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Cosmic Neutrino Background direct detection
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* Neutrinos do not provide

energy for interaction How? PTOLEMY Proi
e ——— : |——> ject
* Very difficult to detect: ‘




Cosmic Neutrino Background direct detection:

Neutrino capture on beta decaying Nuclei reaction No energy
Need beta unstable element needed!

PTOLEMY

Want maximize interaction with CNB

l

Tritium
3H

CNB interaction

Neutrino mass
Dirac/Majorana
CNB

Sterile neutrino

B =

!

Novel PTOLEMY filter PTOLEMY concept:
scalable experiment
Solid atomic Tritium

JCAP 07 (2019) 047 | | JCAP 0706:015,2007

!



e Atomic Tritium on graphene

|

B decay (Background)

CNB interaction

Phys.Rev.D 106 (2022) 5, 053002

Solid Tritium target

Events

* High rate
* Need good energy resolution

Si d Bk K
8 decay ig an g Vs

3x10%% e /s CNB

per 100g 3H

2m,

ﬂ 10 events/yr

endpoint T
m,<0.45 eV

KATRIN arXiv:2406.13516v1 [nucl-ex] 19 Jun 2024

A

v
MG.Betti et al JCAP 07 (2019) 047
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PTOLEMY neutrino mass sensitivity

1 ug=7x7cm? of Tritiated graphene
PTOLEMY Sensitivity (3y - 50% eff)
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Tritium target

How could be possible
to measure this?




Tritium: state of the art ®8 <« e o]

* Tritium @ UKAEA: feasibility study and earisan Busids viam
design requirements of new T loading £
chamber (quote received)

* Novel Tritium deposition technique Doy,
* High graphene loading Doy,

Quadrupole

Mass Spectrometer:
SRS RGA 100

* Tritium Vacuum stability Dop,

~ Lirear Gate Valve’ 48
Nor Cal GvP8002

©

Covered holes

*x — https://arxiv.org/pdf/2504.10238

Nanolett. 2022,22,2971-2977

https://arxiv.org/abs/2504.11853
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filter

RF region: filter trigger

Requirements:

e Measurement K, © for each electron in the ROI
e (O(10 eV) energy resolution

* In O(100 ps)

* Non destructive measurement

 Uniform 1T field

M

How?

l »\““//‘“u\

Electron spec.tr(?scopy with )\ 1‘(\8“\‘\’0
cyclotron radiation (CRES)
* Cyclotron radiation = 27GHy

* Inuniform 1T ¢
* Bouncing motion




Electron Trap: test setup for RF Region

Ongoing measurements @ LNGS filter

* 0.98T dipole permanent magnet
* Detection of RF emltted by electron in bouncing motion

I ) e e .yJ y —
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RF readout
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PTOLEMY filter Bl B

* Exponential decaying magnetic field + Exponential decaying electric field

o, | [

g B3 arXiv:2108.10388v2 [physics.ins-det] 24 Jan 2022 @



Dynamic EM Filter [ &

Pitch angle © =angle between e velocity and B

S\‘s‘
502:25\)\3
e Electron decelleration: s
Drain K, © Energy Drainv
K up to O(100 eV) on TES
e |f electron has: N — V ‘
K<Qg === Djscarded rejection

K*Qg s TES

10 eV

Event by event
basis —p RF Region

If K, © known
10




PTOLEMY filter: state of theart ™ "*

D
e ExB demonstrator at Princeton: slow electron drift Ohe

* PTOLEMY magnet under construction: shipment to LNGS nov ‘25

ExB demonstrator @ Princeton
Drift

Electrodes

-~ —

Conductive
Cooling Coils

Detector Region

https://arxiv.org/abs/2503.10025

: Bouncing
o i Electrodes
- X



Obtaining desired energy resolution ' * /1"

Option A
Hemispherical electron analyser
* Typically used in spectroscopy

* Capability to reach 0,=50meV
* Room temperature

Option B

TES for electrons

* Typically used for photons Bone
* First time used for electrons in our
energy ROI

E, =101 eV

December 2024

T

March 2024
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PTOLEMY Concept

High energy
resolution

Tritium target RF region Filter measurement

. @). ;
53
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Energy Drain

Filter trigger +filter
K and O, fast and rough 0,=50 meV
i TSRS IREMELT, TOF information
m. . combined with RF

=



PTOLEMY Concept

How to reconstruct target’s electron kinetic energy K.? — Ki=qAV+ERF’Corr+Eﬁna|
AV
Target Injection RF region Filter Final
detector
Target Injectin ] A\~ RFregion High stability HV @ LNGS

Filter

Final
detector

Im




The PTOLEMY Col)laboratlon
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Conclusion and outlook
PTOLEMY experimental method

Atomic, solid Tritium Background rejection by realtime filter High precision energy
target + small size detector measurement
Keys for future i
high Tritium mass r
experiment PrioN
PRy S—c
Phase 0) Demonstrator @ LNGS Ao e

Phase 1) Measurement m,
Phase 2) Mid Scale demonstrator |
Phase 3) Measurement CNB a

1M
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