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LSM Geographic position #1
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LSM Geographic position #1
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LSM Geographic position #2
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LSM a deep underground lab in Europe
• Deepest site in Europe dedicated to Astropart., Nucl. & 

Part. Physics
• 4800 m.w.e: 4.5 µ/m2/day (/5.5 LNGS); fast neutron =  

1.6x10-6 n/cm2/s 
• Flexible access (hall accessible to trucks up to 9m); 
• Small experimental surface: 400 m2 (3500 m3)

cf: Canfranc 600 m2, Boulby 1700 m2, SNOLAB 5350 m2, Gran Sasso
180000 m2 

• Natural radioactivity due to Radon : 15 Bq/m3

• (<5 less than LNGS et LSC)

Ancien 
NEMO3
(now
SuperNEMO
)

EDELWEISS III
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From a particle physic experiment to a multi-science platform

1979 - 1981 1982- 1990 1990- 2000 2000 - ….

Construction tp Experiment
Proton decay

Prototypes                      Experiments

LSM History

Fundamental physics:
Ø Proton decay
Ø Neutrino: double beta decay, 

double EC
Ø Dark matter
Ø Nuclear structure

Multidisciplinary activities
Ø Ultra low radioactivity measurements

Environmental sciences, applications, expertises
Ø Logical test failures in nano/micro-electronics
Ø Biology
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Same system as the one developed by SuperKamiokande

150 m3/h of  air  with an activity of 20 mBq/m3 (air in the lab 20 Bq/m3) 

Build in Czech Republic

Radon mitigation system

DASTGHEIBI-FARD   ALI     SSP  202416 Jan 2024
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22 HPGe from 7 different laboratories of CNRS , CEA, JINR DUBNA 
and CTU Prague are available at LSM

- Material selection for astroparticle physics, 
- Environmental research (oceanography, 
  climatology, retro-observation,….)
- Environmental survey
- Applications (wine datation, salt origin,…)
- Developments of Ge detector (ILIAS 
European project)

Guillaume Warot

Nickel 58

O
be

lix
G

e 
@

 L
SMPARTAGe project

• Combining shields in common walls

Robotisation
• Optimisation of measurement time based on 

the radiopurity objectives 
DASTGHEIBI-FARD   ALI     SSP  202416 Jan 2024

Gamma ray spectroscopy @ LSM
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Interdisciplinary @ LSM

Some examples:
- Environmental survey
-   Characterization the age of the suspended solids and pollutants 
associated with them in rivers
- Marine and continental geochemistry
- Characterization of  water masses, their origin and age in the ocean 
- Retro-observation (effects on human activities on the environment)
- Radioactivity in the atmosphere

ulta-low level gamma-ray spectroscopy

DASTGHEIBI-FARD   ALI     SSP  202416 Jan 2024

Oct 2023
Interdisciplinary workshop @ LSM

Dec 2023
Interdisciplinary strategy plan was send to in2P3  

Ø Radio-isotopes are used as tracers in the environment or as 
chronometers for dating of glacial or sedimentary layers. 

Ø They are used also for archaeological objects which sometimes 
require non-destructive measurements
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Environmental applications

Datation of a carot from Bourget lake :
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Radioactivity measurements for environmental sciences

210Pb

Depth (cm)

Sedimentation rate

Exemple with core samples
from Bourget lake

Use of anthropic isotopes

Depth (cm)

From A. Gougiotis and J.L. Reyss LSCE)

Total 
flux
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Developed by Ph. Hubert (Centre d‘Etudes Nucleaires de Bordeaux-Gradignan)

Wine dating by 137Cs measurement

Drug and food administration:
True or fake bottles; Wine taster: beginning of 60’s
Scientific proof ?

Bottles appeared on the market 
in 2000

Châteaux “Lafite”  “Margaux” 
1900 ?
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Biology

• Natural radioactivity impact to the Bacteria 

Comparison between Surface and underground result 

• Stem Cell cryogenic conservation (CNRS patent) 

More details: see 
F. Piquemal talk tomorrow
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Fundamental physics experiments 
Installed @ LSM

CNRS - UGA
http://www.lsm.in2p3.fr

16DASTGHEIBI-FARD   ALI     SSP  202416 Jan 2024



17

Tracking  + calorimeter – 82Se 7 kg

Neutrino physics: SuperNEMO
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• Foils can be made of any ββ isotope (SuperNEMO uses 82Se)

