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Thermal Production of Neutrinos
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ÅTwo areas of study seek 

these neutrinos

ïCore-Collapse Supernova

ïBig Bang Neutrinos, aka 

ñrelicò neutrinos 

ÅBoth depend on absolute 

neutrino mass(es)

ïCCSN: Arrival time/reshaping 

of flavor composition

ïRelics: Separation power in 

neutrino capture experiments 

(PTOLEMY)



Neutrino Mass Observable

ÅHubble expansion cooling of the 

relic neutrino thermal momentum 

leaves very little kinetic energy

ïRelative to masses of 0.01eV and higher

ÅAs the absolute neutrino mass 

measurement pushes below 0.2eV

ï Atomic scales can dominate direct 
measurement techniques
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PTOLEMY proposes a new ñwindowò 

for neutrino mass(es) in the range 

0.02-0.2eV

http://ptolemy.lngs.infn.it

https://ptolemy.lngs.infn.it/


Tritiated-Graphene

4https://physics.aps.org/articles/v19/67
APS Viewpoint on ñA Solid-State Pathway to Neutrino Massò

(May, 2026)

Quantum ñwindowò of 

substrate excitations 

predicts a potential low 

state density region of 

0.02-0.2eV

Compare with ro-vibrational T2

that is fully opaque below ~0.3eV

https://physics.aps.org/articles/v19/67


Mystery of Timescales
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ñSuddenò Approximation (SA)

Phys. Rev. C 113, 054607 (2026)

https://journals.aps.org/prc/abstract/10.1103/gr8x-lf9f


Mystery of Timescales
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ñSemi-Suddenò 

Approximation (SSA)

Phys. Rev. C 113, 054607 (2026)

Ą at least Graphene allows 

for quantum engineering of 

material properties

https://journals.aps.org/prc/abstract/10.1103/gr8x-lf9f


PTOLEMY Approach
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ÅUltra-High Resolution

ïPush down to 10meV where 

optical transitions can be 

resolved

ïAchievable with an 

Electrostatic Hemispherical 

Spectrometer

ÅEffective Reduction in Tritium Mass Requirements 

ïNeutrino Mass Observable appears on every excitation 

threshold, repeated through the endpoint spectrum

ïNo longer required to go to absolute endpoint to have 

neutrino mass sensitivity (sensitivity paper in progress)



ASG Superconductors/Suprasys

MgB2 Magnet for LNGS

8Rendered/Reference Size

ÅPTOLEMY Magnet

ïNew approach to electro-

magnetic spectrometer

ïElectrons from tritium drift 

transverse to magnetic field
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Marcello Messina (LNGS) Flavio Gatti (Genova) Alfredo Cocco (LNGS) 



Tritium Endpoint Electron Injection
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Mark Farino (Princeton)

Martina Chirico (Sapienza)

Francesca Pofi (GSSI)

Mustafa Anaam (Radboud)



Pitch Angle Compression
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Parallel/Total Kinetic Energy ratio by bounce Pitch angle (degrees) by bounce



RF Measurements

Non-Destructive Electron Tag
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Tagging electrons in flight!

using Project 8 methods

Federico Virzi (LôAquila/LNGS) 



RF Measurements

Non-Destructive Electron Tag
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3

Tagging electrons in flight!

using Project 8 methods

Federico Virzi (LôAquila/LNGS) 



RF Measurement with 10eV Resolution on 

Total Energy 

No events observed above 
endpoint,

Setting upper limit on 
background rate

< 3x10-10 /eV/s (90% CL)

ĄBackground Rate

< 1 event per eV 

in 100 years!

https://arxiv.org/abs/2203.07349 14

Project 8 Tritium RF Measurement

Highly suppresses backgrounds registered 

coincident on final measurement system

Ą Except non-tritium electrons from source

https://arxiv.org/abs/2203.07349


Final Kinetic Energy Measurement
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Injection from Target

High B-Field

RF Region

Filter Kinetic Energy

Measurement

Also developing 

TES microcal

Goal for Electrostatic

Hemispherical 

Analyzer: 10meV@10eV

(50meV)

Zero B-Field

Alice Apponi (INFN/Roma)



Transition-Edge Sensor mCal
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Achieved:  0.5eV@100eV

Next Step:  0.05eV@10eV

Benedetta Corcione (Sapienza) Carlo Pepe (Barcelona,IMB-CNM-CSIC) 

Francesco Pandolfi (INFN/Roma)
Alice Apponi (INFN/Roma)



Period of Rapid Progress

17

ÅSoon to come

ïMass Sensitivity

ïMini-Filter with 

Halbach Magnet

Nicola Rossi (LNGS)

Benedetta Corcione (Sapienza) 

Mark Farino (Princeton), Andi Tan (Princeton)

Wonyong Chung (Princeton)

Andrea Casale (Columbia), Angelo Esposito (Sapienza) 

Guido Menichetti (Pisa), Valentina Tozzini (Pisa)

Alice Apponi (INFN/Roma)



Future of Tritium for Relics
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Depends on physics studies with tritiated graphene:

Alternatively, if the binding of atomic T is weak, 

estimated to be 0.1meV on the surface of liquid Helium, 

then a shallow potential may be more favorable.

S. A. Lyon, Kyle Castoria, Ethan Kleinbaum, Zhihao Qin, Arun Persaud, 

Thomas Schenkel, and Kathryn M. Zurek. Single phonon detection for dark matter 

via quantum evaporation and sensing of 3He. Phys. Rev. D, 109:023010, 2024.

If the sudden approximation holds with a deep potential for the 

He daughter, there may be substrates where the transition into the 

ground state is significant.

coherent 

neutrino 

scattering

Phys. Rev. C 113, 054607 (2026)

https://journals.aps.org/prc/abstract/10.1103/gr8x-lf9f


Heavy Targets for Neutrino Capture
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Idea first promoted here: 

(Cheipesh Yevheniia , Cheianov V and Boyarsky A 2021 Phys. Rev. D 104 116004)

Case for 241Pu (N. De Groot, J. Phys. G: Nucl. Part. Phys. 50 (2023) 055106)

241Pu produced in large quantities for fission reactor fuel

Continuous flow chemical separation methods to remove 

daughter isotopes ( 241Am, 237U /PUREX + g/aveto)

ñGoodness-1ò Dimensionless Parameter 

Excellent



Outlook: Mass Sensitivity
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https://arxiv.org/pdf/2511.03883

https://arxiv.org/pdf/2511.03883


Work In Progress

21

Next month

@INRiM


