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■ Angular power spectra outliers?
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■ Unbinned + 5 pts average (TT data)
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■ Oscillating transfer functions [Hu 04]

ℓ(ℓ + 1)CXY
ℓ ∝

∫
T X

ℓ (k)T Y
ℓ (k)P(k) d(ln k)

■ Features in Cℓ can either come from
transfer functions or P(k).

■ Transfer effects are unlikely to affect all
scales

■ Disambiguation is possible by using sev-
eral observables [Hamann 08, Mortonson 09]

CEE
ℓ , CTT

ℓ , CTE
ℓ , Pm(k), 21cm
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■ Background induced features

◆ Inflation + steps
[Starobinsky 92, Covi 06, Joy 08, Hazra 10]

◆ Multiple inflation [Barriga 01, Hunt 04]

◆ Oscillating pot. [Wang 05]

◆ Variable mass fields [Langlois 05]

◆ Multifieds inflation [Achucarro 10]

◆ Bouncing universe models
[Martin 03b, Falciano 08, Brandenberger 09]

◆ Warm inflation [Barnaby 09]

◆ Monodromy inflation [Flauger 10]

◆ Cyclic inflation [Biswas 10]

■ Non-standard perturbations

◆ Non-vacuum initial state [Martin 00]

◆ Modified dispersions
[Corley 96, Brandenberger 01, Niemeyer 01]

◆ Quantum deformations
[Kempf 01, Easther 01, Hassan 03, Sriramkumar 06]

◆ Non-commutative geometry
[Lizzi 02, Tsujikawa 03]

◆ Decaying modes [Amendola 05]

◆ Higher order op. [Armendariz-Picon 09]

◆ WKB violations [Kinney 08, Lorenz 08]

◆ Defects during inflation [Tseng 09]

■ Minimal trans-Planckian effects: non-standard initial
conditions [Danielsson 02, Niemeyer 02, Easther 02, Martin 03a, Kaloper 03, Brandenberger 05, Greene 05]
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■ Sub-Hubble modes are also of sub-Planckian wavelength?

λ aα

aeq
arehaend

Inflation

1/ H

Nreh ?

N* ~ 50−70 efolds

Nobs ~ 10 efolds P(k)

Matter

N=ln(a)

Reheating

1/ Mc

Radiation
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■ Linear perturbations in the field δφ and metric gµν

ds2 = −a2(1 + 2φ)dη2 + a2 [(1 − 2Ψ)δij + hij ] dxidxj

■ Dynamics: perturbed KG + Einstein equations

µT ∝ ah

µS ∝ a(δφ +
√

2ǫ1Ψ)

ǫ1 ≡ 1 −H′/H2





⇒ µ′′
TS

+

[
k2 − (a

√
ǫ1)

′′

a
√

ǫ1

]

︸ ︷︷ ︸
µTS = 0

ω2(η)

■ Canonical quantization [Mukhanov 81, Starobinsky 82]

µ̂(η,x) =

∫
d3

k

(2π)3/2

[
ĉk(η0)µ

∗
k(η)eik·x + ĉ†

k
(η0)µk(η)e−ik·x

]

µ̂(η,k) = ĉk(η0)µ
∗
k(η) + ĉ−k(η0)µk(η) ⇒ P ∝ k3

∣∣∣∣
µkST

a
√

ǫ1

∣∣∣∣
2
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■ Minkowski vacuum at decoupling k ≫ H(η): positive energy waves

ω(k) → k ⇒ lim
kη→−∞

µ̄k(η) =
e−ik(η−η0)

√
2k

⇔





µ̄k(η0) =
1√
2k

µ̄′
k(η0) = −i

√
k

2

■ Single field inflation: ω2(k) = k2 − ν2(η) − 1/4

η2

◆ Slow-roll: ν2
k = 9/4 + 3ǫ1k + 3/2ǫ2k +O

(
ǫ2

)
where kH(ηk) = 1

µ̄k(η) =

√
π

2
ei(π/4+νk/2)√−ηH(1)

νk
(−kη)

■ Super-Hubble spectra (kη ≪ 1) + pivot expansion: k∗H(η∗) = 1

P̄ζ(k) =
H2

∗

8π2ǫ1∗

[
1 − 2 (C + 1) ǫ1∗ − Cǫ2∗ − (2ǫ1∗ + ǫ2∗) ln

k

k∗

]
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■ Both initial time and state may be altered

