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o Elementary quantum cosmology

o (uanfum mechanics of FRW universes

o Wheeler - De Witk eyun,-l-iOn in minisuperspoce
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o Crea.'h'on of the universe bg funne(ﬁug

® Tunneling “YUrom sowething” vs “brom nothing"

o |nhomogeneous matter ( “perturbative minisuperspace”)

o Tunneling in quantum mechanics : analogy

o Interpretation of X in QFT + FRW specehime
o Claim: ‘“catastrophic particle producton” in tumeling
[Rubakov et al. /784 -2002]
o Contradicts other results (no particles)

. ,QE’SQ(M-HO’\. pact I : massless case  (explicit)
e “Rn_gula.n‘«ly condihions" and “branckc:v\y : of ¥
o Dependence on the inihal state “before” tumeling

® Rosolution, part 2: massive cose (approximate)
® (Construchon of a "900d" inihal stade
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. Conclusions




Minisuperspace of pure grawé

Wheeler - DeWitt e‘q\wkon
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& Boundary coudi{'fow%?

o Lnlerpretation:

o a Semiclassical de Sih‘eJ universe
o nucleated ot a=ao

¢ “‘f'uune(u'n’ from no'l’hc’u’ :



E /Qmm‘fary 7mm‘um casma(o%
or, Quantfum mechanics of the universe

o FRW me,-l'ric, (spotially closed universe)
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Ruantum Cosmol with
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® Non-wminimally coupled scalar field ¢;
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o WDW equation for ¥ (a, {%&)
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Pma\oﬂ with ﬂan*um mechanies

° A +unneh’n9 osci llator: (a, x)
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[nterpretution of Y (a,4n)

® A vocwuwm siate of QFT
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Conclusions
& Ca+as+roph\c Par'he\e. Produo{»mn
is really “bronching' of the wave fune.

® Real, observable porticle production is
small

‘ Tunnzlmg -f'vom Some'ﬂnmg works f
we choose o good quan'tum state of someﬂw,‘

o"Cood stadte’ @ One semiclassical geometry

® A "Gaussian vaiuum prescrfp-l-ion d
» lways well - defined, unigue Va.cuitine
o all approyimatons are valid

o Coincides with adiabotic vacuuw.
up to ite accuracy

® Tuunneling from nothing Can be Vviewed
as o well-behaved Limit of
“tunneling from Something”



