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Motivation I

2

Use cosmological data to understand their properties ∑ mν

Neutrino masses are the only laboratory evidence of physics 
beyond the Standard Model

However, as of today we do not know what the absolute 
neutrino mass scale is

Neutrinos are ubiquitous in Cosmology

60 %

40 %

Photons

Neutrinos
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Motivation II

3

Within the standard cosmological model, cosmological neutrino 
mass bounds are more stringent than laboratory ones:

Planck+BAO within ΛCDM:    (95% CL)∑ mν < 0.12 eV

Importantly, all cosmological neutrino mass bounds are 
cosmological model dependent. 

We therefore want to understand how sensitive are 
these bounds to the assumed cosmological model

In fact, most of the 2-zero neutrino mass textures predict  Σm𝛎 > 0.12 eV. 
See e.g. Alcaide, Santamaría & Salvadó, 1806.06785.

Many neutrino mass models have large regions of parameter 
space with Σm𝛎 > 0.12 eV.
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Motivation III

4

The Cosmic Neutrino Background represents the last 
prediction from the Big Bang Theory to be directly tested!

CNB

Detection prospects are strongly dependent upon what  is.
The CNB could look very different depending upon the underlying cosmology.

mν

A CNB search could be used to directly test different cosmological models!
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The Plan

5

1) Cosmological neutrino mass bounds

2) Large neutrino mass cosmologies

4) Conclusions and Outlook

3) Prospects for the Cosmic Neutrino Background detection

I am very happy to take questions, comments, 
and criticism at any point in the talk!

Please, go NUTs:

(see also Jordi’s talk)
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Neutrino Evolution in ΛCDM

6

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

γ ν

Hot DM:Non-Rel: znon−rel
ν ≃ 200

mν

0.1 eV Ωνh2 = ∑ mν /(93.14 eV)

∑ mν = 0.15 eV
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Why cosmology can constrain ?mν

7

1) Massive neutrinos modify the expansion history

Hot DM:Non-Rel: znon−rel
ν ≃ 200

mν

0.1 eV
Ωνh2 =

∑ mνnν

ρc /h2
= ∑ mν /(93.14 eV)
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Why cosmology can constrain ?mν

8

2) Massive neutrinos suppress the growth of structure
Taken from a talk by Steen Hannestad Link.

Same total energy density in matter

This happens because neutrinos travel very fast and therefore cannot fall in gravitational 
potentials. The effect of this smoothing is proportional to Ων

https://www.youtube.com/watch?v=19crVz1HdGI
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Effect on Cosmological Observables

9

Cosmic Microwave Background Anisotropies
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Effect on Cosmological Observables

10

5 25. Neutrinos in Cosmology

Figure 25.2: Ratio of the CMB C
T T
¸ and matter power spectrum P (k) (computed for each model

in units of (h≠1Mpc)3) for di�erent values of
q

m‹ over those of a reference model with massless
neutrinos. In order to minimize and better characterise the e�ect of

q
m‹ on the CMB, the

parameters that are kept fixed are Êb, Êc, · , the angular scale of the sound horizon ◊s and the
primordial spectrum parameters (solid lines). This implies that we are increasing the Hubble
parameter h as a function of

q
m‹ . For the matter power spectrum, in order to single out the e�ect

of neutrino free-streaming on P (k), the dashed lines show the spectrum ratio when {Êm, Êb, ��}
are kept fixed. For comparison, the error on P (k) is of the order of 5% with current observations,
and the fractional C¸ errors are of the order of 1/

Ô
¸ at low ¸.

25.2.3 E�ect of neutrino masses on the CMB
Neutrino eigenstates with a mass mi π 0.57 eV become non-relativistic after photon decoupling.

They contribute to the non-relativistic matter budget today, but not at the time of equality or
recombination. If we increase the neutrino mass while keeping fixed the density of baryons and
dark matter (Êb and Êc), the early cosmological evolution remains fixed and independent of the
neutrino mass, until the time of the non-relativistic transition. Thus one might expect that the
CMB temperature and polarisation power spectra are left invariant. This is not true for four
reasons.

