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ABSTRACT

We constrain the form of the primordial power spectrum udiitkinson Microwave
Anisotropy Probe (WMAP) 3-year cosmic microwave backgib(@MB) data (+ other high
resolution CMB experiments) in addition to complementargé-scale structure (LSS) data:
2dF, SDSS, Ly forest and luminous red galaxy (LRG) data from the SDSS cgtsd. We
extend the work of the WMAP team to that of a fully Bayesianrapgh whereby we com-
pute the comparative Bayesian evidence in addition to patemestimates for a collection
of seven models: (i) a scale invariant Harrison-Zel'do\ielRZ) spectrum; (ii) a power-law;
(i) a running spectral index; (iv) a broken spectrum; (Wawer-law with an abrupt cutoff
on large-scales; (vi) a reconstruction of the spectrumghtgdins in wavenumber; and (vii) a
spectrum resulting from a cosmological model proposed tsehby & Doran|(2005) (L-D).
Using a basic dataset of WMAP3 + other CMB + 2dF + SDSS our amabonfirms that a
scale-invariant spectrum is disfavoured by between 0.7landnits of log evidence (depend-
ing on priors chosen) when compared with a power-law tilt.r&dower a running spectrum
is now significantly preferred, but only when using the maststraining set of priors. The
addition of Ly« and LRG data independently both suggest much lower valuggatinning
index than with basic dataset alone and interestingly thkigion of Ly« significantly dis-
favours a running parameterisation by more than a unit ireligence. Overall the highest
evidences, over all datasets, were obtained with a powespaatrum containing a cutoff with
a significant log evidence difference of roughly 2 units. Tlagéural tilt and exponential cutoff
present in the L-D spectrum is found to be favoured decigiligla log evidence difference
of over 5 units, but only for a limited study within the bedtefoncordance cosmology.

Key words: cosmological parameters — cosmology:observations — dogiyitheory — cos-
mic microwave background — large-scale structure

1 INTRODUCTION

The recent release of 3-year Wilkinson Microwave Anisogrop
Probe (WMAP3| Hinshaw et &l. 2007) data have provided peecis
measurements of temperature fluctuations in the cosmiomésre
background (CMB). The accepted inflationary paradigm ssigge
that a primordial spectrum of almost scale-invariant dgrfkictu-
ations produced during inflation went on to produce the aleskr
structure in the CMB and that seen on large-scales in theurr
distribution of matter. Now, for the first time a purely scate
variant primordial spectrum is ruled out &t (Spergel et al. 2007;
Parkinson et al. 2006) in favour of a ‘tilted’ spectrum with< 1.
The WMAP team have already attempted limited constrainthen
form of the spectrum arid Parkinson et al. (2006) have coaduet
model selection study to ascertain the necessity of a tiliérspec-
trum with the new data. In this paper we extend both studies to
suite of models covering a wide variety of possibilities dzh®n
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both physical and observational grounds. We use a fully Biaye
approach to determine the model parameters and compaeative
dence to ascertain which model the data actually prefers.

Our previous paper_(Bridges et al. 2006) [Bridges06] used
WMAP 1-year data (WMAP1; Bennett etial. 2003) to constrain
the same set of models. These generalisations were mativate
principally by observations of a decrement in power on large
scales from WMAP1 and a tilting spectrum on small-scalemfro
high resolution experiments such as the Arcminute Cosnyolog
Bolometer Array (ACBAR] Kuo et al. 2004), the Very Small Ar-
ray (VSA ;|Dickinson et gl. 2004) and the Cosmic Background Im
ager (CBIl; Readhead etlal. 2004). With two more years ohsgrvi
time and improved treatment of systematic errors the dezném
in power on large scales is how somewhat reduced, yet still ev
dent in WMAP3 and is now constrained almost to the cosmic vari
ance limit while the tilting spectrum on small-scales is nesen
even without the aid of high-resolution small scale experits,
due to tighter constraints on the second acoustic peak. @s- ph
ical grounds we test a broken spectrum caused perhaps by dou-
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ble field inflation (Barriga et al. 2001) and a spectrum priegidy
Lasenby & Doran|(2005) (L-D) naturally incorporating an exp
nential cutoff in power on large scales by considering thallev
tion of closed universes out of a big bang singularity, withoael
boundary condition that restricts the total conformal temeilable
in the universe. We also aim to reconstruct the spectrum ima n
ber of bins in wavenumbek.

