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What the mo-bunndar\, weasuve?
z, Haw to use the mo-bouhdar\, weasuve?
3. mo types :r% fuzzy nstantons
4, coSmologmﬂl applications

Based on

- Havtle, Hawking and Hevtog, arXiv:io7ll.4630, 0803.1663
- Hwang, Sahlwmann and DY arXiv:ilo7.4653

- Hwang, Lee S3ahlmann and DY, in preparation




‘Bﬁe‘{- wtroduction




Problem of s’ihg_u\-ari-l-,\j

The Snaulavity theovew:
our universe should begin frowm the initidl Singularity. How to vesolve?

Maybe, by using the Schrodinger equation fov fields:
so-called the wWheeler-Dewitt equation,

———

6 &
ity {EZJR)W[{E}S]: 0

anf ij '5'."' kI

3-wietric (and fields) € Superspace




No-boundary proposal

what s the boundary condition of WiW eqn?
Perhaps, the ground State?

Euclidean action

Wolhy =N f&g exp(—Ig[g])

Path inteqral
over reqular cowmpact wantold







“Present umiveyse:
we want £o know

the probability of here.




Present unmiveyse:
we want £o know

Probabilities will be assigned

Initidl Singulavity 2 wave function




There can be various
anaigﬁr. continuations,




There can be various
anaigﬁr. continuations,




1§ £his Path 1S vegqular,
then we will choose this.

&

Pue to andlyticity, the path-inieqral
Still makes Sense.

even though we anadlytically continue
+0 Euclidean Liwe,




Big-bang Sinqularity




Find geometry over the complex time,
until the geometry to be reqular.




“ow x use the wo-bouwn dav\j weasuve?

vse o$ fuzzy instantons




Fuzzy WStantons |

No-boundary wave function wmay have the problem of divergence.

This can be cuved, i§ we analytically continue all functions (metric
ahé-’}ia{dg] to complex Sunctions (ualliwell and Hartle, 1990),

Aw on-shell solution of Euclidean complexified §ields are called by

fuzzy Ths-l:ﬂhtuhl(mrﬂei Hawking and Hertog, 2007).




How to cdlculate path wteqval?

APProximation (@ Mini-Superspace

ds “E = N2(n)dn? + p*(n)(dx? + sin® x(d6? + sin® #dy?)

)

APProximation 2: Steepest-descent (Sum-ovey %uzz\j instantons)

Uy (q) ~ ,T‘ P et :fu_'-'_'S'E [Gext | /i

ext




ND-bOuhdﬂV\j condition

Eventually, Should be real
i.e,, classicalized,

Tuvrn to the Lorentzian £ime




-. |

!rl P{ﬂ}iﬂf — p{.n}]ﬁl b |

; ) B | 1. = . - e

i SE=— / d'zv/Fg ( FR = (Vg {f.a"-‘,]) 0) f

i " : O™ = o, i

i i

Ei - Do B(0)™ = ¢(0)™™ !i.
] o= —3fjiv,

1_i P I

—5 7 (#+V) |

I'J{“I = 1';)“{':

The rem3ined initiadl conditions.

p(t=0)=p(np=X), plt=0)=ipln=X),
For given initial Field amplitude, £ ) =pln » B S

by tuning the Phase angle and the turning point,
we '?T'hd 3 classical %“EE\’ ThSﬂm! Junction conditions 3+ the ‘b“r““\g Joint

d(t=0)=d(n=X), ot=0)=ipn=X).§

i
,l.
— i

e E——_ - w  — I — oA




Step I: we Wﬁ?ﬁ?ﬁﬂ the wmini-Superspace wetvic,
A

Step 2: We only consider on-shell solutions (fuzzy instantons), that

bagmsﬁrﬂm the no-boun daru_ condition,

A\

Step 3: Between on-Shell fuzzy nstantons we owly vestrict that
satis§ies classicality,

® on-Shell: do§ = g+l

® on-Shell + wo-boundary: dof = g+ - ¢

® on-Shell + hn—buuhdarxj + classicality: do$ = 841 - 6 - 2 @
=,




(Havtle, Hawking and Hevtoq 2007) |

T P B P B e e I o = ——
T R b g - — — .
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TW ?e of ’Euzzxj wstantowns

Slow-volling vs. §ast-volling




\
i

Two tyyes of fuzzy stantons

Let us obsevve wnedr the local maximum,

Vi(e) =Vo— |13' '?ﬂ-gf,fs-g'

According to Hartle, Hawking and Hertog, the probability will be
approximately as follows.
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]R84 analyvtic {slow-rolling}

i fast-rolling)

-0 1886
.00 0.02 .06

e

AS the slow-voll parameter incredses
the action only depends on

the vacuum everqy of the local maximuwm!
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can it be vun-awady fuzzy stantons? |

(1o |EEEeEmEEEES
0.2

15 ¢ > 4 then theve is no Vun-3away

fuzzy instanto ns!



-, \Sica\ applications

WT-I:.h Stving theovy




fast-rolling
fuzzy instantons

pi=10-40

|
|
1
1
|
|
1
1
a1
I
|
|
1
1
|
|
1
1

18 47
excluded by absense of
slow-rolling fuzzy instantons

Pl R i e RS - -



Arplications z:

Gewneralized HM nstantown

e = = ——— . i w—
L ey R - o ———

I
I
I
I
4
5
"-.. }
I\
\"-.
|
I
I
1




\ons 3: Multiverse vs. wmanyworld?

 Fast-volling

Slow-volling -Euz:z\j inStantons

Awnthropically accepiable coswological constant

wWheve is the wmost preferved vegion

i teywms of the wave function?




conclusion

The Euclidean path inteqral/the nn-—bnuhdar\, wiedsure can be
approximated by sum-over fuzzy nstantons.
we classified two types of fuzzy tnstantons: slow-volling and
Qagsb-;v?&[\‘inéﬁ Also, we know the existence/absence condition Sov
vun-3away ?n-bwﬁals
These bring interesting issues in the context of
coswology/String theovy.

Should be generalized to wultifields

Should be compared with Hawking-Moss instantons

can it compatible with String theovy?
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