First, the neutrino density enhances the total non-relativistic density at late times, Êm =
Êb + Êc + Ê‹ , where Ê‹ © �‹h

2 is given as a function of the total mass
q

m‹ by Eq. (25.2).
The late background evolution impacts the CMB spectrum through the relation between scales
on the last scattering surface and angles on the sky, and through the late ISW e�ect (see Cosmic
Microwave Background – Chap. 28 of this Review). These two e�ects depend respectively on the
angular diameter distance to recombination, dA(zrec), and on the redshift of matter-to-» equality.
Increasing

q
m‹ tends to modify these two quantities. By playing with h and ��, it is possible to

keep one of them fixed, but not both at the same time. Since the CMB measures the angular scale of
acoustic oscillations with exquisite precision, and is only loosely sensitive to the late ISW e�ect due
to cosmic variance, we choose in Fig. 25.2 to play with the Hubble parameter in order to maintain
a fixed scale dA(zrec). With such a choice, an increase in neutrino mass comes together with a
decrease in the late ISW e�ect explaining the depletion of the CMB spectrum for l Æ 20. The fact
that both

q
m‹ and h enter the expression of dA(zrec) implies that measurements of the neutrino

mass from CMB data are strongly correlated with h. Second, the non-relativistic transition of
neutrinos a�ects the total pressure-to-density ratio of the universe, and causes a small variation
of the metric fluctuations. If this transition takes place not too long after photon decoupling, this

6th December, 2019 11:49am

Suppression from Ων
Galaxy Surveys

Taken from the PDG



Neutrino Masses and the CNB NUTs workshop 26-05-22Miguel Escudero (TUM)

Neutrino Masses from Cosmology

11

Planck 2018 for ΛCDM (1807.06209)
X

m⌫ < 0.54 eV
X

m⌫ < 0.26 eV

X
m⌫ < 0.12 eV

(95 % CL, TT+lowE)

(95 % CL, TTTEEE+lowE)

(95 % CL, TTTEEE+lowE+lensing+BAO)

(95 % CL, TTTEEE+lowE+lensing)
X

m⌫ < 0.24 eV

Very robust bounds from linear Cosmology ΔT/T ∼ 10−5

What about other non-linear cosmological data?

And, all cosmological bounds are cosmological model dependent

What is the dependence upon the assumed Cosmological Model?
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Neutrino Masses from Cosmology

12

Data beyond Planck and BAO within ΛCDM
Planck Planck 1807.06209

X
m⌫ < 0.12 eV Planck 1807.06209Planck+BAO

X
m⌫ < 0.26 eV

Ivanov et al. 1912.08208Planck+BOSS P(k)
X

m⌫ < 0.16 eV

Planck+Lyman-  α
X

m⌫ < 0.10 eV
Choudhury & Hannestad 
1907.12598 Planck+BAO+H0

X
m⌫ < 0.08 eV

Palanque-Delabrouille
et al. 1911.09073

Lyman- +H0prior α
X

m⌫ < 0.58 eV

Ivanov et al. 1909.05277BOSS P(k)
X

m⌫ < 0.86 eV

Planck is driving current cosmological constraints 

Non-linear or mildly non-linear data sets break degeneracies in the fit

The larger H0 is, the stronger the constraint on              is
X

m⌫

di Valentino, Gariazzo & Mena  
2106.15267 Planck+BAO+SN+RSD

<latexit sha1_base64="/M8xAVgp6O5//U8kQM7wTHalR9o=">AAACBXicbVDJSgNBEO1xjXGLetRDYxA8SJgRRQUPQS8eI5gFMiH0dCqxsbtn6K4Rw5CLF3/FiwdFvPoP3vwbO8vB7UHB470qqupFiRQWff/Tm5qemZ2bzy3kF5eWV1YLa+s1G6eGQ5XHMjaNiFmQQkMVBUpoJAaYiiTUo5vzoV+/BWNFrK+wn0BLsZ4WXcEZOqld2Aptqqhqhzqlp9Qv+SfhXohwhxnUBu1C0Skj0L8kmJAimaDSLnyEnZinCjRyyaxtBn6CrYwZFFzCIB+mFhLGb1gPmo5qpsC2stEXA7rjlA7txsaVRjpSv09kTFnbV5HrVAyv7W9vKP7nNVPsHrcyoZMUQfPxom4qKcZ0GAntCAMcZd8Rxo1wt1J+zQzj6ILLuxCC3y//JbX9UnBY8i8PiuWzSRw5skm2yS4JyBEpkwtSIVXCyT15JM/kxXvwnrxX723cOuVNZjbID3jvX22al0I=</latexit>X
m⌫ < 0.09 eV
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Neutrino Masses from Cosmology