2 MODEL SELECTION FRAMEWORK

Bayesian model selection is now well established within the
community as a reliable means of appropriately determin-
ing the most efficient parameterisation for a model, penalis
ing any unecessary complication (Jaffe 1996, Drell et aD020
John & Narlikar 2002, Hobson etlal. 2003, Hobson & McLachlan
2003, | Slosar et al. 2003, Saini et al. 2004, Marshall et a0320
Niarchou et al.. 2004, Basset et al. 2004, Mukherjeelet al€200
Trotta [20017,| Beltran et al. 2005, Bridges06). Recently much
progress has been made in improving the speed and accuraey of
idence results (Parkinson et lal. 2006) by implementing tathod
of[Skilling (2004) known asested sampling. In this paper we will
employ our own implementation of this methad (Shaw &t al.7200

to evaluate the evidence and use standard Markov Chain Monte

Carlo (MCMC) to make parameter constraints.

2.1 Markov Chain Monte Carlo sampling

A Bayesian analysis provides a coherent approach to estignat
the values of the paramete®, and their errors and a method for
determining which model), best describes the daf®,. Bayes
theorem states that

D|©, M)P(©|M)
P(D|M) ’

where P(®|D, M) is the posteriorP(D|®, M) the likelihood,
P(®|M) the prior, andP(D|M) the Bayesian evidence. Conven-
tionally, the result of a Bayesian parameter estimatiohéspioste-
rior probability distribution given by the product of thééilihood
and prior. In addition however, the posterior distributimay be
used to evaluate the Bayesian evidence for the model undsit:zo
eration.

We will employ a MCMC sampling procedure to explore the
posterior distribution using an adapted version of tesMoMC
package (Lewis & Bridle 2002) with four CMB datasets; WMAP3,
ACBAR the VSA and CBI. We also include the 2dF Galaxy Red-
shift Survey |(Percival et al. 2001), the Sloan Digital Skyn@&y

p@©D, M) = L @)

(Abazajian et gll 2003) and the Hubble Space Telescope (HST)

key projecti(Freedman etlal. 2001). These set of experinuents
prise dataset |. Additionally we include two datasets wtiokier
different scales and probe independent sources. The forest
(McDonald et al! 2006; McDonald etlal. 2005) (which combined
with dataset | makes up dataset Il) comprises cosmologhbsaira-
tion by neutral hydrogen observed in quasar spectra in tieg-in
galactic medium. It probes fluctuation scales that are gmaiipc)

in comparison to the other datasets used at redshifts bet@de
so that primordial information has not been erased by nuzali
evolution. It thus provides a very useful complementaryeots-
tion when constraining the form of the primordial spectrifrevi-
ous authorg (Viel, Haehnelt & Lewis 2006; Seljak €t al. 200B)e
already examined this dataset in conjunction with WMAP3 and
others and found that most of the interesting results obseby

Spergel et al. (2007), namely lowered scalar amplitude amoha
vanishing running index can be removed whend.ys included.
Observations of luminous red galaxies (LRG) Tegmark et@062
(when combined with dataset | becomes dataset Ill) consfsts
46,000 galaxies taken from the full SDSS catalogue which rep
resent a highly uniform galaxy sample containing only lunis
early-types over the entire redshift range studied carstg an
excellent tracer of large scale structure. Tegmarklet @062 re-
cently detected baryonic acoustic oscillations in the engibwer
spectrum extracted from this dataset, providing a welcoomdire
mation of early universe physics in large scale structuta.da

In addition to the primordial spectrum parameters, we param
eterise each model using the following five cosmologicahpee-
ters; the physical baryon densify »?; the physical cold dark mat-
ter densityQ2.h?%; the curvature densit§2;,; the Hubble parameter
h (Ho = h x 100kms~1) and the redshift of re-ionisatiof...

