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Neutrinos are always a relevant species in the Universe’s evolution
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Neutrino Evolution

Neutrinos are always a relevant species in the Universe’s evolution
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Global Perspective

The post-Planck era

(Planck+BAO)
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Planck’s Temperature Map
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Sloan Digital Sky Survey

201

Number of
galaxies ~
4 Million!



galaxies ~
20 Million!

‘Number of

DESI collaboration [2503.14745]
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DESI Survey

< 0.1% of full survey volume




Global Perspective

What we expected: (DESVEuclid + Planck)
N = 3.0 0.1 (ACT/SPT+Planck) D m, =0.06%0.02eV
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Global Perspective

Today

95% CL
Z m[/ < 00048 eV ACT+SPT+Planck+DESI-DR2 [2506.20707]
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Global Perspective

Today

95% CL
Z m[/ < 00048 eV ACT+SPT+Planck+DESI-DR2 [2506.20707]

tension: ~ 3 Z m, > 0.06eV [NO]
D m,>0.1eV [IO]
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Today

Neff — ) 8] = ().]17 |AcT+sPT+Planck [2506.20707]
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Global Perspective

Today

Neff — ) 8] = ().]17 |AcT+sPT+Planck [2506.20707]

tension: ~v 20 Nesflfy[ — 3044

95% CL
Z m[/ < 00048 eV ACT+SPT+Planck+DESI-DR2 [2506.20707]

tension: ~ 3 Z m, > 0.06eV [NO]
D m,>0.1eV [IO]
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BSM scenarios for NV < 3

BSM scenarios for Z m, = ()

Cosmo
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Neff definition

Neff as relevant for CMB observations is defined as:

8 ( 11\ [ Praa— P,
Neff -\ .
7\ 4 Py
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Neff as relevant for CMB observations is defined as:

8 (1IN [ Praa— P,
Nyg=—|—
7\ 4 P,

In the Standard Model this is precisely proportional to p,
and one gets

4/3 Bennett, Buldgen, Drewes & Wong 1911.04504
8 1 1 Escudero Abenza 2001.04466
< ,0 L N - 3 O 4 4 Akita & Yamaguchi 2005.07047
N —_— — — ff — ° Froustey, Pitrou & Volpe 2008.01074

eff - c Gariazzo, de Salas, Pastor et al. 2012.02726
7 4 p Hansen, Shalgar & Tamborra 2012.03948
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Neff as relevant for CMB observations is defined as:

8 (1IN [ Praa— P,
Nyg=—|—
7\ 4 P,

In the Standard Model this is precisely proportional to p,
and one gets

Bennett, Buldgen, Drewes & Wong 1911.04504
Escudero Abenza 2001.04466

8 1 1 4/3 p Akita & Y hi 2005.07047
N — — — _V N eff — 3 .044 Frc;:stey,as:ta:'gﬂc&IVoIpe.2008.01074

Gariazzo, de Salas, Pastor et al. 2012.02726
4 p Hansen, Shalgar & Tamborra 2012.03948

The easy thing Is to add and for that we have plenty of
models: sterile neutrinos, axions, Goldstone bosons ...
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Neff as relevant for CMB observations is defined as:

8 (1IN [ Praa— P,
Nyg=—|—
7\ 4 P,

In the Standard Model this is precisely proportional to p,
and one gets

4/3 Bennett, Buldgen, Drewes & Wong 1911.04504
8 1 1 Escudero Abenza 2001.04466
,0 L N - 3 O 4 4 Akita & Yamaguchi 2005.07047
N —_— — — ff — ° Froustey, Pitrou & Volpe 2008.01074
e Gariazzo, de Salas, Pastor et al. 2012.02726
4 p Hansen, Shalgar & Tamborra 2012.03948
Y

The easy thing Is to add and for that we have plenty of
models: sterile neutrinos, axions, Goldstone bosons ...

