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DESY 06-089In
ation and WMAP three year data: Features have a Future!Laura Covi and Jan HamannDeuts
hes Elektronen-Syn
hrotron DESY, Notkestr. 85, 22607 Hamburg, GermanyAlessandro Mel
hiorriDipartimento di Fisi
a and Sezione INFN, Universita' di Roma \La Sapienza", Ple Aldo Moro 2, 00185, ItalyAn�ze SlosarFa
ulty of Mathemati
s and Physi
s, University of Ljubljana, SloveniaIrene SorberaDipartimento di Fisi
a, Universita' di Roma \La Sapienza", Ple Aldo Moro 2, 00185, Italy(Dated: O
tober 18, 2006)The new three year WMAP data seem to 
on�rm the presen
e of non-standard large s
ale featuresin the 
osmi
 mi
rowave anisotropy power spe
trum. While these features may hint at un
orre
tedexperimental systemati
s, it is also possible to generate, in a 
osmologi
al way, os
illations on largeangular s
ales by introdu
ing a sharp step in the in
aton potential. Using 
urrent 
osmologi
al data,we derive 
onstraints on the position, magnitude and gradient of a possible step. We show that astep in the in
aton potential, while strongly 
onstrained by 
urrent data, is still allowed and mayprovide an interesting explanation to the 
urrently measured deviations from the standard feature-less spe
trum. Moreover, we show that in
ationary os
illations in the primordial power spe
trum
an signi�
antly bias parameter estimates from standard ruler methods involving measurements ofbaryon os
illations.PACS numbers: 98.80.CqI. INTRODUCTIONThe re
ent three year results from the Wilkinson Mi-
rowave Anisotropy Probe (WMAP) satellite [1, 2, 3, 4℄have further 
on�rmed with an extraordinary pre
isionthe in
ationary paradigmof stru
ture formation in whi
hprimordial 
u
tuations are 
reated from quantum 
u
tu-ations during an early period of superluminal expansionof the universe [5, 6, 7℄.Indeed, soon after the WMAP data release, a numberof authors investigated the possibility to dis
riminate be-tween several single-�eld in
ationary models using thisnew, high quality, dataset [8, 9, 10, 11, 12, 13, 14, 15℄.One of the main 
on
lusions of these works is that somein
ationary models, su
h as quarti
 
haoti
 models of theform V (�) � ��4, may be 
onsidered ruled out by the
urrent data, while others, su
h as 
haoti
 in
ation witha quadrati
 potential V (�) � m2�2, are 
onsistent withall data sets.One important assumption in these analyses (apartfor [15℄) is that the in
aton's potential is featureless,i.e., there is no preferred s
ale during in
ation and theprimordial power spe
trum of density perturbations inFourier k-spa
e 
an be well approximated by a powerlaw kn, where the spe
tral index n is almost s
ale inde-pendent. The main predi
tion of these models is that theanisotropy angular power spe
trum should be \smooth"and not show features in addition to those providedby the baryon-photon plasma os
illations at de
ouplingwithin the framework of the standard �CDM model ofstru
ture formation.

The 
urrent WMAP data is in very good agreementwith this hypothesis: several non-standard features inthe anisotropy angular power spe
trum dete
ted in the�rst year data have now disappeared thanks to the longerintegration time of the observations and better 
ontrol ofsystemati
s (see [1℄).However, features in the large s
ale anisotropy spe
-trum are still present in the new release. Moreover,some of the 
osmologi
al parameters derived from thenew WMAP data, like, for instan
e, the low value ofthe varian
e of 
u
tuations �8, appear in tension withthose derived by 
omplementary data sets. It is thereforetimely to investigate a larger set of in
ationary modelsand to 
onsider a 
osmologi
al origin of these unexpe
tedfeatures.A departure from power law behavior of the primordialpower spe
trum 
ould be 
aused by a 
hange of the initial
onditions, due to trans-plan
kian physi
s [16, 17℄ or un-usual initial �eld dynami
s [18, 19℄ or by some brief vio-lation of the slow roll 
onditions during in
ation [20, 21℄.We will investigate a model of the se
ond type wherefeatures in the temperature and density power spe
traarise due to a step-like 
hange in the potential parame-ters, as proposed by [22℄. A sharp step in the in
atonmass, 
aused, e.g., by a symmetry breaking phase tran-sition, generates indeed k-dependent os
illations in thespe
trum of primordial density perturbations.The goal of our paper is to make use of the re
ent threeyear WMAP data (WMAP3) and other datasets to 
on-strain the possibility of a step feature in the in
aton po-tential. For this purpose we adopt the phenomenologi
al



