Tackling the experimental
challenge to detect relic
neutrinos with PTOLEMY
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Cosmic Neutrino Background direct detection
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* Neutrinos do not provide
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Cosmic Neutrino Background direct detection:

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

PTOLEMY

e \Want maximize interaction with CNB
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Novel PTOLEMY filter PTOLEMY concept:
scalable experiment
Solid atomic Tritium
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Solid Tritium target

* Atomic Tritium on graphene

l * Highrate

* Need good energy resolution
B decay (Background)
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Tritium target
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How to measure this?
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Obtaining desired energy resolution: TES

Dedicated talk on fresh results by Francesco Pandolfi
18 july 2024, 08:47 R&D parallel session
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Transition Edge Sensor
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PTOLEMY Energy measurement

Sig and Bkg vs K

B decay

Events

CNB

ﬂ 10 events/yr per
100g 3H

Low electron rate
You need PTOLEMY’s novel

| — ooy Decrease energy — Dynamic Filter
from 18.6keV to

O(100eV)




PTOLEMY conceptll

Tritium target Filter TES
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How?

0g=50 meV




PTOLEMY filter

* Exponential decaying magnetic field ¢ Exponential decaying electric field
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Dynamic EM Filter

Pitch angle © =angle between e  velocity and B

 Electron decelleration:
Drain K, © Energy DrainV
Kup to O(100 eV) on TES
* If electron has: Background V
K<Qg =——> Discarded rejection A
K~Qg /> TES .
10 eV :K

Event by event basis
If K, & known

RF Region




PTOLEMY concept il

Tritium target RF region Filter TES
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RF region: filter trigger

Requirements:

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

* ln 0(100 I"IS) \ V f |
ery fast!

e Non destructive measurement
e Uniform 1T field

‘ Electron spectroscopy with
How? ==p
cyclotron radiation (CRES)
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1 |q|B 1 Cyclotron radiation
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2T m K/m + 1 Bouncing motion
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Electron Trap: test setup for RF Region

Ongoing measurements at LNGS filter

* Krsource
* 0.98T permanent magnet
* Detection of RF emitted by electron in bouncing motion
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PTOLEMY concept IV

Tritium target RF region Filter TES

Filter trigger
K and ©, fast and Energy Drain 0=50 meV
2m, rough measurement ilter
\
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PTOLEMY Concept

How to reconstruct target’s electron kinetic energy K;? = K=qAV+E.. . +E;es

AV
Target Injection RF region Filter TES
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The PTOLEMY Collaboration
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Conclusion and outlook
PTOLEMY experimental method

}

Atomic, solid Tritium
target

Background rejection by realtime filter
+bouncing motion geometry

High precision energy
measurement

}

Key for future
high tritium mass
experiment

Phase 0) Demonstrator

Phase 1) Measurement m,,
Phase 2) Mid Scale demonstrator
Phase 3) Measurement CNB
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Electron motion: uniform B, E=0

X

* Start with electron with velocity v,

* Uniform B: E}

electron in cyclotron motion B
+V, drift

 Can approximate circular motion Vi my

with circle’s center motion 'L =

\ w. |q|B
* Cyclotron radiation emission

1 jglB 1
Frequency of / Je= 2t m K/m+1

the motion 21




Electron Trap: electron motion

Cyclotron motion + X bouncing motion on potential well




Electron Trap: How the expected signal looks like
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PTOLEMY filter
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ExB demonstrator @ Princeton

* Test for PTOLEMY filter

Magnet prototype at Princeton
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