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Holography

AdS/CFT provides the best understood example of the holographic principle.

QG theory in (d+1)-dim = QM theory in d-dim

Within AdS/CFT, emergent direction z is related to energy scale in a dual QFT:

9 l D) l ; ' ] l
ds® =|=dz"|+ 5 nudatdz” with (z,2") = (Az, Aar)

-

Bulk: Wilsonian RG-flow with z playing the role of (the energy scale)'.
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MERA.,.

MERA is an example of real-space RG-flow

C[B]

( o *e,
:
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MERA has "Lorentzian causal structure”,
Bé!
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Integral geometry - |

One can introduce a partial order on the set of intervals for which we calculate EE

B i B
B

Timelike Spacelike Lightlike

This motivates introducing the light-cone coordinates ©v =6 —a and v =60+ a
and considering space with the volume form w = 0,,0,.S du A dv

SSA guarantees 9,0,S > 0. For the vacuum we obtain

P
W = — du N dv
[2sin” («v)

Unique conformally-invariant metric compatible with these is

ds® = .(.,, dudv = .(._, ( da® 4 :/02)
[2s1n” («v) 12sm”(cv)
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Question behind this work

s there a setup in which:

|) scale appears as an emergent time-like direction
and
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Entanglement first law

Consider small perturbation of some reference density matrix p = pg + dp

The change in the entropy is equal to the change in <the modular Hamiltonian>

08 = —tr(plogp) — Sy = 0(H 04)

In general, we expect H,,.q = log py to be nonlocal, but for pg = try[0)(0] :

' R? — | — i'|?
]!murf . ('/ + 27 / (]‘f I'I'l : .‘)h) ‘ 'I‘N("”,)
JI|T-T'|* < R? &
V = Bd—l
— mol.d
t=0of R @ 10) is the vacuumcrrg
R
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Propagation on de Sitter

As a result, the change in the entanglement entropy for small perturbations of |0) is

' R |7 &)
- P | ./ - : 8 N
()“7]; = 27 / d A ‘)[1’ (lff}(.l )
J|Z-#|2< R? -
. L . L? .
ds® =|— ]).,(][1_) + l),,f/.r‘)
| o |0

This implies that 0.5 is a local field in dS4 and obeys the Klein-Gordon equation:

AL

(,H-!f’.sn — m"’ﬁ.%',; =0 with m?L? = —d

R
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How does it work?

R = 0 corresponds to one of the timelike bdaries in dSq (say to the future one).

58 "2 FP(x)/R+ f(x) R+ ...
with

F(x) =0 and f(x) =

Bdry data:

m (T (x))

Explicit example in CFT2: dp = 0 (|0)(¢] + |0)(0]) with |¢) = Ty (to + i1, 20)[0)

=t
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Comments

ds,;‘g‘g“ —m*6Sp = 0 inlany CFTg|(large c / strong coupling not needed)

It surfaced before in the studies of HEE & the Einstein equations

It relies only on the applicability of the first law for all values of R

As it 1S now, it concerns constant time slice configurations in CFT4

A%

~ o~y Y e ' " . ; ‘
15,098 —m~05p = () is covariant and applies in any coords in dSq
w2l

Our analysis, as it is now, does not fix the curvature scale of dSq
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|-to-| mapping between spheres and dSg4

R? — |i— 7|2

(55/; — .27?/ | (/‘, I.I', R <l”>(lf)
J|T|2<R? -

sphere B in R maps to a point in dSq:

=
4

Causal relations between points in dS¢ < partial order between B's on t=0:

S o =

timelike null spacelike

9/14 generalizes
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|-to-1 mapping between spheres and dSq4

R? — | — H'\
0Sp =2 / d 1y . (Tye)(2")
J| T2 < R? -)]‘)
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Elliptic dS4

If §Sp = 05, the field propagates on elliptic dSq¢: dp = 1 (|0) (@] + |@)(0])

If 0SB # 655, this is not the case, e.g. dp = ge PRV EN(E
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More dynamical scalar fields on dSg4

[{urur!‘ — (" -+ / (]]}“J’(“")J W|th -/;,2} = r]}”,l\‘,, ,///\
J B

. o N7 7
(J(H) - / (]B“.]l{fﬁ) W|Lh '];(!h] - 7}“11 . ]\r[’l e [\'“' : \\\//
JB

see Belin et al. 10.4180 for s=|

see Hijano & Kra 106. 1804 for d=2 & s>2
- 2 e 2\ S
cal(s) _ rons—1 [ ga—1.s (B —1T =2 -
055" = (2m) /rl x’ ( — R Tie. (")
JB Z

It is clear now that all rS.S';;} will be local scalar fields in dSq and will obey

f/,s';')-“’lﬁg) —m?65; =0 with m*L?=—(s—1)(d+s—2)
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Summary

example:
m=L7. (d

This statement applies to any CFT in any d provided the first law holds

The statement concerns constant time slices in a CFT

For theories with conserved charges: one dynamical field in dSq for each charge

13/14
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Some open problems

Can we describe full CFT in terms of local fields interacting in dSq (novel dS/CFT)?
Geometry encapsulating time evolution between 2 constant time slices in a CFT?

Does dSq play the role of the kinematic space / what fixes Lgg,?

Link with MERA / cMERA?

Does the emergent local Lorentzian propagation persists if confor metry.!
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