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GR
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Equivalence principle

no local measurement can ever tell you about
a uniform gravitational field
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super-gravity partition function
averaged over all double-pole
metrics
that impose boundary
conformality
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Why should the boundary
be conformal?




AdS metric: Euclidean signature
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what is the length
of this segment?
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metric at boundary is not well defined

22ds® = dz" +) dz?  |solves problem

works for any

ds® — e*%ds?
real w

boundary can only be specified
conformally
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requires boundary
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O should be conformal

v

what is O?

composite operator in interacting theory

O = Cp lim 272 ¢(z, z)| Polcinski: 1010.6134

>—()
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can O be determined
exactly in some cases!?
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Se = 5 /dd+1u\/§ (\ng\Q — m2¢2)

integrate by parts
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integrate by parts
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Sy = 5 / dVy (— ¢ p + m*¢* + ¢0,¢)

——

Saturday, June 11, 16



1

%% = 3 /ddﬂ“@(\W\Q +m”¢°)

integrate by parts

S¢p = %/d‘/g (—¢82¢ + m2¢2 T ¢8,u¢)

of motion d

equations AM/_S@Z_SW == ~A¢p =V;V'¢

1
m? = —s(d — s) s:§+§\/d2+4m2

bound m* > —d* /4 BF bound
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lim z%—
z—0T 0z

de,w (_v)vf

9(z = 0,2) = f(=)
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scalar problem
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¢

solves massive
scalar problem

o g sqlves CS
extension problem
Vd? 4+ 4m?
V=
the © for massive scalar
O = (—A)"¢o .
field
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consistency with
Polcinski

O = Cp lim 22 ¢(x, 2)

z—0

use Caffarelli/
Silvestre
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consistency with
Polcinski

O = Cp lim 22 ¢(x, 2)

z—0

use Caffarelli/
Silvestre

dg

lim 2%—= = Cd,ﬂy (—V)vf

z—01

0z
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O =(—A)"¢g ﬁ v — g;-’\—d—QV

2-point
correlator
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O =(—A)"¢g ﬁ Tz — g;’\—d—z’y

2-point
correlator

(eJsd 900) cpr = Zg (o)

AdS-CFT
correspondence
but operators are

non-local !!
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simpler proof:

Reisz fractional Laplacian

() — f(§)

d¢
Ra |z — &7

(—A) f(x) = Cd,s

lpseudo—differential operator

/\

(=V)£(6) = ¢ F(&)

undo convolution

I(¢) / dXdX/‘jO_(?/TzO(E\iz)
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bulk conformality

S = Sgr [g] + Smatter(¢>

Smatter

— / A /gL
M

conformal sector
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scalar curvature
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bulk conformality

S = Sgr [g] + Smatter(¢>

L d-+1
Smatter = / d""x\/9Lnm | conformal sector
M

_ 196[2 + (m

“conformal mass’

R(g) <b2

e

>N\

scalar curvature
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on Riemannian (M,g)
manifold of dimension
N=d+1

conformal Laplacian
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on Riemannian (M,g)
manifold of dimension
N=d+1

conformal Laplacian

N — 2 d—1

: R, = —A, R,

AN — 1) Ad

conformal change
Auw(p) = e " A(e™p)

a=v"g
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on Riemannian (M,g)
manifold of dimension
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conformal Laplacian

N — 2
Ly =—Ag 4(N_1)R92_Ag | e

conformal change
Auw(p) = e " A(e™p)

a=v"g
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hyperbolic metric

N — 2 d—1
g g 4(N— 1)R9 Ag 4d Rg
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hyperbolic metric

N —2 d—1
—A, A = — Ay -
ot AN g T o o
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hyperbolic metric

N — 2 d—1
Ly =—AgA 4(N_1)R92_Ag | R,

RQH — _d(d T 1)

_ d?—1
LQH — _AQH

m? d24_1 = —s(d — s)

S_d | \/4m2 1#m2>—1/4
2 %

stability independent of dimensionality
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construct O

Ayb+ LR 6 = m2

eom 4d
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construct O

— Ay - 1Rg¢ — m26

eom 4d

—A¢ + (m2 d24_1) » =0

solutions| 7= Vam? + 1

¢o=Fy> 7" +Gy:t, F,GeC®MH), F=d¢o+0®y>), G=go+O0

.. 0g
redefinition| ¢ = 72 lim ¢y ~27 =2 = 2
g=y" 29, Sy, = 290

CS extension problem
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source

scattering|_»s(s)F = G|y,

matrix f \
|

response

conformal Laplacian

/

bulk boundary

d—+1
P,[dr?,h] = d, S( 5 | ’Y> :
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pseudo-differential
operator

in general P, = (—A)" + lower order terms

d—1
P =—AA
: 4(d—1)R9
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scattering problem

