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      APPEC MEETING 2019 : DEEP UNDERGROUND LABS
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FIRST ASTROPARTICLE PHYSICS UNDERGROUND LAB
(circa 1901)

N.J.T. Smith, DUL review



    EXISTING DULs: SOME NUMBERS

From A. Ianni



Present program for ββ0ν

Demonstrators of new detectors for the 0ν double-beta decay

n SuperNEMO
• 7 kg 82Se target

• Commissioning started in 2019

• Tracko-calo: full 
reconstruction of both e- tracks

n CUPID-Mo
• 20x0.2 kg Li2MoO4 crystal (97% 100Mo)

• EDELWEIS cryostat (21 mK)

• Heat (FWHM 5.3 keV @ 2.6 MeV) 
+ scintillation (>99.9% rej. of α bkg)

• Ongoing physics run (started in Jan. 2019)

n TGV & OBELIX
• Ge arrays for 0ν double e- capture of 106Cd

Calorimeter: installation at LSM

15th VCI 2019 JEREMIE Andrea (CNRS)-SuperNEMO 18

Front of Main Wall

Back of Main Wall
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CURRENT EXPERIMENTS ON 
DOUBLE BETA IN EUROPE

Several experiments running 
in LNGS, LSC & LSM
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SPACE & INFRASTRUCTURES: MORE & MORE
 Largest DULs outside Europe: Do we need a large deeper lab in Europe?



 SCREENING: IMPROVED GAMMA SPECTROMETRY

• ULBS(Ultra	Low	Background	
Service):	7	HPGedetectors

• CRS (Clean	Room	Service):	
underground	clean	room	class	
ISO	7	(ISO	6	in	a	sector).

• Radon	abatement	system:	220	
m3/	h	for	experiments

• Radon	detector (	1	mBqm-3,	
collaboration	with	G.	Zuzel,	
Krakow)

• Mechanical	workshop
• BiPO:	High	sensitivity	large	

surface	(~4m2)	screening	detector

Underground	services

• Chemistry laboratory:	Electro-forming	of	copper,	support	for	sample	
preparation,	ICP-MS

• Electronics laboratory
• Mechanical	workshop
• Computing	support

Surface	services



Goal 2020: e-formed Cu mass production (100 kg) to feed 3D 
printers

Electroforming is a method of producing pieces by the deposition of a metal onto a
mold, which is subsequently removed.

• Fixed current density direct electroplating
• High-purity commercial chemicals & ultra-pure water
• Cu-OFHC (anodes) & stainless steel 316L (cathode)
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Copper Electroforming Overview
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Copper Electroforming Overview

CES	(Copper	Electroforming	Service)	at	LSC	

Additive Mechanics will focus on ultra pure metals: 
Copper and Titanium. 
Produce lighter structures than conventional mechanics. 
wider interest for astropaticle detectors. 
Tests ongoing on Cu powders bulk EF copper.

 SCREENING: 
 IMPROVED MATERIALS



                                              Izabella Kochanek, SiPM@Bari

    Since 2021 

PROTOTYPING



PROTOTYPING: 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): 

                          Sinergies with NUPECC                       
                    (advice/collaboration welcomed)

Built Molecular bisensor with optimal separation: 1909.02782
Good technique to measure 226Ra with best sensitivity 
Industrial: New detector for multichannel mass spectrometry
Science: Prototype for single atom Ba detection

Ra++ beam preparation
from sample droplets

Mass Spectrometry

Deceleration
 ion trapping

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



FUTURE OF DUL:  GLOBAL COORDINATION

Requires formal agreement on sharing methods, calibration, 
users, applications, clients. Manage Global vs Regional hubs



SUMMARY

Golden era of astroparticle physics
DULs are a necessary condition (success story: neutrinos)
Search for neutrino properties, dark matter & other science
Requirements: 
More and Bigger Experiments: More Labs & Space
Bigger challenges to LRT
More Science is coming  

Demands more space underground & improved techniques
Labs Strength: stability and regional hub
Labs Strength: Invest on existing techniques & new ones
Some Labs redefining their future role
Go Global requires adapting regional rules
Better materials, screening, new techniques,…


