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www.edge.org

'w Do Yau m Is True
Even Though You Cannot Prove [t?”
(Nicholas Humphrey)

From ~ 120 answers 7 were related to the multiverse:
+ “Believers’™
Alex Vilenkin. Lawrence M. Krauss. John D. Barrow

« Explanations assuming the existence of other universes:
Paul Steinhardt, Lee Smolin

« Suggestions about the Multiverse:

Gregory Benford (intelligent designs by cosmic engineers),
Rudy Rucker (infinite sernes of different universes)
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i mme extraordinary evidence! (David Hume)

- Quantum Theexy‘? P.il‘.';:,ngir World, Many Histories. ..
| - Inflationary Cosmology — Bubble/Pocket universes
- String Theory? — The Landscape

- Big bang explanations with precursor universe or fluctuation models

« Philosophical arguments? (... and prejudice)
- explanatory power and depth — not-just-so-stories,
selection principles (e.g. cosmic darwinism), anthropic reasoning ...
- anti-copernicanism, principle of mediocrity ...
- principle of fecundity/plentitude

« — Just philosophy or also science?
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science of other universes (in principle)?
.g. because such a hypothesis cannot be falsified
S h? this true? Is this relevant?
— What is science?
- Yes (and perhaps we doing this science already)

— Signs of science, I.e. of a science of other universes

» Can there be signs of other universes?
Can we detect and recognize them?

— Science of signs, i1.e. of finding signs of other universes
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Object of Science?

As Ic asitis pure speculation without any
(observational) evidence?
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» |t can (should) not be demanded that the existence of
objects is established (proven?) for taking them as a
legitimate part of science.

« This would be an unreasonable restriction!

» The hypothetical character of science and scientific
progress ultimately demands thinking about not
established (proven?) entities!
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— Their (still) speculative status does not imply
that other universes are not a legitimate object
of science!

But, of course, this does not necessarily mean
that they are such an object!

— Further arguments are required!




» And what is .Science®?
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My short answer is: Yes!
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onger and (hopefully) more
sting answer is: It depends...




» [fthey are part of: why? — | shall review and discuss some arguments
» [f not: What are they? — | shall discuss other options

« And what Is jscience™? — | will not (even try to) answer this,
but | shall discuss some useful criteria

« From a philosophy of science point of view:
The challenge of other universes is helpful for a better understanding
what science” is
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A ol o tadilak Gy (Lﬁually peer-reviewed)
science jaumds and books

methodological:
« demarcation criteria
(e.g. being intersubjective, reproducible, falsifiable)

topical:
» well-established disciplines

Pirsa: 08090041
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 and No — but increasing; allow for change and additions!

methodological:
- most relevant question here!
— the criteria are somewhat arbitrary, controversial,

evolving, too restrictive, too special ...
— and are there necessary or sufficient criteria for science?
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Falsificationism

entific statements, refering to reality, must be falsifiable.
Karl R. Popper 1932

) contrast to metaphysics, logic, pseudoscience. )
Bm‘: mﬁﬂ"mhiﬁty* af theurm:sﬂ systems, or of parts of such a system,
not of single statements

Scientific laws must be falsifiable, e.g. Newton's law

Hypothetical universal existence statements

need not and cannot be falsifiable, but must be verified

e.g. Hafmium (element # 72): Popper 1935
Niels Bohr predicted it in 1922,
Dirk Coster and George de Hevesy found it in 1923

not sufficient!
otherwise fictive ghosts or unicorns would also be part of science

Theoretical embedding
e.g. wormholes & General Relativity
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ot the sign of empirical progress,
programs grow in a permanent
imre Lakatos 1973 &1978

| - theory ndent, not just empirical;
ﬁmy m be mrr@[y fm or interpreted wrongly
— do not throw away theories too quickly
e.g. Newton's law of gravity (Uranus anomalies, Neptune discovered!)
 give theories a chance!
to develop, to get rid of errors, to get more complete
« Often, theories are ahead of data

—> observers: get data!
— theorists: make testable predictions!

