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Neutrino capture
How to directly detect non-relativistic neutrinos?

Remember that
⟨Eν⟩ ≃ O(10−4) eV today

a process without energy
threshold is necessary

[Weinberg, 1962]: neutrino capture in β–decaying nuclei ν + n → p + e−

Main background: β decay n → p + e− + ν̄!

signal is a peak at 2mν

above β–decay endpoint

only with a lot of material

need a very good energy resolution
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[Long+, JCAP 08 (2014) 038]

https://doi.org/10.1103/PhysRev.128.1457
https://doi.org/10.1088/1475-7516/2014/08/038


What material?

to minimize contamination from β decay background

best element has highest σNCB(vν/c) · t1/2
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What material?

to minimize contamination from β decay background

best element has highest σNCB(vν/c) · t1/2

3H better because the cross section (→ event rate) is higher
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β and Neutrino Capture spectra
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PTOLEMY

Pontecorvo Tritium Observatory for Light, Early-
universe, Massive-neutrino Yield (PTOLEMY)

expected resolution ∆ ≃ 0.1 eV?
0.05 eV?

built mainly for CNB

MT = 100 g of atomic 3H
can probe mν ≃ 1.4∆ ≃ 0.1 eV

ΓCNB =
3∑

i=1
|Uei |2[ni(νhR ) + ni(νhL)] NT σ̄ ∼ O(10) yr−1

NT number of 3H nuclei in a sample of mass MT σ̄ ≃ 3.834 × 10−45 cm2 ni number density of neutrino i

(without clustering)
S. Gariazzo “Neutrino physics with the PTOLEMY project” Fellini general meeting, 30/05/2022 4/12

[PTOLEMY LoI, arxiv:1808.01892]
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PTOLEMY

Pontecorvo Tritium Observatory for Light, Early-
universe, Massive-neutrino Yield (PTOLEMY)

expected resolution ∆ ≃ 0.1 eV?
0.05 eV?

built mainly for CNB

MT = 100 g of atomic 3H
can probe mν ≃ 1.4∆ ≃ 0.1 eV

ΓCNB =
3∑

i=1
|Uei |2[ni(νhR ) + ni(νhL)] NT σ̄ ∼ O(10) yr−1

NT number of 3H nuclei in a sample of mass MT σ̄ ≃ 3.834 × 10−45 cm2 ni number density of neutrino i

(without clustering)

ehnancement from
other effects?ehnancement from

ν clustering in the galaxy?
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[PTOLEMY LoI, arxiv:1808.01892]

https://arxiv.org/abs/1808.01892


PTOLEMY proposal as of 2022

[Courtesy A. Esposito]
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PTOLEMY proposal as of 2022

[Courtesy A. Esposito]

tritium on
graphene?

tritium on
fullerene?

[Courtesy V. Tozzini]
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[PTOLEMY LoI, arxiv:1808.01892]

https://arxiv.org/abs/1808.01892


PTOLEMY proposal as of 2022

[Courtesy A. Esposito]

need to reduce
amount of electrons

at final energy sensors:
EM filter

additional benefit:
first (fast) energy determination

thanks to radio-frequency antenna
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[PTOLEMY LoI, arxiv:1808.01892]

https://arxiv.org/abs/1808.01892


PTOLEMY proposal as of 2022

[Courtesy A. Esposito]

filter only events
close to endpoint

(E ≳ E0 − 10 eV)
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[PTOLEMY LoI, arxiv:1808.01892]

https://arxiv.org/abs/1808.01892


PTOLEMY proposal as of 2022

[Courtesy A. Esposito]

final
energy determination

∆E ∼ 0.05 eV
(slow, precise)
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[PTOLEMY LoI, arxiv:1808.01892]

https://arxiv.org/abs/1808.01892


Heisenberg uncertainty?
Quantum mechanics complicates the T -on-graphene case

uncertainty on
T momentum

[Cheipesh+, PRD 2021]

