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10!2
Higgs(standard mogkl)
prodtces Quark Mases

cp LR
’ [

10° -

10° |

103 N

Mass (eV)

107" F

3- Ma:ssesc?equire a theon
beygpd the standard mode| !

Generation

Universe is flat and expanded acceleratingly.
W+ Wepn t WL =11
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What is CDM (W py = 0.27) and DE (W, = 0.68) ?
CMB & LSS including absolute n-mass

Is BARYON sector (W5 = 0.05) well understood ?
BBN ’Li-Problemwi t h DMs ( Axion, SUSY ¢

SUSY-DM K beyond the Standard Model K m, /0, unique signal
Key Physics withm_/ 0 beyond the Standard Model :
Unification, CP & - & B- genesis, Dirac or Majorana ?

Dark Matter & Big Bang Nucleosynthesis ?
Explosion Mechanism of CE SNe & Nucleosynthesis ?

IS to constrain the total absolute n-Mass, Hierarchy, and Nuclear EOS
from n-nucleus interactions in CMB, BBN, SNe and Relic SN no s .

Original by courtesy of T. Kajita



Total n-Mass constraint from Nuclear Physics

and Cosmology

On b im COUORE, NEMO3, EXO, KamLAND Zen Neutrinoless b b, e

| %2 m,| < 0.3 eV: COUORE, NEMO3, EXO, KamLAND Zen (2012)

CMB Anisotropies + LSS

x m,<0.36 eV (95%C.L.): WMAP-7yr + HST + CMASS (Putter et al. arXiv:1201.1909)

X m,=0.36 +/- 0.13 eV: WMAP-9yr + BOSS (Beauler, Saito & Seo: Jan. 20, 2014)

x m,<0.2eV (2s, B,<2nG): Incl. Magnetic Field; Ymazaki, Kajino, Mathews & Ichiki, Phys. Rep. 517 (2012),
141 Phys Rev. D381 (2010) 103319

n free-streaming effects

Effects of Neutrino Mass m, (m, =2eV)
Integrated Sachs-Wolfe Effect !

Early Time Integrated Sachs-Wolfe g pgeison, E. Gates and A. Stebbins (1996)

Effect, similar to CDM

CMB anisoteopies is generated even by:
compensation mode of n-anisotropic stress (p,) 6000 | |
to primordial extra anisotropic stress (0., )- % R
Magnetic field, dark radiation, Ekpyrotic universe, etc. & 40001 Free Streaming Effect of |
a_ _ Massive Neutrinos
. . . = 2000

Roles of n-Anisotropic Stress withm_ X0! &

i : 0 S
Standard inflationary cosmology needs o 1000 2000

tuning primordial initial fluctuation ! ACDM Multipole ¢
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Equations for CMB Calculations including Massive-v,
and Primordial Magnetic Field
Ma & Bertschinger, 1995, ApdJ, 455, 7

| _ Energy-momentum conservation Tp‘*’:v:D
Linearlized~ Boltzmann equation
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CMB from Neutrino & Extra Anisotropic Stress

K. Kojima, T. Kajino & G. J. Mathews,
JCAP 02 (2010), 01820009. Spectral index & strength of
primordial extra-anisotropic

10000 : - - - | stress are set equal to be the
_ _ PN i CMB-best fit value.
Our Extra-Anisotropic ¥ oo '
- Stress Model s \ oL " | .J/~84 106
é \ r{f L ¥4 i
— £aF }
§1000 - I “**“}siﬁ Y f,—}‘} ‘ Our Extra-Primordial Aniso-
) f ‘{ f I | tropic Stress Model is NOT
— - - an alternative to INFLATION !
% .
= Standard LCDM | p-compensation mode (" )
| | plays acritical role in CMB
| with n of finite mass !
1 10 | 100 1000
Curvature perturbation is gengrate

and regulated laterbyn-c o mp e n s at i paiter deoodpding.’

It is desirable to know the cosmological origin of extra anisotropic stress
" o @nd its generation epoch in the early universe.



CMB Temp. & Polar.including Cosmological Magnetic Field
m) Neutrino Mass Constraint

An example Primordial Anisotropic Stress

Lewis 2004; Mack 2002;

Challinor 2004; Kahniashvili & B. Ratra 2005;
Kosowsky et al. 2005;

Ichikawa, Fukugita & Kawasaki 2005;

Yamazaki et al. 2005 - 2012; Kojima et al. 2009 i 2010.

MCMC fit to CMB anisotropies  D. Yamazaki, K. Ichiki, T. Kajino, G. J. Mathews,
PR D81 (2010), 023008; PR D81 (2010), 103519; Phys. Rep. 517 (2012), 141.
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Expected Presence of Primordial Magnetic Field (PMF)
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Yamazaki, Ichiki & Kajino, ApJ 825 (2006), L1

Yamazaki, Ichiki, Kajino, Mathews, PRD, 77, 043005 (2008)

Upper limit: B =3nG, m,=0

BB mode 7 iB=7.7nG,ng=29
\—A’ -----------------

| GW, r;<0.43 \ B=3nG, ny=-2.9
/_/ \ k3p(k)A B4 k2nB+6

PMF vector mode |
lensing Ng=-3
— scale invariant.
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EE Polarization Mode with massive n

Kojima, Ichiki, Yamazaki,k Kajino & Mathews,

PR D78 (_2003_)’ 045010; - Extra Anisotropic-Stress of Primordial
Yamazaki, Kajino, Mathews & Ichiki, Phys. Rep. Magnetic Field; B=3nG, n.=-2.9
517 (2012) 141. ’ B
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Neutrino Mass Constraints from CMB + LSS

Yamazaki, Ichiki, Kajino, and Mathews,

PR D81 (2010), 103519:
Sm.<0.2ev . )
3 D. Yamazaki, T. Kajino, G. J. Mathews,

and K. Ichiki, Phys. Rep. 517 (2012) 141.




