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Abstract: <span>Inthistalk, | will

relate moduli stabilization in AdS or de Sitter space to basic properties of

the Wilsonian action in the holographic dual theory living on dS (of one lower
dimension): & nbsp;the single-trace termsin the action have vanishing beta
functions, and higher-trace couplings are determined purely from lower-trace
ones (a property we refer to as the iterative structure of RG). & nbsp;In the dS
case, this encodes the maximal symmetry of the bulk spacetime in a quantity
which is accessible within a single observer's patch.<strongr>
<br></strongr></span>
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Question

If some Lorentzian field theory is
holographically dual to de Sitter
space, what properties should it

have?




Progress 1n understanding
quantum gravity

= Holographic principle s Area

Entropy/ area law 4Gy
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Progress 1in understanding
quantum gravity

* Holographic principle s Area
Entropy/ area laws 4G p

= AdS/CFT: provides complete description of
quantum gravity in AdS.
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Yet to be understood:

= At present, we lack a theoretical framework
for quantum gravity in cosmological
spacetimes (e.g. de Sitter, FRW).

» Can we use what we learned from AdS/CFT?
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Challenges 1n generalizing
AdS/CFT to cosmology

Absence of a non-fluctuating time-like
boundary.

Absence of supersymmetry.

Dynamical gravity usually present in the dual
theory (e.g. in dS/dS, FRW/CFT, and dS/CFT).

Cosmological horizons, singularities,
metastability, time-dependence, ....
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dS/dS Correspondence
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dS/dS correspondence

A brane realization given

§ & ‘ {(l) ] In
,2 a2 a2 2
dsgs,, , = dw” +sin (R ) dsys,
’(lxg

* Two throats joined
smoothly in the UV.
d-dimensional EFT dual
for each throat.

EFT has finite UV cutoff
+ dynamical gravity.
Analogous to Randall-

Sundrum /[ warped
compactification.
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dS/dS correspondence

A brane realization given

. ) ‘ w ‘ N
2 2 . 2 2
ds5a — dw* + sin ds5a
(.lb(i_}_ 1 R (.lbd
’(lx.g;

probe limit near-horizon limit

flavor branes

orientifold

= Put color branes at the tips of a compact cone
supported by flavor branes and orientifolds

= Near horizon limit gives dS as two warped throats
= Counting microscopic d.o.f gives de Sitter entropy
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Contrast dS/dS with dS/CFT

Lorentzian
Manifestly unitary

Covers static patch:
accessible to one observer

Global de Sitter symmetry
not explicit

Euclidean
Non-unitary CFT
Contains meta-observables

Manifestly preserves
maximal symmetry of
global de Sitter through
conformalinvariance

Can we find manifestation of de Sitter symmetry in dS/dS?
It is not conformal invariance, but should be something

equally constraining.
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A different perspective

Sd N\ /7 \
bl N i 7

Holographic RG
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Holographic Wilsonian RG
Bulk

IR Uuv |

y=0 y=L Y=Yuv

ds* = dy* + a(y)*gu,dx"dz”

= |dentify bulk radius y with QFT scale: Eqrt = Epropera(y)

= Supergravity modes: FEproper ~ 7

» Stringmodes: Fproper ~ ﬁ

B e
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Holographic Wilsonian RG

\PUV((/), /;)

* |nQFT, integrate out UV modes ‘ effective action

» Uy contains information about effective action
= Need to express it in terms of QFT variables
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Holographic Wilsonian RG

. .
's r . ' b
AQ["T — Al)n]k —_ / D(/) e k2

v _ . . X .
/ D(/) / D(/)‘U> L()_“ T'.Q_b|yt>"’ / D(/)‘U<L()—"T§b|q< L
\ ) |

| ' |

\IJUV(();; IJ) \IJ“{,((/)’ [;)
Motivated by standard AdS/CFT dictionary:

3 4 —S e [ M 1 y I’.d;f “cl - ‘c)
lIJIR — /DA[ E<ur e QI r ]+TZ [ d%za®\/q ¢

M = matrix field
i Py v J

O = single-trace operator tr(9"M --- 0™ M)
a(L) /¢ y .

pr, ~ —z= (for supergravity modes)
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Holographic Wilsonian RG |
|

X . | |

AQ["T — Al)u]k s D(/) e k2 : .

L - . .
/D(/) /D(/):w!l“*ﬁby% /D(/>;u<1,(f”?f‘5-"" g

| |

\IJU\/(();’ l;) \11“{,((/)7 IJ)

B —Sopr[M]+2, [diza?\/g O
\I}H{ — //DA[ E<ur € < r_?l

/ | —SorT[M]—25s[O
= AQ};”J_‘ = /DA[ E<ur, e QFT [M] TZ“[ ]

where | ,—7zsl0] :/D&@Uv[é]efr.l'ddw&d\/ﬁé@?

