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Why believe Big Bang?

1. Expansion of Universe

2. Light element abundances

3. Cosmic Microwave Background

4. Cosmic Neutrino Background
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Thermal evolution of the Universe
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Is it possibleto detectrelicneutrinoswith a 
massin the range of 10-50 meV?

07/03/2026
M Messina - Les Rencontres de Physique - La Thuile, March 

2026
5

/9wb ¢ƘŜƻǊȅǎǘ  DƻǊŀƴ {ŜƴƧŀƴƻǾƛŎΥ ά ¢Ƙƛǎ ƛǎ ƭƛke ǘƘŜ IƛƎƎǎ ƻŦ /ƻǎƳƻƭƻƎȅέ



Mass measurement while measuring relic neutrinos

ά π
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Detailed evaluation on 2007 

JCAP 06 (2007) 015 (revived discussion on relic neutrno 
detection)of „x† renewed the dormant discussion on relic 
neutrino detection and paved the view to a possible 

experiment. Several authors confirmed the cross section 
evaluation and added  informations:

J. Phys. G: Nucl. Part. Phys.35025001
JCAP 08 (2014) 038

Tritium has the largest product of capture cross section and lifetime

 

CROSS SECTIONS
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Selection of target

ά[ƻƴƎƛǎƘέ ƭƛŦŜǘƛƳŜ

άIƛƎƘƛǎƘέ ŎǊƻǎǎ-section
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Expected rate: 100 gram-year exposure

Majorana

x0.5 x0.5 x0.5
Dirac

JCAP 076:015, 2007; AG Cocco GP Mangano M Messina

JCAP 1408 (2014) 038; AJ Long, C Lunardini, E Sabancilar
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Signature of relic neutrinos
To detect relic neutrinos, one must show to have sensitivity to neutrino mass 
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Detection concept:  Neutrino Capture on ‍ unstable nuclei

11

ÅBasic concept for relic neutrino detection rooted in a paper by Steven Weinberg in 1962 [Phys. 
Rev. 128:3, 1457]; applied for the first time, in case of massive neutrinos, to lay out a proposal for 
their direct experimental detection in 2007 by A.G.Cocco , G.Mangano  and M.Messina .          
[JCAP 06(2007)015 DOI: 10.1088/1475 -7516/2007/06/015 ]

CnB Detection Requires:
     energy resolution set by mn

PTOLEMY target resolution: ~ 50 meV

Gap (2m) constrained to 

m Ṃ 200-400 meV
from precision cosmology

What do we know?

Electron flavor expected with 

m ṃ50meV
from neutrino oscillations

M.G. Betti et al JCAP 07(2019)047
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Before proceeding
ǿŜ ŎŀƴΩǘ Ƴƛǎǎ ǘƻ ƳŜƴǘƛƻƴ
the KATRIN experiment
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The principle of the Mac-E filter

On their way to the center of the spectrometer the magnetic field B drops by many orders of 

magnitude. Therefore, the magnetic gradient force 

transforms most of the cyclotron energy into 

longitudinal  motion. Thus, because of the slowly 

varying magnetic field B the momentum transforms 

adiabatically, therefore the magnetic moment µ that in 

a non-relativistic approximation is:

does not change! Condition of adiabaticity 

Remember, few T
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Features and LIMITS of the
KATRIN detector

ÅPros:

ÅSimple Filter concept

ÅCons:

ÅToo large volume

ÅPoor energy resolution 

ÅTo increase sensitivity one has to increase the volume 

ÅCollecting bk electron from huge volume
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PonTecorvo / PrinceTon Observatory for Light Early-universe Massive-neutrino Yield
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Two different filtering approaches

MAC-E filter, KATRIN case: E and grad-B parallel 
with focusing capability

Transvers drift  filter, PTOLEMY case : E, B and and grad-
B are organized as a Cartesian vector triplet no focusing 
capability. However, KE get transformed in potential 
energy 

In both cases adiabaticity holds!!  



Å ExB drift works as transport while grad-B pushes 

particles against an electrostatic barrier to drain KE

V As consequence cyclotron motion is reduced

Å Setting ExB equal to grad-B it drift produces linear trajectory

transvers to B

Å Potential increase across the trajectory reducing 

transvers KE 

New filter concept: transverse drift
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Full demonstrator simulation (Princeton)

07/03/2026 M Messina - Les Rencontres de Physique - La Thuile, March 2026
19



Kinetic energy is transformed in 
electrostatic potential energy

Newconcept: Transversedrift filter 18.6 keVọ 0.01 keVin 0.7 meters

simulatedin KASSIOPEIA softwarepowered by the KATRINcollaboration

Prog.Part.Nucl.Phys. 106 (2019) 120-131

Once the kinetic energy is reduced high performance 
calorimetric measurements can be done
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arXiv:2406.13516v1 [nucl-ex] 19 Jun2024 