Pvf:dvs(%JFV):dvh
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scattering problem

Pvf:dvs(g+7):dvh

2 a1 . |
of [ l00R = (s(a )+ G RG) ) NV, =~ | avig Pla*als
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scattering problem

Pvf:dvs(%JFV):dvh

: d-] . |
of [ l00F = (sta =)+ @) ) v, = i | avis P ot ils

fractional conformal
Laplacian
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d+1 gravity
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d-dimensional

non-local
"QFT’

d+1 gravity
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g / 100/ (e%(R L 4|VeP)

What about Maldacena conjecture?

Type IIB String "action’

2€2a¢

(D —2

>F2>
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What about Maldacena conjecture?

Type IIB String "action’

S = /dlox\/—ig <62¢(R + 4|V ¢|?) (%62_0&2)}72>

D =7 §|extremal solution

ds? = H Y2 (r)ndatde” + HY?(r) §pnde™ da™

horizon at r=0 ‘ D3-branes
L4

el

H =11 L* = 4dngNa/?, r* = §,,x ™"
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rescale AdS metric

ds® — ds7
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rescale AdS metric
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L

(6) + m2$ = L2 ( conf
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what determines the exponent?

A ) \/47]-}5 1
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what determines the exponent?

\/ 4™ 41
(_A)W~ - — L
2
, 1
lim V= —
L—~400(N—00) 2

non-locality vanishes
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more generally

R % K

ds® = f_l/andzL’“dx” + 126, dx™ dx"
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more generally

R % K

ds® = f_l/andzL’“dx” + 126, dx™ dx"

Af = (2m)"agp

¢N(S(?“)

density of D3-branes
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fis a harmonic Ik

function
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\
/
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D3-branes




P
f is a harmonic 141,

function D3-branes

f(¥o) = f(e) =0

requires absolute-value singularity
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ly| singular metrics (Gl)

Randall-Sundrum

d32 — —6_2|y|/Lnga:'“d:1;’/ 4 dy2
y € |—TR, TR]
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ly| singular metrics (Gl)

Randall-Sundrum

d32 — —6_2|y|/Lnga:'“d:1;’/ 4 dy2
y € |—TR, TR]

action at Brane atm

massive-particle 4

/d4ZEw/ ( HV8M¢8V¢_I_m2€—27TR/L$2)’

A

¢ _ 6—7TR/L¢
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lim m
R/L— o0

2

€

—27R/L

— 0
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lim m2€—27TR/L

R/L— o0

non-locality vanishes
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= —— + (In €)?/(2ma’)?

Y=Y
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m? = ; - (In€)?/(2ra’)?

positive mass

' Ine| > 21V !

Y=Y
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Y=Y

5 1

m-=—— - (Ine€)?/(2ma’)?

positive mass

' Ine| > 21V !

non-locality vanishes
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Branes in Type |IB
string theory
eliminate non-local boundary
Interactions
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are there any consequences
for the enganglement entropy?
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Y=

minimal surface avoids the D3-
brane
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minimal surface avoids the D3-
brane
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what happens as brane
approaches boundary?

Y=
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what happens as brane
approaches boundary?
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minimal surface must
avoid brane
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what happens as brane
approaches boundary?

Y=

minimal surface must
avoid brane
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e =0

metric doubles| S'/Z,

Y

o wall singularity

Y

entropy vanishes R/ = o
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higher-dimensional
minimal surfaces can
avoid singularities
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higher-dimensional
minimal surfaces can
avoid singularities

is this how the
entanglement entropy
should be formulated??
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application: gauge fields with anomalous
dimensions

1% 2 12
F,,F*" 4+m Ay
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application: gauge fields with anomalous
dimensions

1% 2 12
F,,F*" 4+m Ay

1 1
O

’y:\/d2+m2—1/2
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application: gauge fields with anomalous
dimensions

1% 2 12
F,,F*" 4+m Ay

1 1
O

’y:\/d2+m2—1/2

dynamical "Higgs’ mode
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gauge-gravity correspondence

= local CFT
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gauge-gravity correspondence

= local CFT
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gauge-gravity correspondence

= local CFT

_|_
N D3-branes

entanglement entropy?
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gauge-gravity correspondence

= local CFT

_|_
N D3-branes

entanglement entropy?

SYK model is different




