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There-are about 10 Deep Undergrbund Labs
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1 “ University of ; : i
] 20 Physics Applications

e Critical infrastructure for:
o Dark matter
o Neutrinos: OvfSp, 6.p, Solar-v, etc.
o Rare decay physics
o Nuclear / environmental monitoring

o Quantum sensing / computing
e Deep lab space is a hot commodity!

o Limitations for R&D stage
experiments
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_ zurich™ Bedretto Laboratory

e 5.2 km tunnel connecting the Furka train tunnel
and Bedretto valley
1650 m of rock overburden under peak
Less than 2 hours from Zurich, Bern, and Geneva
e (Geosciences laboratory established in 2019
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From Humble Beginnings
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http://drive.google.com/file/d/1ou5_3psQ10ytMYbNJIrFhwikH_8_pYa5/view

University of 2025 Lab Expansion
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http://drive.google.com/file/d/1ou5_3psQ10ytMYbNJIrFhwikH_8_pYa5/view

lzJSrii\Li';f"itVOf 3500 Meters in the Mountain

Alexander Kavner IDM 2026



University of 2025 Background Characterization Campaign

e \Wholistic campaign to measure
backgrounds from:

o Cosmic-ray muons
o Neutrons

o Gamma-rays

o Radon

o Vibrations

o EMI

e Work summarized:
https://arxiv.org/abs/2512.14815
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University of 2025 Background Characterization Campaign
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University of
Zurich™

Muon Telescope
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U8, University of
21 Zurich™ Muon Telescope

e Above ground measurements found a detection
efficiency of 28%, validated with Geant4
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University of
L/ Zurich™ Measured Muons

e 3 weeks of live-time
e 8 Measured muon events: 7 above all channel thresholds, 1 corner clip
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Muon Simulations

Simulations performed utilizing: topographical data,
MUSUN, MUSIC, and Geant4.

Yields an overburden of 4000 M.W.E.

Simulated muon flux of: 2.99 - 107y - em™ - 57"
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) University of Lab Depth: 4000 M.W.E.
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En ) ;Jlt:rii\::??jtyof Neutron Measurement
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University of
Zurich™ Radon Measurement
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2\ University of
) Zurich™ Radon Measurement
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) University of

Radon Measurement

Tremola series
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University of ; :
) Zoriche Granite Gamma-Ray Counting

Granite sample

Low background HPGe

Counts / keV / day
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FUA) University of
i/ Zurich™

Granite Gamma-Ray Counting
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4| | University of Electromagnetic and Vibrational Backgrounds

107 presrrere e T
Electromagnetic
103
e 3-axis magnetic backgrounds : B
o With and without zero-Gaus Chamber £
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\ University of :
) Zurich™ Deployable Experiments
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Lab Expansion Plans
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- air supply for laminar flow

Other Equipment, planing and permits ~ CHF 200'000
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University of
Zurich™

Overview Paper is Out!

e BedrettoLab for Physics promises a new
ultra-low background UG research facility in
central Europe

o Convenient: Easily reachable,
horizontal access

o Background mitigation schemes
implemented in the design phase

o Plans for first phase of the lab can be
realized within few years only

025

[astro-ph.IM] 18 Dec 2
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Characterisation of the Bedretto Underground Site for
Fundamental Physics Experiments
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Abstract Underground laboratories provide the ultra-

low background and low
tial for r:
tion. and guantum

ibration environments essen-

-event se : detec-

hes, gravitational-w:

ensing technologies. We report a

ronmental characterisation of the Be-

comprehensive en:
dretto tunnel in Ticino, Switzerland, a site offering hor-
izontal access, excellent infrastructure, and the poten-
tial to be Europe’s second-deepest and quietest un-

derground laboratory. At the prospective physics site,

located beneath an overburden exceeding 1400m, we
measure the cosmic-muon, y-ray. and neutron fluxes,
as well as the radon concentration, magnetic-field spec-
trum, and seismic backgrounds. The muon flux is sup-
press

ed by six orders of magnitude relative to the sur-

face, consistent with an effective depth of about 4000
metre water equivalent, gamma-ray and neutron m

surements reflect the local geology and guide shielding

ics ex-

requirements for future particle and nuclear phy

periments nd seismic noise levels are found

Magnetic

to be exceptionally low, meeting or exceeding the crite-

ria for next-generation atom-interferometric gravitational-
wave detectors. These results establish the site as a
“e-mail: bjoern.penning@uzh.ch

be-mail: florian_joerg@physik.uzh.ch

e-mail: alexander kavner@physik.uzh.ch

gastrasse 5, Ziirich,
. Ziirich, 809
“Departement de Physique Nucléaire et Corpusculaire, University of Geneva,

24, quai Ernest-Ansermet, Geneva, 1205

witzerland

Ziirich, 80¢ Switzerland

highly competitive, accessible deep-underground loca-

tion for fundamental-physics experiments.

Keywords underground laboratory.
waves, dark matter, rare event

gravitational

rches, radiopurity,

radio assay. atom interferometry, neutrinoless double

beta decay

1 Introduction

Underground laboratories provide uniquely background-
free environments and are indispensable tools to under-
stand fundamental physics processes. The massive rock

overburden shields effectively e

1 from the highest en-

ergetic . they are seismically very quiet since

SIic 1

most vibrations travel at the surface and are attenuated
quickly at depth, and Newtonian noise is reduced by the

very large mass of rock surrounding the laborator;
amples of underground experiments include rare-event
searches such as the search for dark matter and neu-
trinoless double beta decay, rare-decay nuclear physics
measurements, low-background material assay, environ-

mental monitoring, and optimal sensitivity and stabil-

stable, low-

ity of quantum sensors. Furthermore, the

background, and low-vibration environment offered by
underground locations is highly beneficial for gravita-

tional wave detection. Several major deep underground

Alexander Kavner IDM 2026
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\’ H H f .
) Jniversity Bedretto Lab for Fundamental Physics

Stage 0 Stage 1 Stage 2
e Background e HPGe Counter e HPGe Counter
IEESUAETENS e mK Quantum Sensing e mK Quantum Sensing
. ?;25}3)(4“ LG e Small TPC test-setups e LXe full scale
9 demonstrator
e SolLAr

e Detailed Muon e Grav. waves R&D

tomography e Astrobiology
: t
e Astrobiology S G BalEETe e Atom Interferometry
e Space Exploration e Radionuclide e Astrobiology
Monitoring e Space Exploration

e Radionuclide
Monitoring
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In-Situ Gamma Flux
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University of :
Zurich™ Bedretto Granite Assay
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1) HPGe crystal 2) low background copper 3) lead shield
4) HDPE 5) Load lock 6) load lock 7) Glove port 8) view port
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U University of : :
] e Granite Counting
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University of ;
Zurich™ Lab Expansion Plans
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%) University of
) Zurich™ Muon Quad Channel
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“IA™ University of : .
2L Zurich™ Muon Simulations
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A1) University of [ [
i) Zurich™ Muon Simulations
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University of
| ) Zuriche Neutron Spectal Features

Capture Peak
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University of 2025 Background Characterization Campaign

e \Wholistic measurement of
backgrounds from:

o Muons, gamma rays, neutrons,
radon, vibrations, and EMI
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New Logo

BEDRETTO LAB

UNDERGROUND
PHYSICS
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