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2007, Davrd L ertshlre published several papers proposing that dark energy isnat real but’an apparent | |

" effect of an mhomogeneous cosmology described- by the Fractal Bubble (FB) model with supporting "-_ =
obsérvational evrdence (see Fig. 1) Although other ||’lhomogeneous models have since been discredited,
[lshlbashl and Wald (2006), Caldwell and Stebbins (2008)] the FB model remains unchallenged We -
mvestrgatethe vaI|d|ty of the predrctronsthat the FB model makes. ¥ Gt M :
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he nature of dark energy and cosmic acceleratron remains an unresolved problem with ' ACDM ~ Ho (km/s/Mpc)
cosmology This has prompted a number of authors to- consider that the concept of. Iarge scale : : |

ho

approximation even at the largest scales. ‘Modelling an inhomogeneous cosmology .
pertubative approach .on, a 'backreaction’ term th& takes into account the 'lumpiness .of spaceti me or a

mogeneity, a fundamental assumption of the Frredmann Robertson-Walker (FRW) . metric, is a poor . (/eft) 1g, 20 & 30-confidence limits from Leith et. al (2008), from. frttlng supernova data (green)
requires e|ther 5 -[Flless et. al (2007)] angular scale of sound horizon (red) and baryon acoustlc osgillations . (blue) for. the FB

different'geometry altogether, such as a Swiss Cheese model The mogt attractive feature of these models is observational data and A s ol e .
that they allow for the possibility that dark energy is just an artefact of fitting a homogeneous modeltoan . . - (right) Distance modulus () against redshift (z) for ‘best fit FB.model (green).-and ACDM

|nhomogeneous un|verse and that observable quantltles such as the distance modulus for supernova type
+la data, ﬂtted with theé. wrong model leads to an apparent aceed erated expang on of the universe. JIn most per degree of freedom for f = O 759 and-: Y= 1 38: F‘or companson the best x obtained for'a ACDM model

formallsms for an mhomogeneous cesmology, the predrcted size of the backreactlon term and hencethe = withQ = =0. 29 and Q = =0. Tlis =12 per degree of freedom _l'

-._-. &
-

devlatlonfrom homogenelty IS negI|g|ny small n y ._ - | . - A e .
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o B _ | 0 overcome th|s problem ertshlre (2007) proposed the Fractal Bubble (FB) model"“'a two
The lumpy universe. In the Fractal 'parameter model In which |nhomogene|t|es are described by the Iapse function, y and the void

«_lzsmpcfh e / _' A Bubble Model, overdensities are termed walls f':' < nd '-'fractr‘bnf Thelapsefunctlon s respons ible for adifference between the t| me measured by a clock

and _“”d‘?rdense (€gIoNs arenown as voids«. ' in a v0|d compared to a clock inja‘'wall (see Fig. 2),while the v0|d fractlon disa measure of the
‘Clocks in walls tick at a different rateto .« = _-portron of total volume of the universe contai ned | in void regions: Because we live | inawall, failing*
rleckapRRoigRRRcaUse bt Clifereiiging: (e A o i take into account this difference by using FRW cosmology implies that we have incorrectly

graviipliona! poteiigr | f|tted data using the volume averaged quantities that are unobservable rather than the Iocal
quantrtles that ‘we meadure. Thus, accordlng to the FB’ model cosmic expansion Is an _
observatlonal effect, not a real - physcal phenomenon From Flg 1., the FB’ model appears to fit |

'~ observationa datafrom a number of concordant SOUFCes without dark energy. .

=

| "lmage credit: The Millennium Simulation PrOJect g 4
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To test the predictiveness of the FB model we have generated mock supernova datafrom a range of' A\CDM

: unlversas with varying amounts of dark energy and calculated the model I|kel|hood from fitti ng the FB model :

toithe mock data This would allow us to comment on the behaviour of the FB mbdel when the cosmol ogrcal

) parameters have changed In particular, this would determine whether the FB model IS suff|C| ently general to-

mrmLc every ACDM model or |f some fine tun| ngis |nvolved : 4

.':
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' We chose to ssmulate supernova data (see Flgure 3) with s mllar characterlstr cs to the Gold dataset from Rless
sl al (2007) by bi nnrng the observational data accordr ng to redshift and calculating the medlan error ineach *
" bin. We then randomly draN the same number of data points from each bin as in the Gold sample and calculate -

'the|r distance moduI| assumr ng a FLR\N unrverse for Q = = 0.50 — 0.90 and H,=60-72 km/s/M oC, such that the

~Bayes factoys for fits to mock supernova data drawn from /\CDM (left) ang FB

| dlstrlbutlon of supernovaW|th redshiftis roughlyrthe same asthe observed set. The error bars on the mock data : _lmodel (rlght) The colours show the strength. of the evidence based on the Iogarlthm of the -

“\,  setof supernova dataand is shown in.Figure 4<(left). We then perform the reverse comparison by s imul ati ng
s & supernova datafrom the! FB model the Bayes factors for these are shown in F‘rgure 4(right).

arethen Gaussianly centred around the median error of:the Gold datator the correspondl ng bin. < s "Bayes factor. Shades of green show that the evidence.is inconclusive (0.< [In(B)| < 1),
F | : el S N | - gl while blue indicates weak eV|dence agalnst the FB model and purple to black shades

Cal culating the Bayes factor (the ratlo of Bayeslan evrdences between ACDM and the FB model) then provides | indicate strong evidence against. tjhe FB model.
7oA i . i l"

a measuréef how well the FB model descrrbesthe datacompared to ACDM. Th|S|sthen calculated for each o S gy A Atk

* If the predlctlons made by the FB model and /\C.DM are equwal ent, then itis expected
both pl otsin Figure 4 to look the same. But they don'; ACDM is capabl e.of greater

_ _ flexibility than the FB model. The FB model hasali mited range | of behaviour that the-

Mock supernOVa data ‘ distance modul us can take, that is for thé range of physically viable initial void fractions at

generated from a LCDM model (Q . = .~ Z= J_'LOO the distance modulus as afunctron of redshift is scaled only by asmall amount.

-0i7_0, H = 70 kh/s/Mpc) in'_--pu'rple amd . ¢ - \CDM is capable of describing these small variations when the |n|t|al void fraction is

=0 changed to generate mock: supernova data and hence the Bayesran evidence shows that the

two models are mdrstrngwshable (Figure 4, right). However, - for a ACDM .universe with _

largequantltles 0]] dark energy (Q =0.85- 0. 90) *the FB model IS unable to descrlbe the

a FB model in cyan (Qt-=030 H, =

70 km/s/Mpc) We have ‘retalned the

same redshift dlstnbutlon for both sets |
of mock data. -~ o e SImulated supernova datafrom these models . LS

I--.I=| ..

4 _Lerth B:M, Ng, C. and Wiltshife: D. L. . (2008) ApJ,,672 Lol

Cal dwell R R and Stebbins A (2008), Phys Rev Lett., 100 191302

Ishlbashl A.and Wald, R. M. (2006) Class. and Quant Gravlty, 23 235 Rless A et a (2007) ApJ Y, oS, w <)

W|ltsh|re D. L (2007), Ne/v Journal of Physrcs 9, 377

From the First Objects

¥

model. The overlapplng reglons |mpI|eS that it can: conslstently predict the average matter denS|ty( )grven S

concordance model (blue). Data points from;Rress et. al (2‘007) are. pIotted In p|nk For the FB model, %= = 0. 9-_
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