◆ Mode creation at a constant physical length: k/a(η0k) = Mc

◆ kη → −∞ does not apply: α-vacua |ck|2 − |dk|2 = 1 [Allen 85]

µk(η0k) =
ck + dk√
2ω(k, η0k)

, µ′
k(η0k) = −i

√
ω(k, η0k)

2
(ck − dk)

■ At any ulterior time: µk(η) = αkµ̄k(η) + βkµ̄∗
k(η)

|µk|2 =
(
|αk|2 + |βk|2

)
|µ̄k|2 + 2ℜ

{
αkβ∗

kµ̄2
k

}

■ Instantaneous Minkowski vacuum: ck = 1, dk = 0 at η = η0k [Martin 03a]

◆ Slow-roll, pivot and σ0 =
H(η0)

Mc
expansions:

k0

a(η0)
= Mc

Pζ(k)

P̄ζ(k)
= 1 + σ3

0 [1 + O(ǫ∗)] sin

[
2

σ0

(
1 + ǫ1∗ + ǫ1∗ ln

k

k0

)]
+ O(ǫ∗) σ3

0 cos

[ ]



Decoupling amplitude and frequency

Motivations

Generating oscillations

Cosmological
perturbations from
inflation
Bunch–Davies vacuum at
small scales
Non-standard initial
conditions
Decoupling amplitude and
frequency

Other initial condition
choices

Observing oscillations and
features

Conclusion

11 / 23

■ Deviations from an initial instantaneous Minkowski state (η0k)

{
ck = 1 + ykσ0 + . . .

dk = xkσ0 + . . .
assuming

{
xk ≃ |x|eiϕ

yk ≃ y (y + y∗ = 0)

■ Superimposed oscillations in the power spectra

Pζ = P̄ζ

{
1 − 2|x|σ0 cos

[
2

σ0

(
1 + ǫ1∗ + ǫ1∗ ln

k

k0

)
+ ϕ

]}

− H2
∗

8πǫ1∗
(2ǫ1∗ + ǫ2∗)|x|σ0 sin

[
2

σ0

(
1 + ǫ1∗ + ǫ1∗ ln

k

k0

)
+ ϕ

]

Ph = P̄h

{
1 − 2|x|σ0 cos

[
2

σ0

(
1 + ǫ1 + ǫ1 ln

k

a0Mc

)
+ ϕ

]}

− 4H2
∗

π
ǫ1∗|x|σ0 sin

[
2

σ0

(
1 + ǫ1∗ + ǫ1∗ ln

k

k0

)
+ ϕ

]
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■ IC fixed at a constant initial time: oscillations in cos(2k/σ0)

λ aα

aeq
arehaend

Inflation

1/ H

Nreh ?

N* ~ 50−70 efolds

Nobs ~ 10 efolds P(k)

Matter

N=ln(a)

Reheating Radiation

■ Initial states: boundary field theories [Porrati 04, Greene 05, Schalm 05, Collins 06]

◆ High energy physics encoded into new operators

◆ Allows derivations of back-reaction + (loop corrections?)
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■ But can be of 6= shape and of 6= amplitudes!

◆ Integrating out massive extra degrees of freedom (in-in) [Jackson 10]

P = lim
kη→0

k3

2π2
〈0(η0)|U†(η0, η) µ̂†

kµ̂k U(η0, η)|0(η0)〉

ln k

P
k

■ What are the observable consequences?
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■ Minimal trans-Planckian: ǫ1∗/σ0 ≃ 101.8, 2|x|σ0 ≃ 0.2
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■ Amplitude damped for large scales and high-frequencies
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■ Large scale with ǫ1∗/σ0 ≫ ℓ

ℓ(ℓ + 1)Cℓ ≃
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∗
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■ Linear terms dominate [Hu 00]

C̃l ≃ (1 − l2R)Cl +

∫
Cl′−lF (l′, l − l′) dl′
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■ Direct window on the primordial spectra

◆ High frequency killed in CMB ⇒ large oscillations in Pm(k)?
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◆ Linear regime: oscillations are smoothed out by the window
functions width (example SDSS)

■ Non-linear regime? Small halos distribution affected [Felippe S. Rodrigues 10]
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■ Power spectra cut into band powers and invert Cℓ data with your
favorite tool (deconvolution) [Wang 99, Bridle 03, Tocchini-Valentini 05, Shafieloo 07, Peiris 10]

◆ There are as many extra-parameters as band powers

◆ WMAP5 + SN1a + HST+ BBN data

Fixed cosmo, WMAP only [Nicholson 09] All data [Nicholson 10]

