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What is the mass & lifetime of a neutrino?



The best bound on neutrino mass comes from cosmology

From Planck 2018 data

> my, <0.24eV
(~0.12 eV if including BAO)

his assumes neutrinos are stable particles



Neutrinos may not be as stable as predicted in the SM
e.g., models explain the tiny neutrino mass
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¢ dark radiation
(e.g., Majoron)

Can we measure the lifetime of neutrinos”



How stable are SM neutrinos?

Existing bounds on neutrino lifetime are very weak
(for decay into invisible particles)

—{ long-based line experiments 7 > 101 sec
l/ supernovae T > 8hrs e.g., Frieman et al (1988)
7 > 13yrs CMB (neutrinos need to free stream)

e.g., Archidiacono and Hannestad (2014)
Escudero and Fairbairn (2019)



How stable are SM neutrinos?

Existing bounds on neutrino lifetime are very weak
(for decay into invisible particles)

=] long-based line experiments 7 > 10~ sec

l/ supernovae T > 8 hrs

7 > 13yrs CMB (neutrinos need to free stream)

neutrino mass / lifetime are very hard to measure

e can we improve the bounds?
e can we probe neutrino decay?



How stable are SM neutrinos?

Existing bounds on neutrino lifetime are very weak
(for decay into invisible particles)

=] long-based line experiments 7 > 10~ sec

supernovae 7T > 8 hrs

7 > 13yrs CMB (neutrinos need to free stream)

near future data
(e.q., Euclid, CMB-54)

~ 10 billion yrs

see also Serpico (2007)



Data: Large Scale Structure

galaxy distribution is determined
by cold dark matter distribution

5Nga1axy ~ 5/0(:dm

Ngalaxy Pcdm

> 107°

density fluctuation is larger than
CMB fluctuation



Structure formation

matter radiation
equilibrium
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Adding massive neutrinos

=> increase Hubble expansion => shorten At

matter radiation

. ~when (2A dominate
equilibrium

smaller 5 Pedm

Pcdm

‘ = cold DM ‘: baryons (H, He, e...)

‘ = massive Nu
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larger 1, => smaller density perturbation



Large Scale Structure data is sensitive to
the sum of neutrino mass

P(k) ~ k™ 28,,(k)*

Wavelength A [h-! Mpc]
1000 100

current measurements have
about 10% level precision
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larger -> smaller size structure

Tegmark et al. (2004)
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Much better data will come within a decade!

Fuclid (~2021) | SST (~2023) DESI (~2020)

will be sensitive to ~ 0.1 - 1%
change in matter power spectrum

CMB-S4 (2027)
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Solid: full numerical

0.010

Scale Factor a

k=0.1 hMpc !



What if neutrino decays into dark radiation?



Ratio of perturbation dcam = in redshift

k=0.1hMpc!

0 scenario

m, = 60meV
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I, = 10*km/s/Mpc
I', = 10° km/s/Mpc
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Solid: full numerical
Dashed: our approx.
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km/s/Mpc ~ (10° Gyrs) ™+




Analytical approximation

including redshift change from Nu to daughter radiation

1.005
k=0.1hMpc!

0 scenario

m, = 60meV
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Solid: full numerical
Dashed: our approx.
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neutrino decay => larger density perturbation

than the stable Nu case



Current Large Scale Structure & Planck 2015
(see the original plots in 1909.05275)

existing data

0.01°

Planck 2015+BAO
(+SDSS+KIDS)blue

ifetime In billion years




Current Large Scale Structure & Planck 2015
(see the original plots in 1909.05275)

existing data

0.01°

~ Katrin
| KamLAND

Cosmic-Nu Telescope?

ifetime In billion years



Current Large Scale Structure & Planck 2015
(see the original plots in 1909.05275)

existing data a mass/lifetime degeneracy
0.01

k= 0.1 hMpc!

m, = 80meV
I, = 1.5 x 10° km/s/Mpc

Planck 2015+BA0O
(+SDSS+KIiDS)olue
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Current Large Scale Structure & Planck 2015

CMB neutrino free Streaming
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This is not satisfying...

e set independent constraints on mass / litetime?

e make mass/ lifetime measurements?



Break lifetime / mass degeneracy
by higher redshift measurements

k=0.1hMpc! use the observation
at higher redshift

I, = 1.5 x 10°km/s/Mpc
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e.qg., Euclid (~2021)
04 ~< z ~<?2



Constrain neutrino mass & lifetime

Chacko, Dev, Du, Poulin, YT (in preparation, preliminary)

existing data future (Euclid, CMB-5S4)

assume stable
neutrinos

0.01°

Planck 2015+BAO
(+SDSS+KIDS)blue

—  Planck+Euclid
CMB-S4 +tau+Euclid

ifetime In billion years

0.22 0.25 0.28

> my, (eV)




Constrain neutrino mass & lifetime

Chacko, Dev, Du, Poulin, YT (in preparation, preliminary)

existing data future (Euclid, CMB-5S4)

assume stable
neutrinos

0.01°

Planck 2015+BAO
(+SDSS+KIDS)blue

—  Planck+Euclid
CMB-S4 +tau+Euclid

ifetime In billion years




Measure neutrino mass & lifetime

Chacko, Dev, Du, Poulin, YT (in preparation, preliminary)

existing data future (Euclid)
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Conclusion

New physics that interacts very weakly to visible particles,
or only has invisible decays
may be studied using precision cosmological data

Near future Large Scale Structure and CMB lensing
measurements can constrain or even measure
neutrino lifetime that has a cosmological time scale



Backup



Example: Nu decay in a Majoron model

An explanation of the small neutrino mass
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also see the example in 1909.05275




~ primordial
fluctuation
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I — a

We don’t quite know the physical time of structure formation,
but we know It mainly begins at matter-radiation equilibrium

Pm(eq) = pr(deq)

and the physical time depends on energy density

Larger total energy, shorter physical time for
structure formation







flutty” matter reduces structure

Ptot ~ Pcdm T ﬁﬂuffy (ﬁﬂuﬂ"y << ﬁcdm)

shortens the physical time
for structure formation, but
7 Podm < Pot doesn’t help to form structure

107° 0.001 0.100
Scale Factor a




Expected sensitivity of Euclid experiment

Euclid (launch 2021)
045 ~< z ~< 2.05

Euclid:

L, u=0

sensitivity sensitivity

- 0obs. error H . obs. error

~ th. error

Sprenger, Archidiacono, Clesse, Lesgourgues (2018)



CMB measurement: lensing of CMB photon

1laS§t scatterir?g 567 ~ ¢ X 5,0cdm (very roughly)

97 ~ / dx(6) / Ax(Dedmdeden)

Planck 2018 (MV) —— SPT-SZ 2017 (T, 2500 deg?)
Planck 2015 (MV) ACTPol 2017 (MV, 626 deg®)
SPTpol 2015 (MV, 100 deg”)
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