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Abstract: A local renormalization group procedure is proposed where length scale is changed in spacetime dependent manner. Combining this
scheme with an earlier observation that high energy modes in renormalization group play the role of dynamical sources for low energy modes at
each scale, we provide a prescription to derive background independent holographic duals for field theories. From afirst principle construction, it is
shown that the holographic theory dual to a D-dimensional matrix field theory is a (D+1)-dimensiona quantum theory of gravity coupled with
matter fields of various spins.The (D+1)-dimensional diffeomorphism invariance is a consequence of the freedom to choose different local RG
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

irsa: 12050033 Page 5/74



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

irsa: 12050033 Page 6/74



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

Page 7/74
Pirsa: 12050033




Pirsa: 12050033

Other Related works :

E. T. Akhmedov, Phys. Lett. B 442 (1998) 152
S. R. Das and A. Jevicki, Phys. Rev. D 68 (2003) 044011.

R. Gopakumar, Phys. Rev. D 70 (2004) 025009; ibid. 70
(2004) 025010.

I. Heemskerk, J. Penedones, J. Polchinski and J. Sully, J. High
Energy Phys. 10 (2009) 079.

R. Koch, A. Jevicki, K. Jin and J., P, Rodrigues, arXiv:
1008.0633.

I. Heemskerk and J. Polchinski, arXiv:1010.1264.

T. Faulkner, H. Liu and M. Rangamani, arXiv:1010.4036.

M. Douglas, L. Mazzucato, and S. Razamat, Phys. R
(2011) 071701. ,» Phys. Rev. D 83

Page 8/74




Pirsa: 12050033 Page 9/74




Pirsa: 12050033

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
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single-trace operators
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& : N x N tracelss symmetric
real matrix field

Spacetime dependent
sources

Z[T] = /D(b exp /'.\'2/(/“.1' (—j”'(),,, +\'{(),,,:j{’”“”?}})

multi-trace deformation
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single-trace operators
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& : N x N tracelss symmetric
real matrix field

Spacetime dependent
sources

2171 = /D(b exp i.\'g/dU.z' (—j”'(),,, +\'{(),,,:j{’”*}'{”?}})

multi-trace deformation
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single-trace operators
Ottt '—“l",'[r (1 (’uﬁu.«’:.n’x G (D a0 .0 D ad a..da P
1 ) A M g Yy T ey [0 T et T8

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

.

Z exp [1N* /r!“.r (—j'”(),,, + 1'[(),,,:[_7{”"} f“i}])

multi-trace deformation
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single-trace operators
| f
Olesrugy = J1r [':' (CRURRAN) (”'-f".-i Oz, ®) (”n:”n_: fﬁ-:,"'”

Spacetime dependent \ ¢ N x N tracelss symmetric
real matrix field
sources

Z[‘]‘ = /])II) XD "\'2 /V(!“.n" (_j’m()m =+ ‘-|()ng7{m'} {J':}])

"
il

multi-trace deformation
D J!
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4
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single-trace operators
| /
Ori o = 0 [ (2010300, ) (0130350, ®) - (8,30 9,)]

Spacerime L‘JEPEHdEnt \ ¢ : Nx N tracelss symmetric
L real matrix field
sources

~
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multi-trace deformation
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4
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From flat space to curved space

* Covariant operator

0 %\‘iT-'In ['I' (fvj;;j;i v @) (K":;‘_\“’.‘__: v @) .(v;;.‘,\*j;_: \"j;,l-p)J

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

: : 1 — SR pr—
tr(®9,0,8) = —— | /[Gltr(@VEVED) + L/ [GTtr (@ V)]

VG|
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From flat space to curved space

* Covariant operator

¢ %\T-'ln [4' (VG Ve v o) (T:f:\_ffi Ve @) ('r;;.‘,\*j;_f \“I)J

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

Ou(z) = ¢,"(G)0%(x)

rrn

m

—_— GG r1G ., s{my ), {ut
£ = N{-g%m0S 4 v[0g; 764 *U]}

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 :