■ Statistical significance is difficult to assess
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■ Multi-parameter space: cosmo + astro + oscillations

◆ Most approaches have been focused on |x| = 1 (no detection)

◆ Griding methods, Fisher matrix analysis [Bergstrom 02, Elgaroy 03, Okamoto 04]

◆ Forecast depends on ǫ1∗ & 10−3: at best σ0 ∼ 10−4
[Hamann 08]

■ Hedgehog likelihood −2 lnLTT =
∑

ℓ(2ℓ + 1)

(
ln

Cℓ

Ĉℓ

+
Cℓ

Ĉℓ

− 1

)

[Easther 05]
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■ Renders parameter estimations hard but that’s a signature [Easther 05]
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■ 3 oscillation parameters [Martin 04b, Martin 04a, Martin 05]

|x|σ0,
ǫ1∗
σ0

, ψ ≡ 2

σ0
(1 + ǫ1∗) + ϕ

■ Best fit for WMAP3 had ∆χ2 ≃ −13

◆ Large high-frequency oscillations: log
ǫ1∗
σ0

≃ 2.23, |x|σ0 ≃ 0.27

◆ Fitted small-scale outliers
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■ WMAP3: |x|σ0 < 0.38 at 95% CL [Martin 06]
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log(ε
1
 / σ

0
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■ Current WMAP7 data: |x|σ0 < 0.26 (95%); best fit ∆χ2 ≃ −11
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■ Oscillations = better fit but not favoured (prior space killed); but. . .
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■ In the plane {frequency-amplitude} and {frequency-phase}

■ This can be interpreted as oscillations signature
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■ 3 extra-parameters + WMAP5: 4σ non-vanishing B [Nagata 09, Ichiki 10]

P(k)
¯P(k)

= B exp
[
−(k − k0)

2/κ2
]
cos [π(k − k0)/κ]
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■ Oscillations and features in the CMB

◆ Remember: may not necessarily come from P(k)

◆ Primordial effects reflect

■ Non-standard inflationary background evolution

■ Perturbation dynamics and/or IC are changed

◆ Seems to be present in the current data

■ Disambiguation needs other observables

◆ Polarization, matter power spectrum, 21cm. . .

◆ Non-Gaussianities (see other talks)



References (1)

note 1 of slide 23

[Achucarro 10] Ana Achucarro, Jinn-Ouk Gong,
Sjoerd Hardeman, Gonzalo A. Palma & Sub-
odh P. Patil. Features of heavy physics in the
CMB power spectrum. 2010.

[Allen 85] Bruce Allen. Vacuum States in de Sit-
ter Space. Phys. Rev., vol. D32, page 3136,
1985.

[Amendola 05] Luca Amendola & Fabio Finelli. On
the Effects due to a Decaying Cosmological
Fluctuation. Phys. Rev. Lett., vol. 94, page
221303, 2005.

[Armendariz-Picon 09] Cristian Armendariz-Picon,
Michele Fontanini, Riccardo Penco & Mark
Trodden. Where does Cosmological Pertur-
bation Theory Break Down? Class. Quant.
Grav., vol. 26, page 185002, 2009.

[Barnaby 09] Neil Barnaby & Zhiqi Huang. Par-
ticle Production During Inflation: Observa-
tional Constraints and Signatures. Phys.
Rev., vol. D80, page 126018, 2009.

[Barriga 01] J. Barriga, E. Gaztanaga, M. G. San-
tos & Subir Sarkar. On the APM power spec-
trum and the CMB anisotropy: Evidence for
a phase transition during inflation? Mon.
Not. Roy. Astron. Soc., vol. 324, page 977,
2001.

[Bergstrom 02] Lars Bergstrom & Ulf H. Daniels-
son. Can MAP and Planck map Planck
physics? JHEP, vol. 12, page 038, 2002.

[Biswas 10] Tirthabir Biswas, Anupam Mazumdar
& Arman Shafieloo. Wiggles in the cos-
mic microwave background radiation: echoes
from non-singular cyclic-inflation. 2010.

[Brandenberger 01] Robert H. Brandenberger &
Jerome Martin. The robustness of inflation to
changes in super-Planck- scale physics. Mod.
Phys. Lett., vol. A16, pages 999–1006, 2001.

[Brandenberger 05] Robert H. Brandenberger &
Jerome Martin. Back-reaction and the
trans-Planckian problem of inflation revis-
ited. Phys. Rev., vol. D71, page 023504,
2005.