» sophisticated falsificationism:
struggle between theories and data interpretation (quasi-darwinistic)

. problems‘? penphe!y — modify first! — auxiliary assumptions

/ -— save this! — immunization
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« elegance

» simplicity

» explanatory power/depth

» unification of distinct phenomenon

» truth — how can we know? just via the criteria above?
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* answering unsaived questions yes

» consistency hopefuily

» elegance depends on taste
» simplicity (yes)

- explanatory power/depth yes

 unification of distinct phenomenon yes
 truth 222
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belief systems:
religion dogmatism

I
! - pseudoscience
— = fraud science

scientific speculation

. junk science
. = pathological science
|
i * Lyssenkoism
I

practical knowledge,
folk physics/biology/psychology etc.
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Vaas 2008

~ ) luggml(aum) coherence ar .
— open source: no secret data, nmm knowledge...

<\ ? —Occam'’s razor

,\f — methodological reflexivity

\/ —no questionable “factoids™ (Norman Mailer)

\/ — no reversal of the burdon of proof
‘\/ 2 — testability (verification, falsification) as appliable

(V) — rigorously derived predictions
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r__, itures of Science
ast to Pseudoscience

- —r'

jcations, anectodes, rumours, ignorance...

Mm:e, but observations, measurements,

nathematical reasoning, inference to the best explanation...
duction of measurements, calculations...

\l clietion Betwes comvetalios saxd cnrsality
| ‘\f - sefﬁcmrechﬁnﬁ revisions, error analysis
\j - plt:lu:aimns in scientific journals etc. (peer reviewed)
\/ — quotations of scientific literature. no dubious references
xj — no selective quoies of obsolete or questionable experiments
\/ — demarcation of popular science
v — demarcation of pseudoscepticism
¥ = systematicity
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Paul Hoyningen-Huene 2008
Vaas 2008

— the defense of knowledge claims
— epistemic connectedness

— an ideal of completeness

— knowledge generation

— the representation of knowledge
— critical discourse
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2) Part of Science?

yes!



- Paul Hoyningen-Huene 2008
Vaas 2008

—the defense of knowledge claims
— epistemic connectedness

— an ideal of completeness

— knowledge generation

— the representation of knowledge
— critical discourse
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legitimate) Part of Science?

nary: Are other Universes a

e e
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yes!
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‘the in h 1 0 _-. n..'-*'r‘ /-slope Rees 2001
axies beyond our telescopes beyund the honzon ..
well-established) theory e g. Linde, Susskind
1€ . r ithropocentrism - Copernican principle completed
* an nnmtantexmwmis (armt of that)
e g. explaining the big bang, the “fine-tuning” of nature’s constants,
quantum measurement problem, no time-paradoxes. ..
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or &anscendence cf spewlatrve reason?

« an explanation of anything, therefore nothing?
or just something?

» against simplicity and parsimony (Occam’s razor)
— only many objects, but there is (or might be) a parsimony
in relation to principles, restrictions, algorithms, kinds of
entities (still: naturalism/physicalism)

- actual infinities — is this a problem? (Hilbert, Ellis efc.: yes)
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} Jw overses and Universes

d Fe’jmman [}enms Sciama

Terence H. White:
The Once and Future King (1958):
“everything not forbidden is compulsory”

— so what is forbidden?
— slippery slope (Davies 2007):
could there be universes containing magic,
a theistic God, simulations of every weird fantasy

—>» some resirictions are necessary!
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Vol. 6, No. 1, pp. 1-24):
"Visible nature is all plasticity and
indifference, a multiverse, as one

might call it, and not a universe.”
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ritish Interplanetar SQClety Scottish
Branch mvented the term ,multiverse”
for a talk on Hugh Everett lil's
Many-Worlds Interpretation of quantum
physics.

This talk was given in February 1961,
and the word was then first used with
its original definition:

,an apparent universe, a multiplicity of

which, go to make up the whole universe".

This was because the then dictionary
. definition of the word ,universe” was:
_All that there 1s”.
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,,muitwe:se: as ﬁle mllly of all
universes in his Efernal

Champion short stories and in
his novel The Blood-Red Game.