2.2 Bayesian evidence and nested sampling

The Bayesian evidence is the average likelihood over thigeent
prior parameter space of the model:

//E(@c, O8)P(0c)P(Or)d" Ocd" O, @)
where N and M are the number of cosmological and Bianchi pa-
rameters respectively. Those models having large areasoofja-
rameter space with high likelihoods will produce high evice
values andvice versa. This effectively penalises models with
excessively large parameter spaces, thus naturally iocatipg
Ockam’s razor.

The method of nested sampling is capable of much higher ac-
curacy than previous methods such as thermodynamic iniagra
(see e.g. Beltran et al. 2005, Bridges06). due to a computty
more effecient mapping of the integral in Effh. 2 to a singtaati-
sion by a suitable re-parameterisation in terms of the pnass X .
This mass can be divided into elemedts = 7(®)d~ ©® which
can be combined in any order to give say

X\ = / ©(©)dV e, (3)
L(O®)>A

the prior mass covering all likelihoods above the iso-itkebd

curve L = A. We also require the functiof(X) to be a singular

decreasing function (which is trivially satisfied for mosisgeriors)

so that using sampled points we can estimate the evidendbevia

integral:

1
Z = / L(X)dX. 4
0
Via this method we can obtain evidences with an accuracym@sdti
higher than previous methods for the same number of liketiho
evaluations.

A standard scenario in Bayesian model selection would re-
quire the computation of evidences for two models A and B. The
difference of log-evidencels Z4 — In Z3, also called the Bayes
factor then quantifies how well A may fit the data when compared
with model B.|Jeffreys (1961) provides a scale on which we can
make qualitative conclusions based on this differedetz < 1
is not significant]l < AInZ < 2.5 significant,2.5 < AlnZ < 5
strong andAInZ > 5 decisive.



3 PRIMORDIAL POWER SPECTRUM
PARAMETERISATION

3.1 H-Z, power-law and running spectra

The early Universe as observed in the CMB is highly homogesieo
on large scales suggesting that any primordial spectruneisity
fluctuations should be close to scale invariant. The H-Ztspatis
described by an amplitudé for which we assume a uniform prior
of [15, 55] x 10~%. Slow-roll inflation, given an exponential poten-
tial, predicts a slightly ‘tilted’ power-law spectrum panaterised
as:

k n—1
Pk) = A (—) , ©)
ko
where the spectral index should be close to unity; we assume a
uniform prior onn of [0.5, 1.5]; ko is the pivot scale (set to 0.05
Mpc™!) of which n and the amplituded are functions. For a
generic inflationary potential we should also account for sgale
dependence ot (k) calledrunning, so that to first order:
ke \ "~ 1+(1/2) In(k/ko)(dn/d In k)
")
wheredn/dIn k is the running parametet...,; for which we as-
sume a uniform prior of—0.15, 0.15].

The inclusion of WMAP3 in dataset | now places impressively
tight constraints on all three models (see Elg. 1). The ueeteul re-
duction in the value of the optical depth to reionisation; te 0.09
has had the effect of reducing the overall amplitude of thegvo
spectrum, due to the well knownt A degeneracy. This effect is no-
ticeable in all cases but most particularly so in the H-Z spec
in Fig.[d (c). For the first time the single spectral index mauev
exhibits a constraint, tao, of n, = 0.95 & 0.02 (see Fig[lL (b))
excluding the possibility of a scale-invariant spectrunthi con-
fidence level. Furthermore, a pure power-law (with,,, = 0) is
also excluded at thes level withn,.,, = —0.038 & 0.030 (Fig.[d
(@).