To reduce either the neutrinos need to go down or the
photons up!
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Neff < 3 options: p, |

- . . An inflation-like particle reheats the entire Universe
Late tlme reheatl ng - very close to BBRI before neutrinos decouple at 2 MeV
Kawasaki, Kohri & Sugiyama [astro-ph/
9811437, astro-ph/0002127
Giudice, Kolb & Riotto [hep-ph/0005123]
more recent papers:
de Salas et al. [1511.00672]

Hasegawa et al. [1905.11290]
Barbieri et al. [2501.01369]
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Neff < 3 options: p, |

Late time reheating:

Kawasaki, Kohri & Sugiyama [astro-ph/
9811437, astro-ph/0002127

Giudice, Kolb & Riotto [hep-ph/0005123]
more recent papers:

de Salas et al. [1511.00672]

Hasegawa et al. [1905.11290]

Barbieri et al. [2501.01369]

Barbieri et al. [2501.01369]
35 I l ..................... l 'l' ........ ' ...... ' ...... ' ..... l ................... -

" 95% Planck 2018 _

05 ......................................................
~ 95% Simons Obs.
0.0 1 1 ; [ S |
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An inflation-like particle reheats the entire Universe
very close to BBN before neutrinos decouple at 2 MeV

Miguel Escudero Abenza (CERN) BSM Neutrino Cosmology Vietnam 24-07-25



Neff < 3 options: p,, |

An inflation-like particle reheats the entire Universe

Late time reheati nQ : very close to BBN before neutrinos decouple at 2 MeV

Kawasaki, Kohri & Sugiyama [astro-ph/
9811437, astro-ph/0002127

Giudice, Kolb & Riotto [hep-ph/0005123]
more recent papers:

de Salas et al. [1511.00672]

Hasegawa et al. [1905.11290]

Barbieri et al. [2501.01369]

Barbieri et al. [2501.01369] problem/probe -> BBN typically spoiled

- 95% Planck 2018 |
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Neff < 3 options: p,, |

An inflation-like particle reheats the entire Universe

Late time reheati nQ : very close to BBN before neutrinos decouple at 2 MeV

Kawasaki, Kohri & Sugiyama [astro-ph/
9811437, astro-ph/0002127

Giudice, Kolb & Riotto [hep-ph/0005123]
more recent papers:

de Salas et al. [1511.00672]

Hasegawa et al. [1905.11290]

Barbieri et al. [2501.01369]

Barbieri et al. [2501.01369] problem/probe -> BBN typically spoiled

3.0
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0.0 S ST, 4 6 10 20
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theory: hard to build, but see Elor, Escudero & Nelson [1810.00880]

Miguel Escudero Abenza (CERN) BSM Neutrino Cosmology Vietnam 24-07-25



Neff < 3 options: 2, 1

Particles decaying at BBN times Example: sterile neutrinos

Boyarsky, Ovchynnikov, Ruchayskiy,
Syvolap [2008.00749]

Boyarsky, Ovchynnikov, Sabti, Syvolap
[2103.09831]

Ovchynnikov, Syvolap ++ [2409.07378,
2409.15129, 2411.00892]
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Neff < 3 options: 2, 1

Particles decaying at BBN times Example: sterile neutrinos

Boyarsky, Ovchynnikov, Ruchayskiy,
Syvolap [2008.00749]

Boyarsky, Ovchynnikov, Sabti, Syvolap
[2103.09831]

Ovchynnikov, Syvolap ++ [2409.07378,
2409.15129, 2411.00892]

[2103.09831]

10— —————————————
- my =30 MeV ;/
| — my =110 MeV ;/

0.5’_ = = my = 200 MeV
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-
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Neff < 3 options: 2, 1

Particles decaying at BBN times

Example: sterile neutrinos

Boyarsky, Ovchynnikov, Ruchayskiy,
Syvolap [2008.00749]

Boyarsky, Ovchynnikov, Sabti, Syvolap
[2103.09831]

Ovchynnikov, Syvolap ++ [2409.07378,
2409.15129, 2411.00892]

1 ([)2103.09831] problem/probe -> BBN typically spoiled as well
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Neff < 3 options: 2, 1

Particles decaying at BBN times

Boyarsky, Ovchynnikov, Ruchayskiy,

Syvolap [2008.00749]

Boyarsky, Ovchynnikov, Sabti, Syvolap

[2103.09831]

Ovchynnikov, Syvolap ++ [2409.07378,

2409.15129, 2411.00892]

[2103.09831]
1.0 —
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/ 0.5

problem/probe -> BBN typically spoiled as well

Example: sterile neutrinos
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theory: well motivated!
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Neff < 3 options: 2, 1

Electrophilic partiles in equilibrium at BBN

Boehm, Dolan and McCabe [1207.0497,
1303.6270]

Serpico and Raffelt [astro-ph/0403417]
Kolb, Turner and Walker PRD 34 (1986)
2197

