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Universe is expanding: Hubble's law: v =H,D (~70 km/s/Mpc), 1919.
Cosmic microwave background, Penzias & Wilson, 1964
Abundance of primordial elements: *He, H, "Li (?)
Galaxies morphology and stars populations in time
Primordial gas cloud (without heavy elements), 2011



. Baryon asymmetry, n=10""
. Dark energy (~70%) and dark matter (~25%) still unknown

. Horizons and flatness problem: cosmological constant
and inflation
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CMB: The oldest electromagnetic radiation in the universe



s there anything older than CMB?

Big Bang
Sinqularity

380.000 years later
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A more precious mine: at the very early universe

Cosmic Neutrino Background, only 1s after the beginning



The oldest particle of the universe
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Neutrino energy

Cosmic neutrinos represent the
largest source of available neutrinos

The only source not yet detected
Since 1956 (Reines & Cowan)



Neutrino mass

1. KATRIN experiment . Normal ) e
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count rate (arbitrary units)

From beta decay g NH -
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[M. Aker et al., 2019] /| mmm
2. Cosmology
S=3m.<0.54eV
. . . Tritium beta 3. Oscillation V
=3 =2 =il 0
E-E, (V) decay

m, > 50 meV



From ~ 1 s old universe

T=1.95K 1, (

E~106+10%eV 1

Strong indirect evidence from Cosmology:
BBN (D, *He), C(MB — 3v andT,, ...

But... no direct evidence yet



Detection Principle - CNB on *H
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dn/dE,

B decay
\' < Qﬁ

Neutrino Capture on a

Beta Decaying Nucleus (NCB)

dn/dE,

A




Low Q = 18.57 keV

Reasonable halflife T,,=12.32 y (high rate but not that fast)
Simple nuclear structure, no nuclear structure corrections
Relatively high cross section (constant)

0~ 10*cm?




Large target mass (10 events/year with 100 g of T)
Very low target induced smearing

High rate (~10'* Bq) handling

Filter compression (~1m size)

High resolution electron detection (0.05 eV)
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. Single atomic layer 2D (sp3),
single sided

. Binding energy (<3 eV),
measurable

. 0,2 mg/m? (1 KATRIN/m?!)
(2 Ci/m?)




Electron Trap
(B Field)

RF Antenna R&D
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RF R&D at LNGS

Electron Gun

RF cryogenic system
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[M.G. Betti et al, 2019;
A. Apponi, 2021]

Top view

Transverse Drift Filter

by the summer a demonstrator will be at LNGS

st USRS 7ﬁ‘7771a”’“‘*';—\,,,\ Equipotential
T e VBdrift _surfaces

e

.

e

o
—

Position X (m)
=]
8

0.02 |
0.01 !
0.0 |
-0.01 ‘
-0.02

-0.04




Electron detectors

TES developed by INRiM Torino

Criogenic Transition Edge Sensors (TES)

TiAu TES (under test)

- Cold bath at 50 mK

- large area (50 x 50 um?) (pixel)

~ fall time 47 ys

—very small thickness for 100 eV electrons
- resolution better than AE = 0.05 at E=100
eV

AE =0.16 eV already achieved for 1540nm IR




LNGS Facilities
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Cryo system



High precision HV R&D

for absolute energy scale definition

Field mill HV measure Diods’ stabilizer



Possible sites (shallow depth)

Mt. Soratte Bunker Predappio Bunker
North Rome Emilia Romagna
Overburden ~300-400 m Overburden ~50-70 m

[A. Candela et al., 2022, accepted on NIM]



. Conceptual design report, 2023

« PTOLEMY Demonstrator, 0.1 mg source (Neutrino mass),
2025

. Full scale experiment (> 2030)
- Graphene packaging
- Modular detector
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Thanks for
listening!