13

Cosmological Model Dependence
Planck+BAO and 3 degenerate neutrinos

Choudhury & Hannestad 19'
CDM+mν+ωa+ω

X
m⌫ < 0.25 eV Dark Energy dynamics

Varying Curvature
X

m⌫ < 0.15 eV ΛCDM+mν+Ωk 
Choudhury & Hannestad 19'

Varying Neff ΛCDM+mν+Neff
Planck 1807.06209

<latexit sha1_base64="Ry79wBaNXwgc3ftoupEhtmQejUY=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwkHDnB1pYiDaWCiYGciHsbSbJkt29Y3dODEcaG/+KjYUitv4HO/+Nm5hCEx8MPN6bYWZelEhh0fe/vKnpmdm5+dxCfnFpeWW1sLZesXFqOJR5LGNTjZgFKTSUUaCEamKAqUjCbdS9GPi3d2CsiPUN9hKoK9bWoiU4Qyc1CluhTRVVjVCn9JT6peAg3AsR7jGDSr9RKPolfwg6SYIRKZIRrhqFz7AZ81SBRi6ZtbXAT7CeMYOCS+jnw9RCwniXtaHmqGYKbD0bftGnO05p0lZsXGmkQ/X3RMaUtT0VuU7FsGPHvYH4n1dLsXVSz4ROUgTNfxa1UkkxpoNIaFMY4Ch7jjBuhLuV8g4zjKMLLu9CCMZfniSV/VJwVPKvD4tn56M4cmSTbJNdEpBjckYuyRUpE04eyBN5Ia/eo/fsvXnvP61T3mhmg/yB9/ENZdCXPQ==</latexit>X
m⌫ < 0.13 eV

X
m⌫ < 0.12 eV ΛCDM+mν

Planck 1807.06209
Standard Case 

Varying Neff+ω+αs+mν
di Valentino et al. 1908.01391

X
m⌫ < 0.17 eV CDM+mν+Neff+ω+αs+mν

Constraints are robust upon standard modifications of ΛCDM
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Neutrino Masses from Cosmology

14

Cosmological Model Dependence
Non-standard Neutrino Cosmologies:

Bounds can significantly loosen in some extensions of ΛCDM. 
They require modifications to the neutrino sector.

Non-standard 
Neutrino Populations

Tν < TSM
ν

Renk et al. 2009.03286

Oldengott et al. 1901.04352
∑ mν < 3 eV

∑ mν < 3 eV

Farzan & Hannestad 1510.02201

Alvey, Escudero & Sabti 2111.14870

<pν > > 3.15 TSM
ν

But Why? and How?

Dvali & Funcke 1602.03191 

Time Dependent 
Neutrino Masses

∑ mν < 1.4 eV

Esteban & Salvadó 2101.05804

∑ mν < 3 eV

Late phase transition

Ultralight scalar field screening

Lorenz et al. 1811.01991 & 2102.13618

Wetterich et al. 1009.2461 & 1407.8414
Poulin et al. 1909.05275, 2112.13862  

Invisible Neutrino Decay

∑ mν ≲ 0.42 eV

Escudero, López-Pavón, Rius & Sandner 2007.04994

Oldengott, Wong et al.  2203.09075 & 2011.01502
Escudero & Fairbairn 1907.05425

Archidiacono & Hannestad 1311.3873

∑ mν ≲ 0.2 eV

νi → ν4 ϕ

νi → νj ϕ

at least:

https://arxiv.org/abs/2203.09075
https://arxiv.org/abs/2011.01502
https://arxiv.org/abs/1907.05425
https://arxiv.org/abs/1311.3873
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Neutrino Masses from Cosmology
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✓s ⌘ rs/DM (z?)

rs =

Z 1

z?

cs

H(z0)
dz

0

DM (z) =

Z z

0

1

H(z0)
dz

0

Comoving sound horizon

Comoving angular diameter distance

CMB peaks fix:
(Early Universe)

(Late Universe)Massive neutrinos
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Neutrino Masses from Cosmology
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Massive neutrinos also affect CMB lensing ∝ 𝛀𝛎 

Not only a background effect:
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Neutrino Decays

17

Neutrinos decaying with                          do not impact DM(zCMB)⌧⌫ . tU/10