2model proposed by Adams et al. [22℄, where a step fea-ture is added to the 
haoti
 in
ationary potential in thefollowing way:V (�) = 12m2�2 �1 + 
 tanh��� bd �� ; (1)where m is an overall normalization fa
tor, 
 determinesthe height of the step, d its gradient and b is the �eldvalue on whi
h the step is 
entered. Previous phe-nomenologi
al studies of the same [23℄ or other os
illa-tory features [24, 25℄ have been limited to the �rst yearWMAP data, and in general a full analysis varying alsoall 
osmologi
al parameters is still missing and is the ma-jor result of this work.The paper is organized as follows: In Se
. II we brie
yreview step-in
ation models. In Se
. III we des
ribe ouranalysis method. In Se
. IV we present our results and,�nally, in Se
. V we derive our 
on
lusions.II. INFLATION MODELS WITH A STEP INTHE POTENTIAL.In
ationary models with a step 
an naturally arise intheories with many intera
ting s
alar �elds, e.g., in super-gravity models. In general, these models 
ontain several
at dire
tions in �eld spa
e and thus o�er the possibilityto have multiple in
ationary phases separated by phasetransitions [26℄, or even in
ation with a 
urved traje
toryin �eld spa
e [27, 28, 29℄. In the last 
ase the presen
eof additional a
tive s
alar degrees of freedom generatesnot only the adiabati
 mode of 
urvature perturbations,but also the iso
urvature one. Sin
e the data do notseem to require an iso
urvature 
omponent [30℄, we willrestri
t ourselves to the 
ase where the phase transitiondoes not appre
iably 
hange the rolling dire
tion 
orre-sponding to the in
aton �eld and the energy density isalways dominated by a single �eld. Also, we will investi-gate the simplest s
enario and assume that the sole e�e
tof the phase transition is to 
hange the parameters of theLagrangian for the in
aton �eld, in parti
ular its mass.Consider a hybrid in
ationary potential of the typeV = V0 + 12m20�2 + �24 � 2 �M2�2 + �2�2 2 ; (2)where � is the in
aton �eld, while  is a hybrid �eldthat takes a va
uum expe
tation value during in
ationwhen the in
aton rea
hes the 
riti
al value �2
 = M22 . Inthe usual 
ase of hybrid in
ation, this transition is sostrong that it stops the in
ationary phase. But, if the
oupling � is suÆ
iently small, the ba
k-rea
tion of  istoo weak and in
ation 
ontinues. On the other hand, theparameters of the Lagrangian 
hange their value and forexample the in
aton e�e
tive mass be
omesm2e�(�) = m20 + �2h 2i(�) : (3)In this s
enario, even if the 
lassi
al in
aton is nearlyunperturbed, the in
aton perturbations are a�e
ted and

