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Electron gun 3D-printed xy

Importance of differential low-energy electron measurements
movable stage

keV sterile neutrino search with KATRIN [1]:

e Dark Matter candidate ——- No sterile

e need differential measurement of tritium 3 spectrum ; — e 0KV and lUg=62
e possible with upgraded detector: Silicon Drift AEINEIEEE

Sterile branch
Detector (SDD) matrix — TRISTAN [2]
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Forbidden B spectra shape:
e discriminate between different nuclear theories 47px SDD
e important for Ov33 and reactor neutrino experiments matrix

e can be measured using SDDs — ASPECT-BET [3] 2500 5000 7500 10000 12500 15000 17500 20000
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Cooling with

SDDs are widely used for X-ray spectroscopy, chiller or LN,

need to understand their response to low-energy electrons

> dedicated test-stand @ MiB

Electron gun working principle SDD response to monochromatic electrons

shoot directly on SDD

no border effects due to egun small —— Egun data
10 keV peak —— MC best fit

Al source (work function
~4.2eV) @HV

» Gold-coated (work function
7 ~5.1eV) hemispherical

///////// %//% cathde @HV beam spot

i possibility to study detector entrance
7 - /) window (EW) [4]

y AR electron response knowledge

A \' fundamental for keV-sterile search

UVC LED (275ﬂr:\ 5«» Collimation hole

— 4.5eV) on anode (adjustable 0.1-1 mm) (G;EZ(L f%ire_emffn; with
Simulations +

empirical model for EW

Backscattering tail
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— photoemission of electron from Al, accelerated to eHV

Backscattering measurements
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— | egun
. . 10°
COMSOL simulation of the ~ | =— Eaunangle= 30° Equn angle = 0°
1 ‘ . L —— Egun angle = 15° ---- MC best fit
egun beam — ~0.bmm _ gol N o0l
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shoot on target and measure 10% Egun @10keV on Si target
| backscattered electrons with SDD L0 | | |

T Xaxis (mm) possibility to tilt egun and target Energy (kev)

e beam FWHM~0.5mm test G4 simulations in reconstructing

e rate O(1000) electrons/s Interactions with materials [5]

Measurement with Timepix3: :> Next: study different materials

e measurement of B spectra with SDDs + reconstruction ASPECT-BET proof of principle
with G4
. . . 10% 5000
e first tests of SDDs at higher energies 29825 keV —— 109¢d data (vacuum) ---- Theoretical spectrum
e TRISTAN SDDs: 3mm diameter x 0.45mm thickness X-rays —— 10¢d data (air) —— 14C data (vacuum)
® Sta rt With Commercial Sources: 103_ ::)(kev & —— MC reconstruction 4000 A v ” - MC reconstruction
. -ray =
o 109Cd: monochromatic CE _ , e _
o C: allowed B spectrum (Q~156keV) = = 3000
e auto-absorption in the source is important — fit for source £ 107 | l 2
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//// SDD matrix

Excellent reconstruction of monochromatic and B spectra from commercial sources, indicating
G4 capability to model electron interaction with light materials and SDD response

=
S
SR

Towards forbidden B spectra measurements with SDDs

e Need to go to even higher energies for forbidden
decaYS — new setup: . 1600 - ® =1 Next: Source
o thicker and larger SDD to contain >500keV e | e fully characterize new SDDs
electrons and reduce border effects - 8mm side |, o e fit different nuclear models to ®?Tc spectrum
X 1mm thickness.from FBK 10001 Preliminary (and other forbidden spectra)
o extended dynamic range by custom 2 00 e develop technique to produce naked sources
amplification system 600 (less auto-absorption)
400- e sandwich configuration to reduce systematics
e Commissioning of new devices completed: first - (anti-coincidence measurement)
tests show promising results up to ~300keV: ®
29Tc 2" non-unique forbidden decay & B e mo GBS B0 OTE

We acknowledge the support of Helmholtz Association (HGF), Ministry for Education and Research BMBF, the doctoral school

[1] S. Mertens et al. “Sensitivity of next-generation tritium beta-decay experiments for keV-scale sterile neutrinos”.

KSETA at KIT, Helmholtz Initiative and Networking Fund, Max Planck Research Group, and DFG in Germany; Ministry of
In: Journal of Cosmology and Astroparticle Physics (Feb. 2015) Educationl\,/IYouth and S|LoJort in tfl1_|e Czech Republic;élg(NlFN in Italy;lthe Na:tional Science, Rer:]sea;clh and Innovatiohn Flunj via(;chre1 For more
y 3 . . ” ) Program Management Unit for Human Resources & Institutional Development, Research and Innovation in Thailand; and the
[2] S,' Mer.tens etal. "A nov.el detedéor system for KATRIN to search for keV-scale sterile neutrinos™. In: Journal of DOE Office of Science, Nuclear Physics in the United States. This project has received funding from the ERC under the .
Physics G: Nuclear and Particle Physics 46.6 (May 2019) European Union Horizon 2020 research and innovation programme. We thank the computing cluster support at the Institute deta I ls Ch eck
[3] M. Biassoni et al. “ASPECT-BET: An sdd-SPECTrometer for BETa decay studies”. in: J. Phys.: Conf. Ser. (2023) for Astroparticle Physics at KIT, Max Planck Computing and Data Facility (MPCDF), and the National Energy Research Scientific
[4] M. Biassoni et al. “Electron spectrometry with Silicon drift detectors: a GEANT4 based method for detector Computing Center (NERSC) at LBNL. our last
response reconstruction”. In: Eur. Phys. J. Plus (2021) We acknowledge financial support under the National Recovery and Resilience Plan (NRRP), Mission 4, .
[5] A. Nava et al. “A Geant4-based model for the TRISTAN detector”. in: J. Phys.: Conf. Ser. (2021) Component 2, Investment 1.1, Call for tender No. 104 published on 2.2.2022 by the Italian Ministry of University preprl nt!
and Research (MUR), funded by the European Union — NextGenerationEU- Project Title ASPECT-BET: An

<2  adopted on June 30, 2023 by the ltalian Ministry of Ministry of University and Research (MUR).

'-‘ /2 poUTECNICO T (] sdd-SPECTrometer for BETa decay studies — CUP H53D23001020006 - Grant Assignment Decree No. 974
:mnccfi INFN \"‘ A LANG LUC3 o \allla

LN -~ . R
\ I I \‘; Yo e
B T ) et ’ —

o N . w Carnegie = »
||]ﬂ o NORTH CARDUINA  UNIYIRSITY of _ F: Mellon === === |niversitit UiM
R CHAPEL HILL WASHINGTON “iiirsneie University Miinster et



mailto:andrea.nava@mib.infn.it