[Brandenberger 09] Robert Brandenberger & Xin-
min Zhang. The Trans-Planckian Problem
for Inflationary Cosmology Revisited. 2009.

[Bridle 03] S. L. Bridle, A. M. Lewis, J. Weller &
G. Efstathiou. Reconstructing the primor-
dial power spectrum. Mon. Not. Roy. Astron.
Soc., vol. 342, page L72, 2003.

[Collins 06] Hael Collins & R. Holman. The renor-
malization of the energy-momentum tensor
for an effective initial state. Phys. Rev.,
vol. D74, page 045009, 2006.

[Corley 96] Steven Corley & Ted Jacobson. Hawk-
ing Spectrum and High Frequency Disper-
sion. Phys. Rev., vol. D54, pages 1568–1586,
1996.

[Covi 06] Laura Covi, Jan Hamann, Alessandro
Melchiorri, Anze Slosar & Irene Sorbera. In-
flation and WMAP three year data: Features
have a future! Phys. Rev., vol. D74, page
083509, 2006.

[Danielsson 02] Ulf H. Danielsson. A note on infla-
tion and transplanckian physics. Phys. Rev.,
vol. D66, page 023511, 2002.

[Easther 01] Richard Easther, Brian R. Greene,
William H. Kinney & Gary Shiu. Inflation
as a probe of short distance physics. Phys.
Rev., vol. D64, page 103502, 2001.

[Easther 02] Richard Easther, Brian R. Greene,
William H. Kinney & Gary Shiu. A generic
estimate of trans-Planckian modifications to
the primordial power spectrum in inflation.
Phys. Rev., vol. D66, page 023518, 2002.

[Easther 05] Richard Easther, William H Kinney &
Hiranya Peiris. Observing trans-Planckian
signatures in the cosmic microwave back-
ground. JCAP, vol. 0505, page 009, 2005.

[Elgaroy 03] Oystein Elgaroy & Steen Hannestad.
Can Planck-scale physics be seen in the cos-
mic microwave background? Phys. Rev.,
vol. D68, page 123513, 2003.



References (2)

note 2 of slide 23

[Falciano 08] Felipe T. Falciano, Marc Lilley &
Patrick Peter. A classical bounce: con-
straints and consequences. Phys. Rev.,
vol. D77, page 083513, 2008.

[Felippe S. Rodrigues 10] Luiz Felippe S. Ro-
drigues & Reuven Opher. A large change in
the predicted number of small halos due to a
small amplitude oscillating inflaton potential.
Phys. Rev., vol. D82, page 023501, 2010.

[Flauger 10] Raphael Flauger, Liam McAllister,
Enrico Pajer, Alexander Westphal & Gang
Xu. Oscillations in the CMB from Axion
Monodromy Inflation. JCAP, vol. 1006, page
009, 2010.

[Greene 05] Brian R. Greene, Koenraad Schalm,
Gary Shiu & Jan Pieter van der Schaar. De-
coupling in an expanding universe: Backreac-
tion barely constrains short distance effects in
the CMB. JCAP, vol. 0502, page 001, 2005.

[Groeneboom 08] Nicolaas E. Groeneboom & Oys-
tein Elgaroy. Detection of transplanckian ef-
fects in the cosmic microwave background.
Phys. Rev., vol. D77, page 043522, 2008.

[Hamann 08] Jan Hamann, Steen Hannestad, Mar-
tin S. Sloth & Yvonne Y. Y. Wong. Ob-
serving trans-Planckian ripples in the primor-
dial power spectrum with future large scale
structure probes. JCAP, vol. 0809, page 015,
2008.

[Hassan 03] S. F. Hassan & Martin S. Sloth. Trans-
Planckian effects in inflationary cosmology
and the modified uncertainty principle. Nucl.
Phys., vol. B674, pages 434–458, 2003.

[Hazra 10] Dhiraj Kumar Hazra, Moumita Aich,
Rajeev Kumar Jain, L. Sriramkumar & Tarun
Souradeep. Primordial features due to a step
in the inflaton potential. JCAP, vol. 1010,
page 008, 2010.

[Hu 00] Wayne Hu. Weak lensing of the CMB: A
harmonic approach. Phys. Rev., vol. D62,
page 043007, 2000.

[Hu 04] Wayne Hu & Takemi Okamoto. Principal
Power of the CMB. Phys. Rev., vol. D69,
page 043004, 2004.