—NJ R /Gr[@VEVEP]

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

o :\;(;((l};w \/ (,'('[” { ].[('I:,v:_“] vf[j') ('[)‘J
1 v

* Theory on the flat spaceti

me with spacetime
dependent source = Th

eory on a curved (non-

dynamical) spacetime J O] _ ~v(0)uv

= J\yl{_j((]';m(;)’{rlp 7 ""‘“-[();(;[:): ,_7(“)'{”" }{u:}}}
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From flat space to curved space

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

NS G0V ETEE

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

b :\,.v(;(tl};w V GH(0) tr[fIJ\'.Tf,'” \TL[J ) (.I)]

* 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 :

~NJ R\ Ctr[@VEVEP]

* Fixthe gauge s.t. the kinetic term takes the
canonical form ( unique ) :
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From flat space to curved space

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

_NJGi2n] \/ETI'[(DV/(,;V,(,;(I’]

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

— NGO VGOt @V YV )

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

£ = ;\'2{_\7(())::)()(()) i ‘/T{()(()) j((]):{m,-}.{u.;}}}

m m

irsa: 12050033 Page 22/74



From flat space to curved space

* For an arbitrary metric, the kinetic term does not
have the canonical form:
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Multi-trace deformations = single-trace

operator with fluctuating sources

( r ) m ! ]
L= _\'..'l{_L.Tilllru(.)'lrill} iy I(-),':,lllglr‘[ Vo m, b A '}’f

7 = / D_}“]”D[?E,“Dq) (‘r.j‘ dPzx L,

- -\._' {.II“HI”':JJ.I - ()-: ' i L-]rlnmfmn'(lnm _"“.f‘l,,h + I-J.’-m..‘-(;uh .q.“]:‘]. ;

o — —_—

—_—— "™\ Transition function that maps |
| Covariant operators with ‘ covariant operators defined
background metricg with metric g to those with
metric G0

— ——————eeeeee]

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 choosing the metric for the covariant
operators

..7-‘“] {m,} Fl*: }]j
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Multi-trace deformations = single-trace

operator with fluctuating sources

( r p i{m b e} ]
[ = \..'{ ".,7"“””(.)::,” IR I(-),':,|I1L7‘I}l {m,} vy 'I

= /.D]“]”D])“]Dq) {‘r.[ dPz
. 2 ]
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l' ,"l n

T » | Transition function that maps |

|

| Covariant operators with covariant operators defined |
background metricg

with metric g to those with |
metric G0 |

j™ : dynamical source, pU: 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

e A\~2{ jm)m();[;{: B 7 [ )’(’lfl)‘j ){m,}.{u;}]}

]1)

7 = /D,j(”"Dp ) DP et
£ = A\""{./'“”’. ) — ();’,_]—\]'”:”',/},J”[(,'"“.g)/i',,l:*\'[,f',””{f(r""'..q)/lf,l:':j')':J‘f”'}'{“:}]}

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

metric G{?

Covariant operators with
background metric g

jiim . 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
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Hr I/ m
Transition function that maps
covariant operators defined
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metric G{?
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jiim . 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
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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

P = _\-J{ —JOmoO i—l()'(::y () :,,::,'}

7 = /'D;muDPmeJ et dPz L,
. i ]

r (0)ym g nga(0 (1) | 17 ni(0) (1), (0);{m,]} fl*:}
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m
1

S — | Transition function that maps
| Covariant operators with | covariant operators defined

b ‘ with metric g to those with
metric GI?)