• Identification of  e-, e+, 𝛾 and 𝛼

• Full ββ kinematics and topology: Esingle,  Esum, x, y, z, t,  cos θ 

• Full event reconstruction can be used to disentangle different mechanisms 

contributing to 0νββ (V+A, SUSY…)

• Nuclear physics: constrain gA in 2νββ  (NEMO-3 analysis in progress)

• e-𝛾 separation can probe decays to excited states

Double-Beta Decay Physics with NEMO-3: 
0.5M 2νββ 100Mo events (Signal/Background ~ 80)

SuperNEMO Demonstrator: 
• Final commissioning in progress!
• First data taking at the end 2021

Recent results:
• New physics constraints 

Eur.Phys.J.C 79 (2019) 440
• Search for decay-rate time 

variation: arXiv: 2011.07657 
• Decays to excited states: 

Nucl.Phys.A 996 (2021) 121701
• gA vectorial axial coupling constant 

quenching constraints (in 
preparation).

SuperNEMO Collaboration
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Neutrino physics: CUPID-Mo & BINGO

7 countries, 15 institutions
~90 scientists

20 Li2100MoO4 scintillating bolometers

• 20 Li2MoO4 scintillating crystals, 4 kg 
total

• Shared cooled-down at 20 mK with 
EDELWEISS

• 19 months physics run
• Best limit for 100Mo since NEMO-3:

– T1/2>1.8×1024year
– ⟨mββ⟩ < (0.28-0.49) eV

• Key result for the design of the 
CUPID experiment  @ Gran Sasso

• R&D for next generation of cryogenic 
detectors: BINGO (ERC, 2022-2026)

Some*details*of*the*cryostat*installa5on

JANVIER 22 
9 

Y!

X!

Z!

Benjamin Schmidt for the CUPID-Mo collaboration

TAUP 2019, Toyama - 9/11/2019

First data from the CUPID-Mo neutrinoless
double beta decay experiment

Benjamin Schmidt for the CUPID-Mo collaboration

TAUP 2019, Toyama - 9/11/2019

First data from the CUPID-Mo neutrinoless
double beta decay experiment

Region of interest:  3034 
±10 keV

Rejected background (light 
detector)

BINGO cryostat 
@LSM

100Mo + 130Te 
scintillating targets

BGO internal
shelding
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Dark matter search: EDELWEISS

largest mass of cryogenic Ge (30 kg) : Heat + Ionization
EDELWEISS SubGeV Dark Matter Searches

n 2019-2020 breakthrough: successful run at LSM of 33 g Ge detector biased at 78V, with single-electron 
sensitivity

n First Ge cryogenic detector with     sub-electron resolution (s = 0.53 electron-hole pair)

n First Ge detector sensitive to sub-MeV DM particles interacting with electrons and 1-eV Dark Photons
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Ongoing development of EDELWEISS-SubGeV kg-scale array, with evt-by-evt
nuclear recoil ID down  to 50 eV (in synergy  with Ricochet R&D) in addition to <1 eVee

resolution for electron recoils

Heavy Dark 
Sector mediator 
case (F=1)

Dark Photon 
absorption

[PRL 125, 141401 (2020)]
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Light WIMP: SEDINE => NEWS-G

NEWS-G_LSM (SEDINE)        =>                  NEWS-G_SNO

60 cm diameter 
copper sphere

NEWS-G:
• At SNOLab
• 140-cm low activity copper sphere, built in 

France
• Work on mitigation of 210Pb in copper
• First full implementation and tests in Modane
• Lighter targets: H, He

NEWS-G

• Testing new mixtures and sensors
• Single electron response (gain, drift and 

diffusion times, …) characterized with a laser 
system

Q. Arnaud et al, Phys. Rev. D 99 (2019) 102003 
• Quenching factor measurements at Grenoble

for H and at TUNL (Duke University) for Ne-
CH4(2%) down to 300 eV: no published
measurements for Ne now

S. Cebrián,  TAUP2019, 11 September 2019

NEWS-G collaboration

• Queen’s University Kingston – G Gerbier, P di Stefano, R Martin, G Giroux, D Dunrford, S Crawford, M Vidal, G Savvidis,
A Brossard,   P Vazquez dS, Q Arnaud, K Dering, J Mc Donald, M Chapellier, A Ronceray, P Gros, A Rolland, , C Neyron
– Copper vessel and gas set-up specifications, calibration, project management 
– Gas characterization, laser calibration, on smaller scale prototype
– Simulations/Data analysis

