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The ANDROMeDa Project

❖ Awarded PRIN2020 grant (1M€)


• 3-year project, started in May 2022


• 3 units:  INFN (FP, P.I.) 
             Sapienza (G. Cavoto) 
             Roma Tre (A. Ruocco)


❖ Main objective: have a working dark-PMT 
protoype by end of project


• Challenges on both sides of detector
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DM Wind

recoil electron

Ideal nanotubes for DM target?

Best detector for keV electrons?
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Requirements on Detecting keV Electrons

❖ Electron energy = ∆Ve (initial energy negligible)


• ∆V ~ 5 keV


❖ DM signal: single electron with E = ∆Ve


• Ionizing backgrounds: multiple electrons


❖ Electron detector requirements:


• High (>95%) efficiency


• Energy resolution: good enough  
to separate 1e- vs 2e- @ 5σ
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APDs: Not Enough Resolution
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Chapter 5

Avalanche Photodiodes for

Electron Detection

I n this Chapter, the response of the windowless avalanche photodiode to single keV
electron signals is analysed and evaluated in the framework of the ANDROMeDa

project.
As stated in Chapter 2, it is imperative for the project’s success discriminate

with high precision a background event from a signal event. Therefore at least 5 ‡
between one-electron signals and two-electrons signals are required.

To detect single electron signals, a data-taking campaign was carried out in
Milano Bicocca University, where a custom electron gun is present. This custom
gun exploits the photoelectric e�ect to eject electrons from an aluminium cathode.
These electrons are then accelerated by a tunable electric field to the anode where
the beam is collimated by a small hole. Being the cathode set to -V and the anode
to 0 V, once expelled from the hole the electrons are in free flight. A sketch of the
electron gun is shown in Figure 5.1 left panel.

The outgoing electron beam results suitable for our purposes being almost
energetically monochromatic in the relevant range (0-20 keV), has a beam spot of
around 1 mm totally contained in the APD active area (1 cm2), it’s easy to move
and has a beam current as low as few fA, so it can be used to probe the single
electron regime.

Figure 5.1. On the left side a sketch of the customised electron gun at Milano Bicocca
University, on the right side a picture of the setup used for electron measurements.

2023 Data Taking @ Milano Bicocca e-Gun (M. Biassoni)
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Figure 5.6. Resolution ‡
µ computed from values obtained by a Gaussian fit of amplitude

distributions for electrons with an energy between 8 and 17 keV.

Figure 5.7. Gaussian distribution obtained using 10 keV values from measurements and
supposed 20 keV values: they represent respectively single-electron and double-electron
events amplitude distributions.

Then we can compute the distance between 10 and 20 keV maximum amplitudes
in terms of standard deviation as defined by the following formula:

d(‡) = |µ1 ≠ µ2|
Ò

‡2
1 + ‡2

2
(5.1)

A distance in terms of standard deviation of 2.8 ‡ between single-electron and
double-electron signals is obtained.

Electron  
energy 
resolution
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Figure 5.6. Resolution ‡
µ computed from values obtained by a Gaussian fit of amplitude

distributions for electrons with an energy between 8 and 17 keV.

Figure 5.7. Gaussian distribution obtained using 10 keV values from measurements and
supposed 20 keV values: they represent respectively single-electron and double-electron
events amplitude distributions.

Then we can compute the distance between 10 and 20 keV maximum amplitudes
in terms of standard deviation as defined by the following formula:

d(‡) = |µ1 ≠ µ2|
Ò

‡2
1 + ‡2

2
(5.1)

A distance in terms of standard deviation of 2.8 ‡ between single-electron and
double-electron signals is obtained.

~3σ separation 
between  
10 keV (data) 
and 20 keV 
(simulated)

Not enough

10 mm

Hamamatsu 
windowless APD

A. Apponi, et al., JINST 15 (2020) P11015

http://10.1088/1748-0221/15/11/P11015
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Chosen Technology: Silicon Drift Detectors

❖ Currently assembling 
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Fe55 Kα peak (5.9 keV) 
FWHM ~ 170 eV

12 mm

8 mm

SDD produced by FBK

SDD gain 
stage 
(G=3)

Holder and electronics 
by PoliMi

~7× better 
resolution 
than APDs
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Installation Planned for October 9th
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CAEN Sci-Compiler SMART 
FPGA
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Hyperion III: UHV and Electrostatic Lensing
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Va

Vb

Vc

Vd
SDD

CNT

Simulation studies by D. Paoloni 
proved that simple two-voltage 
configuration achieves 100% ε

V1 = Va = Vb = Vc 

V 2
 =

 V
d
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Same Setup Will Host Also MCP
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Hamamatsu F4655-14  
dual-stage MCP

Holder design by B. Corcione



ANDROMeDa Status and Prospects, 12.09.25Francesco Pandolf

What About Nanotubes?

❖ Main result from UPS 


• Eγ = 5 eV > φcnt = 4.7 eV


• Straighter nanotubes  
eject more electrons 

❖ Better to move away from UPS 

• Test e- transmission directly
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R. Yadav, PhD Thesis

Thermal CVD

PE-CVD
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Plans for Testing Trasmission Through Nanotubes
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Young Researcher Grant CSN5 26724/2024 
Participating units: - INFN Sezione di Roma Tre 

- Dipartimento di Scienze,  
Università degli studi Roma Tre 

ANDROMeDa/PTOLEMY meeting - 04.02.2025

GRaphene to Electrons: 
Energy and Angular resolved Transmission

Electrons Protons

INFN Pisa, F. PiloINFN Roma Tre, A. Apponi


