime with spacetime
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Multi-trace deformations = single-trace

operator with fluctuating sources

L= _\'J{ __L-']'i'“lm()'l'fll} i1 1—[():::. j:‘m {m, |_|;r;}’}

. (1) ..T-u: [m,} {;«:}]

]
]

v2 I ) I / m ¥ 1} 4 ’ rallll]
P '\'{"""H'L’. = 03) = T £,M(GY, g)p + VIf,M(G, )t
< — \: Transition function that maps
| Covariant operators with ‘ covariant operators defined
background metricg with metric g to those with

metric G0

™ : dynamical source, p!* .t dynamical operator

Only single-trace operators

Due to multi-trace operators, the sources for the single-trace
operators become dynamical

Another gauge freedom in choosing the metric for the covariant
operators
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Multi-trace deformations = single-trace
operator with fluctuating sources
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— —I , Transition function that maps
| Covariant operators with

background metricg

covariant operators defined
with metric g to those with
metric G0

™ : dynamical source, p¥: dynamical operator

Only single-trace operators

Due to multi-trace operators, the sources for the single-trace
operators become dynamical

Another gauge freedom in choosing the metric for the covariant
operators
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Multi-trace deformations = single-trace
operator with fluctuating sources

7 = A\"_’{ j(())m()”l’) 1V [(),(:,“..7 {m,}.{u;}]}

dP x

Z = /Dj(”“Dp D el

- 081 = Jrmg MG g +\'l,f',,j”{i(;'“-.;,_)p;}?';j'”:{m-}.{v:}l}

Hr .y I

ﬁ] — ‘\-2{_/| | lm‘

Transition function that maps
covariant operators defined
with metric g to those with

metric G\?

Covariant operators with
background metric g

jim . dynamical source, p'¥_: dynamical operator
* Onlysingle-trace operators

* Due to multi-trace operators, the sources for the single-trace
operators become dynamical

* Another gauge freedom in choosing the metric for the covariant
operators
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Multi-trace deformations = single-trace
operator with fluctuating sources
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dP x
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* Only single-trace operators

* Due to multi-trace operators, the sources for the single-trace
operators become dynamical

* Another gauge freedom in choosing the metric for the covariant
operators
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Multi-trace deformations = single-trace
operator with fluctuating sources
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Multi-trace deformations = single-trace
operator with fluctuating sources
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Multi-trace deformations = single-trace
operator with fluctuating sources
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Multi-trace deformations = single-trace

operator with fluctuating sources
(ma) gy |
J

m

£ — \.,'{ ‘_L{.T“l””():,lllr i 'l-l()““‘ L’T”“

7 = /.D)’“]”DP“]D(I-’ {‘r.f'd‘”.rfl
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m

l " m
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— ——y "\ Transition function that maps

Covariant operators with |

covariant operators defined
background metricg

with metric g to those with
, metric GI0)
1™ : dynamical source, p: dynamical operator
Only single-trace operators
Due to multi-trace operators, the sources for the single-trace
operators become dynamical

Another gauge freedom in cthoosing the metric for the covariant
operators
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Gauge fixing
4 = /‘D,l”“’[)l"”[)d) A(JD)etf 27z AON O QTR )

L"’I - ‘\"_.’{(.]il}n k.ffmm’/"“u(“- l)) IJIIrIB JZ]INJ()’IIE‘ | "|_/‘,,,”(“- l)l)flil}:t.]rHn.{rn.}.h’:}]}

'](1)[2.;”/] _ ("r( L) pr

X

* The single-trace operator has the canonical
kinetic term —NGWvVGWtr[@V (VD]

* Matrix field theory of single-trace operators

only with fluctuating sources, in particular, with
dynamical metric

* Non-trivial Jacobian in the measure
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Gauge fixing
Z = /‘D.l”‘”[)[’(”[)d) A(JD)et S 4= £,[JD,PO, JMRwv] )

L"'I - ‘\'2{(.11'1}1-_ k-ffﬂlm’/'mu(“-H);Jflil} Jillm()rlft‘ | "|./'mu[“-l)l;fl‘l:-:t.]rHu.{m.}.{v:}]}

J(l)[l!.;::f] _ (“r(l)/u.f

X

* The single-trace operator has the canonical
kineticterm —NGWvVGWOtr[@V IV D]