• IRFU (Institut de Recherches sur les Lois fondamentales de l’Univers)/CEA Saclay -I Giomataris, M Gros,,  I Katsioulas, T 
Papaevangelou, JP Bard, JP Mols, XF Navick
– Sensor/rod (low activity, optimization with 2 electrodes)
– Electronics (low noise preamps, digitization, stream mode)
– DAQ/soft

• LSM (Laboratoire Souterrain de Modane), IN2P3, U of Chambéry - F Piquemal, M Zampaolo, A DastgheibiFard
– Low activity archeological lead
– Coordination for lead/PE shielding and copper sphere 

• Thessaloniki University – I Savvidis, A Leisos, S Tzamarias
– Simulations, neutron calibration
– Studies on sensor 

• LPSC (Laboratoire de Physique Subatomique et Cosmologie) Grenoble - D Santos, JF Muraz, O Guillaudin
– Quenching factor measurements at low energy with ion beams

• Pacific National Northwest Lab– E Hoppe, R Bunker
– Low activity measurements, Copper electroforming 

• RMCC (Royal Military College Canada) Kingston – D Kelly, E Corcoran
– 37 Ar source production, sample analysis  

• SNOLAB –Sudbury – P Gorel
– Calibration system/slow control

• University of Birmingham– K Nikolopoulos, P Knights
– Simulations, analysis, R&D 

• University of Alberta : MC Piro, D Durnford, S Ogmen
– Gas purification, data analysis

• Associated labs : TRIUMF - F  Retiere Sep 2018

3 cm Archeological 
lead 

23 cm Low activity 
lead 

Stainless steal 
skin  

- ϕ=140 cm Cu sphere / 
Thickness=12mm copper  » 36 ± 13 
mBq/kg of 210 / »7 - 25 µBq/kg of 232Th
/ » 1 - 5 µBq/kg 238U

40 cm HDPE

Gaseous detector: Spherical Proportional Counter 

Electropolishing/
Electroplating

226Ra    et    228Th
----------------------
< à qq 0.1  à qq

10 mBq/kg

Q. Arnaud et al, Phys. Rev. D 99 (2019) 102003 

Sulfuric acid solution in

Anode & Cathode

8

Higher purity materials

K. Nikolopoulos / 1 September 2021 / Reaching the neutrino floor with SPCs

 Copper common material for rare event experiments
 Strong, pure, inexpensive
 No long-lived isotopes (67Cu t1/2=62h)

 Backgrounds
 Cosmogenic and 238U/232Th decay chain

∅ 140cm detector at SNOLAB 
4N Aurubis AG Oxygen Free 

Copper (99.99% pure)
 Spun into two hemispheres
 Electron-beam welded togetherPo

218

84

Pb
214

82

Rn
222

86

Bi
214

83

Po
214

84

Pb
210

82

Bi
210

83

Po
210

84

Pb
206

82

3.8 d

3.1 m

27 m

20 m

160 us

22 y

5 d

138 d

Stable

U
238

92 4.5 Gy

Th
234

90 24 d

Pa
234m

91 1.2 m

U
234

92 250 ky

Pa
91 6.7 h

234
99.84%

0.16%

Th
230

90 24 d

Ra
226

88 1.6 ky

Long-lived!

directly measured 
with mass 
spectrometers 
~10 μBq/kg

Gas at normal conditions:
found in the atmosphere  
breaks secular equilibrium

Spinning

Expected to be sensitive to WIMP Masses
 ≈ 100 MeV using H-rich gas and an energy 
threshold < 50 eVnr  

A. Dastgheibi-Fard et al, [NIMA_162390] in Nuclear Inst
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Electroformed CUprum Manufacturing Experiment

K. Nikolopoulos / 1 September 2021 / Reaching the neutrino floor with SPCs

A ⌀140 cm sphere electroformed underground in SNOLAB 
 Builds on achievements of NEWS-G electroplating  

 36 µm/day →  ~1 mm/month  
 No machining or welding - grow sphere directly  

ECuME electroforming facility initially dedicated to NEWS-G, 
but then a long term asset for SNOLAB and the community

Current Status 
 ⌀30 cm scale prototype to be produced at PNLL 

 Bath designed 
 Procurement of parts underway  
 Electroformation to start in Fall 

 ⌀140 cm detector to follow shortly after 
 Use existing shielding for physics exploitation

21

DarkSPHERE

K. Nikolopoulos / 1 September 2021 / Reaching the neutrino floor with SPCs
5 bar He:C4H10 (90%:10%)  (27 kg)

Volume ×10: ⌀300cm intact underground electroformed spherical proportional counter
Shielding: Full water shielding option and water/lead option

Possibility to host DarkSPHERE at  
Boulby’s Large Experimental Cavern

 Possibility for a 7×7×7m3 detector without further excavations
 Scoping study on possible electroformation facility on-goingK. Nikolopoulos Research Statement

Figure 2: Time line of the NEWS-G experiment .

