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Cosmic Microwave Background
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Extract cosmic parameters

Spherical harmonic
Transform
(2D Fourier transform)
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Polarlzatlon pattern on CMB

3-mode: parity odd . E mode: parity even
Gravitational wave Density fluctuation and GW
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Gravitational lens

Hu & Okamoto (2001)
large scale massive objects

cluster of galaxies)
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Neutrino in gravitational
potential

Neutrinos are only HOT massive particle in SM
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>¥m, In CMB spectrum
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Lensing B-mode Is sensitive to the neutrino mass
Less correlated to other cosmological parameters

8 Simulated by CAMB: http://camb.info/



Separation of 7 and Xm,

Sum of Neutrino mass Tau(optical depth)

I(1+1)C/2pi
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Unfortunately, 2.1, and T show similar effect on B-mode spectrum
Tau: Transparency of re-ionization era caused by first stars
We need an additional constraint !

9 Simulated by CAMB



Separation of 7 and Xm,

Tau(optical depth)

Sum of Neutrino mass
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GroundBIRD
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Ground-based telescopes

GroundBIRD
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Future experiments
and expected results

Colored area: [3 0 constraint from oscillation exp. CMB-5S4 (U.S))
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100,000 sensors !
PhysRevD.90.033005
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Expected sensitivity
If CMB exp. observe the high mass(>0.1eV) neutrino -
Neutrino less double beta decay exp. Ly (Zm’/) = 16 meV
Observe at same mass -> Majorana ! o (Neff) = 0.020
Reject that mass point -> Dirac !
CMB cannot observe -> Normal !!!



Summary

The lensing B-modes are good probe to measure the mass
distribution

The neutrinos contributes growth of large scale structure

The lensing B-modes are sensitive to neutrino mass