Of course there where many other
parallel universe SF stories
earlier, e.g. Sidewise in Time
by Murray Leinster aka
William F. Jenkins (1934).
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David Deutsch, a quantum physicist
at Oxford University, read
Moorcock's novel and introduced
,multiverse” into quantum physics
— In the opposite meaning of
Nimmo's suggestion.
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Hugh Everett |l
(1957)
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- _The Landscape” in String Theory
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- (Quasi)Ergodicity

— classiscal mechanics, quantum mechanics

|+ ,Many Worlds in One “ (Alexander Vilenkir
— next Doppelganger: (1019)2° Meter,
next Doppelganger universe: (10'9)11= Meter

{
|
F
|
|
|
|
|

Und diese langsame Spinne, die im Mondlicht |
kriecht, und dieser Mondschein selber, und ich |
und du im Torwege, zusammen flisternd. von |
ewigen Dingen fiisternd — missen wir nicht alle |
schon dagewesen sein? — und wiederkommen

und in jener anderen Gasse laufen, hinaus, vor

uns, in dieser langen schaurigen Gasse — missen

wir nicht ewig wiederkommen?

War das das Leben? Wohian! Noch einmal!

Friedrich Nietzsche
ST (Also sprach Zarathustra lll. 1883)
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Baby Universes
Recycling Universe
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The Big Bang as an experiment?

>

Page 41/7 T~ =
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universes out of a quantum vacuum?
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initial

: {figure.

amd of the srale otor aifd (solfd curvest m the copventional mfiatonary
coenario eft) and in meodels of pre-big bane inflation (righit ). For the precbip boane . - -
phase we have plotted the evolution of both the expanding string-frame scale factor . s
aith and the contracting E-frame seale factor ag(?). The vertical avis & the time
axis. aned the shaded areas represent cansally connectad spatial sections of Hubble

epoh,
the Hubble horeon &= romtant (or sishtly incressne . in comventional modsks (=t b
{while it i shrinking in pre-big bang models ifight. As a comseguence. the size of the

of pre-hig bang milasion. bat rof larger than the borzon el »s Hhstrated in the

PiTSar 08090041

Comparison bereceen the time evodation of the Hubble horinon o/ B { dashed

of eravi-scalar waves

H a1 varvous epochs. The evolution from the end of inflarion_ £ 7. to the pressnt
fa. i= the same in both cases. However. during inflation (ie. from £ o #7)

milatmnary patch may be very lares (in strine or Plarek onits) e a phase
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In the beginning ... a time-loop?
(J. Richard Gott Ill, Li-Xin Li) Feoe g
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5al Time-machine?

e : Eop 2 FIG. 77 Pimonal represemcasion of the hig trip proress when
FIG. & Pierorial ropresemstion of the big orip precess wihen eaciTE - e SEE e
e : 0 STOWh-0D WU af o L i Il LRe Pas 1 T
It = chAfrYew] o BV & Sifete Srorl-o WiaTafwoes Wit s S M- ]‘, ". — S I—— : = B — -
fmnewrk of & muitierss porm= [ this cese the mivers wher in the mture. In this case the oo wormbode ooamet
fws mcd skl along s own e ben beluves like thossh their mouths in ssch & way thst they fam s compact tunmel

it= whele com=nt were cEnsfeTred. Tom one dileron barzer throaeh which the sniverss con trevd alops s own Hms.
jopt RS uothor slen bareor mmbvors

the Fas OF e,

Big Trip — into another universe or back to the big bang...

Yurov. A. V__ Moruno, P. M. Gonzalez-Diaz. P F_2006: New "Bigs™ in cosmolagy_ Nuclear Physics 8759, 320-341_

Pirsa: 08090041 Page 46/7?1:}




Jifferent notions of "Bic

L =

1e hot, dense early phase of our universe

were formed

(2) the initial singularity

(3) an absolute beginning of space, time, and energy

(4) the beginning of our universe,
I.e. its elementary particles, vacuum state,
and perhaps its (local) space-time
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nology’s limit of backward extrapolation
_____ Inevitably break down.
> N _'_‘__ ati fj" Emt where densrty and temperature

afthmm&ytnwmmthﬁ[mt,
and (3) and (4) classify their different scenarios.

ology or a theory
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hot, dense early phase of our universe

light elements were formed

(2) the initial singularity
(3) an absolute beginning of space, time, and energy

(4) the beginning of our universe,
I.e. its elementary particles, vacuum state,
and perhaps its (local) space-time

Pirsa: 08090041 Page 49/77.
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riginated from a Big Bang in the sense of (1)
smology’s limit of backward extrapolation
ysics inevitably break down.
athematical limit where density and temperature
ice and time fall into the quantum regime.

afqummmgaviyh'ytnmemuemmmt, |
and (3) and (4) classify their different scenatr
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- of

Diffe 'k.rnﬂons of "Bic

were formed

(2) the initial singularity

(3) an absolute beginning of space, time, and energy

(4) the beginning of our universe,
I.e. its elementary particles, vacuum state,
and perhaps its (local) space-time
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45



: iutionan (m: m phm—tmnsrhans) ones.
Ammeyﬁmki have either a linear or a cyclic time.