Sabti, Alvey, Escudero, Fairbairn, Blas
[1910.01649]
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Neff < 3 options: 2, 1

Electrophilic partiles in equilibrium at BBN

Boehm, Dolan and McCabe [1207.0497,
1303.6270]

Serpico and Raffelt [astro-ph/0403417]
Kolb, Turner and Walker PRD 34 (1986)
2197

Sabti, Alvey, Escudero, Fairbairn, Blas
[1910.01649]

Sabti, Alvey, Escudero, Fairbairn, Blas [1910.01649]

Electrophilic

4.0 B I L] I I I LN

B Neutral Scalar = =

- Complex Scalar —=—-
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- SM Dirac Fermionr 5
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Neff < 3 options: 2, 1

Electrophilic partiles in equilibrium at BBN

Boehm, Dolan and McCabe [1207.0497,
1303.6270]

Serpico and Raffelt [astro-ph/0403417]
Kolb, Turner and Walker PRD 34 (1986)

2197
Sabti, Alvey, Escudero, Fairbairn, Blas
[1910.01649]
Sabti, Alvey, Escudero, Fairbairn, Blas [1910.01649] BBN is consistent due to a cancellation of effects!
40 B I El%CtrOuphllulcu T — 030 [~ T L B B | ]
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u Majorana Fermion =+===-* ] 028 5 \’\ E
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&5 3.0 B >E.. 0275 ".\x\‘\ g
< | 0.26F ~ ¢ ™0\ ]
2.0F i AR .
- 0.25 :— N\.::s’. ;
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Neff < 3 options: 2, 1

Electrophilic partiles in equilibrium at BBN

Boehm, Dolan and McCabe [1207.0497,
1303.6270]

Serpico and Raffelt [astro-ph/0403417]
Kolb, Turner and Walker PRD 34 (1986)

2197
Sabti, Alvey, Escudero, Fairbairn, Blas
[1910.01649]
Sabti, Alvey, Escudero, Fairbairn, Blas [1910.01649] BBN is consistent due to a cancellation of effects!
40 B T 1 :|E|31||e|CtrO|ph11|1C| T 1 11] T ] 030 B T 1 1 1111 -]
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3.5F et Boson - - BBN?
u Majorana Fermion =+===-* ] 028 5 \‘\ E
- SM Dirac Fermionr = \, ]
&5 30 i >%| 027; ".\\\‘\ g
< | 0.26F ~ ¢ ™0\ ]
2.0F - S \:s\ .
- 025 :— s \’N:.':s’_ E
2.0F 0.24F .
B . | i 0.93b— -
1-(5)1 — "1'—0 E— 10 ; '30 0 0.1 1.0 10.0  30.0
| m, [MeV] - . : 1y [MeV]
X theory: well motivated and may be thermal Dark Matter
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Neff < 3 options

Options:
@

2) Decay during neutrino decoupling, e.g. sterile neutrino

1) MeV-scale reheating, e.g. inflaton @

3) Thermally coupled electrophilic particle, e.g. scalar dark matter
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Neff < 3 options

Options:

2) Decay during neutrino decoupling, e.g. sterile neutrino

1) MeV-scale reheating, e.g. inflaton @

3) Thermally coupled electrophilic particle, e.g. scalar dark matter
Krnjaic 2505.04626

Scalar DM, Dark Photon Mediator

10—35 [

10—.’56 -

Options 1) and 2) 0k
have trouble with
BBN but option 3) is i )
viable. Prospects for el
dark matter detection U
viable!

10741

10—45 ;E

10 46 :
10°
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What cosmology can constrain is the energy density in non-

relativistic neutrinos:
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Clearly two options: either the neutrino mass is somehow
different in the early Universe or the number density is

somehow different
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Time-dependent neutrino masses

Late time neutrino mass generation

Dvali & Funcke 1602.03191

> CMB + CMBL + BAO + SN —— 68% CL
Lorenz et al. 1811.01991 & 2102.13618 — 95%CL
4 - — Im,(2)=const.
—~ 3
g
g
2 -
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Time-dependent neutrino masses

Late time neutrino mass generation

Dvali & Funcke 1602.03191 >T CMB + CMBL + BAO + SN

Lorenz et al. 1811.01991 & 2102.13618 — 68%CL

— 95% CL
4 — Imy(z)=const.

