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»  Neutrino mass from f-decay

. Radial excitations of *He*

* Vibrational degrees of freedom
B @ociic neutrinos

- Outlook
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» The f-decay spectrum depends parametrically on the neutrino mass:

dN d
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5 = Eam) S= 21Ul

* This effect 1s much more pronounced near the electron’'s end-point:
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m, INA NUTSHELL

» The f-decay spectrum depends parametrically on the neutrino mass:

dN L
e — (B m. ) m2 = E U..|>m?
dEe f( e I/) 1% l:1 | €l| l

* This effect 1s much more pronounced near the electron’'s end-point:

A

# of events

electron energy
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m, INA NUTSHELL

» The f-decay spectrum depends parametrically on the neutrino mass:

dN L
e — (B m. ) m2 = E U..|>m?
dEe f( e I/) 1% l:1 | ell l

* This effect 1s much more pronounced near the electron’'s end-point:

Measure the end-point region

v

Extract m,

# of events

electron energy
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» o achieve its goals PTOLEMY needs high event rates and small
energy resolutions
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CONCEPT

To achieve its goals PTOLEMY needs high event rates and small

energy resolutions

High event rates

« Distribute tritium on a solid state substrate

ike graphene

- Allows the storage of large quantrties of
tritium on a small surface

o ~ 0.2 mg/m?

* Experimentally realized nanoporous graphene with 90% coverage

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

Svall enerqgy resolubion

» PTOLEMY aims at using TES detectors with an envisaged resolution
=00 mey

» o reconstruct the energy of the electron at the emission point, it Is
crucial to:

A. know AV precisely

B. have the electron travel in vacuum
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CONCEPT

Svall enerqgy resolubion

» PTOLEMY aims at using TES detectors with an envisaged resolution
=00 mey

» o reconstruct the energy of the electron at the emission point, it Is
crucial to:

A. know AV precisely

B. have the electron travel in vacuum

» 2D graphene satisfies both requirements
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» Graphene is a blessing... but also a curse!

 Plethora of condensed matter effects =%  situation Is
qualitatively different from vacuum
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» Graphene is a blessing... but also a curse!

 Plethora of condensed matter effects =%  situation Is

qualitatively different from vacuum

 [he condensed matter d.o.f. must be included in the reaction:
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A MESSY LIFE...

» Graphene is a blessing... but also a curse!

 Plethora of condensed matter effects =%  situation Is

qualitatively different from vacuum

 [he condensed matter d.o.f. must be included in the reaction:
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A MESSY LIFE...

» Graphene is a blessing... but also a curse!

 Plethora of condensed matter effects =%  situation Is

qualitatively different from vacuum

 [he condensed matter d.o.f. must be included in the reaction:

e . v, /
inrtially bound radial S
5. 3 ' . 3H + ° e~
tritium \ H excltations e
4
I g vibrational
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ROADMAPTO 1,

Forecast/measurement of m,,

Accurate model of dN(m,)/dE,

Inrtial state effects Final state effects

Initial >H wave functions and Inclusive on 3He™ state,

binding energies Data phonons and electrons
* how much loading?

* phonon spectrum?
* electron spectrum!?
* neutron scattering?

Cond. mat. theory R e Cond. mat. theory

* binding potential ELE » structure factor
* known uncert. * energy loss funct.
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* The intial graphene-tritium binding potential is (almost) known from
Density Functional Theory (DFT)
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» Let’s take baby steps, and start from the simplest effect

* The intial graphene-tritium binding potential is (almost) known from
Density Functional Theory (DFT)

Roughly harmonic oscillator + Morse:

V(x).2) = smpolx+ D[ 1 — e V]
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SHet STATES

» Let’s take baby steps, and start from the simplest effect

* The intial graphene-tritium binding potential is (almost) known from
DeﬂSIty FUﬂCtiOﬂd/ Theory (DFT) [work in progress by G. Menichetti, V. Tozzini]

Roughly harmonic oscillator + Morse:

V<X||’ Z) ;mT a)” I + D [ 1 — _(Z_fo)/a]

A
A

fitted from DFT potential
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» On the time scales of the f-decay (75 ~ 10718 ) the *He™ does not
feel the changes happening on graphene (2, ~ [y
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» On the time scales of the f-decay (75 ~ 10718 ) the *He™ does not
feel the changes happening on graphene (2, ~ [y

+ Final state He™ can be in any level of the initial DFT potential

H— (*He) +e™ +7,
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SHet STATES

» On the time scales of the f-decay (75 ~ 10718 ) the *He™ does not
feel the changes happening on graphene (2, ~ [y

+ Final state He™ can be in any level of the initial DFT potential

H— (*He) +e™ +7,

initial 3H wave function /\ /_\

< > | final 2He™t wave function
M, ~ | )y (x) e
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» On the time scales of the f-decay (75 ~ 10718 ) the *He™ does not
feel the changes happening on graphene (2, ~ [y

+ Final state He™ can be in any level of the initial DFT potential

H— (*He) +e™ +7,

initial >H wave function /\

1 |
M, ~ de l//:)(X) YrE (X erih

final 3He™ wave function

dN dN,
e Z dE,
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* [he event rate develops an

interesting pattern

onset of the continuum
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 Very preliminary sensitivity studies seem promising
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0.71 Mmm 100 ug, 90% hdi
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* Before getting predictions that are reliable enough, we need to |ift
some assumptions and approximations
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* Before getting predictions that are reliable enough, we need to |ift
some assumptions and approximations

|, 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!
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* Before getting predictions that are reliable enough, we need to |ift

some assumptions and approximations

|, 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 Includ

e excrtations along the graphene plane —»

what Is the com

[work
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* Before getting predictions that are reliable enough, we need to |ift
some assumptions and approximations

|, 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 V(Xx) obtained from DFT?

