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• To achieve its goals PTOLEMY needs high event rates and small 
energy resolutions

High event rates

• Distribute tritium on a solid state substrate 
like graphene

• Allows the storage of large quantities of 
tritium on a small surface

                               mg/mσ ≃ 0.2 2

• Experimentally realized nanoporous graphene with 90% coverage

CONCEPT
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[see Betti et al. — Nano Lett. 2022]
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Small energy resolution

• PTOLEMY aims at using TES detectors with an envisaged resolution 
 meVΔE ≃ 100

• To reconstruct the energy of the electron at the emission point, it is 
crucial to:

A. know  preciselyΔV

B. have the electron travel in vacuum

• 2D graphene satisfies both requirements

CONCEPT
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Forecast/measurement of mν

Accurate model of dN(mν)/dEe

Initial state effects
Initial  wave functions and 

binding energies
3H

Final state effects
Inclusive on  state, 
phonons and electrons

3He+

Cond. mat. theory
• structure factor
• energy loss funct.
• …

Data
• how much loading?
• phonon spectrum?
• electron spectrum?
• neutron scattering?
• electron scattering?
• …

Cond. mat. theory
• binding potential
• known uncert.
• …
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• Let’s take baby steps, and start from the simplest effect

• The initial graphene-tritium binding potential is (almost) known from 
Density Functional Theory (DFT)
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[PTOLEMY — PRD 2022, 2203.11228]

Roughly harmonic oscillator + Morse:

V(x∥, z) = 1
2 mT ω2

∥ x2
∥ + D [ 1 − e−(z−z0)/a ]

fitted from DFT potential

[work in progress by G. Menichetti, V. Tozzini]
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tg ∼ 10−14 s

• Final state  can be in any level of the initial DFT potential3He+

3H → (3He)n
+ e− + ν̄e

ℳn ∼ ∫ dx ψ0(x) ψ*n (x) e−ipe⋅x

dN
dEe

= ∑
n

dNn

dEe
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• The event rate develops an 
interesting pattern
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onset of the continuum

discrete levels thresholds

features are sensitive to mν
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[P. Campana, A. Nucciotti — work in progress]

PTOLEMY very preliminary
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• Before getting predictions that are reliable enough, we need to lift 
some assumptions and approximations

1. We assumed fully loaded graphene, 50% above and 50% below 
the layer               what is the most realistic loading, accounting 
also for the opening of a gap?

2. We didn’t include excitations along the graphene plane               
what is the complete shape of  obtained from DFT?V(x)

3. Can we indeed assume that the DFT potential is the same 
before and after the decay?

 STATES3He+
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[work in progress by G. Menichetti & V. Tozzini]
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• The next effect to be included is the possible excitation of lattice 
vibrational modes in the final state

| f ⟩ = |p⟩e |q⟩ν |n⟩He |λ⟩vibr

• The vibrational modes could be added inclusively using the structure 
factor

dN
dEe

∼ ∫ dωdq
dNno vibr

dEedq
⊗ S (q, Ee − ω)

WHAT NEXT

13/19Angelo Esposito

[e.g., Berghaus, AE, Essig, Sholapurkar — JHEP 2020, 2210.06490; 
Squires — Introduction to the theory of thermal neutron scattering]
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• Particularly convenient as it can be extracted from neutron scattering 
data:

      
dσn

dΩdEf
=

σn

4π

|pf |

|pi |
S(pi − pf , Ei − Ef)

• Can  be computed from DFT? How accurately?S(q, ω)

• Is there a way of re-packaging all the nuclear response into the 
structure factor?

WHAT NEXT

14/19Angelo Esposito

[photoemission literature is vast!]

n n
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• PTOLEMY also aims at hunting for the cosmic neutrino background

• Crucial to be able to distinguish the peak from the “background” 
coming from the -decayβ
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Localize tritium more
right-most peak gets enhanced

[Andrea Casale — Master’s thesis]
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• Flat graphene does not work for C B detection. What to do?ν

SOLUTIONS?

17/19Angelo Esposito

Localize tritium less
left-most peak emerges from β-decay

[Andrea Casale — Master’s thesis]
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• How much should we delocalize the initial tritium?

      ΔEe ∼ 100 meV ⟹ ΔxT ∼ 1 Å

• Can we find a substrate that does this job?

• We need to be creative and get to work!

SOLUTIONS?

18/19Angelo Esposito

…what else?

nanotubes? fullerenes?
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Thanks for your attention!