<latexit sha1_base64="7lHgO1RcWCoxQd27trsvcT3cDUc=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInmoiBfVW9OKxgmkLTQib7aZdutmE3YlQSr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLwoE1yD43xbS8srq2vrpY3y5tb2zq69t9/Uaa4o82gqUtWOiGaCS+YBB8HamWIkiQRrRYObid96YErzVN7DMGNBQnqSx5wSMFJoH/pA8tCXOfYF01rzBEPonblOaFecqjMFXiRuQSqoQCO0v/xuSvOESaCCaN1xnQyCEVHAqWDjsp9rlhE6ID3WMVSShOlgNP1gjE+M0sVxqkxJwFP198SIJFoPk8h0JgT6et6biP95nRziy2DEZZYDk3S2KM4FhhRP4sBdrhgFMTSEUMXNrZj2iSIUTGhlE4I7//IiaZ5X3Vr16q5WqV8XcZTQETpGp8hFF6iOblEDeYiiR/SMXtGb9WS9WO/Wx6x1ySpmDtAfWJ8/cT2WPw==</latexit>

Unstable Neutrinos can ameliorate the bounds on Σm𝛎!
Effect of induced neutrino Lensing is substantially reduced
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Neutrino Masses from Cosmology
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Cosmology can only constrain  and not directly Ων(z) mν

Take Away Message:

All these models reduce  with respect to the one in ΛCDM 
and are in excellent agreement with all known cosmological data

Ων(z)

Non-standard Neutrino Cosmologies:

Poulin et al. 1909.05275, 2112.13862  

Invisible Neutrino Decay

∑ mν ≲ 0.42 eV

Escudero, López-Pavón, Rius & Sandner 2007.04994

Oldengott, Wong et al.  2203.09075 & 2011.01502
Escudero & Fairbairn 1907.05425

Archidiacono & Hannestad 1311.3873

Non-standard 
Neutrino Populations

Tν < TSM
ν

Renk et al. 2009.03286

Oldengott et al. 1901.04352
∑ mν < 3 eV

∑ mν < 3 eV

Farzan & Hannestad 1510.02201

Alvey, Escudero & Sabti 2111.14870

<pν > > 3.15 TSM
ν

Dvali & Funcke 1602.03191 

Time Dependent 
Neutrino Masses

∑ mν < 1.4 eV

Esteban & Salvadó 2101.05804

∑ mν < 3 eV

Late phase transition

Ultralight scalar field screening

Lorenz et al. 1811.01991 & 2102.13618

Wetterich et al. 1009.2461 & 1407.8414

∑ mν < 0.2 eV

νi → ν4 ϕ

νi → νj ϕ

Cosmological Model Dependence

at least:

https://arxiv.org/abs/2203.09075
https://arxiv.org/abs/2011.01502
https://arxiv.org/abs/1907.05425
https://arxiv.org/abs/1311.3873
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Neutrino Decays into lighter neutrinos
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 Decaysνi → νj ϕ
Theory: These happen naturally in scenarios with light mediators charged under 
horizontal flavor symmetries, e.g.  Lμ − Lτ

see e.g. Gelmini & Valle PLB 142 (1984) 181 for a model
and Escudero, López-Pavón, Rius & Sandner 2007.04994 
for a taxonomy of possible decays

Oldengott, Wong et al.  2011.01502 & 2203.09075

Parameter space:

see also Escudero & Fairbairn 1907.05425

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

Ωνh2 =
3 × mlightest

ν

93.14 eV
Escudero, López-Pavón, Rius & Sandner 2007.04994

https://arxiv.org/abs/1907.05425
https://arxiv.org/abs/2011.01502
https://arxiv.org/abs/2203.09075
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Neutrino Decays into Massless States
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 Decaysνi → ν4 ϕ
Theory: One requires a very light boson and a very light sterile neutrino (which 
is lighter than active neutrinos). We have shown that decays of this type can be 
easily realized within the type-I seesaw scenario, in a model that is simple, 
minimal, and radiatively stable see Escudero, López-Pavón, Rius & Sandner 2007.04994

Disclaimer!
No full realistic cosmological 
analysis has been performed in 
the literature for  
and these lifetimes. This region 
may or may not be excluded by 
cosmological data

mν > 0.2 eV

Parameter space:

Oldengott, Wong et al.  2203.09075 & 2011.01502

Poulin et al. 2112.13862 & 1909.05275

Neutrino mass 
bounds are relaxed!

https://arxiv.org/abs/2203.09075
https://arxiv.org/abs/2011.01502
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Time dependent mν

21

Neutrino masses from a late phase transition
Theory: There are somewhat intricate models by Dvali, Flucke & Vachaspati 
1602.03191 & 2112.02107. 