the primordial power spe
trum is modi�ed.It is well known that a step in the mass generates os-
illations in the primordial spe
trum and this 
an bedes
ribed analyti
ally in the WKB approximation [31℄.The behavior of the in
aton mass is determined by thedynami
s of the phase transition and the growth of thehybrid �eld 
u
tuations, whi
h be
ome ta
hyoni
 afterthe 
riti
al point. This growth depends on the 
lassi-
al in
aton �eld motion, but is in general so fast that rea
hes the minimum in a very small number of e-foldings [32, 33, 34, 35℄. The in
aton mass is thereforereasonably well approximated by a hyperboli
 tangent,and so we takem2e�(�) ' m2�1 + 
 tanh��� bd �� : (4)Here, we see that the parameter m is an average in
a-ton mass and b is of the order of the 
riti
al value �
.The other two parameters determine the duration of thetransition and the strength of the e�e
t on the in
aton'smass. Note that we work in Plan
k units, so all dimen-sional quantities like b and d should be multiplied byMPin order to obtain their value in physi
al units. In thisarti
le we restri
t ourselves to the 
ase of 
haoti
 in
a-tion, where the mass term determines both the 
lassi
aldynami
s of the in
aton and the behavior of the per-turbations. A more general dis
ussion will be left fora longer publi
ation [36℄. We therefore assume that V0and also its 
hange due to the phase transition are 
om-pletely negligible. We also dis
uss here only positive 
values; negative 
 is also allowed, but is restri
ted to bevery small to avoid the presen
e of another minimum inthe potential away from � = 0.Sin
e we 
annot rely on the slow roll approximationfor a generi
 
hoi
e of parameters, we integrate the equa-tions for the ba
kground and for the modes numeri
allyas dis
ussed in detail in [22℄. The equations for the in
a-ton �eld and the Hubble parameter in Plan
k units aresimply ��+ 3H _�+ V 0(�) = 0 (5)3H2 = _�22 + V (�): (6)We assume slow roll as the initial 
ondition for � � �
and solve the evolution numeri
ally until the end of in-
ation in order to determine the number of e-foldingsbetween b and the end of in
ation.The equation for the Fourier 
omponents of u = �zR,the 
urvature perturbation [37℄, takes the usual formu00k + �k2 � z00z �uk = 0 (7)where z = a _�=H is given by the ba
kground dynami
sand the primes and dots denote derivatives with respe
tto 
onformal time and physi
al time, respe
tively. Using
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k [h/Mpc]FIG. 1: E�e
ts of a step in the potential on the power spe
-trum of 
urvature perturbations. Here we show the primor-dial spe
trum for the two best �t points, 
orresponding tob = 14:81, 
 = 0:0018, d = 0:022 (dashed line) and b = 14:34,
 = 0:00039, d = 0:006 (solid line).the equations of motion for the 
lassi
al �eld, we have ingeneralz00z = 2a2H2 1 + 7 _�24H2 + _�44H4 + V 0 _�H3 � V 002H2! ; (8)where V 0 and V 00 are the derivatives of the potential withrespe
t to the in
aton �eld. In the step model, this quan-tity 
an deviate substantially from the slow-roll expe
ta-tion z00=z ' 2a2H2 at the time of the transition. Wesolve equations (5) to (7) numeri
ally using a Bulirs
h-Stoer algorithm for free �eld initial 
onditions at an ini-tial time when k2 � z00=z is satis�ed.On
e we know the solution for the mode k, we 
andetermine the primordial power spe
trumPR(k) = k32� ���ukz ���2 ; (9)evaluated when the mode is well outside the horizon. Ourresults are stable with respe
t to 
hanges in the exa
ttime when we set the initial 
onditions and when we 
om-pute the spe
trum.The resulting spe
tra as a fun
tion of k for di�erentparameters are shown in Figure 1. Essentially, the spe
-trum shows a power-law behavior with a superimposedos
illation.How will the four parameters of our model a�e
t theshape of the spe
trum? The overall normalization of PRis proportional to m2, b determines the wavelength atwhi
h the feature appears and the maximum amplitudeof the os
illations is roughly proportional to 
. Gener-ally, the dominant 
ontribution to z00=z 
omes from theV 00 term and is proportional to 
=d2, so the range of k af-fe
ted by the feature depends on the square root of 
=d2.Note that away from the step, the slow roll 
onditions aresatis�ed and the spe
trum re
overs the usual power lawform with spe
tral index given by ns = 1 � 2=N ' 0:96for a number of e-foldings N equal to 50, whi
h is what