10 10 10 10 10

Refractive neutrino masses (interactions with Dark Matter)
Sen & Smirnov [2306.15718, 2407.02462]
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Late time neutrino mass generation

Dvali & Funcke 1602.03191 >T CMB + CMBL + BAO + SN
Lorenz et al. 1811.01991 & 2102.13618

— 68% CL
— 95% CL
4 - —— Imy(2)=const.

10° 10! 10 10

Refractive neutrino masses (interactions with Dark Matter)
Sen & Smirnov [2306.15718, 2407.02462]

Long-range neutrino interactions

Esteban & Salvado6 2101.05804
Esteban, Mena & Salvad6 2202.04656
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Late time neutrino mass generation

Dvali & Funcke 1602.03191 >T CMB + CMBL + BAO + SN
Lorenz et al. 1811.01991 & 2102.13618

— 68% CL
— 95% CL
4 - —— Imy(2)=const.

10° 10! 107 10°

Refractive neutrino masses (interactions with Dark Matter)
Sen & Smirnov [2306.15718, 2407.02462]

Long-range neutrino interactions

Esteban & Salvado6 2101.05804
Esteban, Mena & Salvad6 2202.04656

large neutrino masses allowed, in all cases interactions of the type @
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Non-Standard CNB

Rt
R

goal: somehow reduce the
neutrino number density

Standard CNB:
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Non-Standard CNB

goal: somehow reduce the
neutrino number density

Standard CNB:

Ny \-/

The neutrino depletion scenario

Oldengott et al. 1901.04352
Alvey, Escudero & Sabti 2111.14870

Not many
neutrinos and
they travel fast!

[no known model
realizing it]
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goal: somehow reduce the
neutrino number density

Standard CNB:

The neutrino depletion scenario Not many

Oldengott et al. 1901.04352 :I;utrtlnos Iafndt'

Alvey, Escudero & Sabti 2111.14870 ey travel fast!
[no known model
realizing it]

Neutrino conversions

Less neutrinos

Farzan & Hannestad 1510.02201 accompanied by
Renk et al. 2009.03286 many new
Escudero, Schwetz & Terol-Calvo 2211.01729 massless
Benso, Schwetz, Vatsyayan [2410.23926] particles
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https://arxiv.org/abs/2211.01729

goal: somehow reduce the
neutrino number density

Standard CNB:

The neutrino depletion scenario Not many

Oldengott et al. 1901.04352 :I;utrtlnos Iafndt'

Alvey, Escudero & Sabti 2111.14870 ey travel fast!
[no known model
realizing it]

Neutrino conversions

Less neutrinos

Farzan & Hannestad 1510.02201 accompanied by

Renk et al. 2009.03286 many nhew

Escudero, Schwetz & Terol-Calvo 2211.01729 massless
particles

Benso, Schwetz, Vatsyayan [2410.23926]

No neutrinos

Neutrino decays today, as they

Abellan, Poulin et al. 1909.05275, 2112.13862 have decayed
Escudero, Lépez-Pavén, Rius & Sandner 2007.04994 away
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https://arxiv.org/abs/2211.01729

goal: somehow reduce the
neutrino number density

Standard CNB:

The neutrino depletion scenario Not many

Oldengott et al. 1901.04352 :I;utrtlnos Iafndt'

Alvey, Escudero & Sabti 2111.14870 ey travel fast!
[no known model
realizing it]

Neutrino conversions

Less neutrinos

Farzan & Hannestad 1510.02201 accompanied by

Renk et al. 2009.03286 many nhew

Escudero, Schwetz & Terol-Calvo 2211.01729 massless
particles

Benso, Schwetz, Vatsyayan [2410.23926]

No neutrinos

Neutrino decays today, as they

Abellan, Poulin et al. 1909.05275, 2112.13862 have decayed
Escudero, Lépez-Pavén, Rius & Sandner 2007.04994 away

CMB lensing as a key probe! Upadhye et al. [2410.05
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https://arxiv.org/abs/2211.01729

Neutrino Masses from Cosmology
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Neutrino Masses from Cosmology
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Neutrino Masses from Cosmology
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Not only a background effect:

Massive neutrinos also affect CMB lensing & {2,
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Neutrino Decays
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Neutrino Decays
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Neutrinos decaying with 7,, < #;; /10 do not impact Du(zcws)
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Neutrinos decaying with 7,, < #;; /10 do not impact Du(zcws)

Effect of induced neutrino Lensing is substantially reduced
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Neutrinos decaying with 7,, < #;; /10 do not impact Du(zcws)