The option (4) also allows the possibility that our universe
neither exists etermnally, nor that it came into being out of nothing
or out of a timeless state,
but that space and time are not fundamental and irreducible at all,
or that there was a time "before™ the Big Bang (in the sense of (1)),
as well as that there are other universes.
[Vaas 2004a&D]

Page 52/774_5
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J. R. Gott Il
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Eternal Inflation

By - vz
Vilenkin, Vanchurin

& Winitzki 2000
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© Andrei

Pirsa: 08090041

Linde

IDS 191Md ﬁ upl

,_;; —terche, Lust, Schellekens 1987 — &

Bousso, Polchmskj 2000; Susskind 2003; Dnuglas Denef 2003.
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Eternal inflation and string theory joined each other in the
| context of the string theory landscape. The resulting

picture changes the way we look at our place in the |
world. This is one of the most exciting and mysterious |
parts of modern science. |
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l = - o S g - e - = (4
Different notions of ..Universe”
thing (physicall }m existence, ever, anywhere

ble region we inhabit (the Hubble volume, roughly
S m ra:hus) plus everything that has mteracted

(for e ; : to a common origin) or will ever or at least in the
mmm ?mm’mm:t with this region

~ (3) any gigantic system of causally interacting things that is wholly
(or to a very large extent or for a long time) isolated from others
(4) any system that might well have become gigantic, eic_,
even if it does in fact recollapse while it is still very small
() separate branches of the wave function (if it never collapses)
in unitary quantum physics, 1.e. different histories of the universe
or different classical worids which are in superposition

(6) completely disconnected systems consisting of universes
in one of the former meanings (2) — (5), which do or do not share the
same boundary conditions, constants, parameters, vacuum states,
effective low-energy laws, or even fundamental laws, e. g. different
physically realized mathematical structures
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In principle, oth 2r universes — mostly conceived in the notions of
). (3), w(ﬂ mmmm be spatially, temporally,

/, and/or mathematically separated from each other.
Thlﬁ thae are not necessarily sharp boundaries between them.

- Nowadays, the term "cosmos” or "multiverse” or "world" (as a whole)
might be used to refer to Everything in Existence,
while "universe” (or "sub universe”) permits talking of several
universes within the multiverse.
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it notions of ..Universe*

/ w- __}.in existence, ever, anywhere
r 1 we mhahtt (the Hubble volume roughly

(for e due to a common ﬂﬂglﬂ) or will ever or at least in the
neﬂfewm ms mmrmt with this region
(3) any gigantic system of causally interacting things that is wholly
(or to a very large extent or for a long time) isolated from others
(4) any system that might well have become gigantic, eic_,
even if it does in fact recollapse while it is still very small
(9) separate branches of the wave function (if it never collapses)
In unitary quantum physics, 1.e. different histories of the universe
or different classical worlds which are in superposition
(6) completely disconnected systems consisting of universes
in one of the former meanings (2) — (5), which do or do not share the
same boundary conditions, constants, parameters, vacuum states,

effective low-energy laws, or even fundamental laws, e g. different
physically realized mathematical structures
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. principle, other universes — mostly conceived in the notions of

(3} wm mwmntmtbe spatially, temporally,
ally, and/or mathematically separated from each other.
Thus ttmre are not necessarily sharp boundaries between them.

