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Suppressing the CMB quadrupole with a bounce from the contracting phase to inflation
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Recent released WMAP data show a low value of quadrupole in the CMB temperature fluctuations, which
confirms the early observations by COBE. In this paper, a scenario in which a contracting phase is followed by
an inflationary phase is constructed. We calculate the perturbation spectrum and show that this scenario can
provide a reasonable explanation for lower CMB anisotropies on large angular scales.
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Recently the high resolution full sky Wilkinson Micro- (for a review seg¢23]). The PBB scenario is regarded as an
wave Anisotropy ProbéWMAP) data[1-5] have been re- alternative to the inflation scenario, but its spectrum is
leased and it is shown that the data are consistent with thetrongly blue and does not provide the near-scale-invariant
predictions of the standard concordance cold dark matteperturbation spectrum implied by the observations by the
model with a cosmological constanACDM). However, evolution of background field. In the literature there are
there remain two intriguing discrepancies between WMAPSOmMe proposals of alternatives for seeding the nearly scale-
observations and the concordance model. The data predictidvariant spectrum in the contracting phase. In addition to
high reionization optical deptf6,7] and a running of the the ekpyrotic-cyclic scenarip24], there is a possibility to
spectral index4], as claimed by the WMAP team. The need S€€d a scale-invariant spectry@b] in which pressureless
for a running has been studied widé§—11] and many in- Mmatter is used. For the expanding phase, in addition to the
flation models with a large running of the spectral index haveusual inflation scenario, a slowly expanding phase may also
been built[12,13. Another surprising discrepancy comes be feasible[26]. In general the cutoff of the primordial
from the low temperature-temperatuf@r) correlation quad- Power spectruni9] may indicate a matching between differ-
rupole, which has previously been observed by the Cosmi€nt phases during the evolution of the early universe.
Background Explore(COBE) [14]. It is pointed out by Ref. In this paper we will calculate the perturbation spectrum
[9] that there might be some connection between the need fdf the model with a contracting phase followed by an infla-
a running of the spectral index and the suppressed CM@OI’] and fit it to the WMAP data. Our results show that this
quadrupole, and the significance of the low multipoles hagcenario can provide a reasonable explanation for the ob-
been discussed widely in the literatyrks]. served low CMB anisotropies on large angular scales.

Several possibilities to alleviate the low-multipole prob- ~ Consider a generic scalar field with Lagrangian
lem have been discussed in the literatfii®s—19. One
straightforward way is to build a suppressed primordial spec- [=— E(a ©)2—V(¢) 1)
trum on the largest scald9]. This can also lead to other 2° K '
observable consequend&d,2]. In the framework of infla-
tion, changing the inflaton potential and the initial conditionsFor the spatially homogeneous but time-dependent field
at the onset of inflation have been propog$éd]. For the the energy density and pressur@ can be written, respec-
latter case, the inflaton has to be assumed in the kinetidively, as
dominated regime initially. Since there are no primordial per- 1 1
turbations exiting the horizon in such a phase, the inflation _2 _T 2
[19] or contracting phase before kinetic domination should P=2% V() P 2% Vie). @
be required. ) _ o

In this paper we consider a scenario where a contracting i§he universe, described by the scale faet(y), satisfies the
followed by an inflationary phase and study its implicationséguations
in suppressing cosmic microwave backgroy@#B) quad-

rupole. For a contracting phase with a kinetic domination, h2=%(1¢2+V((p) @)
the primordial perturbations exiting the horizon can be ob- 3 12 '
tained similar to that of a pre-big-bari§BB) scenarig22]
and the equation of motion of the scalar field is
*Electronic address: yspiao@itp.ac.cn ¢+3he+V'(¢)=0, (4)
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For the universe in the contracting phase, we have a’

<0. In this case, By is antifrictional, and instead of damp- H= a’ (12)

ing the motion ofe in the expanding phase, it accelerates the

motion of ¢. Thus, if the time is long enough, a scalar field where the prime denotes the derivative with respeef.t&or

initially in a flat part of the bottom of the potential will roll simplify, we neglect the details of the bounce and focus on

up along the potential. During this process, an instantaneous transition between a kinetic-dominated con-
tracting phase and a nearly de Sitter phase. Weysdd and

