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diagrams in this talk
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How do we study QFT in dS
Non-perturbatively?

One Way. (not the main focus of this talk)
?
Conformal boundary E— Conformal bootstrap



Conformal Bootstrap vs Cosmological Bootstrap

 Conformal invariance
* Unitarity — Positivity
* Crossing symmetry
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Conformal Bootstrap vs Cosmological Bootstrap

e (Conformal invariance
 Unitarity — Positivity
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Outline:

o Kallen—Lehmann(KL): Non-perturbative
Bulk two-point functions:

1. Do we have a KL decomposition for dS too?
2. Does unitarity imply positivity for dS?
3. Can we find boundary theory / boundary operators?

4. Can we invert the KL decomposition and find explicit
expression for spectral densities?

5. Can we understand what controls the analytic properties of
spectral densities?



Kallen—Lehmann
spectral decomposition



KL decomposition in MinkowskKi:

A spectral decomposition of the two-point function into a sum/integral over free propagators
(kinematical functions)

(6(21)d(x2)) = / 012 p(112) Gireo (12, 11%)
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KL decomposition in MinkowskKi:

A spectral decomposition of the two-point function into a sum/integral over free propagators

(kinematical functions) QS
“1/

(6(21)d(x2)) = / 012 p(112) Gireo (@12, 412)

 Non-perturbative!
 Symmetry fixes the x-dependence
 Unitarity — Positive density

Is it useful? Yes! Some examples:

1. No higher derivative terms in the UV complete Lagrangian
2. Bounds on EFT coefficients
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Sketch of the derivation in MinkowskKi
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Integration over momentum



Minkowski vs dS
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Minkowski vs dS
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KL decomposition in MinkowskKi:

N
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(6(21)d(x2)) = / 012 p(112) Gireo (@12, 412)

1. Do we have a KL decomposition for dS too? Yes
2. Does unitarity imply positivity for dS? Yes

KL decomposition in dS
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KL decomposition in MinkowskKi:

N
“1y

(6(21)d(x2)) = / 012 p(112) Gireo (@12, 412)
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3. Can we find boundary theory
operator content?



Spectral density and boundary operators:
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Spectral density and boundary operators:
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Spectral density and boundary operators:
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4. Can we invert the KL decomposition
and find explicit expression
for the spectral densities?



How to find spectral density”? An inversion formula

p(A) = F(A) (o)

space



How to find spectral density”? An inversion formula

Analytic continuation (Wick Rotation) to EAdS

The propagators in dS translate to Harmonic functions in EAdS

Geree(Y12,A) —  Qa(X1, X3)

Harmonic functions: Orthogonal
/ QA (X1, X)Qar (X, X2) = 6(A — A") QA (X7, Xo)
X




Power of analytic continuation to EAdS
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Completeness of principal series for square-integrable two-point functions
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EAdS

* Orthogonality of harmonic functions helps us to invert the KL
decomposition of any spin to a one variable integral over (space-like)
chordal distance!

* For example for spin O:
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Spinning KL.:
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Examples:

Explicit expressions for spectral densities: the expected boundary operator content,
manifestly positive and match with the flat-space limit

* Free theory composite operators two-point functions:

1. (0102(Y1)0102(Y2)) = (D101)(P202)
2. (Vuo(Y1)V,0(Y2)) = (VL. VL )(99)
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Examples:

Explicit expressions for spectral densities: the expected boundary operator content,
manifestly positive and match with the flat-space limit

* Free theory composite operators two-point functions:
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Examples:

Explicit expressions for spectral densities: the expected boundary operator content,
manifestly positive and match with the flat-space limit

* Bulk CFT spin0, 1, 2
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5. Can we understand what controls
the analytic properties
of the spectral densities?



Strip of analyticity




Fun facts:

 Anomalous dimensions of boundary operators from the spectral density

» Complementary series: y
pole crossing over principal series. A discrete sum?! X
— v
X
* Discrete series for d=1: X
Analysis for d=1 is Complete!

* Another way: analytic continuation from/to sphere. It is an integral of discontinuity of
two-point function over time-like separated points — equivalent to the EAdS one!



Summary and
open gquestions:



Summary

* Do we have a KL decomposition for dS? For any spin and any spacetime dimensions
* Does unitarity imply positivity for dS? Positivity of the spectral density
 Can we find boundary theory / boundary operators? Poles of the spectral density

* Can we invert the KL decomposition and find explicit expression for spectral densities?
The inversion formula

 Can we understand what controls the analytic properties of spectral densities?
Large distance behaviour of two-point function



Future direction

e Bounds on EFT coefficient in dS. Role of the Hubble scale?

* Making sense of bulk-to-boundary expansion: What is the boundary
operators definition

* Flat-space limit?

* Bootstraping four-point functions in higher dimensions! Where to look at?



Thank You!



Unitary irreducible representations SO(1,d+1) {4, s}

Casimir: A(d—A) —s(d+ s —2)

e Principal series P ;1 A € % + 2R and s > 0.

Heavy massive scalars fields

« Complementary series Ca ;: 0 < A <dwhens=0and 1 <A <d-—1 when s> 1.

Light massive scalars fields

« Type I exceptional series V,o: A=d+p—1and s =0 for p > 1.

Shift symmetric scalars in dSg41

« Type II exceptional series Us;;: A=d+t—1and s>1witht=0,1,2---,5—1.
Partially massless field of spin s and depth ¢ in dSg.1



Shadow symmetry: A +—d— A
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KL decomposition in MinkowskKi:

A spectral decomposition of the two-point function into a sum/integral over free propagators
(kinematical functions) QS

“1/
(6(21)d(x2)) = / 012 p(112) Gireo (12, 112)

Is it useful? Yes! Some examples:
1. No higher derivative terms in the Lagrangian

This yields our spectral representation:’

dy?
p? +p? —ie

Ny = [ ~ o) (10.7.16)

One immediate consequence of this result and the positivity of p(u?) is

that A’(p) cannot vanish for |p?| — oo faster'® than the bare propagator
1/(p? + m* — ie). From time to time the suggestion is made to include
higher derivative terms in the unperturbed Lagrangian, which would make
the propagator vanish faster than 1/p? for |p?| — oo, but the spectral
representation shows that this would necessarily entail a departure from
the positivity postulates of quantum mechanics.



KL decomposition in MinkowskKi:

A spectral decomposition of the two-point function into a sum/integral over free propagators

(kinematical functions) QS
“1/

(6(21)d(x2)) = / 012 p(112) Gireo (@12, 412)

Is it useful? Yes! Some examples:

1. No higher derivative terms in the Lagrangian
2. Bounds on EFT coefficients
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