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Based on:

arXiv: 1005.1056 “Semiclassical relations and IR effects
in de Sitter and slow roll spacetimes,”

arXiv: 1005.3287 “Cosmological diagrammatic rules,”

work in progress



|. Understand how to make precise predictions in
inflationary cosmology. Experimental tests (
). Need to control loops. (

)

2. Test veracity of inflation ( )

3. Important to understand if inflationary
spacetimes have instabilities




4. Connections to quantization of black holes
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nice slice state not well defined (for long times)
(e.g. large fluctuations/perturbative breakdown)




Rapid expansion produces accumulation of long-
distance fluctuations of light fields. These can
produce large IR contributions -- how do these

affect physical quantities’



An essential mechanism
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Consider a massless scalar field:

K - COmMoving momentum
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Consider a massless scalar field:

K - CoOmoving momentum
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IR dv UV div

Fluctuations leave horizon, accumulate. (~classical)




An essential mechanism

I Tat slicing
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Consider a massless scalar field:

k - comoving momentum

usual

R div UV div

Fluctuations leave horizon, accumulate. (~classical)

How is this regulated?



|) Add a mass:

for




|) Add a mass:

for

2) Finite duration inflation

e

P
largest wavelength




True for other light fields:




True for other light fields: e.g.

TT gauge:

(also true for global slicing - Higuchi)




Are these effects physical?




Are these effects physical?

An example - self reproduction:




Are these effects physical?

An example - self reproduction:




Are these effects physical?

An example - self reproduction:

Fluctuations in background get large.

How ceneral i€ thig?



To properly study, need appropriate




To properly study, need appropriate

Relational approach: Leibniz, Einstein, DeWitt, ...




e.g. in “wavefunction of universe”




e.g. in “wavefunction of universe”

Some progress in dS: arXiv: 0705.1178 w/ Marolf




e.g. in “wavefunction of universe”

Some progress in dS: arXiv: 0705.1178 w/ Marolf




Might expect




Might expect

toy model -- scalars

Marolf and Morrison

Burgess et al
(+many others)




More generic:

e.g.




Calculation: (see e.g. Maldacena, ...)




Calculation: (see e.g. Maldacena, ...)

| ) Action

2) ADM

3) Gauge




Action:




Want corrections to correlator, e.g.




Want corrections to correlator, e.g.

l. Draw a horizontal dotted line, corresponding to f,, and piace the external points of
the correlator on this line.

. At a given order, enumerate all placements of vertices either above or below the n, line,
modulo reflections about this line. Then, draw all diagrams connecting these vertices
with propagator lines. again modulo reflection.

. Each propagator Line crossing or ending on the dotted line gives a Wightman propaga-
tor, whose leftmost / nghtmost time argument corresponds to the uppermost / lowermost
vertex. Each propagator line below the dotted line gives a Feynman propagator. and
each line above the dotted line gives the complex conjugate or ume-reversed Feynman
propagator.

4. Vertices below/above the line are accompanied by V or V7, respectively: comserve
momentum at each vertex and inciude an overall momentum-conserving deita function.

integrate over all internal momenta. and integrate over the time coordinate of each
Vertex.

5. Divide by the usual Feynman symmetry factors, where present.

. Once the resuiting diagrams are calculated take twice their real part



Our example:

A

(+... -- not IR divergent)




E.g. results:
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A

(+... -- not IR divergent)




E.g. results:




E.g. results:

Calculation hard, even in pure dS, much less slow roll.
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Calculation hard, even in pure dS, much less slow roll.

(note also: cancellation for this correlator -- scale
invariance: not for others)




“Semiclassical relations:”




E.g. results:

Calculation hard, even in pure dS, much less slow roll.

(note also: cancellation for this correlator -- scale
invariance: not for others)




“Semiclassical relations:”




“Semiclassical relations:”

E.g. consider -

Next, average over fluctuations:







Use:




Use:

Exactly reproduces
IR divergence




(similar exp. for Burgess et al -- ¢f Holman'’s talk)




Use:

Exactly reproduces
IR divergence




(similar exp. for Burgess et al -- ¢f Holman'’s talk)




(similar exp. for Burgess et al -- cf Holman'’s talk)

-

“background”




(similar exp. for Burgess et al -- ¢f Holman'’s talk)

-

“background”

(small m:
larce caorrection!)




Apply to slow roli:




Apply to slow roll: = a~(1




Apply to slow roll: -

Can give large shifts to:

Large when!?




Apply to slow roll: -

Can give large shifts to:

Large when?

general dimension:

(Studying other observables ...)



Can resum/absorb into background?




Can resum/absorb into background?

E.g. self-reproducing universe
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Expect can make predictions about local observables,
with appropriate conditionals ...
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e plausibly can resum to eliminate large ((~) corrections

for observables in small box
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e plausibly can resum to eliminate large ((~) corrections
for observables in small box

e can this be done for large box observables?




* can this be done for large box observables?




* can this be done for large box observables?

... Capture certain gross features

have lost perturbative control
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(ct Masui)

* ~local observables: resum - eliminate large effects

* but globally??







(Creminelli et al -- c.f. Senatore)

sensitive to ( fluctuations




(Creminelli et al -- c.f. Senatore)

sensitive to ( fluctuations




(possibly times couplings)




(possibly times couplings)

This certainly appears to happen in the case of
self-reproduction, but plausibly is more general!
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This certainly appears to happen in the case of
self-reproduction, but plausibly is more general!




(possibly times couplings)

This certainly appears to happen in the case of
self-reproduction, but plausibly is more general!

there we need the state on
the full <lice!










THANKS!