1., a=1 at the moment of transition for the matching; thus, we
2¢>V(e) ®  have
and a=+\1-2Hqyn, n<O0, (13

a= )
1-Hon

To match our observational cosmology, one requires a _ ) ) )
bounce from the contracting phase to the expanding phasé/.hereHo is the physical Hubble constant during the infla-
In the literature there have been several proposals for suchtnary phase. _ _
nonsingular scenario with the realization of the bounce, for Now we study the metric perturbations of the model.
instance, from a negative energy density fli28] or the ~ Working in the longitudinal gauge the scalar perturbations
curvature term{29] around the transition, or some higher- "esponsible for the observed large-angle CMB temperature
order terms stemming from quantum corrections in the ac@nisotropies can be written §32]
tion [30,31]. After the bounce, sincé>0, 3he becomes ds?=a%(n)[— (1+20)d7?+(1-2d)5;dxXdx],
frictional and serves as a damping term. Thus the motion of
¢ decays quickly. When the velocity af is 0, it reverses (19
and rolls down along the potential driven B (¢) and en- . .
ters the slow-roll regime in which the universe is dominated'Vnere ® is the Bardeen potentigB3]. For the Mukhanov-
by the potential energy of the scalar field: Sasaki variabl¢34], one has

o\
So+ ﬁcb):zg, (16)

1. =
562<V(e) 7) v=a

where ¢ is the background value of the scalar fieftl; de-
notes the perturbations of the scalar field during the periods
. of both phases, contraction and inflation, ahi$ the curva-
3he+V'(¢)=0. (8  ture perturbation on a uniform comoving hypersurfaze,
=ae'/H. In momentum space, the equation of motion pf

and

In general there exist two regimes in this scenarkor s
the regime before the bounce, the equation of state of the
background igp=p; consequently, we have

"

v+ | k32— ?)vk=0. 17

a(t)~ (-t 9
For the contracting phase before inflation,
while for the slow-roll regime after the bounces= —p, so
the evolution of the scale factor is given by 7' a’ — 2
—_——= (18
2
a(t)~exp(t). (10) Z a (1-2Hym)
25, M : ; H ; ;
For convenience of the calculations on the perturbation spe%—!{tizmk ?vfug] Cg]r?egug::ézt'tc:)ns are in their Minkowsid
trum, we definedt=ad» wherey is the conformal time. For ' P

both phases, we have 1

v~ —e K7, (19
a(n~(—n"2  a(n~(—n! (11) 2k
and and thus
_ [m(1—2Hon) ( k )
=\/—————HP| —kp+ —1, (20
A similar scenario has been proposg¥] in which the form oK) 8Hy 0 K 2H, (20

~¢" of the potential has been studied numerically and two
regimes—i.e.p=p for the contracting phase am=—p for the whereH? is the second kind of Hankel function at zeroth

expanding phase—have been found. order. For the nearly de Sitter phase,
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' a" 2H 3
.2 . 21)
Z & (1-Hon)
and thus
k (1) k
vi(m)=\/ —knp+ Hy CiHyp| —kn+ Ho
O | @
Ho
whereH§}) andH{2) are the first and second kind of Hankel

function with £ order, respectively, an€C,; and C, are

k-dependent functions, which are determined by the match-

ing conditions between two phases.
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In general, the details of the dynamics governing the FIG. 1. The power spectrum®, as a function ofk/H,. The x
bounce determine the matching conditions for the calculaaxis isk/H,, and they axis is Py /(Ho/2m)?.
tions of the spectrum, which specifically depend on whether
the curvature perturbatiof on a uniform comoving hyper-  tion P=Pg/r, wherer is a constant. We made a numerical

surface or the Bardeen potentfll passes regularly through
the bouncg35] (see als29,36—3§). For a bounce scenario

check and find this is a good approximation.
For k<H,, the Hankel function can be expanded in term

like PBB with higher-order correction terms, it has beenys 5 large variable; thus, we have, approximately.

shown to the first order i’ [39,40 on the continuity of the

induced metric and the extrinsic curvature crossing the con-

Ps~k® (27)

stant energy density matching surface between the contract-
ing and expanding phases; i.¢.(thusv) passes regularly on a large scale, which is the usual result of the PBB sce-
through the transition. From the matching condition at th%ario_ Fork>’]-[o' the Hankel function can be expanded in

transition pointy=0, i.e., the continuity ob andv’ implies
that

1—

2HZ 2H,.
K2k

k
(2)
"o (2%)

H, K
P ()
X +|)H1 (2%”' (23
2
_ T _ikih _2H0 2Ho. (2) L
C2= Viaz,® (1 @ T HO o,
Ho K
Ho o X
7 )Hl (2%0) , (24)

whereH® andH{? are the second kind of Hankel function

term of a small variable; thus, we obtain

Ps~k° (28
on a small scale, which is the result of inflation scenario.
This is because the larde-modes are inside the horizon
during the contracting phase and are not quite sensitive to the
background at this stage. Thus, when they cross the horizon
during inflation after the transition, the near-scale-invariant
spectrum can be generated by the evolution of the back-
ground during inflationary phase. In Fig. 1 we pRy in Eq.
(26) as a function ok/Hy. We see that fok~H, the am-
plitude of the spectrum oscillates and fog H, it decreases
rapidly and gets a cutoff. Therefore for an appropriate choice
of the e-fold number of inflation, it is possible to suppress
the lower multipoles of the CMB anisotropies.