Effective action s|O] = integral transform of Wyy [qg]

E -
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Holographic Wilsonian RG

|
|
' |
’ r . l. S
AQ['”I‘ — Al)u]k —_ / D(/) e k2 :

o . i .
/D(/) /D(/);r}>b()'*?§by>h /D(/);U<L(I*T-‘f‘5-‘l‘b
'. .

| |

\IJUV((};; l,r) \Ijll{,((/): l;)

e —SarrT|[M|+ L [d% a? \/EJ)O
LI}II{ — / DM E<ur € 2 Y4 l

y | —Sqpr[M]— - s[O
— AQL”J_‘ — /D]\[ E<pur € QFT[M] :2“‘[ |

where | ,—7zsl0] :/Dng,Uv[&]efr.]'fidﬂf&dﬁcﬁo

Effective action s|O] = integral transform of ¥y [qg]

y e
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Holographic Wilsonian RG

—_— l_ S . ; _ l‘ S
e ) |.U_.L /D(*.)U<L()’ T ly<L

|

ViR (0, L)

— 1 s L~ ~ L (a9 a9 /3 3O
e :?s[t] — /D(/)\IJUV[(/)} ({:g—_[ d%x a“\/q ¢pC

Finally, expand in single- and multi-trace operators:

i 1 .
= / ddilr FL(Z\/_E (O'() == O'[O -+ 50202 -+ .. )

* o,(L) = basically the dimensionless couplings of QFT
= For CFT (on RY), they are all independent of L.

p B -
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Results [for (A)dS,,/dS; at large N]
1
/]‘]1(1 \/T( )-l—m(’)-l—zaz(’)z )

If d sits at extremum .. of bulk potential V(¢), then

1. 0,=-¢.doesnotdependonL HP PBgnc-iracc=0

2. 0, (n#1)do dependon L, but their beta function
only involves lower-trace couplings (o, with m=n).

)
—d- I”(T() — V(—01)

(TQV (—(J'l)

) .
rigoz + 1+ 03V (—0y) — 0'5\/"(—0'1)

a

dLa
(n— l)dT Op + 0np1V'(—01) + terms involving o, through o,
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Results [for (A)dS,,/dS; at large N]
1
/]‘]1(1 \/T( )-I—(Il(’)-l—z(rz(’)‘2 )

If d sits at extremum .. of bulk potential V(¢), then
1. 0,=-¢.doesnotdependonL W P =0

single-trace

2. 0, (n#1)do dependon L, but their beta function
only involves lower-trace couplings (o, with m=n).

dra
f-)l,(T(} = —d i ang — V(—O’[)
a
(‘_)[‘(Tl = (Tgvf(—(fl)

) :
01,09 dﬂoz + 1.+ o2l (—01) =02V (=0a)
a

dLa
(n— l)dT 0p + 0pp1V'(—01) + terms involving o5 through o,
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Results [for (A)dS,,/dS; at large N]
1
/]‘]1(1 \/T( )-l—(rl(’)-l—szz(’)z )

If d sits at extremum .. of bulk potential V(¢), then
1. 0,=-¢.doesnotdependonL W P =0

single-trace

2. 0, (n#1)do dependon L, but their beta function
only involves lower-trace couplings (o, with m=n).

)
f-)l,ﬁ() *-(]( I” ayg — V(—-O’[)

(‘_)[‘(Tl = (TQV (—(J'l)
Jra

8102 = d——03 + 1 + 03V’ (=01) — 02V" (—01)
a

JdLa
oo, = (n — l)d—o:n + 0p4+1V'(—01) + terms involving o through o,
a
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Results [for (A)dS,,/dS; at large N]
1
/]dI(I \/T( )—I—(TIO-I—Z(Q(’)‘2 )

If d sits at extremum .. of bulk potential V(¢), then
1. 0,=-¢.doesnotdependonL W P =0

single-trace

2. 0, (n#1)do dependon L, but their beta function
only involves lower-trace couplings (o, with m=n).

) R
Orog = —-(l( L@ oo — V(—0o1) AdS flat slicing:

g0 = — ‘,{/(]

f.)l,(fl = (TzV (—0'1) o1 = —0Q
= D

) —
OrLo2 = duoz + 1.+ o2V (—03)—02¥ (=0ca) og = —1/A4

a

JdLa
oo, = (n — l)d—an + 0p+1V'(—01) + terms involving o through o,
a
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Comments

A set of strong constraints for candidate dual
theories for dS static patch

Help construct and elucidate specific duals, e.g. the
brane constructionin

Allow explicit reconstruction of the bulk potential
from QFT variables

Jra
dpog = d- 1:”(70 V(-01)
a
droy = oV’ (—0)
dr.a -
(')L(J'-z =d f: (TQ+1+(T:§V’( (71) USVH( Ul)
a

dra
OLon = (n — l)d% On + 0’n+1V'(—0'1) + terms involving o2 through o,
a
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Generalizations

Non-zero modes
Multiple scalar fields
Bulk fields with nonzero spins
» Backreaction on the metric (dual to stress tensor)

= Counterterms e’cTlPuv]
(which is absent in dS/dS
by symmetry, leading to T=0)
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Metastability

\I{IJV [¢] —Wuv ,pert (/) + Z Winst (,b ZK[é]

instantons
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Conclusion & future directions

= We have identified necessary (and perhaps
sufficient at large N) conditions for a dual theory of
de Sitter static patch.

Bsinglc—lracczo
Multi-trace couplings have iterative RG structure.
Apply to previous brane constructions of de Sitter?

These constraints hold for each stabilized scalar
field, so we can study simple uplifted examples
where only some moduli are stabilized.

Lower-dimensional dynamical gravity in dS/dS not
yetincluded. Liouville gravity in d=2?
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