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• Motivation and broader picture
on fundamental Cosmology
• QFT on rigid ds :

- Correlations via EADS Lagrangian
- Analytic properties
- Positivity from unitarily

• Open problems
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Motivation

• We live in an expanding cosmological
spacetime !
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Fundamental theory computational tools for

capable of describing phenomenological uses
expansion
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• Our main fundamental theory is Ads /Cfp
suited for asymptotically static spacetimes

see for attempts to embed cosmology
into Ads /CFT :
( not easy )

• We study expanding spacetimes directly

-dttactdx
,
alt) - eHᵗ - de sitter

• Most symmetric - the simplest ?
(also relevant for observations )
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Global us local cosmology

p
Global

§(
+ ↑ → local

estate patch

-

Penrose diagram of ds 6.9 . Ads -Schw .)

• We consider Global observables
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Global observables

✓
Wave function correlations

e-

4kt] = /☐yeisce
]
KP(✗1) 41×21 . a.%)> /

+→•
=

¥ . . . ¥-4 lie ] = =/Dj 46-34*15] Elastica . .

= 50 .
.
.
.

0 >
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Path integral over sources

41J] = Zaas [I] looks strange from CFT
point of view
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• This is an important issue for DSICFT

• If gravity is included
,

one of the sources is

boundary metric → need to path integrate
over it

• • •

• In this talk we do not consider dynamical
gravity . As a necessary step we want

to understand the basic properties
of cosmological correlations see . . . as

• Compared to Ads
,
not much is known



Why is it so much more complicated in ds}
• We consider the following theory

L= -

t@eI-z-miy2_z-LdoJ-z-moioo2_zgy26.Le
't us first review the "

in - in
"

formalism :
t t
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Hartle - Hawking
Bunch _ Davies

state

• Wick contractions involve three types of propagators :
Ger

,
Gr
,
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-

• Focus on the 4- pt . function : Lillee>
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• There isn't a simple Fourier
transform that would

factorize the integrals .
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• The idea is to analytically continue the integrals
to Etds and use technology developed for Ads

see also sleight , Tarrona

dsi.sas-dFE.cl#dEes---dnjEf;?fdg-sfd2-ge→ei¥z

Dr → e- i¥z
≤ in eÑiHiwᵗdtyµ

.)y( ×,) . . .pe#Hintdty
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• Every QFT on ds is equivalent to a

FT on EADS space with the doubled

field content :

↓

independent fields with different
• = .EE . :÷: :*:÷÷°
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→

\ &
,
≈ z-d-z-iodsk.dz?#dx2

4- ≈ z
-¥ a- :O

EADS
2--0

• There is a range of masses for which both boundary
conditions are allowed land unitary ) in Ads space

e.g. klebanov ,
Witten 9905104

• Here we are generically outside of this range ,
moreover

,
one of the fields has a wrong sign

kinetic term
.
But this is 0K (at least in perturbation

theory ) because we only deal with the Euclidean
theory .

• A similar relation for the wave function is known but
doesn't require the delete doubling ! Maldaeena 0210603 ) .
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L = -t@eI-z-mey2_z-LdoJ_tzmoioo2_zgy26.As
in flat space , we need to resume bubble diagrams

7.1-7-+75-1 FF -1
. . .

=

•

• FOE -0=9

g2

↓

scalar ConformalY partial wave

/

leg in D= 2)
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Analytic Properties
g.

"spectral amplitude
"
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Unitarily and positivity
also →

• To derive constraints from unitarily ,
we reinterpret the correlates as
an overlap :

↓
÷"eieaaelxelecxsecxa )> =

iii.
• Unitarily is obscure

☒in the EADS formulation
we derive it directly in

ds
,
without relying on perturbation theory .
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• We insert resolution of Id :

•

eye ee > = fold § E4lxs)elxz)P⇒4lxs)4lxy)>-0

Ca
, g-

• 1=4%0×0,
D. 3

( Z
>E)

• By studying limit × ,→ × , xy→xz we see

2

CD
,
_s
≈ 1241×441×4117>⇒ / ≥ 0
( careful procedure a bit more subtle)

• Cos,s= if> (D) + Ps 1- d) ⇒ Imps (D) ≥ 0
•

&e⇔4kz)4(✗dead> 1 ≈ fddp.co ) F,
- % .
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• We checked positivity of Imp in the

gin model and in large N 01N) model at

finite coupling .
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Summary : Properties of pco )

eeeee >⇒ Jdop.info pto ) = fdxieeeee>f,p
J →

• Positive ( plo ) + p(- d )] → Non - perturbative

• Meromorphic , Analytic "
on the physical sheet

"

• Structure of a real non -unitary CFT } → inD.To
with complex anomalous dimensions

.

• Operators - poles of P
.
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• OPE can be generated by pulling
the contour

!
v

"or

.

✗ ××. f. g.☒ ⊕
,

,

✗

⑤
#

• There is no lboundary) operator -
- ( bulk) state correspondence

• Operators related to bulk QNMS ?
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Generalizations :
No gravity
• It is likely that analytic properties are
true non- perturbative ly 1in QFT)

• We used SOG
,
dei) inv

.

but conceptually
the technology will work with smaller

symmetry . ISO (d) or ISOLDI -15011,1 )
l important for inflation )

• Bootstrap applications _ ?

positivity condition is the same as

in the bootstrap of automorphic spectra
Kravchuk

,
Mazac

,
Pal ' 21 ; Bonifacio 121
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Generalizations :
With gravity
• A big question is which of the structure

we defined remains once gravity is made
dynamical . . . ( if not completely , in which

approximation )
→ in inflation
→ in pure ds

• Generalization of our EADS rotation

would lead to a theory with two

metrics
,
one of which has alternate

boundary conditions
. . .