Now we fit the resulting primordial spectra to the current

at zeroth and first order, respectively. The spectrum of tensqf,nap TT and TE data. In our model the sufficient contrac-

perturbation41] is

2
: (25)

k3

Po=2.2

v
a

for »—1/H,. Substituting Eqs(22), (23), and(24) into Eq.
(25), we obtain

2

0
Pg=ﬁk|C1—C2|2. (26)

tion makes the universe flat, so we tdke=0. We vary grid
points with range$0.65,0.79, [0.021,0.024, [0.12,0.14,
[0.05,0.3, and[0,0.001 Mpc™? for h, Qyh?, Q.q4sh?, T,
andH,, respectively. At each point in the grid we use sub-
routines derived from those made available by the WMAP
team to evaluate the likelihood with respect to the WMAP
TT and TE datd3]. The overall amplitude of the primordial
perturbations has been used as a continuous parameter. The
tensor contribution has not been considered sincan be
very small. We get a minimumy®=1428.2 ath=0.73,
0ph?=0.024, Q.4 h?=0.116, 7=0.2, and Hy=2.0

Since the spectrum freezes during slow-rolling inflation, thex 10~ # Mpc™t. We also run a similar code for the scale-
scalar spectrum can be obtained via the consistency condivariant spectrum for comparison and get a minimum
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x2=1429.7 ath=0.73, Q,h?=0.024, Q. 4;h?*=0.116, and In summary, we construct a scenario in which a contract-

7=0.2. This means our primordial spectrum is more favoredng phase is matched to an inflationary phase instanta-
at >1.10 than the scale-invariant spectrum in our realiza-neously. We calculate the spectrum of the scalar perturbation
tion. Regarded as a cutoff scale in the spectrum, the choicend find that the power spectrum on a large scale is sup-
of H, is arbitrary here and can be given in our fit witty ~ pressed due te-k®, which is the usual result of the PBB
=5.0x10 * Mpc™*. However, as we have sat=1 at the  scenario, and on small scale the near-scale-invariant spec-
transition scale instead of today, the exact physical energyum of inflation is recovered. Thus our scenario can provide
scale during the transition cannot be known due to the uny reasonable explanation for lower CMB anisotropies on
certainty in the number a#-foldings and details of reheating |5rge angular scales. Although in our proposed scenario we
[42,43. In Fig. 2 we show the resulting CMB TT multipoles negject the physical details of the bounce, the results ob-
and two-point temperature correlation function for the Scale'tained by us reflect the generic feature of model in which the

|nvar|antt spectrum gnd our spectt:]urtn tx”th a (I:tl.JtOﬁC'rl\‘/lgu_lr_' flation phase follows the contracting phase of PBB. In our
parameter space. Lne can see that the resuiting cenario, we not only obtain the suppressed lower multi-

quadrupole and the correlation func'uo_n #&60° can b_e goles, which is connected with the physical detail of PBB
much better suppressed for spectrum with a cutoff than in th . L : .
and bounce, but also avoids the initial singularity by the

scale-invariant case. - .
. . . ... __bounce. Furthermore, our scenario makes an attempt to im-
Very interestingly our spectrum predicts some oscillations

— ; : prove the PBB scenario on the graceful exit problem with a
ggriecr?tle\f\?l\];{s.g-ll—i?fr:g EF ﬁ'.shg(x):fetr? J#esgﬁggiag#rﬁ]setgrtir_]eperiod of inflation, which is worth studying further.
mordial spectrum is solely decided By, and we find that We thank Robert Brandenberger, Qing-Guo Huang, and
our spectrum cannot fit the WMAP glitches well. It is note- Mingzhe Li for helpful discussions. We acknowledge use of
worthy that our model predicts a near-scale-invariant specthe CMBFAST program[44,45]. This work is supported by the
trum on small scaleflarge k) with little running If further ~ National Natural Science Foundation of China under grant
observational data need robustly a large variation of théNos. 10105004, 19925523, 10047004 and also by the Min-
spectral index on small scales, this would act aamtismok-  istry of Science and Technology of China under grant No.

ing gunto our model. NKBRSF G19990754.
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