P = A( , ©®)

The addition of Lyex data further increases constraints on all spec-
tral parameters (see Figl 2), particularly so on spectrahing.
While a scale invariant spectrum is also ruled out with tkzitadet
(ns = 0.96+0.02) a running spectrum is not preferred, with a con-
straint onn,.., = 0.015 £ 0.015 representing a doubling in accu-
racy over dataset |. A further tension exists between thdiardp

of fluctuations as found using dataset | alone and when cadbin
with Ly-«, the latter preferring a much larger valuesaf and thus
higher scalar fluctuation amplitude. Seljak et al. (2006)esges
this deviation to be at theo level and treat it as a normal statistical
fluctuation anchot a sign of some unaccounted systematic flaw in
either dataset. Since two independent analyses of WMAP3« Ly
and WMAPS3 + LRG both suggest no significant running, a con-
servative conclusion is that the running observed withgthis
simply a statistical anomaly albeit at close 0.2

3.2 Large scale cutoff

Confirmation by WMAP3 of the large-scale decrement in power
at/ ~ 2, close to the cosmic variance limit, supports the possi-
bility of a spectrum with some form of cutoff. We reexamine th

case of a sharp cutoff as did the WMAP team, parameterisiag th
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Figure 1. Marginalised parameter constraints with dataset | (bldok)
the H-Z, single-index and running models compared with oWAP1
(Bridges06) analysis (red).
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Figure 2. Comparison of parameter constraints using dataset | (pfack
the H-Z, single-index and running models with dataset Itir@nd dataset

Il (blue).

scale at which the power drops to zekQ,with a choice of prior
[0.0,0.0006] Mpc~* which was made to limit the study to regions
up to/ ~ 6 at which point an appreciable cutoff is no longer ob-

served.
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Figure 3. Marginalised parameter constraints for dataset | (blamibrupt
cutoff model compared with our WMAP1 (Bridges06) analysed].
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Figure 4. Comparison of cutoff constraints using dataset | (blackjaset
Il (red) and dataset Il (blue).

Although this modelP (k) is not continuous, as the physical spec-
trum should be, it does give an upper limit on the averageficuto
scale, which is useful when comparing for instance the L-Ecsp
trum which does predict a form for the cutoff.

On small scales this spectrum behaves just as the singbe-ind
power law and so constraints ofi and n are similar (see Fig.
[3). Our WMAP1 constraint ork. showed a non-zero likelihood
for a cutoff atk = 0 i.e. no cutoff. This likelihood is marginally
lower with WMAP3 presumably due to the higher amplitude @f th
¢ = 3 multipole which was more heavily suppressed in WMAP1
observations. The peak in the likelihood encouraginglyaies at
aroundk. = 2.8 x 10~* Mpc~*. The scale of this cutoff is much
larger than anything probed by either by(in dataset Il) or LRG
(in dataset Ill), so neither dataset improves on this scahstraint
(see Figlh).

3.3 Broken Spectrum

Multiple field inflation would produce a symmetry breakingagk
transition in the early universe causing the mass of thetorflfeld
to change suddenly, momentarily violating the slow-rohditions
(Adams et all 1997). The resultant primordial spectrum wdé
roughly scale invariant initially, followed by a sudden &kdasting
roughly 1e-fold before returning to scale invariance. Because the
slow-roll conditions are violated it is not trivial to calete the form
of the break, however a robust expectation is that it will lherp as
the field undergoing the phase transition evolves expoalgnfast
to its minimum (Barriga et al. 2001). We parameterise thetspm
as:

A, k< ks
Pk)y={ Ck* ', ki<k<ke , (8)
B, k> ke

where the values af’ anda are chosen to ensure continuity. Four
power spectrum parameters were varied in this model: the oat
amplitudes before and after the bred B with prior [0.3, 7.2];

ks indicating the start of the break with prigs.01,0.1] Mpc™*;
In(k./ks) to constrain the length of the break with pri6r 4] and

0 o.ozo.oeI;S.ow.os 00112 131415 0 O'Sln(kjks) 15
Figure 5. Marginalised 1D and 2D probability constraints for the ok
spectrum model, foks, In(ke/ks) and A/ B for our WMAP1 (Bridges06)
analysis (red) and dataset | (black). 2D constraints plottgh 1o and2o

confidence contours.

normalisationA with prior [14.9, 54.6] x 10~5. These represent a
very conservative set of priors that allow the model a larggrele
of freedom in both the position of the break (which could accu
anywhere fromk ~ 0.01, well above any possible large scale cut-
off) and the form, which could be extended, so as to mimictadil
spectrum or occur as a sharp drop. In addition a priorkhaould
not exceed 0.1 Mpc! was imposed so that only a region well cov-
ered by the datasets used was explored.