we assume for our analysis. The value of the spe
tralindex is the same before and after the step sin
e it doesnot depend on m2 in m2�2 models. Also, for values ofthe parameters where the slow-roll 
onditions are alwayssatis�ed (i.e., small values of 
=d2), the spe
trum doesnot show a full os
illation, but a dip at the s
ales 
or-responding to the transition. So even in this 
ase it isnot so well approximated by the usual power-law with a
onstant spe
tral index.III. CMB ANALYSISWe 
ompare the theoreti
al model des
ribed in the pre-vious se
tions with a set of 
urrent 
osmologi
al databy making use of a modi�ed version of the publi
lyavailable Markov Chain Monte Carlo (MCMC) pa
kage
osmom
 [38℄.We sample an eight-dimensional set of parameters.Four of them determine the primordial power spe
trum,namely the b; 
 and d parameters of the step-in
ationmodel as des
ribed in the previous se
tion and the over-all normalization of the primordial power spe
trum AS(equivalent to m2 as dis
ussed earlier). The remainingfour 
osmologi
al parameters are the physi
al baryon andCDM densities, !b = 
bh2 and !
 = 

h2, the ratio ofthe sound horizon to the angular diameter distan
e atde
oupling, �s and �nally, the opti
al depth to reioniza-tion, � . Furthermore, we 
onsider purely adiabati
 initial
onditions, impose 
atness and negle
t neutrino masses.We in
lude the three year data [1℄ (temperature andpolarization) using the likelihood routine for suppliedby the WMAP team and available at the LAMBDA website.1 We marginalize over the amplitude of the Sunyaev-Zel'dovi
h signal. The MCMC 
onvergen
e diagnosti
sare done on four 
hains using the Gelman and Rubin\varian
e of 
hain means"=\mean of 
hain varian
es" Rstatisti
s for ea
h parameter, demanding thatR�1 < 0:1.Our 2D 
onstraints are obtained after marginalizationover the remaining \nuisan
e" parameters, again usingthe programs in
luded in the 
osmom
 pa
kage.In addition to CMB data, we also 
onsider the 
on-straints on the real-spa
e power spe
trum of galaxiesfrom the Sloan Digital Sky Survey (SDSS) [39℄.We restri
t the analysis to a range of s
ales over whi
hthe 
u
tuations are assumed to be in the linear regime(k < 0:2 h=Mp
). When 
ombining the matter powerspe
trum with CMB data, we marginalize over an ad-ditional nuisan
e parameter b0, the dark versus lumi-nous matter bias. Furthermore, we make use of theHST key proje
t measurement of the Hubble parameterH0 = 100h km s�1Mp
�1 [41℄ by multiplying the like-lihood by a Gaussian 
entered around h = 0:72 with a1 http://lambda.gsf
.nasa.gov/
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bFIG. 2: Marginalised likelihood (solid line) and proje
tion ofthe likelihood distribution (dotted line) for the b parameterin the 
ase of WMAP only. Two peaks for b at b = 14:3 andb = 14:8 are 
learly visible. The one at b = 14:8 provides agood �t to the low ` WMAP glit
hes. It is evident that thelikelihood fun
tion is far from gaussian in this dire
tion. Thedi�eren
e between the two 
urves is 
aused by a volume e�e
twhen integrating over the other parameter dire
tions.standard deviation � = 0:08. Finally, we impose a top-hat prior on the age of the universe, 10 < t0 < 20 Gyrs,and a Gaussian prior on 
bh2 
entered around 0:022with a standard deviation of 0:002 from BBN 
onstraints,
f. Ref. [38℄.We demand that the feature appear at a wavelengthto whi
h our data is sensitive, so our analysis willbe limited to the interval 13:5 < b < 16. Apart fromthat we also impose logarithmi
 priors on the otherstep parameters: log 
 2 [�6;�1℄, log d 2 [�2:5;�0:5℄and log 
=d2 2 [�5; 3℄ and 
at priors on the 
osmologi-
al parameters.As it turns out, the likelihood distribution L has arather odd shape and some of the interesting featuresare at low likelihoods. In order to improve mixing andget a better 
overage of the low likelihood regions, wesample L1=3 instead of L (i.e., we use \heated" 
hains atT = 3).As a measure of the performan
e of the step model, we
ompare its best �t �2 with the best �t �2 of a referen
emodel, whi
h we take to be the \vanilla" 6 parameter(
bh2, 

