


The Setting

— 5.2 km long, connecting the
Furka train tunnel &
Bedretto valley, 1000 -
1600m overburden

— Excellent accessibility
(2.5hrs from Zürich) two
tunnel exits (safety)

— Good infrastructure
available (400kVA, optical
fiber)

— May 2019: inauguration of
the BedrettoLab operated
by ETH Zürich

— Research focus:
Geothermal energy and
earthquake physics
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Welcome to 3500meters inside themountain



Characterization campaign

Eur.Phys.J.C 86 (2026) 7, 866

— Comprehensive background
characterization in bare rock cavern

— Muons, neutrons,
gammas, radon

— Vibration
EMI
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https://doi.org/10.1140/epjc/s10052-026-15916-5


Cosmogenic background

— Muon flux measurement using 4
plastic scintillator panels read out
with SiPMs

— 4-fold coincidence requirement to
have negligible background

— Above groundmeasurement @ UZH
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Work by Abigail Flowers
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Work by Abigail Flowers



Cosmogenic background

— 21-day measurement underground at TM3500 (472 hours exposure)

— 8 detected muons

— Estimatedmuon flux: (2.54± 0.90stat ± 0.17syst)× 10−8 µ

sec·cm
2
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    Vertical Access

    Horizontal Access

    European

    Non-European — Good agreement
with MC
simulations

— Depth of 4km
(water equivalent)

— Slightly deeper
than Laboratori
Nazionali del Gran
Sasso (LNGS, Italy)
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Gamma flux
— Gator high purity germanium (HPGe)

spectrometer at LNGS
(see Aravind’s talk on Thursday!)

— Granite rock samples from two di�erent
locations in the tunnel

— Primordial radioisotopes 40K, uranium
and thorium dominate the activity

— Some variation in activity depending on
the location

Isotope Activity [Bq/kg]

TM3500 TM2500

235U Chain 1.8± 0.1 10.0± 0.6
232Th Chain 83.8± 1.9 118± 3
238U - 230Th 77.4± 6.8 221± 18
226Ra - 206Pb 56.6± 1.3 161± 4

40K 1090± 50 1130± 70
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Work by Aravind Sreekala



Gamma backgrounds
— Conduct systematic scan of gamma
flux along the tunnel

— Using a portable 3”x3” NaI(Tl)
scintillation detector

— Clear correlation of flux with with
rock type

— The target site at TM3500 is
conveniently located at a minimum
of the gamma flux!
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— Flux from 40K about
(3.7± 0.3) γ

sec·cm
2 (bare rock cavern)

— About 10×γ-flux at LNGS

— Can be reduced to levels
comparable to other underground
labs by about 15cm of concrete
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Neutron Flux

— Using a 3He filled proportional
counter

— Thermal neutron capture on 3He:
Release of 764 keV reaction energy

— Polyoxymethylene (POM) neutron
moderator

— Independently confirmed using a
LiI(Eu) scintillation detector

— Measured thermal neutron flux:
(5.6± 0.3)× 10−5 n

sec·cm
2

— Almost 2 orders of magnitude lower
than above ground neutron flux

— For now (bare rock cavern): Higher
than other underground labs. Can
bemitigated by concrete cladding
of the tunnel
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Work by Alexander Kavner



Radonmeasurement
— RAD-7 commercial radon
monitor

— Electrostatic collection of
radon progeny

— Humidity diminishes
detection e�iciency

— Use of Dryrite desiccant
— Reduction of desiccant

consumption using a
Drystick
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Radon

— Measurements at
various locations
along tunnel

— At ventilation outlet:
Compatible with
outside

— High concentration in
unventilated section
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— Long termmeasurement at
TM3500 (since July 2025)

— Extension of ventilation

required!

— Possible to reduce radon to

ambient level (10s of Bq/m3)
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Electromagnetic
— Measurement of the 3-axis magnetic field
background (310 hours)

— Instrument sensitivity determined using a
zero-Gauss chamber (161 hours)

— Peaks in power spectrum stem from AC
power line (50Hz) and train power line
(16.7Hz)⇒ Day/Night di�erence

— Exceeding requirement for atomic
interferometry gravitational wave searches
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Work by Guandi Zhao



Vibration

— Using data provided by the Swiss Seismological Service
— Note: Sensor at TM3500 has no sensitivity below 100mHz
— Seismic noise also shows a spectrum comparable or better than prospective
ET sites

— Also very quiet (and predictable) in terms of EMI and vibrations
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Work by Johannes Wüthrich



Which physics can be done at Bedretto?

Manymore interdisciplinary cross-links (Radionuclide monitoring, Space exploration, etc)

Uni Zürich

Penning,
Baudis,
Soares-Santos

Uni Geneva

Sanchez,
Schramm

Uni Bern

Weber,
Tuflani

ETHZürich

Crivelli,
Wiemer
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Stage 1 - Excavation plan

— main tunnel:

55m long, 4m diameter

— side niches:

4 times 6m x 6m area

— main cavern:

— 6m x 25m (150 m2) with 5m height
— outfitted as a clean room (ISO7)
— Dedicated areas for e.g. shielded

HPGe counters, dilution fridge,
liquid noble gas experiments &
infrastructure - and underground
micrscopy devices, etc.
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Easy excavation possible — Common tunnelling
methods "drilling and
blasting"

— No need for tunnelling
machines

— Bedretto tunnel is
suitable - originally
planned as railway
connection

Existing BedrettoLab for Geosciences was excavated in < 1 year
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Good news for the Bedretto project!
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Summary & Timeline

— BedrettoLab Physics will be one of
the deepest underground labs

— Backgroundmitigation schemes
will be implemented in the design

— Easy horizontal access

— Fast & cost-e�ective excavations

Interested?

Get in touch!
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    Vertical Access

    Horizontal Access

    European

    Non-European

— Project currently under evaluation
for the 2027 Swiss Roadmap for
Research Infrastructures

— Received best grade from both
reviewers

— Excavations (Stage 1) would be
finished in 2030

— First small-scale projects (Stage 0)
can be already installed
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Backup slides



Project stages

Stage 0 (Now)

— Background
measurements

— ARGUS (4k
Quantum
sensing)

— Detailed Muon
tomography

— Astrobiology

— Space
Exploration

Stage 1 (∼2029)

— HPGe Counter

— mK Quantum
Sensing

— Small TPC
test-setups

— SoLAr

— Astrobiology

— Space
Exploration

— Radionuclide
Monitoring

Stage 2 (∼2033)

— HPGe Counter

— mK Quantum
Sensing

— LXe full scale
demonstrator

— Grav. waves
R&D

— Atom
Interferometry

— Astrobiology

— Space
Exploration

— Radionuclide
Monitoring
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Surface Infrastructure

— Existing hut with meeting room, kitchen, network infrastructure, small
workshop and storage

— Already planned upgraded building with increased o�ice space, meeting
rooms and large garage/assembly area.
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How to get in and out?
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Radon emanation from rock
— U/Th radioisotopes in rock

— Emanation due to:

— Recoil
— Di�usion

— Without air exchange: Radon activity
approaches an equilibrium

App.Rad.Iso. 69 (2011) 1422-1435
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https://doi.org/10.1016/j.apradiso.2011.06.009
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