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The Five W for Deep Underground Laboratories 



Proteger	los	experimentos/detectores	de	la	radiación	cósmica	!

100 µ/m2/s (dominant CR particles on surface)

Why? 
See underneath the cosmic muon flux 
(explore science in the ultra-low muon world)



Where? 
Spaces next to mines or tunnels



When? 
Since 1901
Growth in number 
in 1960s & 1980s &
Nowadays!

Neithpad Train tunnel: Used by CTR Wilson to explore whether 
penetrating radiation was extraterrestrial 



Imagen cedida porGIFNA,	Universidad	de	Zaragoza

Angel	Morales,	Julio	Morales,	José	Ángel Villar,		Rafael	Nuñez-Lagos

Canfranc-Estación,	c.	1986

Who? 
Start by one group
Become a national
& international hub



What? 
Hub for experiments and Low Radioactive Techniques



DUL : Global Numbers



15+ DUL WORLDWIDE

E. Previtali @TAUP21



DUL GLOBAL NUMBERS

E. Previtali @TAUP21



Best example: LNGS started in 1987 as an INFN National Lab (almost all INFN Sections in 
the contribute to LNGS activities).
SNOLab (2003) was build with the same strategy. Multiple institutions contribute.

Not always the case. 

LSC: Started by GIFNA(UZ), since 2010 is a National Lab (ICTS), currently with 14 Spanish 
institutions with experiments/activities underground: 
CIEMAT, UAM, UCM, IFAE, UPC, UB, IFIC, UPV, UPV/EHU, DIPC, UO, USC, IFCA, CAPA

and growing: UPN, UPCT, CAB, CBM, I2SysBio, UPF (20 at the end of 2021)

National labs useful to find support to develop technology with 
interest for low background

If you are interested, please contact LSC

The kton+ neutrino detectors and the multi-ton dark matter and ton double beta decay 
require international partners

NATIONAL HUBS WITH INTERNATIONAL CONTRIBUTIONS



4 (+1) XL-SIZE DUL



CURRENTLY ACTIVE BIG DUL (KAMIOKA, LNGS, SNOLAB, SURF)



  J. Wilson@TAUP21

Also SK-Gd & KamLAND-Zen

kton+ DETECTORS IN CURRENTLY ACTIVE IN BIG DUL (KAMIOKA, LNGS, SNOLAB, SURF)
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NEXT BIG DUL IN CHINA (2025-)



L-SIZE DUL (Mainly LSC)



800	m	bajo el	Tobazo (~	2500	m.w.e)
Radon	50	- 80 Bq/m3

Neutron	(<10	MeV)	~	3×10-6 n/(cm2 s)	
Gamma	~	1/(cm2 s)	

MEDIUM DUL (LSC,LSM, BOULBY, Y2L,…)



CANFRANC UNDERGROUND LAB SINCE LAST TAUP

- Long-term stability: Budget plan approved by the LSC patronage for 2022-2031. 
- Growing Lab: doubled people on site since 2019 (20 people now, more in 2022).  
- Two big projects in the LSC approved Strategic Plan: Double beta136Xe 1ton detector, 

Spanish contribution to the HyperKamiokande construction.
- New Strategic Lines at LSC: Biology (labs on surface & underground), Cryogenics 

(qubits, axion searches,…), RITA Lab (radium by Single Molecule Fluorescence Imaging).
- Collaboration with Deep Underground Labs on LSC experiments relevant for large 

experiments (CROSS Panel Nu 3,  DArT Panel DM 1,…) and on Low Radioactivity Techniques: 
new Electroformed Copper installation (in operation at the clean room underground), 
ultrapure NaI crystal growth installation underground, CLYC neutron detectors, …

The Biogeochemistry, Biophysics, Radiobiology, and Technical 
Challenges of Deep Subsurface Research, 2021EFCu



LSC EXPERIMENTS: PHYSICS HIGHLIGHTS 2021

ANAIS: 4 years of data taking (published 3-yrs). 
No modulation observed so far! See Marisa’s talk

NEXT- ßß-decay of 136Xe with best resolution in 
energy and e-track reconstruction. Assembling of 
NEXT-100 and starting of NEXT-1ton!



NEXT-WHITE COMPLETED

A. Uson @TAUP21



DUL for Multi-ton and Ton Experiments



COMPETITION/COLLABORATION TO HOST 
MULTI-TON DARK MATTER EXP.

M. Schumann @TAUP21



COMPETITION/COLLABORATION TO HOST 
MULTI-TON DARK MATTER EXP.



COMPETITION TO HOST TON BB DECAY EXP.

A. Guiliani @TAUP21



NEXT-100 AND NEXT-1ton

A. Uson @TAUP21



Low Radioactivity Techniques



SERVICES: MULTI-SITE GERMANIUM DETECTORS

…and more. Highly demanded, used as an international service.



 

EF-Cu PIECE – DAMIC Collaboration 
 

Setup installed in the LSC Clean Room (Class 10.000, underground). Preparation done in the Clean Room: copper sulphate recristallization (purification), 
electrolyte, OFHC copper bars (anodes) cleaning… 

 

 

 

 

 

 

 

 

1st STEP: Electroforming, 
EF-Cu hole cylinder 

preparation (0.3-0.5 mm 
tickness, 82mm diameter, 

205mm height) 

2nd STEP: cut, open and flatten the EF-Cu cylinder 3rd STEP: plastic support 
setup 

4th STEP: Electroforming, EF-Cu 
plane (in progress) 

 

 SERVICES: ELECTROFORMING COPPER

Fall 2021 (LSC-LNGS): 
From EFCu to additive manufacturing 

2022: ICPMS in clean 
room underground 



SERVICES: NaI CRYSTALS FACILITY UNDERGROUND

A. Mariani@TAUP21



SERVICE: RadIum TAgging (RITA) BASED ON SMFI

New detection method of Ra with <103 atoms sensitivity
Goal: Screening of UltraLow background materials for DM&bb
Makes use of single molecule fluorescence imaging techniques
Molecule with unchelated/chelated fluorescence bicolor
Scheme (budget approved at LSC): 

                        

Built Molecular bisensor with optimal separation Nature 583, 48-54 (2020)
Screening: Measure 226Ra with best sensitivity 
Industry: New detector for multichannel MS
Science: Prototype for single atom Ba++ detection

Ra++ beam preparation
from sample droplets

Mass Spectrometry

Deceleration
 ion trapping

Capture by molecules on gold plate
and SMFI induce by strong laser
Ion capture and counting

(installation in 2022)



NEW STRATEGIC AREA: CRYOGENICS

CROSS (2018-) and LSC (2022-) dilution refrigerators:
 
- ARQ/MIRQ- Mitigating Radiation in Qubits
IFAE, LSC, UZ and CROSS team placed underground).
First experiment (2021) with qubits underground to 
demonstrate the impact of cosmic muons on 
coherence time.
- WRADES: Axion haloscope based on microwave 
filters, antenas and KIDs at 10 mK.
- Test new detectors based on qubits and KIDs
- Materials characterization



The Biogeochemistry, Biophysics, Radiobiology, and Technical 
Challenges of Deep Subsurface Research, 2021

NEW STRATEGIC AREA: BIOLOGY



SEE YOU SOON @LSC

Carlos Peña Garay
Laboratorio Subterráneo de Canfranc
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