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Abstract: | will describe a holographic model for the three dimensional de Sitter static patch where the boundary theory is the so called
$T\bar{ T} +\Lambda 2% deformation of the conformal field theory dua to AdS 3 quantum gravity. This identification allows us to obtain the
cosmic horizon entropy from amicrostate count, and the microstates themselves are a dressed version of those that account for the entropy of certain
black holesin AdS space. | will also show how the effect of this dressing at the cosmic horizon is to replace the spacetime dependence of the fields
of the undeformed holographic CFT with dependence on the indices of large matrices.

Zoom link: https://pitp.zoom.us/j/953969215707pwd=NGFoOGIGY 1ZDU2pnNFRwWit3b2w0Zz09
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de Sitter Microstates from 77 + A, and the Hawking-Page Transition
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TT deformed scattering happens within matrices

Vasudev Shyam, Yigit Yargic
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Deforming QFTsind =2 by TT

Smirnov & Zamolodchikov, 16°
Cavaglia et. al. 16

0,W(h) = J (TT) = [aﬂx det f<(TﬂvTW _ (73)2)>, Wi =0)=W,

Space of 2d QFTs
W(A)
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What 77 does

SUPay Pa,} = Pay P, }) 1 ({pap s }—>{p = Pa,}) = exp(A(py, AP,))
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Deforming QFTsind =2 by 7T

Smirnov & Zamolodchikov, 16’
Cavaglia et. al. 16’

0,W(h) = J (TT) = [dzx det f<(TﬂvTW - (Tg)2)>, Wi =0)=W,

Space of 2d QFTs
W(4)
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TT turns fields into matrices

Yigit Yagric, V.S.

(4)11‘ " 6‘-”11\!\

$wn |

d(Po,P1) = [dx] ePMig(py, x;)

¢y Ppxry

1q 7]
(P&, p?) * d(pk, pb) = e " Pp(pg, p?) - P(pE. p?)

irsa: 22110078 Page 7/33



TT turns fields into matrices

Yigit Yagnig. V.S.

rrG‘f’u‘ vl leN\

b )

d(Po,P1) = [dx1 ePMip(py, x,)

by Ppxy

190 b
d(ps.pY) * p(pL, p?) = e N Pp(ps, p?) - p(pg. PY)
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Dressing the number 1

SaDap ++sPg) = l_[(p2 +m?)(Q| 9’(40(19&,)---(0(19%)) | Q) =1

pi4+m?=0, Vi.

[@*+m»i(«l 3"(99(17“,) *wak (P(Pan)) |Q) =

l pi+mp=0, Vi

k<r=I

o [_.,,-,1 5 (pa,\pa})] (3 3) (nan) )

i<j=1

[Dubovsky, Gorbenko, Mirbabayi 18°]
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TT turns fields into matrices

Yigit Yagric, V.S.

( \
‘ibu' v ¢’1N

b )

(P, P1) = [dxl ePMiP(py, x;)

¢-w— Ppxy

+q . d b
d(ps.pY) * p(pL, p?) = e N Pp(ps, p) - Pp(p§, PY)
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TT holography: moving “into” the bulk

McGough, Mezei, Verlinde 16’
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Event Horizon @ ‘

Quasi local energy of
cutoff AdS3

Quasi Local energy:
Dual CFT lives here

r2 ré

8GM  16G3J?
RS +

TT deformed CFT lives here
r=r.

Truncated
LAdS,
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TT holography: moving “into” the bulk

McGough, Mezei, Verlinde 16’

Pirsa: 22110078 Page 13/33



Quasi local energy of
cutoff AdS3

Quasi Local energy:
Dual CFT lives here

r2 ré

o L 0
Event Horizon @ j

8GM  16G2J?
R | +

T

Truncated
AdSy
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Energy levels flow under 77

= 1
time | OEnlp: ) = Lin [ TT|n) = - Z(
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Matching
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4G

(A, — A)?
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[McGough, Mezei, Verlinde 16’]
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Honorary mention: Laurent’s formula

Freidel 08’

P f] = J% e~ RN Z e

SY[f] o SW[f] Deformation . 0 -
T ee,, i +R[f]detfP[f] —+——m8 eﬂgfzm[e] = oa deteR(€)Zcple]

=TT
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The TT + A, deformation

Gorbenko, Silverstein, Torroba 18’

1 -7

T szx detf, W, @ =24)=WJ,)

W, (4) = szx det f< (TP‘”TPU _ (Tg)2)> -
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Cutoff Holography in dS,

TT + A, deformed
CFT lives here @),

@

A>0

Cosmic Horizon

*from U.Moschella,

Prog.Math.Phys.

47 (2006) 120-133,
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Boundary

N
Re

Ty
S

i PPN
space

In Euclidean signature
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n = — 1: Patches of dS

Cosmic Horizon Patch Pole Patch

CH patch CFT Pole patch
(A =0)

s:%y(u\/m) R Y S 5:5(1—\/7?)
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Euclidean dS; Horizon

2 R2 2 1 2 2942
ds?=(1-= )di2 + dR? + R%d¢

fZ R2
(1-%)

.. Approaching the de Sitter
horizon
<=>
Taking the f — 0 limit in the
dual theory

[Varadarajan 02’]
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[Gorbenko, Silverstein, Torroba 18’]

Pole Patch

U L2 12

Initial condition fixed by:

%??:—l(y > 1) = %n=1(y > 1)

L2 4 2 2
€= 1—\/—1— “(A—i)wﬁﬂ%
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Cosmic Horizon Patch

~ 42 (A —cl12)’

1 2 1
=— 1+\/—1+—y—4:?%)(&—%)+4J:r4y2]2 Yo A=

ny Yo

Initial condition fixed by:

&1y =y0) = &,.1(y = W)
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w w2
r=r,+o6r="¢+ér, 6r=§<<rh:f r=¢ - or, 5r=§<<f

2
Near Horizon: ds? = — %dzz +dw? + (€% + nw?) de*

L? 4n* 1
E=—|1+4/-1- E‘u(-— =— {1+, /-14+2
U L2 12 ny Yo
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Real Excited States
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Hawking-Page like transition

log Z ~ max {—ﬁE

vac

(L), — LEvac(ﬁ)} = —i—imin{l _%1 _%}

Crossoverat f ~ L

When < L :

A<l = LEvac(JB) = SCardy(A =c/6) — ﬁEA:c/fi(L)




Integrable flow - No level crossing!

En=1y=0)=&“T

EM,y)
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Truncated Hilbert Space

c

Cutoff @A =—+6
6 \

A:E ] )]) p(A)ocexp[\/C;(

sparse light spectrum
(sub-leading,
model dependent)
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Flowing the Density of States

log Z(f) = min (log p(&) — &)

wtion: £ - £(%)

log Z(6.y) = min (log (f;' (&) ~ A(8))

v

Undeformed d.o.s. written in terms of deformed energy levels
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Final Result

2 & & ) _
S i) =gl (L 58 T ) B0 | [2F (£ 204
3 ny 2 3 Ty

1
Near horizon limit: y =y, = —, & = —, where:
cn? Ty

S:C_ﬂ:_310g C_ﬂ _|_...
3 3

In bulk terms:

nt (mf)
Shor = — —3log | — ) + -1
2G 2G
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Higher dimensions
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Thank you for your attention!
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