W™ : 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

Page 31/74

Pirsa: 12050033




Gauge fixing
4 = /‘DJ”(”DP(”[)d) A(JD)et [ 4Pz LT, PO, JD2] g)

L"'I i ‘\‘2{(.1[1}11 k-]'fi)lmj'mn[-()-l}) [J!Irl} Jfllm()flit‘ | "1.[”'”{“-l)])flfl}:;]vﬂl.{m}.{I':}]}

‘](l)[:}.;w] - (‘f(l)[”’

X

* The single-trace operator has the canonical
kineticterm —NGW*vGWOtr[@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
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Local RG

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

/ D ¢! | .:-‘n‘.-l\-[r(q._\.l *""l"'”'_,‘:»l'l"'l

= \.fm[

,\f Jin

72 At (rﬂluu-vnvp + E (20 I'HITJ-: --Tn.‘}

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

[JRmenl) = (g — 2) _]['lju.. ] —=
An—2
T

* 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

/ [)(b ("‘l".d“'r[‘\.tr[‘b'w.ﬂl'tl)H_l-f':l:H':
."\/{lew e “V/ (,'Ifl‘! {_/‘l’.: 7 (r-illfwv“vp | Z'lll} 2,p01...[n v“i”.v‘””:|

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

i [2.;1_1....[1.,,]

j J-f’l---l"“]J — *(H - _)) v_] = ‘

‘ n—2
AH

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

Pirsa: 12050033 Page 36/74



Local RG

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

/ IJIII "' ,f.-;.'".l\'lrl:la_\lr‘“-l.l,u ,r'l‘|'l'w‘|

M o \I‘a‘;‘(-""| [J"'l-‘l e (r'l“l"'vnf'r_ -+ Z (D24 ll...v“: _T'““J

n

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

i}._’m Jl.w\| = —(73 — 2) .]IQ,}I[,. 'u““l ~, )
I n—2
‘I\H

* 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

/ Dib o] 4O [NE@M, 1) 640, 1 1]

M i) oy \.‘/‘('.i I ‘| [J’ U (e ””'VJITI" -+ Z Ih e T‘,: - T,..J

n

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

[l = (93 J['..’,;z[,. Hn] :
. ,.-\n—'.l
= =y

* 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 e eslisoat, o 0140, 0]

M, 7\,‘,‘"\(.'v"=|[._ﬂ"l'-" + Gy v, Z.f"'--’“' “ly, .\‘,,J

n

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

[J@met]] = — (1 - 2) JWHepn] _
;\n—'.!
iy g

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

JOY (2 Hul(g) = penaVa)dz (12,0 ﬂul(_,-)

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

) 2, Hul(z) = penaV(@)dz 7(1)[20 ﬂnl(

r)
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

,]( l)f[z.;u...,u“:(.r) = (,f'“‘\‘ 1 )(,,-)fl.:']( l)iZ.;u...;r“](.I.)

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)f[z.;u...,u“:(.r) o (J(-,,m 1 )(,,-)fl.:,]( l)iﬁ.;u...;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)f[z.;u...;z,,:(.r) e (i(-,,mn(.r)rl.:,]( l)i!.m.,.;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) + o(x), where the low
energy mode has a new set of sources with
lower UV cut-offs

] l)f[z.;u...,u,,:(.!,) e (J(-,,(\‘l}(.-")d.:']( l)i!.;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

,f( l)f[z.;u...,u“:(.r) - (,f'“‘\‘ 1 l(._l‘)(l.f,"]( l)iZ.;u...;r“](.I.)

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

] l)f[z.;u...;z,,:(.r) — (,(-,,m 1 1(,,-)fl.:']( 1)’_2.,;1...;:,,](.1.)

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
* Integrate out the high energy field

\""{\'i‘f,.."m )PV, g O:md ()]

Casimir energy [Sakharov (68)]

" [’I 1in . l.l'r””m.fur”(“ l ” ‘r',l. 1) H [5” I\Cg-lr 1 “"i

(g g SO} o | G J DT fr\:'i'ir;'“ﬂ‘v”“r;.':._ |
, alile “;” m '1 \m (1) “m j[ I’l n ]J‘

Quantum corrections - -
to single-trace operators Double-trace operators
)

Wilsonian beta function

B L[JM™] d:n"'(.rn\|('.'f1'| {CulIM] + ¢ VYR + ...

