Karlsruhe i NAN O

KEs)
ﬂ(IT 1M &

UNIVERSITAT
Karlsruhe Institute of Technology ZUKUNFT

HEIDELBERG
SEIT 1386

Dark Matter & Neutrinos under the Microscope at KIT

Alexey Elykov
Institute for Astroparticle Physics (IAP)

www.kit.edu

KIT - The Research University in the Helmholtz Association



Karlsruhe Institute of Technology

% KIT is one of the major scientific research institutes in Europe
> ~9 500 scientific & other workers

> ~24 000 students on various levels

% Multiple Research Topics

> Energy, materials, information, geology ...

% Particle & Astroparticle Physics
> Theoretical & experimental collider/astroparticle physics

Pierre Auger Observatory, IceCube

XENONNT, XLZD, KATRIN

Vv V VY

Expertise in electronics, simulations, hardware R&D, data analysis, etc...
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The Karlsruhe Institute of Technology

Laboratory for Electron Microscopy (LEM)
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Karlsruhe Institute of Technology

Institute of Nanotechnology (INT)

Unique nexus of expertise in Europe,
perfect for a mineral-detectors project!
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Combination of microscopy facilities

HIM - Nanostructuring of Au nanowires

Cutting edge nm-scale & pum-scale microscopy

Helium Ion Microscopy - HIM
> Resolution: < 0.35 nm
>  FoV:900 um - 100 nm

Transmission Electron Microscopy (TEM)

> Resolution: << 1 nm

nanoCT (3D)

> X-ray energy: 5.4 keV

> FoV:16 um (HRES), 65 um (LRES)
> Resolution: 50 - 100 nm

> Non-destructive
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" scovite sample imaged with nanoCT (3D)
. Dr. Rafaela Debastiani (KIT-INT)
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Many other microscopy facilities ...
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IceCube - Neutrino observatory

AT Institute for Astroparticle Physics (IAP)

Karlsruhe Institute of Technology

Strong support for a long-term

mineral-detectors project

Pierre Auger Observatory - Cosmic rays

KATRIN - Neutrino prcisioas measurement Theoretical particle & Astroparticle physics

KIT-Zentrum Elementarteilchen und Astroteilchenphysik (KCETA)
Connecting experimental & theoretical research in astrophysics,
elementary particle physics & cosmology
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https://www.iap.kit.edu/icecube/english/index.php

IceCube - Neutrino observatory

AT Institute for Astroparticle Physics (IAP)

Karlsruhe Institute of Technology

Strong support for a long-term
mineral-detectors project

KATRIN - Neutrino préc131o mass measurement Theoretical particle & Astroparticle physics
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https://www.iap.kit.edu/icecube/english/index.php

Previously ...

2019 - 2020:

Heidelberg Karlsruhe Strategic Partnership (HEiKA)

O

% MSc & BSc theses

O

K. Eitel & U. Glasmacher

HEiKA

2019 2020
| | |
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% Unique cooperation with geologists from Heidelberg University

2023

% “Searching for Dark Matter particle signatures with salt minerals as Palaeo-Detectors”

2024
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The Present ...
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Muscovite Mica samples
~2023 - Ongoing;:
% Initial activities supported by KCETA

% MSc thesis project, HiWi project, another student from July

< KNMFi - official collaboration - access to nanoCT & other facilities

K. Eitel & U. Glasmacher A. ElkaV

2019 2020 2023 2024 2025
I ! I I ! I ! I
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Ongoing Work - Student Projects AEW
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Ongoing work - Sub-sample preparation e
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% Multiple mineral samples - irradiated & “blank”
% Biotite - MeV Xe Ions, courtesy of U. Glasmacher (U. Heidelberg)
% Si & Muscovite - keV/MeV As ions, DT MeV neutrons

% Exploring techniques for sub-sample preparation & imaging

C AT L Vil L 381 S
det mode H\/ WD curr HFW tilt
8000x 169 nm ETD SE 5.00kV 4.1 mm 0.80 nA 25.9 um 52.0°

10 Dr. Alexey Elykov Institute for Astroparticle Physics



Ongoing work - TEM
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% Multiple mineral samples - irradiated & “blank”
% Biotite - MeV Xe Ions, courtesy of U. Glasmacher (U. Heidelberg)
% Si & Muscovite - keV/MeV As ions, DT MeV neutrons

% Exploring techniques for sub-sample preparation & imaging
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Si Lamella imaged with TEM
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Ongoing work - LiF (color centers)
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Simulations, irradiation & microscopy studies:
% DT MeV neutrons (Frascati)

% Alphas, ions & imaging (U. Zurich, ETH)

LiF sample iamged with mesoSPIM
/ w Dr Gabtiela Araujo¥(UzH)
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Ongoing work - LiF (color centers)
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Simulations, irradiation & microscopy studies:

% DT MeV neutrons (Frascati)

% Alphas, ions & imaging (U. Zurich, ETH)

We can irradiate another one it i SR '
& try again. 5 5 0N _ ggpens o ol b

, . e ' : " : . .. LiF sample iamged with mesoSPIM »
You're welcomed to join us! i P Plu £ 7 Dy Gabtiola Araujo%ZH)
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Ongoing work - Si (nanoCT)

% Si pillar sub-sample (1 MeV As ions)

> Sub-sample preparation & imaging
> Simulations to guide imaging

D

mm LEM

14 Dr. Alexey Elykov Institute for Astroparticle Physics



Summary & Outlook

< KIT - Unique combination of different facilities & expertise
> Perfect place for a mineral detector project

S

% Preliminary studies ongoing - can we image low-energy nuclear recoils?
> Software development for simulations, image analysis
> Calibration & imaging studies with microscopy experts

Trying to establish a long-term mineral detector project. Contact us!
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