[Hunt 04] Paul Hunt & Subir Sarkar. Multiple in-
flation and the WMAP ’glitches’. Phys. Rev.,
vol. D70, page 103518, 2004.

[Ichiki 10] Kiyotomo Ichiki, Ryo Nagata & Jun’ichi
Yokoyama. Cosmic Discordance: Detection
of a modulation in the primordial fluctua-
tion spectrum. Phys. Rev., vol. D81, page
083010, 2010.

[Jackson 10] Mark G. Jackson & Koenraad
Schalm. Model Independent Signatures
of New Physics in the Inflationary Power
Spectrum. 2010.

[Joy 08] Minu Joy, Varun Sahni & Alexei A.
Starobinsky. A New Universal Local Fea-
ture in the Inflationary Perturbation Spec-
trum. Phys. Rev., vol. D77, page 023514,
2008.

[Kaloper 03] Nemanja Kaloper & Manoj Kapling-
hat. Primeval corrections to the CMB
anisotropies. Phys. Rev., vol. D68, page
123522, 2003.

[Kempf 01] Achim Kempf. Mode generating mech-
anism in inflation with cutoff. Phys. Rev.,
vol. D63, page 083514, 2001.

[Kinney 08] William H. Kinney & Konstantinos
Tzirakis. Quantum modes in DBI inflation:
exact solutions and constraints from vacuum
selection. Phys. Rev., vol. D77, page 103517,
2008.

[Langlois 05] David Langlois & Filippo Vernizzi.
From heaviness to lightness during inflation.
JCAP, vol. 0501, page 002, 2005.

[Lizzi 02] Fedele Lizzi, Gianpiero Mangano, Gen-
naro Miele & Marco Peloso. Cosmological
perturbations and short distance physics from
noncommutative geometry. JHEP, vol. 06,
page 049, 2002.



References (3)

note 3 of slide 23

[Lorenz 08] Larissa Lorenz, Jerome Martin &
Christophe Ringeval. K-inflationary Power
Spectra in the Uniform Approximation. Phys.
Rev., vol. D78, page 083513, 2008.

[Martin 00] Jerome Martin, Alain Riazuelo & Mairi
Sakellariadou. Non-vacuum initial states
for cosmological perturbations of quantum-
mechanical origin. Phys. Rev., vol. D61, page
083518, 2000.

[Martin 03a] Jerome Martin & Robert Branden-
berger. On the dependence of the spec-
tra of fluctuations in inflationary cosmol-
ogy on trans-Planckian physics. Phys. Rev.,
vol. D68, page 063513, 2003.

[Martin 03b] Jerome Martin & Patrick Peter. Para-
metric amplification of metric fluctuations
through a bouncing phase. Phys. Rev.,
vol. D68, page 103517, 2003.

[Martin 04a] Jerome Martin & Christophe
Ringeval. Addendum to “Superimposed
Oscillations in the WMAP Data?”. Phys.
Rev., vol. D69, page 127303, 2004.

[Martin 04b] Jerome Martin & Christophe
Ringeval. Superimposed Oscillations in the
WMAP Data? Phys. Rev., vol. D69, page
083515, 2004.

[Martin 05] Jerome Martin & Christophe Ringeval.
Exploring the superimposed oscillations pa-
rameter space. JCAP, vol. 0501, page 007,
2005.

[Martin 06] Jerome Martin & Christophe Ringeval.
Inflation after WMAP3: Confronting the
slow-roll and exact power spectra to CMB
data. JCAP, vol. 0608, page 009, 2006.

[Mortonson 09] Michael J. Mortonson, Cora
Dvorkin, Hiranya V. Peiris & Wayne Hu.
CMB polarization features from inflation
versus reionization. Phys. Rev., vol. D79,
page 103519, 2009.

[Mukhanov 81] Viatcheslav F. Mukhanov & G. V.
Chibisov. QUANTUM FLUCTUATION AND
’NONSINGULAR’ UNIVERSE. (IN RUS-
SIAN). JETP Lett., vol. 33, pages 532–535,
1981.

[Nagata 09] Ryo Nagata & Jun’ichi Yokoyama.
Band-power reconstruction of the primordial
fluctuation spectrum by the maximum like-
lihood reconstruction method. Phys. Rev.,
vol. D79, page 043010, 2009.

[Nicholson 09] Gavin Nicholson & Carlo R. Con-
taldi. Reconstruction of the Primordial Power
Spectrum using Temperature and Polarisa-
tion Data from Multiple Experiments. JCAP,
vol. 0907, page 011, 2009.