Effect of induced neutrino Lensing is substantially reduced

Unstable Neutrinos can relax the bounds on Zm,!
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Neutrino Decay Landscape

VOLUME 28, NUMBER 5 PHYSICAL REVIEW LETTERS 31 JANUARY 1972

Are Neutrinos Stable Particles?*

John N. Bahcall, Nicola Cabibbo,f and Amos Yahili
Institute for Adpanced Study, Prvinceton, New Jersey 08540
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Are Neutrinos Stable Particles?*
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© 2 Neutrinos decay in the SM but with 7, ~ (GZm3)™! > 1033 yr >t/
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Neutrino Decay Landscape

VOLUME 28, NUMBER 5 PHYSICAL REVIEW LETTERS 31 JANUARY 1972

Are Neutrinos Stable Particles?*

John N, Bahcall, Nicola Cabibbo,f and Amos Yahili
Institute for Adpcmced Study, Prvinceton, New Jersey 08540

© 2 Neutrinos decay in the SM but with 7, ~ (GZm3)™! > 1033 yr >t/

© Radiative decays are strongly constrained: 7, > 102 — 10 ¢ty
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VOLUME 28, NUMBER 5 PHYSICAL REVIEW LETTERS 31 JANUARY 1972

Are Neutrinos Stable Particles?*

John N, Bahcall, Nicola Cabibbo,f and Amos Yahili
Institute for Adoanced Study, Prvinceton, New Jersey 08540

2 Neutrinos decay in the SM but with 7, ~ (G7m>)~! > 10 yr >
Radiative decays are strongly constrained: 7, > 102 — 10" ¢y

Invisible neutrino decays are substantially less constrained:
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Neutrino Decay Landscape

@ Numerics of neutrino decay

Hy~ 1/t; ~ 107 eV
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@ Numerics of neutrino decay

Hy~ 1/t ~ 10733 eV [ ~—m
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Neutrino Decay Landscape

@ Numerics of neutrino decay

H,~1/t; ~107°eV [~ —m,
37
ﬂ( Z 10_13 Ty < tU
7 7

Ax~m,lv, 2 = y\/m My,
< 100 TeV 14 [very reasonable
VCb ~ © MN ~ 107 GeV particle physics

scales!]
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Neutrino Decays into lighter neutrinos

v; — v; ¢ Decays
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Neutrino Decays into lighter neutrinos

v; — v; ¢ Decays
Theory: These happen naturally in scenarios with light mediators charged under
horizontal flavor symmetries, e.g. Lﬂ — LT see e.g. Gelmini & Valle PLB 142 (1984) 181 for a model
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Neutrino Decays into lighter neutrinos

v; — v; ¢ Decays
Theory: These happen naturally in scenarios with light mediators charged under
horizontal flavor symmetries, e.g. L,u — LT see e.g. Gelmini & Valle PLB 142 (1984) 181 for a model
Couplings: 7, < 1, taking the L, — L, case means v, . < 30 TeV for both global and gauge U(1)
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Neutrino Decays into lighter neutrinos

v; — v; ¢ Decays

Theory: These happen naturally in scenarios with light mediators charged under
horizontal flavor symmetries, e.g. Lﬂ — LT see e.g. Gelmini & Valle PLB 142 (1984) 181 for a model

Couplings: 7, < 1, taking the L, — L, case means v, . < 30 TeV for both global and gauge U(1)

However, because there is a neutrino in the final state the mass bounds are
expected to only be relaxed mildly:

3 % mlightest
W=
Y 93.14eV
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v; — v; ¢ Decays
Theory: These happen naturally in scenarios with light mediators charged under
horizontal flavor symmetries, e.g. L,u — LT see e.g. Gelmini & Valle PLB 142 (1984) 181 for a model
Couplings: 7, < 1, taking the L, — L, case means v, . < 30 TeV for both global and gauge U(1)
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v; — U; ¢ Decays
Theory: These happen naturally in scenarios with light mediators charged under
horizontal flavor symmetries, e.g. L,u — LT see e.g. Gelmini & Valle PLB 142 (1984) 181 for a model
Couplings: 7, < 1, taking the L, — L, case means v, . < 30 TeV for both global and gauge U(1)

However, because there is a neutrino in the final state the mass bounds are
expected to only be relaxed mildly:
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Oldengott et al. 2011.01502 & 2203.09075
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Neutrino Decays into Massless States

v; = U, ¢ Decays

Parameter space:
vi > va /2L

Neutrino mass
10—6} bounds are relaxed! ]

0.2 0.4 0.6 0.8 1.0
>-m,[eV]
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Neutrino Decays into Massless States

v; = U, ¢ Decays

Parameter space:

Neutrino mass

—
9
o

0.2

bounds are relaxed!

vi > va /2L

0.4 0.6

> m,[eV]

Disclaimer!