If  then the neutrino mass can bound can be relaxedTPT ≲ 10−3 eV

The idea is: mν = y ⟨ϕ⟩ ⟨ϕ⟩ =
0 for T > TPT

vϕ for T ≤ TPT

KATRIN reach

Lorenz, Funcke, Calabrese & Hannestad 1811.01991
Lorenz, Funcke, Löffler & Calabrese 2102.13618

Importantly, cosmological data requires the 
phase transition to happen at very low 
redshift if the neutrino mass were to be large!

https://arxiv.org/abs/1602.03191
https://arxiv.org/abs/2112.02107
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Large Neutrino Mass Cosmologies
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Neutrinos with non-standard distributions
Cosmology can only constrain energy densities, H ∝ ρ

Ωνh2 = ∑ mνnν /ρc/h2When neutrinos are non-relativistic:  

When neutrinos are ultrarelativistic 

Neff =
8
7 ( 11

4 )
4/3

(
ρrad − ργ

ργ ) ∝ ρν /ργ NCMB
eff = 2.99 ± 0.17

Planck 2018

In Alvey, Escudero & Sabti 2111.12726 we have explicitly demonstrated that this 
bound is highly insensitive to the form of the neutrino distribution function! 
See also Oldengott et al. 1901.04352 and Renk et al. 2009.03286.

Ωνh2 < 0.0012
∑ mν

0.12 eV
nν

nSM
ν

Planck 2018

From this we see that a trivial way to relax the bound 
is to reduce the number density of neutrinos! nν < nSM

ν

Alvey, Escudero & Sabti 2111.12726 
Oldengott et al. 1901.04352
Renk et al. 2009.03286.

https://arxiv.org/abs/2111.12726
https://arxiv.org/abs/2111.12726
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Cosmologies with nν < nSM
ν
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Low Temperature Neutrinos and Dark Radiation
 and therefore if  the cosmological bound can be ameliorated.nν ∼ T3

ν Tν < TSM
ν

However, . This means that one needs to introduce some dark 
radiation such that  

Neff ∼ (Tν /Tγ)4

Neff = Nν
eff + NDR

eff ≃ 3
Farzan & Hannestad in 1510.02201 showed a way of how to do this:

One needs  new massless species and a boson that interacts with neutrinos and 
these new states in the early Universe before recombination 

𝒪(10)
10 eV ≲ T ≲ 100 keV

Neutrinos with a Large Momentum

. That means that if  then  could 
be much smaller while having the right  and a larger neutrino mass
Neff ∼ ρν |T≫mν

∝ ⟨pν⟩ nν ⟨pν⟩ ≫ ⟨pν⟩ |SM nν
Neff

As far as I know there is no known mechanism capable of producing a much larger 
neutrino momentum and a smaller number density. Perhaps ?νν̄νν̄ → νν̄

nν = nSM
ν

1
1 + N/3
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Summary

24

Current cosmological bounds are dominated by Planck and this makes 
them robust

However, all cosmological neutrino mass bounds are cosmological 
model dependent

The mass bound is rather insensitive to typical modifications of the 
standard cosmological model

There exist, however, several scenarios where the neutrino mass bound 
can be substantially relaxed and that are in agreement with all known 
cosmological data:

Invisible neutrino decays

Time dependent neutrino masses

Non-standard neutrino populations
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The Cosmic Neutrino Background

25

The exact properties of the Cosmic Neutrino Background are 
cosmological model dependent

Importantly, the detection prospects are strongly dependent upon 
what the neutrino mass is!

Previous studies focused on the detection prospects in ΛCDM. 
We wanted to see what happens in non-standard cosmologies:

Alvey, Escudero, Sabti & Schwetz [2111.14870]

https://arxiv.org/abs/2111.14870
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Direct Detection of the CNB

26

Can we detect the Cosmic Relic Neutrino Background in the laboratory?
Very very challenging, but potentially, Yes!

Expected ΛCDM properties

TSM
ν = Tγ /1.4 ≃ 1.95 K Very low energetic

nSM
ν ≃ 56 cm−3 Large number density

Perhaps the best search strategy is via capture in beta decaying nuclei

νe + 3H → e− + 3He+ Weinberg [1962]

The PTOLEMY collaboration has taken seriously the possibility of 
actually detecting it [1808.01892, 1902.05508, 2203.11228]

Indeed, a recent search at KATRIN was able to bound

              [2202.04587]nν < 1010 nSM
ν
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Direct Detection of the CNB

27

Some experimental challenges:

Low number of events Γνe+3H→e−+3He+ ∼
4(8)
year

MT

100 g
nν

56 cm−3

see e.g. Long, Lunardini & Sabancilar 1405.7654

Huge beta background
3H → e− + 3He+ + ν̄e Δ ≲ mν

High energy resolution needed

Physical challenges: 
The deposition of  on graphene will in turn lead to a smearing of the spectrum 
with at least  
The PTOLEMY collaboration is looking at potential remedies for this [2203.11228]. 
They suggest using perhaps tubularly shaped graphene sheets.  