« Nowadays, the term "cosmos” or "multiverse” or "world"” (as a whole)
might be used to refer to Everything in Existence,
while "universe” (or "sub universe”) permits talking of several
universes within the multiverse.
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» Laura Mersini-Houghton (2008): 3 Types
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- Max Tegmark’s Multiverse @

Level 1: Regions bevond our cosmic horizon
Featwres: Same lyws of physics. dfferent mitial condigons
Asumptinns: Infirme space ergodic momer distribomon
Evidemce: - Microwase backzround meswrements pomt ©
flar. mfimite space. larpe-scale smoothness

Simplese mocled

Level 2: Other post-inflation bubbles

F eatures: Same fordementa] equanons of phvsics. bat perhaps

dxrierent consianls. F"’.?._*TEL' s Al GEmersaonaTy

Assemptions: Inflanon cccarred. multvple “vacua™ ous

Evidemee: - Inflanon theory expluns flar space. seale-invarian
.__'."t!'\.':'!_".'.'i!"nl.'.‘!'i_-t SNVES NN rmhu:-rr e oo | '!?':i."_*l'-.l.}rl'.ﬂﬂ
problems and can nanersily explam such bebbies

- Explams fme-tuned parameters

Level 3: The Many Werlds of Quantum Physics
Featnres: Same as feved 2
LA ssumpiion: Phovsics aniiary
[Evidence: - Experimentsl support for unatary physics
- AGSCFT correspondence snggesrs thor
VN Juanium gravimy 5 unrare
- Decoherwnee expermmentaily vestred
- Mpthemancally samplest mpded

Level 4: Other mathematical structures

Festures: Different fondamenizi equations of physics

Assnmptinn: Mathematicsl soisiemer = physacal susEnees

Evidence: - Unreasonsble effecoveness of math m physics
- Answers Wheeler' Hawkme queston

“why these comtions. ot others™

e @dglax Tegmark 2003
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FIG. 8. Relationships between various basic mathematical

' structures (Tegmark 1998). The arrows generally indicate

addition of new svmbeols and/or axioms. Arrows that meet

| | indicate the combination of structures — for instance. an al-

e i = e B E | gebra is a veetor space that is also a ring. and a Lie group
infinite in extent — the figure shows merely arsuesl sample

near the bottom.

I




ssification in respect of the separation/distinction of
[Vaas 2004, with additions]

- mathematical
* not mutually exclusive aspects (but some are)
« this is just a conceptual issue, it explains/proves nothing!
« is it useful? sufficiently complete? not too arbitrary?

« Rutherford: “Science is either physics or collecting stamps”™...
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Whirmlaceh Paican im andara | Innwvarcan?



l

examples and commenis

FIrsa: 08iB0041 I- I

; = exciusive etemal inflation. stringscape, different quanium twnneal universes
!l = nclusive ': embedding: universes in atoms, black holes, computer simulations...
; temporal I oscillating universe, cycdiic universe, recyciing universe,
i | universes (or parts) with different armows of time
! - inear | ina causal or acausal series
! > cyclic [ within circular time or due fo exact. giobal recurrences
dimensional ’ mostly spatial. but there are also two-ime—dimensional scenarios
| » sirict | tachyon universe?
SR | lower-dimensionai workd as part or boundary of 2 figher-dimensional world:
| | flatland, brane—worids, large exiradimensions. holographic universe
| = abstract : Jeafs in superspace”
| causal .! sirici | -parailel universes®, BEvereit’'s many-worids
| «withoui a common | different universes/multiverses in instanton. big bounce. soft bang scenarions:
| generator different .bundles” of (etemal) infiation
! = genealogical etemal inflation. cosmic darwinism. many-worids/histories without interactions
| cContinuous | due fo an increasing Aorizon
! = gil the me | infinite space. etemal inflation. infinite branes
| = past because of inflation
+ future  because of accelerated expansion due o dark energy
: simulated | universes as computer simulations
3 1 |

modail potential (possibie)  separated in imagination or concepiual represantation — otherwise nor real!
actual (real) [ modal realism: physically (nomologically). metaphysicaily or logically separated
i stuchuralfadomsiic ‘ Piatonism, mathematical democracy. ullimate ensembie PR
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- Signs of Other Universes?

-~ —Bubble Collisions

Alan Guth, Alexander Vilenkin, Jaume Garriga
Anthony Aguirre et al.

e 69/77,
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Signs of Other Universes?

e — Gates
Antonio Lopez Maroto et al.

arXiv:0803.0694

"This type of textures known as brane-skyrmions can be
understood as holes in the brane which make possible
to pass through them along the extra-dimensional

space.” L)
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