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The Last Major Observable of the Hot Big Bang Model

Cosmic neutrino background Cosmic microwave background
1 second after Big Bang 380000 years after Big Bang
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Need Very Good Electron Energy Resolution

+ PTOLEMY experiment: aims to measure
the Cosmic Neutrino Background

# Tritium B spectrum
* Neutrino capture on tritium /
SH — 3 -
Ve +5H = SHe + € PTOLEMY my my CNB
L > neutrino
< Tritium loaded on graphene target ~ capture

 Electrons slowed down by EM filter

“ Smoking gun: bump after 3 endpoint
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PTOLEMY goal
0e(E) = 50 meV*|
. r “‘

» Gap =2myand my < eV

* all resolutions in this talk
are Gaussian, not FWHM
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https://indico.cern.ch/event/1291157/contributions/5903417/

Transition-Edge Sensors: Operating Principle

<+ TES: superconducting film close to its Tc
Wiring Wiring

r Superconducting film 1

- Jypical Tc ~ 100 mK
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Great Resolution on Photons, But What About Electrons?
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‘TES eS|gned for electron test(thls taIk)

| Best INRlM TES for photon (so far) b‘
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* 45 nm gold + 45 nm titanium » 30 nm gold + 15 nm titanium
* Active area: 10x10 pm?2

* Tc~100 MK

» Active area: 100x100 pm?2
¢« Tc~84 mMmK

Number of photons (A, = 406 nm)
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https://doi.org/10.1063/1.4815922

Cold Electron Source Through Field Emission

% Problem: electron sources are hot < Solution: field emission
 E.g. thermoionic emission * Quantum tunneling
» Cannot be used in a cryostat * No heat

Thermoionic effect (high T, low E)

T = . ]
e- kNeed very high E for field emission ?l
e- Flat surfaces Nanostructures
Field emission (high E) E > 107 \V/cm tip effect: E = aE
(a ~ 104
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Field Emission from Carbon

Nanotubes

Single-wall
nanotube

Multi-wall
nanotube
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< Carbon nanotubes: graphene ‘straws’

» @ ~ 20 nm, length ~ 100 um
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“ Nanometric tips — tip effect

* Field locally amplified by O(109) !
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Nanotubes Coupled to TES in Compact ‘MIiC’ Setup

M sapphire
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MiC on 30 mK plate
of cryostat




Shielding to Avoid Unwanted Electron Hits

% Nanotube surface (3x3 mm2) much larger B Au50nm
than TES active area (100x100 pm?2) M - ; g;ggo - %

B Nb 50 nm

+ Need to avoid electron hits on: bl

B Ti 15 nm Insulator
TES”

90 um

/ L
/7 7/

» Wiring (spurious signals!)

* |nsulating substrate (charge build-up!)

Substrate (SiN, / SiO, / Si)

| TES exposed | ~
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Smoking Gun: Nanotube Current Correlates with TES Rate

Black line
current hitting shield

Nanotubes

sapphire 12 um sapphire

TES chip

Cryostat
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the Amplitude Distribution

FItting
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* Oleft = electron partial absorption
* Orignt = €lectron energy resolution

Fit peak with asymmetric Gaussian
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Electron Energy Resolution Compatible with Photons!

Number of photons (A, = 406 nm)

e- energy resolution defined as: s
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[ES Gaussian energy resolution (eV)

Optimism on PTOLEMY goal of ge(E) = 50 meV @ 10 eV

100

. _ '
Energy (eV If Oe oy(E) at 100 eV ... probably also at 10 eV!
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Paper on the arxiv: Go Check [t Out!
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Detection of Low-Energy Electrons with Transition-Edge Sensors

Carlo Pepe,!:? Benedetta Corcione,?* Francesco Pandolfi,*:* Hobey Garrone,!:? Eugenio Monticone,! Ilaria Rago,*
Gianluca Cavoto,3* Alice Apponi,® Alessandro Ruocco,® Federico Malnati,® Danilo Serazio,! and Mauro Rajteri?

! Istituto Nazionale di Ricerca Metrologica, Strada delle Cacce 91, 10135 Torino, Italy
2 Politecnico di Torino - Dipartimento di Elettronica e Telecomunicazions,
Corso Duca degli Abruzzi 24, 10129 Torino, Italy
3Sapienza Uniwversita di Roma, Piazzale Aldo Moro 2, 00185 Rome, Italy
4 Istituto Nazionale di Fisica Nucleare - Sezione di Roma, Piazzale Aldo Moro 2, 00185 Rome, Italy
° Dipartimento di Scienze Universita degli Studi Roma Tre,
and Istituto Nazionale di Fisica Nucleare - Sezione di Roma Tre, Via della Vasca Navale 84, 00146 Rome, Italy
® Dipartimento di Fisica, Universita di Torino, via Pietro Giuria 1, 10125, Torino, Italy

We present the first detection of electrons with kinetic energy in the 100 eV range with transition-
edge sensors (TESs). This has been achieved with a (100 x 100) um? Ti-Au bilayer TES, with a
critical temperature of about 84 mK. The electrons are produced directly in the cryostat by an
innovative cold source based on field emission from vertically-aligned multiwall carbon nanotubes.
We obtain a Gaussian energy resolution between 0.8 and 1.8 eV for fully-absorbed electrons in the
(90 — 101) eV energy range, which is found to be compatible with the resolution of this same device
for photons in the same energy range. This work opens new possibilities for high-precision energy
measurements of low-energy electrons.
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https://arxiv.org/abs/2405.19475

Conclusions

<+ Detected low-energy electrons with transition-edge sensor!

+ Obtained oe(E) ~ 1 eV for E ~ 100 eV

* First time such low energy, first time such good resolution

< First time electron source In proximity of TES

« ‘Cold’ field emission from carbon nanotubes

% Electron resolution compatible with photon resolution!
« Same heat-based detection in TES Already achieved for photons!

/
» Optimism on PTOLEMY goal of o¢(E) = 50 meV for E =10 eV
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Only other paper

~ 0N TES e detection:

E>300¢eV, oeE) > 17 eV
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