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News from Planck satellite
) Workshops 2014

In Ferrara, Italy, 15t December 2014
In Paris, France, 15t December 2014
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Future cosmological observations
useful for neutrino masses
determinations for m ~0.05eV

Cosmological 21cm line
CMB polarization (lensed B-mode)
Baryon Acoustic Oscillation (BAO)




Hot and/or warm thermal-relic
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Matter power specfr'um P(k) = |6,1?)
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Neutrinos with m,=0(0.01) eV become
non-relativistic at 3T=m =0(0.01) eV

Much after the recombination (3T<<1eV)
Before galaxy formation (37>>0.001eV)

et

21cm line and CMB lensed B-mode
polarization observation should be the
best tool to constrain mass hierarchy

with m ~0.05 eV
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Cosmological 21cm line was
emitted at the reionization epoch,
Temperature T ~ 0.003eV —0.01 eV

Evolution of spin temperature after star formation
3T= 0.01ev 3T=002eV
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Gas was heated by X-ray emission
Ty > T,

z ~10 by Ly-a heating Ts > T, > T,



21cm line power spectrum P,,(k,u)
traces the baryon power spectrum

(521(")5;1 (k’)> = (2m)*6° (k — k') P, (k, )
M, <0.1eV 5xH1 <1

Py1(k, i) = (1 + p®)?Ps,, 5,, (k)

Ps, s.,(k) : matter power spectrum

U: cosine with respect to line of sight

Detail of ionization history
gives us power spectrum




SKA ( Square kilometer Array )
Location : Australia and South Africa
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(KEK’s) Future CMB polarization
observations

* POLARBEAR 2
* Simons Array
 GroundBIRD

* LiteBIRD

See Osamu Tajima's talk



Future constraints without 21cm line,
but onIy by CIVIB and BAO

Baryon Acoustic
oscillation (BAO)
Observing
galaxies/quasars
by DESI
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Future constraints on neutrino mass

by 21cm CMB, and BAO
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Future constraints on neutrino hierarchy
by 21cm, CMB and BAO

Oyama, Kohri, Hazumi (2015) W\T‘lon
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Summary

Cosmology Is very sensitive to neutrino
masses of active (+sterile) neutrinos

By using future observations such as

cosmological 21cm line, CMB, and BAO
(large scale structure), we will be able to
determine absolute values of neutrino
masses and their hierarchy

One more comment ...




Bounds on decaying Dark Matter
to fit the IceCube PeV v events

C.Rott, K.Kohri, S.-C.Park, arXiv:1408.4575
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Lower bounds on |
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Lifetime T [s]

This analysis = :
IceCube PRD (2011) ]
Fermi—-LAT ApJ (2012)
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Spin temperature Ts

Defined by the ratio of the occupation
numbers In two states
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Evolution of spin temperature after star formation
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Omniscope

Max Tegmark, Matias Zaldarriaga  arXiv:0805.4414v2 (2008)
Max Tegmark, Matias Zaldarriaga Phys. Rev. D 82, 103501 (2010)

Lower cost than usual interferometers

= J. R. Pritchard, E. Pierpaoli, Phys Rev D 78, 065009
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