In this parameterisation a scale invariant spectrum woale:h
an amplitude ratiod/B = 1 and a large value dh(k./ks). Nei-
ther our WMAP1 analysis nor dataset | suggest this to be & plau
sible explanation (see Fif]l 5) with a distinct drop in anjulé
(A/B ~ 1.2) starting on scales below, ~ 0.01 Mpc™*. The
bimodal distribution inln(ke/ks) vs. ks observed with WMAP1
is preserved, though less pronounced, with dataset |. Tiipties
a preference for both a sharp break at a single scake=f0.04
Mpc™! and an extended break beginingkats 0.01. A drop in
power is clearly a crude way of approximating a tilted speutr
so the extended break was an expected result. The sharp, break
could be indicative of a some early universe physics or itidou
simply be as Bridle et al. (2003) suggest in their WMAP1 asigly
an artifact of the inclusion of the large scale structurasiis. The
transition scale lies close to the point at which large sstlgcture
data becomes statistically significant. Below this scade\WAMAP
data would disfavour a break and above it large scale steidata
would. The inclusion of both Lyr and LRG (see Fid.]6) data shifts
the start of the break to larger scales (most pronouncedlth),
but simultaneously lowers the amplitude of the break, thodyc-
ing a more gradual extended slope, providing a better appeex
tion to a tilted spectrum. Thus, our results do not concklgigug-
gest that a break does exist in the primordial spectrumerdtiey
seem only to confirm the need for a spectral tilt.
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Figure 6. Marginalised 1D and 2D probability constraints for the @k
spectrum model, foks, In(ke/ks) and A/ B for dataset | (black), dataset
Il (red) and dataset Ill (blue). 2D constraints plotted withand2o confi-
dence contours.

3.4 Power spectrum reconstruction

Many previous attempts have been made to reconstruct the

primordial spectrum directly from data: Wahg 1994; Bridiek
2003; | Shafieloo & Souradeep 2004; Sinha & Souradeep | 2006;
Tocchini-Valentini, Douspis & Silk | 2005; | Hannestad 2004;
Bridges06. Most recently the WMAP team (Spergel et al. 2007)
attempted to reconstruct it using a set of amplitude birisuising
WMAP3 data alone. The method suffers from the natural side
effect of imposing correlations between neighbouring bénsi
broadening other constraints. Therefore searching faurfes by

this method is unreliable and difficult. However from a model
selection viewpoint it does allow full freedom for the data t
decide how many parameters are required of the model. Our
parameterisation linearly interpolates between eight ldncle
bins a,, in k on large scales between 0.0001 and 0.11 Mpc
parameterised logarithmically with 1 = 2.75k; so that

P(k) = {

As expected an obvious tilt is discernible in our datasetcbne
struction (Fig[¥) the mean bin amplitudes deviating sigaifily
from the best fit scale invariant spectrum at highot observable
in our WMAP1 analysis. Though, withinsllimits a H-Z spectrum
can still be fitted to both sets of data, however it would resjai
lower amplitude to accommodate the values at ldrgeo cutoff is
observed as was hinted at in our WMAP1 analysis; howeverrunce
tainty at this scale is dominated by high cosmic-variancaking
constraints inherently difficult. We find the addition of LR{ata
in dataset Ill provides little further constraint beyondtbbtained
from dataset | alone (see Fig. 8). The effect of includingdLglata
in dataset Il is however, marked. Firstly the overall anuyolé is
lifted, owing to the largews required by Lye. Furthermore lit-
tle obvious tilt is discernible in full agreement with ouradysis in
Sec[31l. Encouragingly similar features are seen in aktbpectra
such as the peaks @003 Mpc~! and0.05 Mpc™?.