[work in progress by G. Menichetti & V. Tozzini]

3. Can we Indeed assume that the DFI potential Is the same
before and after the decay!?

Angelo Esposito g SAPIENZA INFN 12/19 NuMass 2024

Istituto Nazionale di Fisica Nucleare



WHAT NEXT

Angelo Esposito INFN 13/19 NuMass 2024



WHAT NEXT

* The next effect to be Included is the possible excitation of lattice
vibrational modes in the final state
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WHAT NEXT

* The next effect to be Included is the possible excitation of lattice
vibrational modes in the final state

50F LO

— ] 10.20
40}
— 20 10.15
T 40l >
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1) = Pl ImHe )y
= 1P/l 47011 He 1 4)vibr 3 A
10l ZA 10.05
0 0.00
r M K r
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WHAT NEXT

* The next effect to be Included is the possible excitation of lattice
vibrational modes in the final state

50 F LO
— ] 10.20
40}
— 20 10.15
T 40l >
= LA 2
1f) = 1Pl @) m)He | D)y
= 1P/l 47011 He 1 4)vibr 3 A
10l ZA 10.05
0 0.00
r M K r

——————————————

 [he vibrational modes could be added inclusively using the structure
factor
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WHAT NEXT

* The next effect to be Included is the possible excitation of lattice
vibrational modes in the final state

50 F LO
— ] 10.20
40}
— 20 10.15
T 40l >
= LA 2
1) = Pl ImHel )y
= 1P/l 47011 He 1 4)vibr 3 A
10l ZA 10.05
0 0.00
r M K r

 [he vibrational modes could be added inclusively using the structure
factor

dN N
P PRy dedq slafliel RS (q, g, = a))

dE,dq

EEmoemNE e rahaus AR -U'Essiqg, "Sholapurkadf: — - JHEP « 202064 27 N0 FE G Al
SERe SN kNt roduction to the. theory: of "thermal neutrcnl SCaEteiraler
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WHAT NEXT

» Particularly convenient as 1t can be extracted from neutron scattering
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» Can S(q, w) be computed from DFT? How accurately?

Angelo Esposito  fgg SAPIENZA INFN 14/19 NuMass 2024

Istituto Nazionale di Fisica Nucleare



WHAT NEXT

» Particularly convenient as it can be extracted from neutron scattering
data:

- S(p;— Py Ei — E) \A /

dQdE, ~ 47 |p; e ‘o s N

» Can S(q, w) be computed from DFT? How accurately?

* |s there a way of re-packaging all the nuclear response into the
S-truc-ture faCtOr? [photoemission literature is vast!]
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Angelo Esposito

15/19 NuMass 2024



CrB INA NUTSHELL

» PTOLEMY also aims at hunting for the cosmic neutrino background

f-decay part of the spectrum
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» PTOLEMY also aims at hunting for the cosmic neutrino background

f-decay part of the spectrum
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» PTOLEMY also aims at hunting for the cosmic neutrino background

f-decay part of the spectrum Absorption part of the spectrum
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CrB INA NUTSHELL

» PTOLEMY also aims at hunting for the cosmic neutrino background

f-decay part of the spectrum Absorption part of the spectrum
‘M = Het +e” + 1, v, +°H — Het + e~
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» Crucial to be able to distinguish the peak from the “background”

coming from the f-decay
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+ But good ol Heisenberg:
localization in X <«—> delocalization in p

* An uncertainty in the initial tritium momentum implies an Intrinsic

quantum distortion In the final electron spectrum

Angelo Esposito

&7 o \DIENZA INFN 16/19 NuMass 2024

Istituto Nazionale di Fisica Nucleare



QUANTUM DISTORTION

* But good ol Heisenberg:

localization in X <«—> delocalization in p

* An uncertainty in the initial tritium momentum implies an Intrinsic

quantum distortion In the final electron spectrum
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* Flat graphene does not work for CuvB detection. What to do!?
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SOLUTIONS?

* Flat graphene does not work for CuvB detection. What to do!?

Localize tritium more
right-most peak gets enhanced
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SOLUTIONS?

* Flat graphene does not work for CuvB detection. What to do!?

Localize tritium less
left-most peak emerges from [-decay
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SOLUTIONS?
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AE, ~100 meV => Ax;~1A

» (Can we find a substrate that does this job!?

fullerenes?
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SOLUTIONS?

 How much should we delocalize the inrtial tritium?

AE, ~100 meV => Ax;~1A

» (Can we find a substrate that does this job!?

L oWhat elsey

fullerenes?
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SOLUTIONS?

 How much should we delocalize the inrtial tritium?

AE, ~100 meV => Ax;~1A

» (Can we find a substrate that does this job!?

L oWhat elsey

nanotubes!? fullerenes?

e fieed o be creative and get to work!
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neutrino mass
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COMMENTS

» PTOLEMY at its first stages could get interesting results on the
neutrino mass

* It I1s necessary to efficiently and accurately include condensed matter
effects

* Will need frequent feedback between DFI and experiment to cross
check each other

* Jo hunt for CvB we must delocalize the inrtial tritium. VWhat's the
right substrate!?

Thawnks for your abbtention!
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