No-boundary proposal toward good inflation wodels
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Probability of observables that depend on wodels

Guideline to Phenowmenological wodels

Phenowenology o§ String/Particle/coswmology

Modified Gravity

Theovetical requivements?

obsevrvational expectations?
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What‘f‘is:u the no-boundary proposal?

Brief introduction
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Problew of Singularity

The siV\SU\\aY’\t\j theovewm:

our uwniverse should beg’m Svom the nitial Singulavity. How to vesolve?

Maybe, by using the Schrodinger equation for fields:
so-called the Wheeler-Dewitt equatiow.
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3-metric (and $ields) ESupevrspace
(quantized)

wave Sunction o§ universe
Hamiltonian constraint
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No-boundavry proposal

What 1S the bounddry condition of WIW eqn?
Perhaps, the ground state?

Havt\e-H \ Vv .
J artle 8ka9 Wave Sunceion Euclidean action

Wolhy1=N [ 8g exp(—Iz[g])

Path inteqral
over reqular compact wmanifold




Present universe:
we want £to know
the ?Vobabi\it\; of heve,

Alternative histories:
wany-world interpretation
Probabilities will be assigned

Initidl Stngularity = wave function
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I§ this Path 1S reqular,
then we will choose this.

&

Due to andlyticity, the path-nteqval
still makes sense,
even though we andlytically contivue
+0 Euclidean tiwe,

Theve can be various

ana\\,tic continuations,




Big-bang singularity




Find geometry over the complex time,

until the geometry to be vequlav.




HOV\{;;HEO use the vxo—bouw\c\a\rsj wave

Sunction?

vuse '03? ‘Guzz\j wstantowns




Fuzzy NSEANEONS

I general all Sunctions (wmetric and §ields) should be complex

functions (Halliwell and Havtle, 1490).

An on-shell solution of Euclidean complexified fields ave called by

’?uzz\j Tvxstavxtom](aarue, Hawking and Hevtog, 2007).
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How to cdlculdte path inteqral?

it @A??Voximatwh [ Mini-Suyevspace

ds, = N2(n)dn® + p* (n)(dx* + sin® x(d8” + sin® 8d?))

Uriir(q) & 3 Plguxs e S 0ext)/ 1
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we contouy

NO-bOMV\daY\j condition

Eventudlly, should be veal,
ie., classicalized,




For given initial field amplitude,

by tuning the Phase angle and the turning point,
we §ind 3 classical fuzzy instanton!
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p(0)7 = p(0)™

p(0)7¢
p(o)™™
H(0)™ = H(0)™"

Initial conditions Sov V\o—bou\ndar»j

¢(0) = doe”

The rewmained initial conditions.

plt=0)=pn=X), p(t=0)=ipn=X),

St=0)=¢(n=X), ot =0)=ig(n=X).

dunction conditions at the turning point

I i



Sumwimarize

Step I: We imPpose the mini-superspace wetvic,

A\

Step z2: we ovx\\j consider on-sShell solutions (fuzzy wnstantons), that

bes‘ms frowm the no-boundary condition. A\

D

Step 3: Between on-sShell fuzzy mstantons we ownly vestrict that
satisfies classicality.

# own-Shell: dof = g+l
# own-Shell + vxo—bouvxdav\,: do§ = 841 - 6
# on-Shell + vxo—bouw\dar\j + c\aSS’tca\it\j: do§ =8+l -6 - 2 :( l '




Ove typical example of fuzzy mstantown

0.4+

i

0.3+

(VIr)*] < |(VS)?]

classicality s satistied for 3 long Loventzian tiwe,
= Probability is @ constant over the time,
= All §ields are redllized,
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Traditiondlly, Euclidean probability does not prefer nflation,

Possible answers:

. No wn§lation (Ekpyrotic, big bounce Stving 93s coswology, etc.)
Not ground state (Vilenkin's tunneling proposal)
Not wave function (Susskind |andscape + wultiverse + anthropic)
Additional weighting (Hartle-Hawking-Hevrtog)

IS theve a\)\\j better explanation apart fvowm these Mhsa-bis-?actovxj

oPWWions?
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cvitevion of 3 g00d Wiodel ..y o, weaason

Ty?picality fov 3 given hypothesis

Fov 3 given probability cutof theve 1S corvesponding typicality bound
I§ the typicality 1S swallev than the bound then we veject F4p
the hypothes:s. |




cvitevion of 3 g00d Wiodel ..y o, weaason

Reduced action that does not depend own energy Scale of nflation but
depend on the shape of potential

A= |"E [onm] — SE[Prop]

Ratio of field space that allows sufficient and insufficient e-folding,

D50 — Qtop

oM — @s0

Then, the typicality is Presented by the competition of thvee §actors:
Potentidl shape, energy Scale, and the §ield space of large e-Solds

D
—1—;\ + E 2 log Teut
/o




Three ways to prefer nflation

[ . The §ivst wnw§lation begavx at \avse energy gcale. ]

| 2. Potential shape s Sinely tuned. |

I 3 Theve 18 sow\eth’ma new ef{fects. ]




CASEI: Tirst m§lation was near-Planck scale?

(Hwang, Sahlwann and DY, 20ll; Hwang, Lee, Sahlwann and DY, 202)

Va(v) =

fast-rolling
fuzzy instantons
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No fuzzy instantons l'|"
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42
excluded by absense of
slow-rolling fuzzy instantons




CASEI: Tirst m§lation was near-Planck scale?

(Hwang, Park and DY, ™ preparation)

17.59 x p= 193 x

25.33 x p~ 193,




CASEI: Tirst m§lation was near-Planck scale?

(Hwang, Park and DY, ™ preparation)

Planck scale inflation: e

Planck scale mflation gives
mitial conditions for the secondary inflation

low-energy scale: Nadd




CASEZ: Fine—tuning 0§ the Potential (war vak and 1y, inpreparation




CASEZ: Fine—tuning 0§ the Potential (war vak and 1y, inpreparation
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CASE3: New ‘\vxgved'\evxt from waulti-$ield wilation

(Hwang, Kim Lee Sahimann and DY, 2012)

P[N.] .

~ exp (m._l - Ny) |-

dP [®] = exp | ——=



CASE3: New ‘wxgredievx-b Svom vassive gravity

(Sasaki, DY and Zhang, 206)

Sg = 2n? / dr [JuELﬁr — ba — m“_ju Y. \H-"J—fE]

. 4 2 m“ '-




conclusion

Now 1S the tiwme +o0 Select in§lation wodels.

No-boundary wave function 1S useful to judge 3 good inflation
hy?vothesis.
Theve are three ways to Satisfy a3 good inflation wodel.
1§ Wn$lation began at the high enevgy scdle then it can
Prefer |arge e-foldings, as well a3 woduli/dilaton
stabilization.
Stavobinski-like wmodel can be helpful to explain sufficiently
_\;\rge e—‘}o\c\ivxgs, although we vneed justificatiown,

3. New ingredientS can be introduced by wulti-field dynamics or

wmodified gravity (e.q. wassive qvavity).




