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* We did not mention time .
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To bootstrap exchange & loop diagrams,

\o/ V V

we need curiosity .

In Quantum Mechanics unitarily is :



* States have a non - negative norm
Lol I do > 7 O

* Time evolution is unitary
Id a- Is = U l loco) 7 U Ute 11

So that probabilities more sense
.

In porthole physics (QFT in then Kowski )
we have the Optical Theorem for Amplitudes
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Evaluate this inside Lf I . . .
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we insert the identity on the ee k
.
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Gronhicolly this becomes ( for lis = Is s )
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Very powerful :
* One con numerically boots trop the non- nectar
botwe amplitude

.

* Constrain Effective Field theories
that do not admit • uniting UV- completion

( o. K. o . positivity bounds ) .

Order by order in perturbation theory
the Optical Th . seduces to CutKosky cutting
Rules (

'

60 )

COSMOLOGICAL OPTICAL THEOREM

AND CUTTING RULES

Let's do the home for the wavefunction It.
We need two ample properties



② The moregators ore Hermitian analytic
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This is trivial to check in examples
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This con be proven on any Fcrw for fields
of any mom & spin with BD

.
vacuum

.

② Factorization of the bulk - to- bulk poop :
← power spectrum
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Then nested integral
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The Disc of 44 is fixed by 43 !

Graphically



This generalizes to all orders including
ollloope.ES .

LOOP CORRECTIONS

We can compute loops !

Lol = lol tTol tTol

= T.it#tTHH
A A F

Bosc nice, = Joy Pa Dudi 4E4tJq .
Duskiest

We reproduced known calculations of



id 3
Desc i 42 = tf k 3,2¥ d2

We can use to set perturbative curiosity
bounds

.

RECURSION RELATIONS

Wavefunction coefficients have only
Very sneufrc singularities :

* To toe energy singularity or KEI ka -ao
The residue is the fleet snoce Amplitude

* Partial energy singularities

k¥2 ¥14 .

→ a- Er = test kits
Sethi that

EE kit Kats

This Bros roles at EEO or Er =o .
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The residues of old portal energy
poles ore fixed by the Cosmo Optical

Theorem &

More formally , change vouobles
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,
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,
Ks

,
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We introduce postal energy shifts :

EL ⇒ EL 't Z Z E Q

Er ⇒ Er - Z
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44=42,2--0) = § IIe 412¥



= Z residues

so we find the general result

44 = 44ms + BK Boundary
← residues

yaks = Imm FEM + TEAM
An = Res ( Right - hand side of C.o.tl
Note : time did not arrear anywhere



SUMMARY a OUTLOOK.

• Cosmo observations measure quantum
correlations / the wavefunction of pert

.

quantum gravity en quoi de sitter .
* We can compute LI in herturtifatcom

theory model by model .
• We now know the constraints of
manifest locality & curiosity on ¥

Future:
• Fund a non- perturbative Cosmological
Opticaltheorem

• How does this constraint the hype
.

theDad Conformed Field Theory at
the future boundary of de Sitter ? ?

• Com we bootstrap non- perturbative
correlation ?



• What EET '

s admit e UV- completion ?

( cosmological positivity bounds )
.