h2, �s, � , AS and ns) power law �CDM model.IV. RESULTSLet us �rst 
onsider the WMAP dataset alone. In Fig-ure 2 we plot the mean likelihood for the b parameterwhi
h determines the position (s
ale) of the step in thepotential. If some value of b is preferred by the data,then it would hint at the presen
e of a feature. As we

0

1000

2000

3000

4000

5000

6000

10 100 1000

l(l
+

1)
C

lT
T
 /2

π 
[µ

K
2 ]

lFIG. 3: This plot shows the temperature anisotropy angularpower spe
trum of the best �t step model (WMAP only, solidline) and, for referen
e, the best �t 6 parameter power law�CDM model (dashed line). The dotted line shows the e�e
tof a feature near b = 14:8 for WMAP data only, i.e., the\lo
al" best �t at the lower peak in Figure 2.
an see, the mean likelihood distribution 
learly indi
atestwo maxima for the b parameter at b = 14:3 and b = 14:8,respe
tively. The feature at b = 14:8 is able to produ
ea good �t to the WMAP low-` glit
hes (yielding an im-provement of ��2 ' 5 over the vanilla model) and agreeswith the results of Ref. [23℄ for �xed 
osmologi
al pa-rameters and WMAP �rst year data. Interestingly, theauthors of [42℄ �nd an os
illating feature at roughly thesame s
ale by re
onstru
ting the primordial power spe
-trum from the �rst year data. The minimum at b = 14:3provides os
illations on smaller s
ales (��2 ' 7), beyondthe se
ond peak in the anisotropy power spe
trum, seeFigure 3.It is interesting to proje
t the likelihood fun
tion ontothe (b; log 
) plane (Figure 4, upper panel). First of all,we see that for a range of values (14:3 < b < 15:5) aregion of step models with log 
 < �3 is ruled out at99% 
on�den
e level. This disfavored region 
orrespondsto the region in k spa
e that is better sampled by theWMAP data, and where, therefore, the data providethe strongest 
onstraints. Se
ondly, the two aforemen-tioned maxima in b-spa
e 
an again be seen in the 2Dproje
tion. These maxima are 
lose to the two bound-aries (large and small s
ales) of the region sampled byWMAP and 
entered around amplitude log 
 � �3. We�nd that the WMAP polarization and 
ross temperature-polarization data are rather insensitive to the presen
e offeatures.The d parameter is not well 
onstrained by the datadue to a degenera
y with 
. Instead, we 
onsider the
onstraints in the (b; log 
=d2) parameter spa
e (Figure 4,bottom panel). This parameter is as well 
onstrained as
 and, again, the presen
e of two maxima for b is evident.Also, the maxima are at values of 
=d2 of order 1, where
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FIG. 4: Mean likelihood and marginalized likelihood 
on-tours in the (b; 
) and (b; 
=d2) planes at 8% and 99% 
.l. forWMAP data only. The peaks 
omprise less than ten per 
entof the total volume of the likelihood fun
tion.the slow-roll 
onditions are strongly violated; values of
=d2 � 0:1 
orrespond, on the other hand, to the usualslow-roll m2�2 in
ation and 
annot be ex
luded by thedata.Note that in the (b; 
; d)-subspa
e of parameter spa
ethe likelihood fun
tion is very oddly shaped and 
an byno means be approximated by a multivariate Gaussian.As a 
onsequen
e, the likelihood at the boundaries of thissubspa