ɓdecay 

ÅExtreme energy resolution
ÅNew filter to copewith high rate
ÅAtomicTritium on graphenesupport

KATRIN
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PTOLEMY: Energy 

ÅEnergy measurement from ɝὠandcalorimeter: 

Ὁ Ὡὠ ὠ Ὁ Ὁ

ÅCalorimeter energy resolution must beO(50meV)
1. Electron Analyser (commercial solution)
2. TransitionEdgeSensors (R&D )

ÅVoltage stabilityover experiment better than 10-20mV

NOTE: internalvoltages are activelyadjustedfor eachinterestingelectron. Thisdoes not affect the energy 
resolutionwhilecanaffect the numebrof events on the calorimeter.
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PTOLEMY Demonstrator at the LNGS
What is the program ?

Proof the capability of the new filter concept to transport the electrons from Target/source to the 
electron calorimeter and simultaneously select electrons in the ROI (10-100 eV around the T endpoint) 

The baseline option of the demonstrator setup is (Phase-0): 

1) Run the filter with full functionalities

2) Electron provided by calibration sources

3) Energy measurement realized by means of a standard Silicon Drift Detector

In the following step we aim at exploiting the features of Electrostatic analyzer/TES calorimeters with 
the targeted energy resolution and start to measure T loaded on graphene
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Overview of the R&Ds in the PTOLEMY project

1. RF measurement from single electron emission (LNGS/Nikhef) 

2. Graphene loading capability  (Roma1)

3. Graphene transmission measurement and electrostatic analyser (Roma3)

4. TES design optimization at National Institute of Metrology  (INRiM)

5. Demonstrator SC magnet design and construction (LNGS/Princeton)

6. HV system development setting the overall energy scale (LNGS)
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Cut-view of the Demonstrator
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sp3 C-H bond

TARGET(Roma1/Roma3):

Betti et all, Nano Lett. 22, 2971 (2022)

First order issued to ¦Y!9!Ωǎ Active Gas Handlin System 
(tritium for JET, EU Tokamak) for feasibility study & design 
requirement of a T loading chamber to prepare graphene 
loaded with tritium .

H isotopes on Nanoporous Graphene (NPG):

T-chamber in Rome side view:

ÅAtomic tritium to prevent molecular 
    bound state features (KATRIN)
ÅStable bounding in vacuum
ÅPossible large T amount
ÅStable ref. voltage
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Fourier spectrum of RF modulated signal

Peak analysis:
Kinetic energy and momentum

 components 
Carrier

Secondary

Typical event

RF Tracker (LNGS/Nikhef)

ÅEnable Transvers drift filter (dynamic behaviour)
ÅStart of ToF for background suppuration
ÅCyclotron Radiation Emission Spectroscopy
(CRES) developed by the Project8 collaboration 
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Field mapping at CERN in April
based on CERN-PTOLEMY agreement 

Å State-of-the-art instrumentation and post-processing techniques readily available
to obtain the required field map with high-resolution and accuracy

Å Mutual strategic interest in investigating operational aspects and performance of sustainable MgB2 superferric 
magnets (same conductor of HL-LHC SC Link)

3D field mapper in b. 311 test hall

3D Hall probe calibrated
to 100 ppm accuracy

Maxwelll-smoothedfield
reconstructedvia BEM
basedon boundary
field map

Saddle point
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Magnet under construction at ASG (LNGS/Princeton)

Yoke construction

SC Coils impregnation Coils cold test facility 
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EFWHM = 0.022 eV @ 0.8 eV

EFWHM  = 0.05 eV @ 10 eV

Based on the expertise of the INRiM                                                   

electron detection with TES!  Ą advantage resolution ~1-1.5 eV

Key elements: high quality TES and new e-source based on 

nanostructures 

Phys.Rev.Applied 22 (2024) 4, L041007

hƴ ΩΥ

to e- 

detection

First measurement 
of electrons 

 @ 100 eV with  
resolution
~1-1.5 eV

FWHM reduced by factor 
30 in last results!

Energy Measurement with TES (Torino-INRiM)

30

arxiv.org/pdf/2602.21694
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Ep
Ep- ɻ E

Ep + ɻ E

MCP

Anode

Delay Line

Helmholtz ς Lagrange law

preamp. CFD TDC

Position sensitive detector (MCP+delay line) 
allows parallel acquisition

Electrostatic lenses 

Electron optic basic equation

Energy resolution 
(bandpass energy):

ɲE: energy resolution
Ep : pass energy
x: slit width 
R0: mean radius
:̒ accepted angle

Two concentric hemispheres 
for the energy selection

Hemispherical Electron 
Analyser 

Energy Measurement with Electrostatic analyser (Roma3)
https:// scientaomicron.com/en/products-solutions/electron-spectroscopy/Electron-Analysers
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Before concluding I want to introduce the Collaboration
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