* Matrix field theory of single-trace operators

only with fluctuating sources, in particular, with
dynamical metric

* Non-trivial Jacobian in the measure

Pirsa: 12050033 Page 33/74



Gauge fixing

Z = /Dl”” DPVD® A(JWD)eld dPz £,[JV,PD, JMRwv] g]
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JORw _
* The single-trace operator has the canonical
kinetic term — NGO VGOt [dV VD @]
* Matrix field theory of single-trace operators

only with fluctuating sources, in particular, with
dynamical metric

* Non-trivial Jacobian in the measure
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Local RG

* Focus on the matrix field theory for each
configuration of fluctuating sources

/ Db ¢t JAPx[NI(@M |y 0)+U g []

M — \;"‘("'|'| [_Irn!:; ('.m,u-\—-“\—r‘ + Z ]2 .-.._vm _\-M.]

* High derivative terms in the action play the role
of (many) UV cut-offs 1

[(Jmml) = _(p — 9) _]['.3\111.. WMn e
. /\H—E
ST

* Coarse grain the matrix field by lowering the UV
cut-offs
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Local RG

* Focus on the matrix field theory for each
configuration of fluctuating sources

/ [)(l) ‘ rf r{\tl[‘I’\/‘ ||‘l’) -jliltl'j

Ma) = -ﬁv/_(:fl' [./'“-‘-’? GOy v, 4 Z JORprpnlg }
* High derivative terms in the action play the role
of (many) UV cut-offs
J 2l = _(m — 2) ][2.;1_1....11;:] N 1
L J =\ = 4 ‘ —9
o

* Coarse grain the matrix field by lowering the UV
cut-offs
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Local RG

* Focus on the matrix field theory for each
configuration of fluctuating sources

/ D} ¢ J "II‘I"I\'m"‘-”mv""'” ,r'l-l'l".l

M, = 7\I‘.-’fl\(."‘"|[.I""" + GV, Y, 4+ Y DRl \‘,,"}

n=}

* High derivative terms in the action play the role
of (many) UV cut-offs 1

[ 12 ;1.‘\| = —(n — 2) _jllﬂl----'lfnl ~ =
- ,r'\n—ﬂ
ST,

* Coarse grain the matrix field by lowering the UV
cut-offs

Page 37/74
Pirsa: 12050033




Pirsa: 12050033

Local RG

* Focus on the matrix field theory for each
configuration of fluctuating sources

/ D ¢t [ 47 [NIE(@M 1 0)4+1 ]

mn

Wy 7\,-"'\(.'Ha|[.1"'!'-" + Gy v, 4§ Ry

n

* High derivative terms in the action play the role
of (many) UV cut-offs 1

i’lﬂl J‘”‘| - _[.” — _J] !][:"“‘l'- ”““l ~
n—2
Au

* Coarse grain the matrix field by lowering the UV
cut-offs
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Local RG

* Focus on the matrix field theory for each
configuration of fluctuating sources

/ “Ill (" J 'H“"IVlrl(l"”!""l"'” _r"-“"ll

(2}

M - \;"‘;‘('II | [./r Dl o 1 I'WVJ,T,. + Z 20 Hnl7

* High derivative terms in the action play the role
of (many) UV cut-offs 1

i}.’;u ;|,i‘| - _I-” = 2] -]{2\.“[.- »,”Hl ~ -
y ,r\u—'.—.’
==y

* Coarse grain the matrix field by lowering the UV
cut-offs
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Local RG

* Divide low energy mode and high energy
mode ®(x) = &(x) + ¢&(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

JIU’[_'M '”Hl(.l'] — Fl‘,.n”'“)r.’:J{_l)|..'ﬂ| Hul('r}

dz : infinitesimally small parameter

a(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

C, : set of constants specifying the rate different Uy
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode &(x) = &(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

'/||\’|-'rfl -Ifu|(‘l,.] — (‘r..nli'“}r.":J{_llI‘.’ju ““l(f'}

dz : infinitesimally small parameter

aW(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

C, : set of constants specifying the rate different UV
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode ®&(x) = &(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

] 1)’[2.;;1...,:,,1(.[.) _ (‘('n(\‘ I ’(.r}d:.](l)'_‘_’.m...;ru](.l.)