(kit1—k)a;+(k—ki)a;i1
kit1—k;

ki<k<ki+1
k> kn

’ 9

An,

WMAP 3-year primordial power spectrum 5

35

'Bridges06 WMAP1 analysis
dataset e—

30

25

P(k) [x10%7]

20

15 ! ! ! !
le-04 0.001

k [Mpc™Y]

Figure 7. Reconstruction of the primordial power spectrum in 8 barfds o
(with 1o errors) for dataset | (red) and our WMAP1 (Bridges06) arialys
(yellow) compared with the best fit 1-year (dotted) and 3ry(&led) H-Z
spectrum.
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Figure 8. Reconstruction of the primordial power spectrum in 8 barfds o
k (with 1o errors) for dataset | (red), dataset Il (magenta) and datfise
(green) compared with the best fit (black) H-Z spectrum frataset I.

3.5 Closed universe Inflation

Lasenby & Doran (2005) arrived at a novel model spectrum Ioy co
sidering a boundary condition that restricts the total oomfal time
available in the Universe, and requires a closed geomehs.ré-
sultant predicted perturbation spectrum encouraginghtaos an
exponential cutoff (as previously suggested phenomereathg by
Efstathioll 2003) at lowt that yields a corresponding deficit in
power in the CMB power spectrum. The shape of the derived-spec
trum for a cosmology defined By = 1.04, Q,h% = 0.0224, h =

0.6, Qeamh? = 0.110 was parameterised by the function:

P(k) = A(1 — 0.023y)*(1 — exp(—(y 4 0.93)/0.47))?,  (10)

k

(HO/IOO x 3 x 10°

know this form to be fairly stable to changes in cosmologytipa
ularly in the position of the cutoff. We therefore analysis ttpec-
trum using dataset |, varying only the amplitude within tlestifit
‘concordance’ cosmology found for the single index modebét.

[B1. As expected the amplitude is reduced when compared with
our WMAP1 analysis 4 = 27.1 + 0.2 Mpc™') due to the revised
WMAP3 value forr. At small scales the spectrum then lies roughly
in line with a tilted spectrum with.; ~ 0.96 (see FigLB). For com-

wherey = In > —0.93. However we do
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Figure 9. L-D spectrum (solid-red) shown with the WMAP3 best fitting H-
Z (solid-black), single-index with a cutoff (dotted-ora)gwithout (dotted-
blue), a running index (dashed-pink) and broken (dotted#l

Table 1. Priors placed on the principal primordial spectral paramrget

As(x1078) [15,55]
ns (wide priors) [0.5,1.5]
ns (narrow priors) [0.8,1.2]
Nrun (Wide priors) [-0.15,0.15]
Nrun (Narrow priors)  [—0.1,0.05]

parison the plot also shows the other best fit spectra (iivgiuthe
bimodality in the broken spectrum).

3.6 Model Selection

We shall now turn to the fundamental inference. Which of the
models considered best describes the current data? As with o
WMAP1 analysis we perform the analysis in two stages to aecom
modate the L-D spectrum: the first, within the full paramefeace
including all models bar L-D, while the second was carried ou
within the fixed, best-fit single-index cosmology (as deieed us-

ing dataset I) including L-D. While this artificial divisianay seem
flawed it should be remembered that within this particulaedix
cosmology the only spectrum that is favoured is that of thglst
index model itself, any other models should only be pendlivée
chose two sets of priors (see Table 1)@nandn, ..., the wider

of which provides a very conservative range given the cairgs
available from current data. The results have been norethisthe
single-index power law spectrum with wide priors.

3.6.1 Full cosmological parameter space exploration

Our corresponding analysis of WMAP1 data was unable to make
any conclusive model selection; with statistical uncetiadomi-
nating results. With WMAP3 data and the method of nested sam-
pling however we have arrived at a cusp in cosmological model
selection. With dataset I, Tablé 2 confirms the disfavouhg
scale-invariant spectrum that we saw in the parameter i@ntst
in Sec[3.11, though not at a decisive level according to tffecyés

scale. As expected from the parameter constraints a rurspieg
trum is preferred, but only at a significant level if narrowops
are chosen oms andn,,,. Large scale power is suppressed in
WMAP3 as it was in WMAP1, with little improvement in uncer-
tainty: both datasets are almost cosmic-variance limitedhese
scales so a cutoff is preferred by a significant margin of @&er
units in log-evidence. The evidence in favour of a brokercspen
is likely only due to its mimicking of a tilted spectrum as agpd
to modelling of an abrupt break.