No full realistic cosmological
analysis has been performed in
the literature for m, > 0.2eV
and these lifetimes. This region
may or may not be excluded by
cosmological data

1.0
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Neutrino Decays into Massless States

v; — 1, () Decays Can relax the bounds significantly

© Requirements:
1) Have two massless final states
2) That the new fermion is weakly coupled so that evades constraints on U.4

3) It is embedded within a neutrino mass mechanism
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v. — U, () Decays Can relax the bounds significantly

Requirements:
1) Have two massless final states
2) That the new fermion is weakly coupled so that evades constraints on U.4

3) It is embedded within a neutrino mass mechanism

Simple solution: Escudero, Lopez-Pavon, Rius & Sandner 2007.04994
Add global U(1)x symmetry with a scalar field and a singlet left-handed state S,
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1) Have two massless final states
2) That the new fermion is weakly coupled so that evades constraints on U.4

3) It is embedded within a neutrino mass mechanism

Simple solution: Escudero, Lopez-Pavon, Rius & Sandner 2007.04994
Add global U(1)x symmetry with a scalar field and a singlet left-handed state S,

L 0 ™mp 0
L=yPNRSL M, = |mh Mg yave
0 (yavq))t 0

Miguel Escudero Abenza (CERN)


http://arxiv.org/abs/arXiv:2007.04994

v. — U, () Decays Can relax the bounds significantly

Requirements:
1) Have two massless final states
2) That the new fermion is weakly coupled so that evades constraints on U.4

3) It is embedded within a neutrino mass mechanism

Simple solution: Escudero, Lopez-Pavon, Rius & Sandner 2007.04994
Add global U(1)x symmetry with a scalar field and a singlet left-handed state S,
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Ya VP
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Provided 1,V < Mp
<1

Right v4 properties: 7, =0 Uqaq ~
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Requirements:
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v. — U, () Decays Can relax the bounds significantly

Requirements:
1) Have two massless final states
2) That the new fermion is weakly coupled so that evades constraints on U.4

3) It is embedded within a neutrino mass mechanism

Simple solution: Escudero, Lopez-Pavén, Rius & Sandner 2007.04994
Add global U(1)x symmetry with a scalar field and a singlet left-handed state S,

L 0 mp 0
L=yPNRSL M, = |mh Mg yave
0 (yavq))t 0
Seesaw mechanism atplay m, ~ m?%,/Mp

Ya VP
mp

Provided 1,V < Mp
<1

Right v4 properties: 7, =0 Uqaq ~

2 /10 GeV
( . ['(v; ~ 100¢1 /2 ( M )
Cosmological decays (v; — v40) 0%t 3 035V A

Neutrinos with a large mass can decay on cosmological timescales while being in
agreement with all known laboratory and cosmological data!
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Summary & Conclusions

Cosmological data suggests the possibility of non-
standard neutrinos.
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Summary & Conclusions

Cosmological data suggests the possibility of non-
standard neutrinos.

® Neff < 3

Some options, all involving physics in a well defined temperature
range. Most options mess up BBN.

Electrophilic Dark Matter particles meet all known bounds:
[m)( ~ 35— lOMeV]
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Cosmological data suggests the possibility of non-
standard neutrinos.

Neff <3

Some options, all involving physics in a well defined temperature
range. Most options mess up BBN.

Electrophilic Dark Matter particles meet all known bounds:
| m,~5~10MeV |

mISOSIIlO — O ‘7

Several models are in the market, some +- theoretically motivated.
Invisible neutrino decays appear as a very ;notivated case
Highlighted a neutrino mass scenario with |7, ~ 10_4tU

M, ~ 10 GeV
Vo = VH )

~

CMB lensing as a cosmo probe for it!
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Time for Questions and Comments

Exciting times in Cosmology!

Cosmological tensions still not significant, but if persistent may
be pointing towards some new fundamental neutrino property!

Thank you for your attention!

miguel.escudero@cern.ch
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