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Deep Underground Labs
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SURF

SNOlab

Boulby

CallioLab

KamiokaYemilab

SUPL

Canfranc

Modane

LGNS
Baksan

There are about 10 Deep Underground Labs

Jinping
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Physics Applications

● Critical infrastructure for:

○ Dark matter

○ Neutrinos: 0𝜐𝛽𝛽, 𝛿𝐶𝑃, Solar-𝜐, etc.

○ Rare decay physics

○ Nuclear / environmental monitoring

○ Quantum sensing / computing

● Deep lab space is a hot commodity!

○ Limitations for R&D stage 

experiments
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Bedretto Laboratory
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Physics Lab

Existing 

geosciences lab

● 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

● Geosciences laboratory established in 2019
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From Humble Beginnings
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Newly excavated lab space in 2025
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2025 Lab Expansion
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PXL_20250422_131521332.TS~3.mp4

http://drive.google.com/file/d/1ou5_3psQ10ytMYbNJIrFhwikH_8_pYa5/view
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2025 Lab Expansion
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PXL_20250422_131521332.TS~3.mp4

http://drive.google.com/file/d/1ou5_3psQ10ytMYbNJIrFhwikH_8_pYa5/view
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3500 Meters in the Mountain
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2025 Background Characterization Campaign

● Wholistic campaign to measure 

backgrounds from:

○ Cosmic-ray muons

○ Neutrons

○ Gamma-rays

○ Radon

○ Vibrations

○ EMI

● Work summarized: 

https://arxiv.org/abs/2512.14815
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https://arxiv.org/abs/2512.14815
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UZH Physics 

Institute Joint Effort!

https://arxiv.org/abs/2512.14815
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Muon Telescope
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Muon Telescope

● Above ground measurements found a detection 

efficiency of 28%, validated with Geant4

12



Alexander Kavner IDM 2026

Measured Muons

● 3 weeks of live-time

● 8 Measured muon events: 7 above all channel thresholds, 1 corner clip
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Muon Simulations

14

Simulations performed utilizing: topographical data, 

MUSUN, MUSIC, and Geant4.

Yields an overburden of 4000 M.W.E.

Simulated muon flux of: 2.99 ∙ 10−8𝜇 ∙ 𝑐𝑚−2 ∙ 𝑠−1
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Lab Depth: 4000 M.W.E.

● Muon flux of: 2.54 ±

0.95 ∙ 10−8𝜇 ∙ 𝑐𝑚−2 ∙ 𝑠−1

● Uncertainties: statistical, 

simulation, & assembly 

variation

15



Alexander Kavner IDM 2026

Neutron Measurement

● Factor of 100 reduction 

from surface flux

● We assume the fast flux 

scales similarly

● Fast flux measurement in 

Summer 2026!
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Q = 764 keV
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Radon Measurement
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Radon Measurement
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Radon Measurement
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Granite Gamma-Ray Counting

20

Granite sample

Low background HPGe
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Granite Gamma-Ray Counting
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Electromagnetic and Vibrational Backgrounds

● 3-axis magnetic backgrounds 

○ With and without zero-Gaus Chamber

● Exceeds requirement for atomic interferometry

○ < 100 nT / 𝐻𝑧

● Very low seismic backgrounds 

○ Consistent within geological noise models

● Amongst lowest vibration in the world!
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Electromagnetic

Vibrational
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Deployable Experiments
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HYODEL @ ETHZ

MuonTomo@UniGeXLZD R&D @UZH SNSPD@UniGeQROCODILE @ UZH

GW @ UZH SoLAR @ UniBe mesoSPIM @ UZH
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Lab Expansion Plans
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Overview Paper is Out!

● BedrettoLab for Physics promises a new 

ultra-low background UG research facility in 

central Europe

○ Convenient: Easily reachable, 

horizontal access

○ Background mitigation schemes 

implemented in the design phase

○ Plans for first phase of the lab can be 

realized within few years only
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Thanks!
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Backup Slides
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Bedretto Lab for Fundamental Physics
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Stage 1

● HPGe Counter

● mK Quantum Sensing

● Small TPC test-setups

● SoLAr

● Astrobiology

● Space Exploration

● Radionuclide 

Monitoring

Stage 2

● HPGe Counter

● mK Quantum Sensing

● LXe full scale 

demonstrator

● Grav. waves R&D

● Atom Interferometry

● Astrobiology

● Space Exploration

● Radionuclide 

Monitoring

Stage 0

● Background 

measurements

● ARGUS (4k Quantum 

sensing)

● Detailed Muon 

tomography

● Astrobiology

● Space Exploration
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In-Situ Gamma Flux

29



Alexander Kavner IDM 2026

In-Situ Gamma Flux
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40K: 3.72 +/- 0.28 𝛾 ∙ 𝑐𝑚−2∙ 𝑠−1

U Chain: 0.95 +/- 0.16 𝛾 ∙ 𝑐𝑚−2∙ 𝑠−1

Th Chain: 0.95 +/- 0.19 𝛾 ∙ 𝑐𝑚−2∙ 𝑠−1

~ 10x LNGS but can be reduced with clean shotcrete 



Alexander Kavner IDM 2026

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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Granite Counting
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Lab Expansion Plans

33



Alexander Kavner IDM 2026

Muon Quad Channel
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Muon Simulations
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Muon Simulations
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Neutron Spectal Features
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2025 Background Characterization Campaign

● Wholistic measurement of 

backgrounds from: 

○ Muons, gamma rays, neutrons, 

radon, vibrations, and EMI
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New Logo
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