e is generally not negligible (see, e.g., Figure 2).In fa
t, the likelihood fun
tion will have a large plateauof 
onstant likelihood in regions where the step model
annot be distinguished from the m2�2 
haoti
 in
ationmodel, either be
ause the step is too small or too smooth(small 
, large d) or be
ause the feature appears at wave-lengths the data is not sensitive to (b too small or toolarge). Apart from the two peaks, we also �nd a valleythat 
an be ex
luded at a high 
on�den
e level. How-ever, sin
e the plateau may 
ontain a signi�
ant fra
tionof the total volume of the likelihood distribution, 
on-
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FIG. 5: Likelihood 
ontours in the (b; 
) and (b; 
=d2) planesat 68% and 99% 
on�den
e level for CMB+SDSS.straints derived from marginalization will be dependenton the priors on b, 
 and d.For our 
hoi
e of priors and WMAP data only, we �ndthat the peak regions 
ontribute about 8% of the totalvolume, so, from a Bayesian standpoint, the WMAP dataalone do not require the presen
e of a feature.Figure 3 indi
ates that the best �t model has a featureat a range of wavelengths where the WMAP data arelimited by large systemati
 errors. It is therefore inter-esting to enquire whether the in
lusion of other data setswhi
h are more sensitive at small s
ales will 
orroboratethis result. To this end we add small s
ale CMB datafrom the ACBAR, BOOMERANG, CBI, MAXIMA andVSA experiments [43, 44, 45, 46, 47℄ and the SDSS larges
ale stru
ture data.These data sets probe mainly smaller s
ales and arenot sensitive to the large s
ale feature at b = 14:8.We �nd that in
luding these small s
ale data improvesthe 
onstraints on the os
illations quite signi�
antly:��2 ' 15, to whi
h the SDSS data alone 
ontributeabout 6. As we 
an see from Figure 6 (bottom panel),
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k [h/Mpc]FIG. 6: Top: temperature anisotropy angular power spe
-trum with small s
ale CMB data.Bottom: galaxy power spe
trum and the SDSS data.The solid lines depi
t the best �t step model, the dashed linethe best �t referen
e model.step-indu
ed os
illations in the matter power spe
trumseem to provide a mu
h better �t to the SDSS data.In Figure 5 we plot the likelihood 
ontours in the(b; log 
) plane at 68% and 99% 
.l. for the CMB+SDSS
ase. Adding the SDSS data in
reases the statisti
al sig-ni�
an
e of the maximum, the peak near (b ' 14:3 ,log 
 ' �3:5, log 
=d2 ' 0) now 
ontains about 70% ofthe total volume of the likelihood fun
tion, the likelihoodat the boundaries of parameter spa
e is suppressed andhen
e, the results are mu
h less prior dependent. Also,we 
an rule out a mu
h larger 
hunk of parameter spa
efor b < 14:5 due to the in
reased sensitivity of the dataon the 
orresponding s
ales.The varian
e test 
onvergen
e stats using last half
hains are 0:0007 for b, 0:0038 for log 
 and 0:0036 forlog 
=d2, showing a robust 
onvergen
e of the 
hains.We also 
onsidered data from the 2dF Galaxy RedshiftSurvey [40℄ and we found that the CMB+SDSS resultsare stable under the in
lusion of the 2dF dataset.Of 
ourse, os
illatory behavior in the observed data


