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Previously	
  on	
  our	
  work	
  (RSD	
  Analysis)	
  

Measurement:	
  fi\ng	
  method 
•  Fi\ng	
  by	
  rescaling	
  the	
  transverse	
  and	
  radial	
  distances	
  

•  The	
  other	
  fi\ng	
  parameters:	
  Gb,	
  Gtheta,	
  and	
  σp	
  (model-­‐independent)	
  
–  σp	
  represenKng	
  non-­‐linear	
  contaminaKon	
  to	
  the	
  power	
  spectra	
  of	
  the	
  

density	
  and	
  velocity	
  fields	
  (FoG/	
  Gaussian)	
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•  In	
  SM	
  of	
  parKcle	
  physics	
  on	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  
–  Three	
  species	
  with	
  non-­‐negligible	
  mass	
  
–  Current	
  Experimental	
  constraints	
  on	
  

gives	
  two	
  types	
  of	
  mass	
  hierarchy.	
  (negligible	
  at	
  the	
  
level	
  of	
  sensiKvity	
  of	
  Planck)	
  

•  The	
  effecKve	
  number	
  of	
  species,	
  
–  includes	
  an	
  effect	
  of	
  neutrino	
  decoupling	
  
(parKal	
  heaKng	
  of	
  neutrinos	
  during	
  the	
  	
  	
  	
  	
  	
  	
  annihilaKons)	
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•  Constraint	
  on	
  the	
  summed	
  neutrino	
  mass	
  

assuming	
  that	
  three	
  species	
  of	
  degenerate	
  massive	
  
neutrinos	
  in	
  standard	
  cosmology.	
  

•  Background	
  physics	
  on	
  a	
  way	
  of	
  constraining	
   	
  
	
  with	
  CMB	
  
–  lensing	
  effect	
  (at	
  high	
  l)	
  
–  the	
  ISW	
  effect	
  (at	
  low	
  l)	
  
– …	
  

Neutrino	
  from	
  Planck	
  

Kaplinghat,	
  Knox,	
  Song	
  (2003) 

Σmν

Planck	
  CollaboraKon	
  (2013) 

Σmν < 0.66eV (95%;Planck +WP + highL)
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Neutrino	
  mass	
  range	
  

•  Neutrino	
  starts	
  to	
  contribute	
  to	
  clustering	
  of	
  
maQer	
  when	
  it	
  becomes	
  a	
  non-­‐relaKvisKc	
  
parKcle,	
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  becomes	
  
non-­‐relaKvisKc	
  aOer	
  LSS.	
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  becomes	
  
non-­‐relaKvisKc	
  aOer	
  LSS.	
  

•  With	
  this	
  range,	
  using	
  the	
  ‘Planck	
  2013	
  prior’	
  
to	
  fix	
  the	
  shape	
  of	
  P(k)	
  at	
  LSS	
  and	
  treat	
  P(k)	
  as	
  
broad	
  band	
  aOer	
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at	
  LSS)	
  is	
  reasonable.	
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ParameterizaKon	
  of	
  Neutrino	
  effect	
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TheoreKcal	
  model	
  on	
  	
  
P(k)	
  in	
  RedshiO	
  Space	
  DistorKon(RSD) 

•  Improvement	
  in	
  	
  
	
  	
  2D	
  Power	
  spectrum	
  in	
  redshiO	
  space	
  

– Kaiser(1987)	
  

– Scoccimarro(2004)	
  

– Taruya,	
  Nishimichi,	
  and	
  Saito	
  (Improved)(2010)	
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  order	
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RedshiO	
  Space	
  DistorKon(RSD) 

•  DecomposiKon	
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RedshiO	
  Space	
  DistorKon(RSD) 

•  From	
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–  	
  By	
  Fourier	
  transformaKon 
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2-­‐point	
  correlaKon	
  funcKon,	
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Result:	
  constraint	
  on	
  	
  	
  mν

 0

 0.2

 0.4

 0.6

 0.8

 1

L
/L

m
ax

 0

 0.5

 1

 1.5

 2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

6
]

2

mi (eV)

cf. Σmν < 0.66eV (95%;Planck +WP + highL)

0.341−0.34
+0.36eV



Result:	
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Conclusion	
  

•  Using	
  anisotropic	
  RSD	
  analysis	
  with	
  BOSS	
  
DR11	
  data,	
  neutrino	
  mass	
  is	
  constrained	
  to	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
      ,	
  consistent	
  with	
  Planck2013.	
  
•  To	
  prepare	
  forthcoming	
  DESI	
  data	
  with	
  higher	
  
precision,	
  theoreKcal	
  predicKon	
  for	
  
nonlinearity	
  in	
  redshiO	
  space	
  should	
  be	
  more	
  
elaborated	
  up	
  to	
  higher	
  k	
  where	
  the	
  effect	
  of	
  
massive	
  neutrino	
  comes	
  in.	
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•  Constraint	
  on	
  the	
  summed	
  neutrino	
  mass	
  

assuming	
  that	
  three	
  species	
  of	
  degenerate	
  
massive	
  neutrinos	
  in	
  standard	
  cosmology.	
  

•  Background	
  physics	
  on	
  a	
  way	
  of	
  constraining	
  
	
   	
  with	
  CMB:	
  through	
  the	
  ISW	
  effect	
  

Neutrino	
  from	
  Planck	
  

Kaplinghat,	
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  Song	
  (2003) 
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Planck	
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Σmν ↑  → expansion rate ↑→  scale-dependent gravitational potential decay
(Jeans length)



Parameters	
  under	
  consideraKon	
  

•  Six	
  parameter	
  esKmaKon:	
  

•  	
  Fix	
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  with	
  the	
  Planck	
  
2013	
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ωc = 0.12038 ωb = 0.022032
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