Inclusion of Ly« in dataset Il confirms the conclusions drawn
in Sectior 3.1, showing a significantly reduced evidenceimdir
of spectral running (with narrow priors), from a +1.2 withtalset |
to -1.3, a significant evidence difference between the tvtasdds.
Unsurprisingly all three data combinations exhibit sigrafit evi-
dences in favour of a spectral cutoff, due presumably in ease
to the decrement in WMAP3 data alone.

3.6.2 Primordial parameter space exploration

The large preference in favour of a spectral cutoff and iasiregly
tight constraints on the universal geometry being marbjircdbsed
(afact that is particularly reinforced when examining thiRG.data
Tegmark et al.| (2006)), suggests that the L-D spectrum may pr
vide a very good fit to current data. For the remainder of thal-a
ysis we will examine the L-D spectrum using dataset | only.

As with the WMAP1 analysis, dataset |, also prefers the L-
D spectrum, now by a slightly larger log-evidence (see TBoje
which according to Jeffreys’ scale now constitutes a deeisiodel
selection. In Bridges06 we concluded that the ‘significamtdel
detection was due to the form of the spectrum on large scaes i
its exponential cutoff. However on small scales it behaveshm
like a tilted spectrum with slight running, a form we now knétg
the data very well. Could it be that these small scale featare
driving this model selection?

To test this hypothesis we have analysed thmd®id spectra,
where we have divided the L-D spectrum abbut 0.008 Mpc™*
(denoted by the arrow in Figl 9) which corresponds looseti tie
angular scalel(= 8) where a cutoff ceases to be observed. We have
then spliced both sections, about this point, with variongle-
index spectra at large or small scales. Model A combinesgesin
index spectrum belovik = 0.0008 Mpc~! with L-D thereafter;
Model B: an exponential cutoff from L-D with a fixed singlediex
model (. = 0.94) for £ > 0.0008 and Model C: as for B but with
avarying single-index model.

The results (see Tallé 3) bear out our assertion; models A and
B have roughly identical log-evidence values to the origln®,
demonstrating the data to be essentially indifferent tqotiesence
of a cutoff. In comparison, model C is typically just as goadaa
power law spectrum (i.e. an evidence close to 0). This sugdiest
the L-D spectrum is attractive to the data as it naturallpiporates
a tilt without the need to parameterise it. However the tiigent
in the L-D spectrum«s ~ 0.96) does coincide well with the best
fit values obtained in Selc. 3.1 for a power law spectrum (whieh
fairly invariant among the datasets |, Il or Ill). This factupled
with a significant evidence preference for a large scaletsgenit-
off suggests the L-D spectrum does provide a uniquely godd fit
current data.
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Table 2. Differences of log-evidences with respect to single-indedel (with the widest priors) using the full cosmologicalameter space. [Note evidence

comparisons can only be made between models using the saasetda
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Model datset | + Lyer +LRG
H-Z -0.7+03 -0.1+£03 -04+03
Single-Index (wide priors) +0.8-0.3 +0.6t 0.3 +0.0£ 0.3
Single-Index (narrow priors) +1.4 0.3 +0.2+ 0.3 +0.7£ 0.3
Running (wide priors) -29+£03 -16+£03 —-1.8£0.3
Running (narrow priors on) +0.4+ 0.3 —0.74+0.3 +1.7£ 0.3
Running (narrow priors oRryn & ns) +1.2+03 —-1.3£0.3 +1.0£ 0.3
Cutoff +2.3+0.3 +1.4 0.3 +2.9+ 0.3
Barriga +1.0+ 0.3 +1.2+ 0.3 +0.9+ 0.3
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