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No Boundary

W(hy, df) = / DN / DhD¢ iSIN:h9l/h
#




No Boundary

L]

/] ]’Lfygbf — DN/ DhD@ e"zlS[NJz..,d)]/h,
C

Requiring C =[0*,~[ is meaningless principle

Lapse integration in quantum cosmology

Raymond Laflamme*®
Department of Applied Mathematics and Theoretical Physics, University of Cambridge, Silver Street,
Cambridge CB3 9EW, United Kingdom
and Peterhouse College, Cambridge CB2 IRD, United Kingdom

f
Jorma Louko
Theoretical Physics Institute, Department of Physics, University of Alberta, Edmonton, Alberta, Canada T6G 2J1
(Received 3 December 1990)

We comment on the range of the lapse integration in quantum cosmology. We show by an expli-
cit example that the range of the gauge-fixed lapse in the path integral need not be invariant under
lapse rescalings in the action. In particular, the range appropriate for recovering a Green’s function
of the Wheeler-DeWitt operator may be smaller than semi-infinite. The importance of a careful
treatment of the singularities in the lapse integral is emphasized.
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Principle

U(hy, ¢p) = / DN / DhDe ¢SIN-h-el/h
C

A quantum state must be normalizable to be consistent with
the predictive framework giving quantum probabilities.
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Large fluctuations in eternal inflation

V(] o Hexp (—%713@3)

Slow roll Eternal inflation (near dS)
Il >e>»>V e <V
\J narrowly peaked \ broadly distributed

fluctuations damped fluctuations anti-damped
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Gravitational waves in de Sitter

[Polyakov; Feldbrugge, Lehners, Turok]

U | ~ eT/A (e_lg(ﬁ/j\ + e /A HTOT/A )
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Anisotropic minisuperspace

N? p(t t
ds? = ——dt* + &(Uf +05) + %03

q(t) 4

VU (p1,q1) = /DN’Dqu e?SIN.a,p|/h
C

1 : .
,_ _ 1D D(
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Anisotropic minisuperspace

N? p(t t
ds? = ———dt* + [&(af +03) + %4@’

q(t) 4

\IJ(pqul) = /DN'Dqu e’iS[N,q,p]/ﬁ
C

Boundary conditions at South Pole (t=0):

qo =po =10
U =y’
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Anisotropic minisuperspace

N? p(t t
ds® = -mdt2 + [%(Uf + 03) + %Jﬁ

qj(plaq1) —_ / DN e(i’S[Na(]l,pl]/ﬁ
C

Reduced action:

_ . »qr . mA iAN?
SIN,py,q1] = 27° |— i d === )N~
N, p1,q1] T [ N +1q; + ( 3 ) 3 }
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Anisotropic minisuperspace

\Il(pla(I]) — /DN eig[N’qul]/h
C L

O
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Anisotropic minisuperspace

N? p(t t
ds? = — —dt* + [ﬁ(af +05) + %0?

q(t) 4

\If(pqul) = /DNDq'Dp etSIN.a,p|/h
JC

Boundary conditions at South Pole (t=0):

qo = po = 0
U = U’
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\Ij(pqu].) :/DN (iiS[N?qul]/h
L n

eI
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Amsotroplc m|n|superspace

V(pr ) = [ DN SNl
C

N
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Anisotropic minisuperspace

Probabilities for classical, anisotropic histories:

Re(log V)

-
P e N

S

1 —

Large anisotropies strongly damped
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Picard-Lefschetz in Perturbation theory
[Feldbrugge, Lehners, Turok]

\D((—Ilan)l) = /DN e*"‘S[N_»q],dn_]/h
JC
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Picard-Lefschetz in Perturbation theory
[Feldbrugge, Lehners, Turok]

U(q1,p1) = /DN e S[N,q1,¢1]/h
JC

B o~ oT1/A ( — 132 /A +(—I/A HEGT/A )
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Picard-Lefschetz in Perturbation theory
[Feldbrugge, Lehners, Turok]

V(q1,01) = / DN ¢iSIN:aué1l/h
JC

Assumption: |¢(t)| < 1
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Breakdown of perturbation theory

Perturbations diverge along deformed contour:

6(t = 0)] = o

o2N*

3 3r2
” y . N2
¢+23¢+ 220

q A 4 =} ,
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Breakdown of perturbation theory

Perturbations diverge along deformed contour:

6(t = 0)] = o

Include backreaction: no passage through (nearly) real N region

—> No evidence for large anisotropies in no-boundary state
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Bianchi IX w/ Lorentzian contour

N? p(t t
ds? = ———dt* + [ﬁ(af +05) + %05

q(t) 4

\Ij(p],ql_) — / DNDqu e‘iS[N,q,p]/h
C

Different boundary conditions at South Pole (t=0):
qo =po =0
U = -0’
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Bianchi IX w/ Lorentzian contour

V(p1,q1) = /DN etSINq1,p1l/h
; w
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Bianchi IX w/ Lorentzian contour

Re(log ¥)

Not normalizable/no predictions
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Toward a unique wave function?

A quantum state must be normalizable to be consistent with
the predictive framework giving quantum probabilities.

* In Bianchi IX this selects a unique no-boundary wave
function among those with an integral representation;

* Thisisinline with holography
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Toward a unique wave function?

A quantum state must be normalizable to be consistent with
the predictive framework giving quantum probabilities.

* In Bianchi IX this selects a unique no-boundary wave
function among those with an integral representation;

* Thisisinline with holography

\D.HH [h’a X] — 3}17’T [Za )E)] exXp (—{[:Sl()(i/h")

[Horowitz & Maldacena (‘04); Hartle & TH ('11);
Anninos et al. (‘“12),...]
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Holographic Measure on Bianchi |X
[Bobev, TH, Vreys (17); Anninos etal. (13); Hartnoll & Kumar (06)]
Evaluate Z[A,B] of O(N) vector models on squashed spheres:

A )

7

ds® = - ((01)2 +

QW)

1+ 4(03)2 + ——(03)

0
1 1+ B
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Holographic Measure on Bianchi |X

Evaluate Z[A,B] of O(N) vector models on squashed spheres:

9
. & ‘ 1 . ] ‘
d;‘Z:—U 2 ) 2 T ) 2
ST ((Ul) t 17292 1508
2 —2
Vypu|®=|Z
A

Large anisotropies strongly damped
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Holographic Measure on Bianchi |X

0.05!
' 1 2 3

Large anisotropies strongly damped
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Holographic Measure on eternal inflation
[Hawking, TH (17)]

Constant density surfaces in eternal inflation are thought to

develop regions where
R(h) <0

However on such boundary geometries one expects
Z(h) — o0

because the action includes a conformal coupling term R?.

Since

Vi (hX)| = Zgpr(h,X)

-> Large fluctuations strongly suppressed.
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Conclusion

* Fluctuations are damped in the no-boundary state
* Normalizability acts as a selection principle

* Agreement with holography
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