ould well have its origin in un
orre
ted or unidenti�edsystemati
 e�e
ts su
h as a s
ale dependent bias. How-ever, as indi
ated by our results, the presen
e of multi-ple step-like features in the in
aton potential (expe
tedfrom, e.g., supergravity or M-theory models [49℄) is alsoa viable solution.It is important to 
he
k if the step in the potential sug-gested by the CMB+SDSS analysis has some impa
t onthe estimation of the remaining 
osmologi
al parameters.We �nd no 
orrelations between b; 
; d and the 
osmolog-i
al parameters AS ; �s and � . This is 
learly due to the�xed spe
tral index the model has away from the feature.On the other hand some 
orrelation is present between
 and the baryon and 
old dark matter energy densi-ties 
bh2 and 

h2. Figure 7 shows the 
on�den
e levellikelihood 
ontours in the (
bh2; 
) and (

h2; 
) param-eter spa
e. A deeper step in the potential (larger 
) hasthe e�e
t of making the data more 
ompatible with alower baryon density and a higher 
old dark matter den-sity. While the e�e
t is small, it is interesting to notethat the baryon density derived from the WMAP data inthe framework of the standard model is generally largerthan that predi
ted by standard big bang nu
leosynthe-sis and measurements of the primordial deuterium abun-dan
e (see, e.g., [48℄).
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ant. One 
an also see that nearthe best �t region, the larger 
 the smaller the 
orrespondingvalue of 
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7V. MIMICKING BARYONIC OSCILLATIONSRe
ently, a dete
tion of os
illations in the 
orrelationfun
tion of the Luminous Red Galaxies sample of theSDSS has been reported in [50℄. If those os
illationsare the imprint of primordial a
ousti
 os
illations in theprimeval baryon+photon plasma, then they may pro-vide a standard ruler at the redshift of the survey anda very powerful tool for testing the late time evolutionof the universe and, ultimately, the appearan
e of darkenergy. Clearly, if os
illations in the primordial spe
trumare present they may mimi
 baryoni
 os
illations [51℄ atdi�erent s
ales and drasti
ally 
hange the estimation of
osmologi
al parameters.As a qualitative example, we plot in Figure 8 the 
or-relation fun
tions for a model with no baryons, the stan-dard �CDM model (
b = 0:05) and a model with nobaryons but with a step in the in
ationary potential. Aswe 
an see, a model with no baryons but with os
illa-tions in the primordial spe
tra 
an reprodu
e the ob-served data very well. A more detailed and quantitativeanalysis will be presented in a future paper [36℄.
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]FIG. 8: Correlation fun
tions for a model with no baryons,the standard �CDM model (
b = 0:05) and a model withno baryons but with a step in the in
ationary potential. Thedata points are from the LRGS sample of [50℄.

VI. CONCLUSIONSThe new three year WMAP data seem to 
on�rm thepresen
e of non-standard large s
ale features on the 
os-mi
 mi
rowave anisotropy power spe
trum. While thesefeatures may hint at un
orre
ted experimental systemat-i
s, a possible 
osmologi
al way to generate large angulars
ale os
illations is to introdu
e a sharp step in the in-
aton potential. By making use of 
urrent 
osmologi
aldata we derive 
onstraints on the position, magnitudeand gradient of a possible step in the in
aton potential.Our 
on
lusion is that su
h a step, while strongly 
on-strained by 
urrent data, is still allowed and may providean interesting explanation to the 
urrent measured devi-ations from the standard featureless spe
trum at low `.Surprisingly though, the 
ombination of all CMB datasets with the SDSS data seems to prefer a feature atsmall s
ales, whi
h 
ould mimi
 the e�e
t of baryoni
os
illations and redu
es the best �t value of 
b. Note thatfor this it is suÆ
ient to have a minute 
hange, of order0:1%, in the in
aton mass parameter, but a relativelyfast one.It is an open question if su
h a sharp step 
an be re-alized in realisti
 in
ationary models and if the e�e
t isphysi
al. In general we 
an ex
lude the presen
e of strongfeatures with 
 � 0:003 in the observable range.Future experiments like PLANCK will provide bettermeasurements of the polarization and 
ross temperature-polarization spe
tra, providing an important 
he
k forpossible non-standard features.A
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