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thestringlands.ca#-
"

classical
"

picture : ↑€
More skeptical
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swampland view
"

:

N

\
e

Nevertheless Unique vacuum unlikely
⇒ Need statistical predictions



Measurepwblemint-tevnaeinfeetion-penrosedi.org
. Geomet. picture

"*

-

i
' '

\
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• No analogous
"

global
"

picture for the skeptical view
above is known

• Still
,
our approach will be suitable for both

cases CwithtefE ) .



• From the beginning of the measure problem ,

the

alternative
"

Loch
"

has been discussed

↑
Consider only what happens along world line
corinsidehorizonlofasing-e.be#

[Dyson/Kleban/Susskind '
02
i Nomura

'
11
;

Hartle /Hertog
'
11
i Garriga / Vicente in

'

12 i
• . . .]

• We want to formalize this appealing to the
"

Gsmot.cn/-ralDogma''-dspae---QEithfinitenumberofd.o.#\/Csetbykovizonarea[Banks '00
;
Susskind '21 I



i-D-perspecti.ve#

← horizon }
disk of size ~ Rds

0nekeymotivationfovthisview.lt
na logy with BH

(inside corresponds to finite Hilbert space . . _ )



Anotherkeymotivation.lt/aviai
- limit of BH in ds

'¥:
empty ds space

ds space with large BH

(total horizon area and hence

entropy has shrunk)

⇒ Excitations inside hor
.

± more ordered state of
the wholef system .



Densityofstatesofds-i.int- %¥=nᵈ%¥=↑%,↑
S ~ log IN) 5 = DN/DE

⇒ EN near maximal density
(value of E irrelevant for us)

NE

¥=¥
.

← s - n



simpeestmodeela.dk# ¥✗ = Xf ⊕ Ht

÷¥IÉia↑¥ H =/
"
f "

# A.
+ Ht )

' f
↑

small entries ~ 8

Bubble nuce.it#e-B-birnce"=¥EE⇐ QM model : |¥~d
f t



=>o"-e/st

This I must be large enough to prevent existence
of exact eigenstates pointing mostly in 20f
(i.e. &M-pert. - theory must break down (

- B
#

I
< a e
t

(This relation always holds for both
Coleman -Delucia & Hawking - Moss transitions since
B
c <-esf "recurrence time" - cfKULT103.)

#

hat consistency check!



Next-gen: Need to actually predict probability of
observing"f

Recall : ✗ = Hf -0kt i
H = (1¥ ¥ )

Need typical eigenvector v
and its projections± 0h Hf & Ht

Ide_ Relate this to (quantum) ergodic ity

.



Consider particle on compact manifold :

°"

Extension of ergodic ity 4--41×1
to QM : (Shnivelman Theorem )

Eigenfcts. oflaplacianatarge eigenvalue µ✗ tend towards uniform distribution
.

"

0ur
" male transition

"

probability
"

⇒ expect prob . correlated with volume ± dims of Ht,f



⇒ Our proposed
"

discrete version of Shnirelman " :

•⇔⇔"÷÷""÷÷*
,

obey :
yvHf ≈¥ Hult =µ+
- ↑ ↑-

(same result follows from random matrix

model for eigenvector basis of H = Hf + Ht )

keyobserration-i.TK 's purely air claim/result is
consistent with semiclass. prediction based onigaong observer worldline

.



Indeed, consider the ratio R of observations of "1"
and all observations ("f" or "t"). We just saw:

Ram =ft.
Counting along WI in CDL tunneling setting gives

Rserine-- there w
explYxf) + exp)-ext)

#Step: Due to t-reparameterization invariance, we
need to move from RM to WOW,
--

=>Oas constraint.



RecaeeconuentionaeWDWanalys.is#
Einstein - Hilbert action on S} Time

;

Mini- superspace : Focus on scale factor a = e ✗

& scalar 414×-1=4 It)

⇒ s =fdt [e-3×22 + Ket+ e3✗•q2 - e" ✓(y)]
⇒ HE = [e-"(di- %) + e

"

v41] #G. g) 0
'

↑
large ✗

of (of - 2)4-(XM) of relativistic

point -particle after quantization
⇒ lx-iti.me#



=>Wave fat. [Cky) tells us how of evolves in "time"
on globald. This has been applied to measure

problem.... &Mersini 105; Mersini/Perry (P]

BIn our opinion questionable since change of
vacuum only local, not global.

Lee also Podolsky/Enquist 107 i Hartle/Hertog '16,

~recently Cespedes / deAlwis /Mua/Quevedo 201

·We really need a coversion of the WDW approach
abore.

· Is it possible)sensible to introduce
a "time" variable a related todofhorizon"?



◦ Is classical time somehow encoded in growth of
complexity in

"

horizon - Hilbert -space
"

?

→ cf. detailed discussion in paper . . _ .

Upshot : Too many open issues - dismiss for now!

• Instead Usellpuristis.tw/Wperspective--
Time emerges only through correlations of
"

light
"

quantum variable and
"

heavy
"

semi-

classical variable
. [ e.g. Banks

'
85 ]

I

Apply this to each dspatch & observer

independently .