3H
ΔEe ∼ 0.2 eV Cheipesh, Cheianov & Boyarsky  [2101.10069], Nussinov & Nussinov [2108.03695] 
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The energy resolution required for the detector makes very complicated the 
detection
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No detection if  Δ > mν
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Detection possible if Δ < mν
But with a high exposure and low background
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2) However, in some non-
standard cosmologies the 
detection may be feasible.  
In particular, if KATRIN 
detects something!

1) Detecting the CNB within 
ΛCDM, is very very 
challenging 

CMB excluded

0) Effect of neutrino capture 
by the MW halo
 Ringwald & Wong hep-ph/0408241

Despite these challenges, it appears necessary to understand in detail the required 
experimental sensitivities in standard and non-standard cosmologies:

Alvey, Escudero, Sabti & Schwetz [2111.14870]

https://arxiv.org/abs/2111.14870
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In the next ~ 5 years we expect to detect the effect of the neutrino mass in 
cosmology with DESI and EUCLID (see Massi’s talk last week): 

σ(∑ mν) = 0.02 eV
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Cosmology: 

CNB: 

Detection? 

ΛCDM

☹  too smallmν

νi → νj ϕ

☹  too smallmν

νi → ν4 ϕ

☹ No CNB today

Cosmology: 

CNB: 

Detection? 

Long Range

only if we live 
inside one nugget!😐

Low +DRTν

😃 best prospects because 
neutrinos are slow

pν ≫ 3TSM
ν

☹ Not many neutrinos and 
they travel fast
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Neutrino Masses:
Cosmological bounds are very stringent in ΛCDM:

X
m⌫ < 0.12 eV

Cosmic Neutrino Background:

Directly detecting it is very challenging, but perhaps less so 
beyond ΛCDM

However, all cosmological mass bounds are cosmological model 
dependent

There are several (although not many) cosmological models that 
are perfectly compatible with all known cosmological data where 
the neutrino mass can be large 

We have indirect evidence that the CNB should be there  Neff ≃ 3
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Neutrino Masses:
KATRIN reach: (90% CL)

Next Galaxy Surveys+CMB should detect neutrino masses

X
m⌫ < 0.6 eV

e.g.: 1308.4164 Font-Ribera et al., 1408.7052 Kitching et al.

DESI/EUCLID+Planck: �
⇣X

m⌫

⌘
' 0.02 eV (1�)

Next generation of 0ν2β experiments, e.g. LEGEND:
<latexit sha1_base64="cYZBzSB1UZBN3Essm7MyJ5WSU3k=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQ0ZKUii6LblxWsA9oQplMb9uhM0mYmQgl5B/c+CtuXCji1o07/8Zp2oVWD8zlcM693LkniDlT2nG+rMLS8srqWnG9tLG5tb1j7+61VJRICk0a8Uh2AqKAsxCammkOnVgCEQGHdjC+nvrte5CKReGdnsTgCzIM2YBRoo3Us09EL/UC0ATnNcOeYgJjp+JUz0ypeaepJwWGVoZ7dtkoOfBf4s5JGc3R6NmfXj+iiYBQU06U6rpOrP2USM0oh6zkJQpiQsdkCF1DQyJA+Wl+U4aPjNLHg0iaF2qcqz8nUiKUmojAdAqiR2rRm4r/ed1EDy79lIVxoiGks0WDhGMd4WlAuM8kUM0nhhAqmfkrpiMiCdUmxpIJwV08+S9pVSvuecW5rZXrV/M4iugAHaJj5KILVEc3qIGaiKIH9IRe0Kv1aD1bb9b7rLVgzWf20S9YH9/QdpuR</latexit>

m�� ⇠ 0.02� 0.04 eV

Detecting the Cosmic Neutrino Background
The PTOLEMY collaboration is seriously considering it 

Opportunity to test cosmological models in the laboratory

Given its challenges, new bold ideas are most welcome!

Several interesting things can happen in each case!
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Upcoming years are going to be exciting!

Thank you for your attention!

⌫
miguel.escudero@tum.de 

mailto:miguel.escudero@tum.de