”'“ A Jmi{u)

= dz ' (z) Al [y

”'”“I!“\HI'I{IIHI') - d:“[l]{r,anlHHl']ill{ill
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Local RG

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

JOY[2m .;:..|{J.] - Ph.n'“fl)rr':']flllﬁill l1~|(‘,-]

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

Page 50/74




irsa: 12050033

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...,u,,:(.r) — (’(-,,(\‘1}(.-"%1.:']( l)i!.;u.,.;r“](.l.)

dz : infinitesimally small parameter

a'N(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
\'J\{]i'| fru”'“ H;:J:. j”“ [mg ), :}‘

Casimir energy [Sakharov (68)]
< t’l 1n i ;:rllllmfmu(“ l” [:llu H [)” hC!.IE 1 J.rl! |

(1) pe=(l) |lr]
m ”rl,-}()u JJ'

r . [ 5 '.III\HIIJ“[.HI‘} .
_r}'lllu 7}1!0 LI.}"Illu[fl}r-lll‘Ll(Jtll_}l'f'l ( H'“

|6 (u}f™m ‘ \I,-"(;ml \addl
Quantum corrections
tosingle-trace operators

Double-trace operators
|
_—r

Wilsonian beta function

St LT = dz oD () /|G| { o[ + CIVR+ .},

d“ o 7L p) = (I~ ill“[.f L_lura{p}[ }-tl)].

r;” u.)““ml{”l{” — d-'.'!IIH[F',[J'““I“JHI‘]I.]“']
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Local RG

* Integrate out the high energy field

-;"I r n (1), e (00 [my )0 )
\ 1“ “... (Ol st ‘ Casimir energy [Sakharov (68)]

-+ “. n _ ‘:'r!“““_f.””{“ 1)) [:Ll Hd, lwﬁj-/”“"i

: [ 1 | (1)mn |. v 3 F i
—[’IIH"HI\_ LI.,"I""[“}THIw'](}“l-}lM r)llluvfly(yll]]
i (1 *“'F m i \W I~ ANY v} ¥n J'

m

Quantum corrections

tosingle-trace operators Double-trace operators
| )

Wilsonian beta function

o8 '[ (1)m - - el v
o f|] ) ] {!._ “ll'[fl\ |(l[1'|'{(t|[-IE“] 'J'(“[..ﬂ“]’f‘\. -}- }

ﬂ-“ o ]IIImIH]

=Nl um[.r l_»l'”{"}[ f[“].

-" 9 T mn{p}{s) = (= “[l}[I_,LHMM(HHI']'IF'UI
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Local RG

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

JO Rl 2y = pena® (@)dz g (1)[2,1 pal(,

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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Shift

* One does not have to choose the coordinate of the low
energy field as the coordinate of the high energy mode

Shift of the coordinate of the low
length energy field relative to the

scale coordinate of the high energy field
4
| e

N'uz*
— low energy

high energy

[Douglas, Mazzucato, Razamat (11))
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Construction of bulk theory : Repeat the
previous steps infinitely many times

* Remove double-trace operator by introducing
another set of auxiliary fields

Z = /D-J’”"'l)_]",',“l)J'“'”D[’,‘;"Dl[d(.l'“)_L(J“’J (,:‘['u"',r'fg

fol, ‘\""{"!!,.I'm 1)P{Y; g itmdidvh
. l‘.:llln :’”Ium,f.“n“l 1)) ,-‘w'll 1 ri_l‘..!:i.f"”'"|
L (@ (P - oY) - (.,m.,.

0, (1) Jilhmn [p} v}

— fe=(1) k 1\ pld) n ; :
V|G| ‘_Tlu}.lr.u“ .-”J Hvl:'lfnl (1 :l!}j:‘)}

un JEIEL 4y JOm) f,1(1, 2) O
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Construction of bulk theory : Repeat the
previous steps infinitely many times

* Remove double-trace operator by introducing
another set of auxiliary fields

Z = /D.f('“'m’,‘,"D./m”1)1),‘,'"’]1)(1>A(./‘”)A(J“”) et [ dPx Ls

= ‘\'2{"\./',,,”{(1.1)1’,,“:57"'%Hv;}
o (Jllm i k-[|llrm./’mn{(]- l]) l)!llll i l')‘”-::L‘: .lll_‘m