DM candidate-target matching; f) flexibility in operational conditions, like pressure and high voltage, providing addi-
tional handles to disentangle potential signals from unknown instrumental backgrounds; and g) favourable ionisation
quenching factor [19]. The detector response to low energy nuclear recoils is discussed in Ref. [20] and its calibration
using a laser and radioactive sources is described in Ref. [21].

The NEWS-G Collaboration, comprising 10 institutes in 5 countries, produced first results with SEDINE, a 60 cm in
diameter (?) SPC operating at the Laboratoire Souterrain de Modane (LSM), France. These results extended for the
first time the constraints to DM down to 500 MeV [18]. NEWS-G has an ambitious programme, presented in Fig. 2,
to probe light DM down to masses of 0.1 GeV with a sensitivity reaching the neutrino floor.

Currently, the collaboration is commissioning SNOGLOBE, a 140 cm in diamater (?) SPC made of 99.99% pure
copper, in SNOLAB, Canada. SNOGLOBE’s active volume is internally shielded with a 500 µm thick layer of ultra-
radiopure copper, grown on the inner surface by adapting a low-background electroforming method to the hemispher-
ical shape. This procedure was undertaken at LSM, with leading contributions from my group [22, 23].

Electroformation: Improved radiopurity is key to extend further the discovery potential. NEWS-G currently designs
ECUME (Electroplated CUprum Manufacturing Experiment), a ?140 cm detector fully electroformed underground
to avoid cosmogenic activation. ECUME will also sustain higher pressure, increasing the target mass by a factor

5 over SNOGLOBE. Electroformation of ECUME at SNOLAB will will start in Fall 2021, following construction of
a 30 cm in diameter scale model at PNNL, USA.
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Figure 3: Results (solid) and projections (dashed
lines) for DM sensitivity; and He neutrino floor.

Further in the future, we aspire to construct DarkSPHERE, a
?300 cm fully electroformed underground spherical propor-
tional counter operating with He:C4H10(90%:10%) at 5 bar.
DarkSPHERE will achieve a sensitivity reaching the neutrino
floor, an inherent background to any DM search [24], while
the hydrogen-reach target gives sensitivity to the full range of
effective field theory interactions.

The design of DarkSPHERE is led by my group, with Boulby
Underground Laboratory being interested to act as the host.
The large volume of DarkSPHERE supports directional DM
searches. DarkSPHERE has the capability to act as a multi-
experiment platform, hosting neutrinoless double-b decay and
supernova neutrino searches. On the topic of neutrinoless
double-b decay searches, my group is already contributing to
the R2D2 R&D project, investigating the feasibility of con-
structing and operating a highly pressurised xenon time projection chamber that will probe the inverted neutrino mass
hierarchy [25, 26].

Electroformation of copper is a crucial capability, relevant for a number of future experiments. Beyond NEWS-G, the
Majorana [27], nEXO [28], NEXT [29], and LEGEND [30], which evaluates sites for LEGEND-1k [31], experiments
explore electroformation.

Physics with nuclear recoils: The expected sensitivity in DM searches for spin-independent interactions through
nuclear recoils for the several generations of NEWS-G detectors is summarised in Fig. 3, and is compared to the
current state-of-the-art. Furthermore, the hydrogen-reach targets employed in NEWS-G, give sensitivity to the full

Page 4 of 12
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Light WIMP: DAMIC-M LBC

CCD detector

    
• 50 CCDs (kg-size target mass) 
• Most massive CCDs ever built  

(>10 g each) 
• Single electron resolution with 

“skipper” readout 
• A fraction of dru background

    
(P. Privitera’s talk) 
 

exquisite spatial resolution

    
• Explore low-mass DM (<1 GeV) with 

thick, fully depleted CCDs (pioneered 
by DAMIC at SNOLAB)

DASTGHEIBI-FARD   ALI     SSP  202416 Jan 2024

Cleanroom

4

• Low Background Chamber (LBC) is there now.

