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A factor of 2 In distance

SE e eanly:universe:isiwell’deseliied by a model
WhIChIS hemogeneousiandiselropic, contains anly,
ordinan/matter andievelves according tergeneral
relativity.

" However, stchia moedel underpredicts the distainCes
measuredinthe late universe by a factor of 2

BEAIS IS Interpreted as faster expansion:
=ihere are three possibilities:
1) Thereiis matterwith negative pressure.
2) General relativity/does not hold:
3) hertRIverse s nethomegeneous andiseliopie:
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Possibilities

= By Introducing exoticimatier or modified
gravitytIs possiblerte explainithe distance
olsenatiens.

mESuch moedels sufferiiem the coincidence
problem. Whyhas the accelerationstarted
iecently;res Wiy py.~p, today/?

slViere importantly, lineanly perturioed ERVV.
models do not iInclude non-inear striectires.

" Befone concluding that new: [@hy/sICsiis
needed, we should take Interaceceuniine
knewnere akdewn eff hemogeneity, and
ISELIGPY.
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Backreaction

= he average evelutionieiran Innemogeneeus
and/eranisolreplc spacelime Is net the same
asithe evelutien efifithe corresponding smeeii
Spacetime.

" At late times; nen-linear structures; fiorm; and
te universes only statistically//iemogeneous
and isotreopic, on scales albove 100/ Vpe.

"“Finding|the moedel that desciildes theraverage
evellitien of the' clumpy universewas ternmed
tneitng preliem: by George: Ellisin 1988;
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PDemonstrating,acceleration

S e average expansioniatercan increase,
pPecalse e fraction eliivelume eccupied by
faster expanding regiens grows.

s Structure fermatien nyvelves overdenseegiens
slowing dewniand underdense regiensispeeding
up.

SL@onsideratey model with ene everdense and

Ene underdense region, boeth descrilbedioyitihne
spherical collapse model.

" Foramempty veidiwe have a; «t; feran
OVEldeERse regionwe have a, « 1-Ces@) L« @-SIny;

" Jhe everall scalefiactoris a = (a2 Faze)L/s.
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Toy model
LCDM




Jlewardsireality

sLAcceleration die to stiticitres Is possible:
ISt realised! in the uRiverse?

=Hhe nen:inear evelulien'Is too complex e
follow exactly.

B Becauseithe universe Is statisticaily;
NeMogeneeus and isetropic, a statistical
treatment Is sufficient.

" We can evaluate the expansien atewitn
anevelving ensemble of regiens:
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QuickTime™ and a
decompressor
are needed to see this picture.
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he peak model

S We startifirom a ERW backgreund eff dust with an
Ritial Gaussian linear density/field.

SE\WWe identify structuresiwitistspherical isolated peaks
of the smoeoethed densiy field. (BBKS 1986)

" We keep thie smeothing threshold fixed at
a(t, R)=1, Whichigives the time evelutien R (L))

SEEach peakiexpands like a separate ERVW universe.

sEle peak number density as a funclien of UIMENSs
determined by theprimordial pewerspectitmrand
the transfer funclen:

=VWe takeralscale-invanant spectrum Withircold dark
mattertransfer funetioen.
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Conclusion

= @bsenvations ofithe: |lateriRIVEIse are inconsistent
With' a-liemegeneous and iseiepic moedel with
erdinan/matier and gravity.

" ERW modelsido noet incltiide non-linear: stitictures.

" The Buchert eguations show that the average
expansionieiia clumpy space can accelerate;

sEViedellingrevelving structures with the: peakimoedel,
theexpansion rate Ht rises by 10:80% aroundsiozt,. .

" Many: things are missing: trough:iRca-peakiproeiien;
comecttiansferftnetion, non-spheficalleveltutions, ...

=L he average geemetny hasite) be relatedi tolight
pPrepagation.
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