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Cosmology goals of neutrino physics
in the next decade

e \With upcoming cosmology datasets (CMB, galaxy
surveys), we aim at achieving

— Constrain the relativistic degrees of freedom (e.g.,
sterile neutrinos or axion): g(NeH) ~ 0.027

— Determine neutrino mass (the sum of three-species
neutrino masses): o(my tor) ~ 0.02 eV

complementary to double-beta decay exp.

e These are clear targets (no new physics needed)

e Challenges: systematic errors (e.g., galaxy bias,
other astrophysics effects)
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Physics of large-scale structure formation
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Need to solve the multi-component system before the recombination (z~1100)
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Imaging + Spectroscopy (1.5M gals for 2.5m SDSS)

Subaru HSC+PFS can probe the 3D Universe at z~1!




A simulated universe (Millennium Simulationje




Wide-area galaxy surveys (now - 2030)
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N ¢ effect on cosmological observables
(CMB and galaxy BAO)
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From Komatsu san’s website (WMAP-7yr: Komatsu et al.11)
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in Cl\g% spectra (W/O.S.”k. damping)
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Phase shift in BAOs

Baumann et al. 18
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Planck 2018
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Phase shift in BAOs (cont'd)

iIn matter (~galaxy) power spectrum Baumann et al. 18
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Prospects with future surveys
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Large-scale structure formation: ACDM model

Structure formation = Time evolution of matter
inhomogeneities of different scales (wavelengths)
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Typical variance of total matter fluctuations
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Now various datasets available From Planck2018
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v+FACDM model

Neutrinos are very light compared to CDM/baryon

The phase-space distribution of neutrinos, even after decoupling, obeys
the relativistic Ferimi-Dirac dist. (specified by m,)

The thermal velocity at redshift z relevant for LSS is larger than the
gravity induced peculiar velocity
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— Even a massive cluster can’t much trap neutrinos

The free-streaming scale, the distance neutrino can travel with the
thermal vel. during cosmic expansion
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Small-scale suppression in growth of LSS

* A mixed DM model: Structure formation after CMB epoch is
induced by the density fluctuations of total matter
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e The neutrinos slow down LSS on small scales

— On large scales A>A, the neutrinos can grow together with CDM

60 = ab = 6\/
— On small scales A<\, the neutrinos are smooth, 0,=0, therefore weaker
gravitational force compared to a pure CDM case
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Galaxy power spectrum at z=0
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Suppression of linear P(k) (contd.)

e A more realistic f_nu~0.01 (m_nu~0.1eV): the neutrinos
became non-relativistic after z~10A3

e The power spectrum amplitude is suppressed by ~8%
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Nonlinear boost in neutrino effect

Banerjee et al. 18
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Recap: neutrino mass determination

e Massive neutrinos slows down the growth of large-scale
structure (LSS) formation

e |f we can measure clustering amplitudes of matter
iInhomogeneities at low redshifts to a high precision, we
then compare it with the CMB-inferred amplitude to infer

the neutrino mass

e [he combination of CMB and LSS can constrain neutrino
mass
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0, tension? New physics?

Og: the present-day rms of mass density fluctuations of 8 Mpc/h scale
Planck og value: extrapolated of fluctuations from z~1100 assuming ACDM
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Hyper Suprime-Cam (HSC)

;1 2 - largest camera
O *" 1 3m high
weigh 3 ton
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Unprecedented wide and deep 3D DM map

Oguri et al. 18 Largest 3D dark matter map

R.A.
one particular field (VVDS field)



ing tomography

Weak lens

Simulation
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Pseudo-power spectrum estimator g, +iB, = /d2n w(n) [y1(n) £ iy2(n)] Yo, (n
(Hikage, MT, Hamana, Spergel 11)
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Before unblinding on 26 June, 2018
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After unblinding on 26 June
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HSC preferred universe Planck preferred universe

simulated dark matter distribution in the Universe jpday
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Prospects of HSC survey
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Prospect for Subaru HSC+PFS

— Planck
— Planck+BOSS
—— Planck+BOSS+HSC
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From PFES cosmology document
(Komatsu et al.; also see Takada
et al. 14)
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LiteBIRD important for neutrino mass!
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Cosmology goals of neutrino physics
in the next decade

e \With upcoming cosmology datasets (CMB, galaxy
surveys), we aim at achieving

— Constrain the relativistic degrees of freedom (e.g.,
sterile neutrinos or axion): g(NeH) ~ 0.027

— Determine neutrino mass (the sum of three-species
neutrino masses): o(my tor) ~ 0.02 eV

complementary to double-beta decay exp.

e These are clear targets (no new physics needed)

e Challenges: systematic errors (e.g., galaxy bias,
other astrophysics effects)