_'_']--l]u ([,:iJ'_’l - ():-"..’}) - (‘llllm i a'” ;.,/:“ va i !)\ |..l:lm) ./-m“{: i—))l)”_-lj

0, yJOmnieHvr . (2) () ol (2)
8 - (Vi fn 2RI LT 2R )},
V/‘(;l; p} ‘ (v} n A
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Construction of bulk theory : Repeat the
previous steps infinitely many times

* Integrate out high energy mode to generate
the Casimir energy for the second set of
dynamical sources and another set of double-
trace operators, followed by a shift of the
coordinate of the low energy mode

* The double-trace operators are then removed
by the third set of auxiliary fields and so on
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219 = / DO exp [iN? / P (~T"0p+ V[0 T f’f?*!)]

* Defined on the flat Minkowski space
* UVdivergence in loop corrections is regulated by high derivative
terms in the quadratic action ( Pauli-Villar regularization ), e.g.,

— .f\"t'.l‘[(]_)lzlcr‘u/"\: D]
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Extra dimension as a length scale

ssasssnssasBescsnssccncncascascasssneraffereenctecttteetectsisrtetrertereintiscttecetestetssensessesesesiecnss

e nTTnnnInnnInoooInmnmmTTTnhUOYO' IO
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Extra dimension as a length scale

ssasssnssasBesccnstccncncascascanssencraffereenttocatecetentstsrentrettertentiscttecesestststentrestescssstecnes

e T T,y T,y

..............................................................................................................
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(D+1)-dimensional gravity

l(-"r v (e, 00+ 8 (x,2), 7 (x,2)] 451 e[ \l.)
2)Dr(x,2) e \

J(x,0)=T(x)

The Jacobian in the measure can be removed by
redefining the conjugate momentum to the metric

‘ n "j‘”ru (1 )
T.’j.’m,-{.l') = !\'_j,ul-](l ) + / fh) J (;j];_—(rﬁ%l}[m(,”

'y

)
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(D+1)-dimensional gravity

|(~-r v [m (e, 0)]-+5[ (x,2),m(x,2)) S e[ (2, l')
Z|T] /D.][_.r 2)Dn(x,z) e \

J{x,0)=T(x)

The Jacobian in the measure can be removed by
redefining the conjugate momentum to the metric

- il \ {1 ij.ﬂ”‘ .U ]
.-].'m':{.!') — “-' ,;1-](! ) -+ /’ fh[ J (”]:i(,'l”‘([.rl) I m(‘/}

V.Gt rlq,vfjl Ivffl }‘I’J

Page 63/74
Pirsa: 12050033




(D+1)-dimensional gravity

.(~., v m(e,0)|+S[(x,2)m(2,2))+S1 el (= \l)
Z|\T] /D.][.r 2)Dn(x,2) e \

J(x,0)=T(x)

The Jacobian in the measure can be removed by
redefining the conjugate momentum to the metric

- [ s L] v n rifu”‘[”) ]
2w (E) = }1J.rr:](-') t / dy J (‘”]J(.'W‘(,r}]"'(”}

VG It I.|(|,vfll Ivf{.‘l }(H
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(D+1)-dimensional gravity

1| Spvim(z,0)|+S[J(x,2),7(x,2)|+S) | (x,00)]
AN [’DJ{_.I 2)Dn(x, 2) ¢ ( . ‘ . )’

J{x0)=T(x)

The Jacobian in the measure can be removed by
redefining the conjugate momentum to the metric

m A ) n ij'”"“ ..U ) \
Mo () = f}:.,”\.](} ) -+ /’ dy J {U]:\__(rﬁ—%]"'(,”

VGt [V (Vv D)
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Construction of bulk theory : Repeat the
previous steps infinitely many times