⇒ No need for global
"

time
"

variable ✗ or a = e ?

eti ( review of
"

Banks '

85
"

)

• Single -particle Hamiltonian : Ho = 2¥ + V61

• WKB : Hoye = EYE

4+-1×1 - [2M(E- 4×11]
-""
exp{±iÑ2M1E-vtdx '}

• Add light d.of. and impose WDW constraint :

Hy
'

= 0
i

H = Hold + He (×, yl



Ansatz : 4 = YE 1×1✗e- (Yy 1

⇒ 0 = [EYÉXE -% (20×4+-0×4e- + - - .) + YE HEHE ]
-

a. He with ᵈ¥ -v*I=_
⇒ Sihriidingev eq. for ME 1¥91 .

± t

Our /modest) contribution : Demonstration
,
that logic

survives the addition of many weakly - coupled (hidden)
d. o- f.

, e.g . from honiton : H = Ho + He + Hh
=



⇒ Sohnidinger eg . for He emerges as before

⇒ Resnetingpicture
✗ = Kids ;

H =

{Hi i 1-14=0

11411! ~ (consistent with
"

Shnireemou
"

F- Ni & wanting along observer WL)
No time variable needed !

(time emerges only locally ,
if an observer uses a

semiclassical clock . )



Next step : Ad_d"t" (Ads and Mink. )
• since Ni

,
ter

= as

,
we expect

"4 "i/114 "j, ter = ◦

,

but 11414/" 411J

eouldstayfiuite.Butadifferentpwbeememerg.es:4
stationary ⇒ transitions i→ jeter

and j, Ter → i must be present .
But the latter are sÉÉbidde !

(see however Nomura
'
K - -

- )



We propose the following way out :

Havtieltiawieinj ,[indelvieeukin ⇔ =☒TÑi
\ creation of 531s.

'

t-ttta.in#fwToy-istEd-dti-:1-particle QM

81×1 - source

¥> ×

↑
flux goes to infinitycurrents

~ if#14th - c-
i
(like in Ads/Mink . )



-solutions of corresp. time-indep. Schidinger eq.:
&
ike

(x>01185 + ECTA= COA = 4-9&ik = x <0)
=> currents j30 IKEVE]

↑opposite flux also possible =>boundary cords
decide whether tix is a source or sink]

We needatversionofthe are
This iswell-known,e.g. de Andrada'2...)



"

discretellcurrent.fmn

= i /Hnm 5mn - Pnm Hmu ) where Hnm=<n /HIM >

he Pnnilnlslm>

quantities prob. flux in > → im >

↓In time - dep. case easy to see : of /2h14>[= { Lnm )
⇒

ourpwposalfovmostfund.WDWeg.i.lt/4--I-
encodes creation of spheres
from noting :

"time
"



#licitly:
Let [1> > be basis of Jes
- -(la>] -11- Ox <dS or terminal

H

Fixx = Jan = 23m)nCalHIn> <n14><41a>)
no

3

- Jm),S41H14))
M M

#thesametimeforestedDrama,iL

say rates

from above or from CDL)



ÉEf±

Li = § Ji→ ×
~ 5 exp (Si )

"

HH
"

l exp 1- Si )
"
LV

"

Thus,fina

i
= E (piF→j - PjPj→i ) + pi E T
jeds y c-Ter .

"→Y §
tobesolvedfor{p#

⇒ Stationary flow through the landscape of racua .

⇒ Sources are☒Ég since terminals exist
.



• Not surprisingly , te-hie.ly. similar proposals
exist in the literature

[Garriga , Schwarz - Parlor, Vieenkin , Winittki
'
05 . - '12 ]

• 0ne_oftEt : Count Vacha along observer WLi
Introduce Ji as initial distribution of trajectories or
asdiftom terminals

ourinterpretotionisfundamentollydifferentr.TK
probabilities pi characterize the wave fat.

of the universe 4 ,
which solves the fundamental

ihhomogeneousWDWeg.tl/u--X.-



Our claim :
-_

This is not just one of the many
ways of counting , but it is the

uniquemeasureemergingfwmCCDandWDW.gl
Asimpletoymodee:__ dsvacua

"

1,2
"

with { < Sz

+ one terminal "T
"

- P

⇒ /Jj
,
/ =/
"→ + Est 1¥ )

to be inverted ⇒ {pi }



=> Ratios of ps are a prediction
srecall.S, < S2)

#isates
#i=ies
The explicit result (Pelpc*1) depends on
which of two large ratios (ailist&esle" wins.



Finally , we want to ask about

pwbabilitiesfovllanthwpiellobservers-cinp.at- inflationary cosmology)
⇒ Need probability Oi that vacuum

"

i
"

is not just

populated but populated through tunneling to or

creationofjtnsinfeationa-ypateau.int
e. plateau for vac.

"
i
"

Vacuum
"

i
"

'⇐÷
.



⇒ Oi ~ Wi (fifi + §Pjfji 'F→i )
I ↑prob. for

observers in "i " fractions of creation/tunneling
after reheating processes leading to "

i
"

and

going thwugE .

• . . .
it would be interesting to attempt doing

some preliminary pheno studies based on this . . . .



-Conclusions
·ablepossibility:Quantummechanically,

there is no infinity of do.f behind the
d) horizon ("Cosm.Central Dogma")

· Together with WDW, this implies a "stationary
probability flow" through the landscape
· sources SLV or HH) are necessarily part
of this picture
=>fundamentally unique.WMeasure"