dz : infinitesimally small parameter

a'H(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode ®(x) = ¢(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

,]( I)I[Z-Ill---l’n:(.[-) o ((-“mI_}(,r}d:,](l)'_'_’.,lll...;r,,](.l_)

dz : infinitesimally small parameter

a'M(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode ®&(x) = &(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

,]{ I)I[Z-ﬂl---l’n;(.[-) - (‘(-N(,:i_}(,;-}cl.:,]( l]'_'_’.;fl...;r,,](.l.)

dz : infinitesimally small parameter

a'Y(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode ®&(x) = &(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

,]( l)![lz-ﬂl---l’n:(.[-) - ((-“mI_}(,.r}d.:,](l)'_‘_’.,lll...;!“](.l.)

dz : infinitesimally small parameter

a'M(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
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Local RG

* Divide low energy mode and high energy
mode ®&(x) = &(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

']( l)f[z.;u...;:,,:(.[,) . (‘(-,,m 1 }(,,-)rl.:'](l)'_'_’./u...;r“](.l.)

dz : infinitesimally small parameter

a'M(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode ®&(x) = &(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

,]( 1)1[2.!”_._!,“:(.[_) - ((-“(,:i_}(,:')cl:'l{l]'_'_’.;il...;r“](.f.)

dz : infinitesimally small parameter

a'H(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
cut-offs are rescaled
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Local RG

* Integrate out the high energy field

\'JJ i (1), e (0);[m, (o)
‘ll Ju (0BT ‘ Casimir energy [Sakharov (68)]

!’u e ...'”l”m_.‘r“.”‘“ 1 i] Ir,[ll 1) H rf'“ leE-’r 1 Jirli

by 1 ( A jll\mN[ﬁHh} —
(0 5,y SOl () ] Catt vl oy gt o]
!'n 1 \j-"‘"(-ﬁl_il l\-[;.Ir),., }[TIJ-?(JH ]I

(,;'L m "

Quantum corrections

FD single-trace operators Double-trace operators

—

Wilsonian beta function

Sy L[JO™] = gz o1 AT o
£ = dz o) /|GO | {GIO) + CIDIR + .}

0'“ o J W) = “[H[‘r,]'_lm{;d[ ﬂ])].

r)-" oy Jmn{ g} i) = (= “Il}{-!)[‘:mn(qu']III(lll
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Local RG

* Divide low energy mode and high energy
mode ®(x) = &(x) + &(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

lll;’[_’m .‘ful{.r] - p'"“”'“]“':,]E-lll“"'" )u.l(.,.}

dz : infinitesimally small parameter

aW(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

C, : set of constants specifying the rate different Uy
cut-offs are rescaled
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Local RG

* Divide low energy mode and high energy
mode ®(x) = ¢(x) + ¢(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

b I)I[Z-ﬂl---l’u:(.r) - (‘(.Hnii_}(,;-}cl:,]( 1 }'_‘_’./11.,.;1,,](.1_)

dz : infinitesimally small parameter

a'Y(x) : spacetime dependent speed of coarse
graining in the 1-st step of RG

c, : set of constants specifying the rate different UV
cut-offs are rescaled

Page 51/74



Pirsa: 12050033 Page 52/74



Pirsa: 12050033 Page 53/74



Pirsa: 12050033 Page 54/74



Pirsa: 12050033 Page 55/74



Pirsa: 12050033 Page 56/74



Pirsa: 12050033 Page 57/74



Pirsa: 12050033 Page 58/74



Pirsa: 12050033 Page 59/74



Pirsa: 12050033 Page 60/74



Pirsa: 12050033 Page 61/74



Pirsa: 12050033 Page 62/74



Pirsa: 12050033 Page 63/74



Pirsa: 12050033 Page 64/74



Pirsa: 12050033 Page 65/74



Pirsa: 12050033 Page 66/74



Pirsa: 12050033 Page 67/74



Pirsa: 12050033 Page 68/74



Pirsa: 12050033 Page 69/74



Pirsa: 12050033 Page 70/74



Pirsa: 12050033 Page 71/74



Pirsa: 12050033 Page 72/74



Pirsa: 12050033 Page 73/74



Pirsa: 12050033 Page 74/74



