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CMB B-mode

- A polarisation mode of photons
- Generated by gravitational waves (tensor perturbations)
- No detections so far, but possibly to be done in the (near) future
                                                                              (e.g. LiteBIRD)

E-mode

B-mode

Gives fruitful information on inflation and the early Universe.

B
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Reconstruction

How well can we distinguish primordial power spectra predicted
in various models from the fiducial one (slow-roll inflation) ?

Fisher matrix

How accurately can we measure the primordial spectrum under
the expected observational noises ?
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Fisher Information Matrix for CMB

: characterising the primordial spectrum

“noise”
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Modelling tensor power spectrum

bins

following the Planck 2015 results

e.g. Hlozek et al., APJ 749 (2012) 90 , arXiv:1105.4887

Fisher matrix
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Fisher Information Matrix for CMB



Reconstruction of tensor power spectrum 7/20

Takashi Hiramatsu
Building block 1/3 : Tensor B-mode

Angular power spectrum of B-mode fluctuations

Transfer function given by solving Boltzmann equations
with parameters from Planck 2015 results :

(   is an index of        )
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Building block 2/3 : Lensing B-mode

B-mode induced by E→ B conversion of lensing
Smith et al., JCAP 1206 (2012) 014, arXiv:1010.0048

Lensing potential
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Building block 3/3 : Detector noise

For simplicity, here we consider a white noise (independent to     )

(Planck, averaged over 3 bands)
Zaldarriaga et al. arXiv:0811.3918

(Future experiments)

Katayama & Komatsu, APJ 737 (2011) 78, arXiv:1101.5210
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Fisher Information Matrix for CMB

Numerator : 

Denominator : 

Uncertainty to measure           :
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Results : 1-σ error of binned spectrum

(future mission)

cosmic var.

lensing

white noise

Contributions from the noise sources
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Results : demonstration

SU(2)-axion
Massive gravity

Red-tilted (open inflation)

Yamauchi et al., PRD 84 (2011) 043513

Thorne et al., arXiv:1707.03240; Dimastrogiovanni et al., JCAP 01 (2017) 019

Sasaki, private communication; Domenech et al., JCAP 1705 (2017) 034

SU(2)-axion

Red-tilted

Massive gravity

(future mission)
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Results : demonstration

More quantitatively, we should estimate      .

Probability to exceed (PTE) = Probability to confuse a model spectrum
                                                 with the fiducial one.
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Results : demonstration

(future mission)

Distinguishable from fiducial spectrum with a high significance !

         PTE

SU(2)

Massive

Red
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Results : demonstration

(PLANCK)

All models cannot be distinguished from the fiducial one.

        PTE

SU(2)

Massive

Red
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Simulator is to be in public

- To be available on your web browser
- Compute from numerical data of spectrum as well as in built-in models
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Summary

(with a simple detector noise model + no other foreground noises) 

Fisher matrixDetectable ?

How accurately can we measure the primordial spectrum under
the expected observational noises ?
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Current status of CMB2ND

- Lensed power spectra and bispectra of all possible combinations
  up to            and
   (50       ‘s and 128             ‘s)

-        estimator for Local/Equilateral/Orthogonal/Folded templates
-  Scalar/Tensor bispectra based on 'curve'-of-sight formula 

- Linear power spectra of Scalar/Vector/Tensor  Θ/E/B-modes

- Linear power spectra of Gradient/Curl-modes induced by
 S/V/T perturbations

Achievement
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Current status of CMB2ND

Lensed signal

Lensed spectra
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Current status of CMB2ND

50 power spectra 128 bispectra × 4 templates

TEST COMPUTATION TEST COMPUTATION

- Statistical anisotropy, inducing               correlation 

- Cosmic strings, inducing the unequal-time correlation

Using CMB2ND, we study...

e.g. Fujita et al., arXiv:1801.02778

e.g. Daveiro et al., PRD93 (2016) 085014, arXiv:1510.05006
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