* Remove double-trace operator by introducing
another set of auxiliary fields

J = [[JJ”l:l'i)]"]'l]}L)JUWUIJJ('.'l!)“!}i(_llH)A('J“'JJ f_.J‘frJ"‘”‘r'Cn

Ly = NV[,1(0,1)PL; g tm) b
. [ Irulm "nlumeu[“ “) [IIEH L '1-."'£i"’“ml
L @n [1.‘-'_1 A (J:'.'l) - (’Hnu | '\u “ IIII'"“'}VI|:,': 4 ﬁ\ .\ JLm ) .fm” (1 ._,H;'I'_'
B0y JD0mn (i (1) :

— (n 1 1 pld) (1) o ¥
Jieor Vw120V £ X (1 :n!;f:')}
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Construction of bulk theory : Repeat the
previous steps infinitely many times

* Remove double-trace operator by introducing
another set of auxiliary fields

o= /D ]{I:nl)]-ali'llli) J'!:"*DI’J(I'I'D‘I"_\(JIIJ)A(J“)J r,l‘['n"“,r Ly

Ly = N{V(1,(0,1)PL; 7 O1dma. )
. “ulm :’“Im",f.“n“l l]) {I'\;“ 1 ”r“‘lﬁi.illlll||

+J (PR — o) - (f“"" b bun SOG4 Gy d M) 1 (1, 2) p@

Batn JOmalube) - ; ) {

Lol bt it 4 k(1 7y pl2) (1 )
e Viadu (L2PZ) (V1) 1A u.:u;‘:')}
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(D+1)-dimensional gravity

Z[’” /‘DJ‘.T :]DF.’[.: I) fl(._k'l'llﬂlln‘_""nl_I'.fr'.| Sy e (x \'.))

J(x,0)=T(x)

Bulkaction: § = N? [ dPxd- [{zh.f”):u —afx,z)H — N*(r. :)’H;,J

Hamiltonian 4, . Amv|

Bra(x)]
constraint : "

J(a }ITT|_1“,.] -
—JIGI 2t e el
vV |('|l(“l ()] + Cy [ S (a _IH'\‘_I ;
Momentum constraint
Hn -'_DT".—‘“‘” Y [Z T'l‘(Jll‘J I"hj!’ “;: 1"'”;:4 l

: — L VA VTHTISTE I j,)
a2 ) al
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Diffeomorphism = Freedom to choose
different local RG schemes

D-dim manifold
with same z
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Diffeomorphism = Freedom to choose
different local RG schemes

D-dim manifold
with same z
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First-class constraints

* Independence of partition function on RG
schemes (speed of RG and shifts) =» (D+1)-
constraints

| 07z

< Ha(z,2)>= ZoNM(z.2) = 0 H=0, H,=0

M=0,1,2, .., (D-1), D NP(x,2) = a(e, ) and Hp = H

* The (D+1)-constraints are first-class

i)

5z < Hu(z,2) >= /d"u N (y, ) ({Hag(x, 2) Hyp(y,2)}) =0

{M (e, 2). Hyg (1, 2)} = (
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First-class constraints

* Independence of partition function on RG
schemes (speed of RG and shifts) =» (D+1)-
constraints

1 0Z

< H(my2) >= ZONM(z,z) Y H=0, H,=0

M=0,1,2, .., (D-1),D NP(x,2) = a(x,2) and Hp=H

* The (D+1)-constraints are first-class

o) ) SN
CE Har(, 2) >= ./d’ y N (y z) ({Har(x, 2) Hyp(v,2)}) =0

{Har (e, 2), Hy o (y, z)} =0
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First-class constraints

* Independence of partition function on RG

schemes (speed of RG and shifts) =» (D+1)-
constraints

-7 e | 0z
< Hu(z,2) >= Z NNz 2 0 H=0, H,=0

M=0,1,2,..(D-1,0  NP(x,2) = a(r,z) and Hp = H

* The (D+1)-constraints are first-class

o '
s Har(r, 2) >= /r!' y NM (v, 2) {Har(x 2), Hap (v, D =0

{Har(,2), Hyp (1, 2)} = (
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