[Nicholson 10] Gavin Nicholson, Carlo R. Contaldi
& Paniez Paykari. Reconstruction of the Pri-
mordial Power Spectrum by Direct Inversion.
JCAP, vol. 1001, page 016, 2010.

[Niemeyer 01] Jens C. Niemeyer. Inflation with a
high frequency cutoff. Phys. Rev., vol. D63,
page 123502, 2001.

[Niemeyer 02] Jens C. Niemeyer, Renaud
Parentani & David Campo. Minimal
modifications of the primordial power spec-
trum from an adiabatic short distance cutoff.
Phys. Rev., vol. D66, page 083510, 2002.

[Okamoto 04] Takemi Okamoto & Eugene A. Lim.
Constraining Cut-off Physics in the Cos-
mic Microwave Background. Phys. Rev.,
vol. D69, page 083519, 2004.

[Peiris 10] Hiranya V. Peiris & Licia Verde. The
Shape of the Primordial Power Spectrum:
A Last Stand Before Planck. Phys. Rev.,
vol. D81, page 021302, 2010.

[Porrati 04] M. Porrati. Effective field theory
approach to cosmological initial conditions:
Self-consistency bounds and non- Gaussiani-
ties. 2004.



References (4)

note 4 of slide 23

[Schalm 05] Koenraad Schalm, Gary Shiu & Jan Pieter van der Schaar. The cosmological vacuum ambiguity, effective actions, and transplanckian effects in inflation.
AIP Conf. Proc., vol. 743, pages 362–392, 2005.

[Shafieloo 07] Arman Shafieloo, Tarun Souradeep, P. Manimaran, Prasanta K. Panigrahi & Raghavan Rangarajan. Features in the Primordial Spectrum from
WMAP: A Wavelet Analysis. Phys. Rev., vol. D75, page 123502, 2007.

[Sriramkumar 06] L. Sriramkumar & S. Shankaranarayanan. Path integral duality and Planck scale corrections to the primordial spectrum in exponential inflation.
JHEP, vol. 12, page 050, 2006.

[Starobinsky 82] Alexei A. Starobinsky. Dynamics of Phase Transition in the New Inflationary Universe Scenario and Generation of Perturbations. Phys. Lett.,
vol. B117, pages 175–178, 1982.

[Starobinsky 92] Alexei A. Starobinsky. Spectrum of adiabatic perturbations in the universe when there are singularities in the inflation potential. JETP Lett.,
vol. 55, pages 489–494, 1992.

[Tocchini-Valentini 05] Domenico Tocchini-Valentini, Marian Douspis & Joseph Silk. Are there features in the primordial power spectrum? Mon. Not. Roy. Astron.
Soc., vol. 359, pages 31–35, 2005.

[Tseng 09] Chien-Yao Tseng & Mark B. Wise. Inflaton Two-Point Correlation in the Presence of a Cosmic String. Phys. Rev., vol. D80, page 103512, 2009.

[Tsujikawa 03] Shinji Tsujikawa, Roy Maartens & Robert Brandenberger. Non-commutative inflation and the CMB. Phys. Lett., vol. B574, pages 141–148, 2003.

[Wang 99] Yun Wang, David N. Spergel & Michael A. Strauss. Cosmology in the next millennium: Combining MAP and SDSS data to constrain inflationary
models. Astrophys. J., vol. 510, page 20, 1999.

[Wang 05] Xiulian Wang, Bo Feng, Mingzhe Li, Xue-Lei Chen & Xinmin Zhang. Natural inflation, Planck scale physics and oscillating primordial spectrum. Int. J.
Mod. Phys., vol. D14, page 1347, 2005.


	Outline
	Motivations
	CMB measurements
	WMAP7 data
	Primordial versus astrophysical features
	Theoretical proposals

	Generating oscillations
	Cosmological perturbations from inflation
	Perturbations of quantum mechanical origin
	Standard initial conditions in slow-roll inflation
	Non-standard initial conditions
	Decoupling amplitude and frequency
	Other initial condition choices
	Oscillations are generic

	Observing oscillations and features
	Super-imposed oscillations in the CMB spectra
	Not washed out by lensing
	Matter power spectrum
	Reconstructing primordial power spectra from CMB data
	Looking for wiggles directly into CMB data
	Independent amplitude and frequency
	Posterior probabilities and mean likelihood
	WMAP7 likelihood shape
	Bayesian detection of a modulated feature

	Conclusion
	Conclusion