Dec 20

• LBC : Low-Background Chamber 
with 2 CCDs

• Target mass 18 g
• Polyethylene and lead shield (+ 

roman lead)
• Operated in clean room
• 85.2 g.day exposure acquired in 

2022
• 0.2 e- resolution (Nskip=650)
• Best limits on e--DM interactions 

via light mediator between 1.6 
MeV/c2 and 1 GeV/c2;

• Best limits for heavy mediator 
(1-15 MeV/c2)

PRL 130 (2023) 171003

Low Background Chamber (LBC) Objectives

5

LBC will be a detector at LSM equipped with two single-electron 
resolution CCDs. Its objectives are as follows: 

1. The detector built by DAMIC-M Collaboration at LSM. We have 
learned a lot about working at LSM and this lesson will help us 
during the construction of the DAMIC-M detector. 

2. A detector with the background level as low as few d.r.u. 
(material, cleaning and assembling procedures, simulations, etc.). 
This level will be lower than was in the DAMIC@SNOLAB detector. 
We want to be 10× better with DAMIC-M. 

3. Detailed characterization of selected DAMIC-M CCDs in low-
background environment. Our goal is to measure the dark current, 
32Si rate in the bulk, background in the backside layer, etc. 

4. Science at low energies in silicon target with single-electron 
resolution CCDs. We aim to get 1 kg-day exposure. Two CCDs, 
each with 6k×4k pixels and 8.9 g.

is

TAUP 2023
(P.Privitera talk)

1. use QEdark to generate differential rate of DM signal  
- halo parameters from PhystatDM (arXiv: 2105.00599 (2021))

2. apply detector response to obtain PDF of signal, including  
- eV to ionized e- conversion with low energy ionization yield (PRD 102, 063026 (2020))  
- diffusion model using parameters measured with LBC CCDs

3. measure single pixel charge distribution (PCD) in each amplifier of each CCD, assumes 
Poisson background model with a Gaussian noise resolution  
 
 
 
 
 
 
 
 
 

4. fit whole PCD and perform binned joint likelihood minimization to set 90% C.L. upper 
limits in cross section-DM mass parameter space 

Dark matter-electron limit setting

14Danielle Norcini University of ChicagoIDM 2022: 18-22 July 2022

preliminary
observe one 4e- event with probability 
of 15%, currently under investigation

IDM 2022
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Neutrino physics
Double EC search (106Cd)
TGV-II (Ge with sheets of 

Double EC 
candidates)

TGV II SHIN

MIMAC (prototype) Dark matter TPC for DM directional detection

Other experiments

Nuclear physics
Super Heavy Element In nature
SHIN (osmium  ore 
surrounded by  3He neutron 
detectors)
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Summary and outlook

Ultra-low gamma-ray spectrometry has a lot of potential for environmental 
Research and survey 

Improvements for material selection for particle physics or astroparticle allows
to improve also the sensitivity for the other science and to open new methods

Interest for science like micro/nano microelectronics

Discussion in progress with biologists and geophysicists for the extension

There is not so many labs where you can perform research on particle physics,
oceanography, retro-observation, logical failure from natural radioactivity, 
wine datation,….

Deep Underground Infrastructures are rather new (~40 years), certainly a large
potential to welcome other Labs (PAUL), and science sciences

In LSM,
More projects in the future : biology, EF Copper production, Quantum computing ...
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IM2NP-CNRS laboratory has conducted since 2007 a series of underground experiments to 
quantify the importance of alpha-particle emitter contamination in advanced SRAM memories

Silicon wafers, ceramic packages and contact bumps are contaminated with Uranium and 
Thorium elements at ppb concentration levels

0.5 ppb of 238U in Silicon 
= 425 Bq/m3

= 0.18 Bq/kg
0.5 ppb of 238U in Silicon 
= 2.28×10-3 α/cm2/h

Soft-Error Rate (SER) Characterization of SRAM circuits
induced by alpha-particle emitter contamination

q Real-time experiments : long-
term (several months) exposure 
of a large amount (Gbits) of 
circuits to the natural radiation 
environment 

qUnderground: to remove the 
atmospheric neutron 
contribution (observed soft-
errors are expected to be due to 
alpha particles)
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