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Probing Neutrinos via cosmology
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Probing Neutrinos via cosmology

DESI puts strong constraint on ‘standard’ neutrino
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Arkani-Hamed+, arXiv:1607.06821

N-Naturalness : a Model tor Neutrino lTower

A proposed solution to Hierarchy problem

1wo free parameters : r and my,
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How cosmology probes Neutrinos?

Non-relativistic (matter) . Relativistic (radiation)
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Matter power spectrum suppression for N-Neutrino

r =0.1, my = 160 GeV, N = 20, Majorana
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AP(k)lin/P(l‘c)lin

N neutrino vs 1 neutrino

r =0.1, my = 160 GeV, majorana
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More gradual suppression
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Matter power spectrum suppression along N

r = 0.1, mg = 160 GeV, majorana

1.0 £ |
o B =
| —— N =10
_ ; —— N =20
0.8 - N =30
' i\ N = 40
_ ; —— N =50
0.6 - i
0.4 - |
0.2 - | _
10—+ 10—° / 102 101 10° \ 101 107
k [Mpc™ ]

N > 10 are CDM for CMB scale N 2 50 are GDM tfor Lyman-a scale

Same Q  and N, g
for all models



AP(k)iin/P(F)iin

Matter power spectrum suppression along N
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MCMCOC constraints: Role of Neutrinos

Constraint from N-photons

Combined constraint from N-photons & N-Neutrinos
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MCMC constraints: Role of LSS dataset
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Rough Constraints : e-Boss Lyman-a

Dirac
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Conclusion

Stricter constraints on neutrino mass will necessitate going beyond ‘standard neutrino’.

1-v vs N-v grve distinguishable features in cosmology. '1'he decoupling profile for a tower of neutrinos cannot be

captured by a single neutrino species by adjusting its mass and temperature.
Neutrino tower creates a more gradual suppression of power spectra 1s comparatively less constrained at large scale.
Neutrino tower creates large suppression at smaller scale. LSS dataset 1s crucial to probe multiple neutrino state.
Majorana neutrino in N-Naturalness 1s strongly constrained by LSS & Lyman-a data.

Need of a faster and ethicient Boltzmann code to study eftects for neutrino/WDM tower.




lension between Planck & e-Boss Ly-a in AGCDM
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ACZTT,lensed /CZTT,lensed

Etftects on GMB anisotropy

r=0.1, my = 160 GeV, dirac r =0.1, my = 160 GeV, majorana
i — N =10 004_ — N =10
0-005° —— N =20 f — N=20
—— N =30 0.03': — N =30
| —— N =40 . ; —— N =40
LU —— N =50 g 002 —— N =150
B . N .
@) q : A A N
_ 'gg\ 0.01 ! A A | A A
—0.005 - A ; ; | / \ [\ ,»\
1 iﬁ 0.00 - v v \S \ ~
- A VE"AVA
—0.010 - \/ ' \/ R
| ‘ —0.02 1 .
—0.015 ] \\/ —0.03 S
0 000 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000

¢ ¢