spatially localized T spread in
final e energy

∆Kβ =
∣∣∣∣ p⃗e · ∆p⃗T

E3He

∣∣∣∣ ≃ pe
m3He

1
∆xT

≃ O(1) eV

spread of initial T wave function

aaaaaaaaa
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[PTOLEMY, arxiv:2203.11228]
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!!!!!
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Heisenberg uncertainty?
Quantum mechanics complicates the T -on-graphene case

uncertainty on
T momentum

[Cheipesh+, PRD 2021]

spatially localized T spread in
final e energy

∆Kβ =
∣∣∣∣ p⃗e · ∆p⃗T

E3He

∣∣∣∣ ≃ pe
m3He

1
∆xT

≃ O(1) eV

spread of initial T wave function

!!!!!

delocalize T to solve the problem

i.e.: implant T on nanotubes or fullerene
to have approximate momentum eigenstates

(work in progress)
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Neutrino mass determination

as a function of m̂lightest, ∆
relative error on mlighteststatistical only!
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[PTOLEMY, JCAP 07 (2019) 047]
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Neutrino mass determination

as a function of m̂lightest, ∆
relative error on mlighteststatistical only!
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wonderful precision in determining the neutrino mass

(well, yes, with 100 g of tritium...)

S. Gariazzo “Neutrino physics with the PTOLEMY project” Fellini general meeting, 30/05/2022 7/12

[PTOLEMY, JCAP 07 (2019) 047]

https://doi.org/10.1088/1475-7516/2019/07/047


Neutrino mass determination

as a function of m̂lightest, ∆
relative error on mlighteststatistical only!

wonderful precision in determining the neutrino mass
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(mass detection already with 10 mg of tritium!)
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Neutrino mass determination

as a function of m̂lightest, ∆
relative error on mlighteststatistical only!

wonderful precision in determining the neutrino mass
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(mass detection already with 10 mg of tritium!)

∆ has almost no impact
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Detection of the relic neutrinos

as a function of m̂lightest, ∆
significance on ACNB > 0statistical only!

if ACNB > 0 at Nσ, direct detection of CNB accomplished at Nσ

N i
th(θ) = AβN i

β(Êend + ∆Eend , mi , U) + ACNBN i
CNB(Êend + ∆Eend , mi , U) + Nb

using the definition:
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[PTOLEMY, JCAP 07 (2019) 047]
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PTOLEMY and the ν4

Γ4 ≃ ∆Neff |Ue4|2 fc(m4) ΓCNBΓCνB = O(10)/yr

[de Salas+, 2017]
fc(m4) = O(102)

[SG+, PLB 2018]
m4 ≃ 1.15 eV
|Ue4|2 ≃ 0.01∆Neff =??

Γ4 depends probably on new physics!
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PTOLEMY and the ν4

Γ4 ≃ ∆Neff |Ue4|2 fc(m4) ΓCNBΓCνB = O(10)/yr

[de Salas+, 2017]
fc(m4) = O(102)

[SG+, PLB 2018]
m4 ≃ 1.15 eV
|Ue4|2 ≃ 0.01∆Neff =??

Γ4 depends probably on new physics!

Still possible to measure mass/mixing through β spectrum
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black: DANSS+NEOS 3σ (2018) red: KATRIN 90% forecast
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Requirements for PTOLEMY discoveries
What do we need to discover. . .

low Γb extreme ∆ a lot of 3H
. . . ν masses? ✓ ✓ ∼∼∼

. . . ν mass ordering? ✓ ∼∼∼ ∼∼∼
. . . CNB direct detection? !! !! !!

. . . light νs? ✓ ✓ ∼∼∼
. . . keV νs? ?? work in progress

✓: no problem here
∼∼∼: not so strongly required

!!: strongly required
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What did we learn on PTOLEMY?
Amazing science ahead!
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Technological challenge!T

Neutrino Mass results even with prototypes (lower T amount)
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PTOLEMY collaboration

Thank you for the attention!
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