See also J.Torrado Poster

Searching for
primordial features from
CMB and LSS surveys

collab. with A. Achucarro, V. Atal, P. Ortiz, J. Torrado

% 'PRD 89 (2014) 103006]
% (PRD 90 (2014) 023511]

0 [arXiv:1410.4804]
INSTITUUT Bin Hu
LORENTZ

Lorentz Institute, Leiden University

The primordial Universe after Planck, IAP, Paris, Dec. 2014


http://arxiv.org/abs/arXiv:1410.4804

Outline

1. Observational hints of oscillatory teatures

2. Models with a transient reduction of the speed of sound
3. Search with CMB map

4. Search with LSS survey

5. Conclusion



D= U+1)C/2m [uK?]

AD, [,U'Kz]

7000

6000

5000

4000

3000

2000

1000

Planck-2013: Great success of base-LCDM
& single-field slow-roll inflationary model

vvvvvvvv

.. " " A F—

T T ™ Y T T T LA T T T LA T T T o Y

Planck TT spectrum

[Planck-2013: XVI]

AAAAAAA

AR AT ot
g o -'

 INERY S S

1 ek 1 ad 1

500 1000 1500 2000

Multipole (

0.25

Tensor-to-scalar ratio (rg.002)

0.00

0.20

0.15

0.10

0.05

o \
\
\

[Planck-2013: XXII]

Primordial tilt (n.)

-
.

0.96 0.98 1.0

[Planck-2013: XXIV] AuKSW)

Shape & Method Independent  ISW-lensing subtracted
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1. Observational hints of oscillatory features

TT spectrum residual from best-fit LCDM model
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Spectrum residual from best-fit LCDM model
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Observational hints of oscillatory features

2. CMB bispectrum
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Main results

1. A transient reduction of sound speed generically gives
primordial oscillatory features.

2. It could produce sizeable and distinguishable features in
CMB spectrum, bispectrum and matter spectrum.

3. Planck-2013 and WiggleZ data shows a coincidence In the
best-fit mode.

4. The statistical significance is not big enough to claim a
detection.

5. Based on our best-fit mode from power spectra, we have a
specific prediction on the bispectrum, and we are waiting for
Planck-2014(5) test.



2. Models with a transient reduction
of the speed of sound
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Two field model.: [S = / d'zy/=g [55’. — 59" Va0 0" - V(o)U

[Assumption: 1 light & 1 heavy fields]
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Time

[derivative coupling, e.g. b1y => a tum]

EFT for inflation: [¢a(t’ z) = ¢%(t + ) + Nt + 7r)]:g
X

'C. Cheung et. al. JHEP 0803 (2008) 014] /

'S. Weinberg Phys.Rev. D77 (2008) 123541] ||gh’[ adiabatic heavy isocurvature
'A. Achucarro et. al. JHEP 1205 (2012) 066]




After Integrating out heavy ftield

4 9 )
. . Seff = — / d'z a® M2 H {fr2 —~ (Vz) + (c5? — 1)7?
effective action P .
for light field: slow roll  sound spleed
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Primordial sprectrum:  Pr o O(e) + O (e(1 - ¢;%)) sub-leading

Primordial bispectrum: B0 ( =) +0( eading
C
~ —_ —2 ~U 5 ~J .
e ~ 0(0.01) 1 —c; O(0.1) He. O(0.1)

Do NOT interrupt slow roll condition!
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Oscillatory features in the transient sound speed reduction

models— Power spectrum
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2. Primordial Bispectrum (leading order)
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Other studies and searches for features In the
CMB Power spectrum and bispectrum

Linear oscillation (e.g. step-like features in V)
Adshead, Hu, Miranda (2013), Benetti (2013), Miranda, Hu (2013) Fergusson et al. 1410.5114

Log-spaced oscillation (e.g. monodromy inflation)

Meerburg, Spergel, Wandelt (2013a, 2013b, 2014) (incl. also linear) Peiris, Easther, Flauger (2013),
Munchmeyer, Meerburg, Wandelt (2014)

Others sources of features

(e.g. multi-field dynamics, non-Bunch-Davis vacuum)

Danielsson (2002), Greene, Schalm, Shiu, v.d. Schaar (2004) Meerburg, v.d. Schaar, Corasaniti (2009),
Jackson, Schaalm (2010), Gao, Langlois, Mizuno (2012, 2013), Saito, Takamizu (2013),
Noumi, Yamaguchi (2013), Miranda, Hu, Dvorkin (2014), Cai, Chen, Ferreira, Quintin (2014) ...

And, of course, Planck's team search for features:

Ade et al. (2013) "Constraints on Inflation”



3. Search with CMB map—TT spectrum

profile likelihood

Also see
Meerburg's talk
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4. Search with LSS survey—WiggleZ
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Independent search with different data
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log(—7)

Independent search with different data
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Combine Planck and WiggleZ
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M, -

Bayesian Evidence

Evidence: z-= /L(D|M(0))7r(9) ale

Base-LCDM model M, : Sound speed model

R<1: data faver MO R>1: data faver M1

| | Beyesian
posterior evidence ratio

Model

Data set —2In L In Z R

M
Mo

Planck 9801.918 (9796.27) |—4955.61 4 0.31

exp(0.46) ~ 1.6
Planck 0807.154 (9805.90) |—4956.07 & 0.31

M,
Mo

Planck+WiggleZ|10253.570 (10249.20)|—5183.05 + 0.32

exp(0.62) ~ 1.9
Planck+WiggleZ|10262.042 (10258.80)|—5183.67 + 0.31

Jeffreys’s criterion (1<R<3): Barely worth mentioning!



Conclusion

1. A transient reduction of the speed of sound generically gives
orimordial oscillatory features.

2. It could produce sizeable and distinguishable features in
CMB spectrum, bispectrum and matter spectrum.

3. Planck-2013 and WiggleZ data shows a coincidence In the
best-fit mode.

4. The statistical significance is not big enough to claim a
detection.

5. Based on our best-fit mode from power spectra, we have
specific prediction on the bispectrum, and we are waiting for
Planck-2014(5) test.



Thanks for your attention!
Merry Xmas to Planck!
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Two mode with the same frequency Log(-7,)=55
but with different location zesp)=63 (red) Log®=72 (green)
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Primordial power spectrum
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Transfer function
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After convolving with transfer function
they looks similar, due to the damping effect on small scale
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log(—7y)

5.6

3. Search with CMB map—TT spectrum
Planck+WP

profile likelihood
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Search with CMB map—Zoom in best-fit
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2. Models with a transient reduction
of the speed of sound
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4. Search with LSS survey—WiggleZ
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