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Outline	

•  I’ll	go	to	present	the	electroforming	copper	through	
the	spherical	propor1onal	counter	

	
•  This	technology	is	the	solu1on	for	all	rare	events	
experiments	such	as	DM	or	ββ	decay	

	
•  Ultra	radio	pure	copper:	U/Th	<	0.1	µBq/kg		



Principle	of	detec1on	

A	Novel	large-volume	Spherical	Detector	with	Propor7onal	Amplifica7on	read-out,	
	I.	Giomataris	et	al.,	JINST	:P09007,2008	
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Measured	signal				55Fe	

Time	(ms)	

Radial	Electric	field		
Ball	radius	=	0.5-15	mm	
Spherical	radius	=	7.5-70	cm	
	

Main	characteris1cs		
Ø  Low	capacitance	<			0.1	pF	
Ø  Low	energy	threshold	(≈	0.5	e)	
Ø  Good	energy	resolu1on		
Ø  A	single	measurement	channel	for	a	

large	volume	
Ø  Possibility	of	volume	segmenta1on	

through	mul1-balls	sensor	

Ø  Flexibility	:	gas,	pressure	
Ø  Robust,	simple	and	low	material	

budget	

ρ≈r2		
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Detector	&	its	equipment	 Simula7on	of	the	electric	field	lines	
and	the	corresponding	equipoten7al 

COMSOL		MULTIPHYSICS	

Detector	design		



SPC	Evolu1on	
2005	:	1st	inves1ga1on	SPC	@	Saclay/CEA	
LEP	RF	cavity	

2008	:	Neutron	flux	measurement	@	LSM	
LEP	RF	cavity	

2012:	SEDINE	@	LSM		 2018-2019:	SNOGLOBE	@	LSM	



•  Light	WIMPs	search	with	NEWS-G_LSM	(SEDINE	
Φ=60	cm)	

	

Q.	Arnaud	et	al.	(NEWS-G);	Astropart.	Phys.	97;	54	(2018)	

Results	



•  6N	SPC:	Mitsubishi	Copper	(purity	99.9999)	
–  Light	DM	search	with	He	+	10%	CH4	and	pure	Methane	(realisable	if	

shield	improved)	

	
	
	
	

SPC	Evolu1on	and	Next	genera1on	



•  xN	SPC:	Electroformed	copper	“in	underground	lab”	
–  Rare	events	experiment:	

•  Light	DM	search	
•  ββ	decay	

–  Other	applica1on:	
•  Fundamental	physic		

•  Industry		

	
	
	
	

SPC	Evolu1on	and	Next	genera1on	



Electropla1ng	of	copper	(collabora1on	with	PNNL)	

Electropla1ng	of	copper	@	LSM	
(collabora1on	with	PNNL)	

Pla1ng	to		steel	ring	Upper	few	cm	are	
smooth	

Surface	of	electrolyte	solu1on	



Electropla1ng	of	copper	(collabora1on	with	PNNL)	
Opera1on	for	pla1ng	of	500	µm	of	cupper	 Surface	Quality	
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Example	of	electroformed	copper	

Future Mitigation of Copper Backgrounds
Ultimate solution:

◦ Electroforming of an monolithic copper shell in an underground environment (PNNL, or in situ at 
SNOLAB or LSM)
◦ Perfect control on cosmogenic activation

◦ Removes machining steps that may add backgrounds

◦ No measurable 210Po with XIA, < 4.1 mBq/kg, but expected to be << 4.1 mBq/kg

◦ Currently prohibited by costs
◦ Large electroforming baths needed

◦ Large amount of acid needed

◦ There is a need to establish a new underground facility for this art
◦ LSM, SNOLAB or Boulby…

Electroformed	copper		@	PNNL	



hsp://www.lsm.in2p3.fr	

Collabora1on									
NEWS-G	

•  Queen’s		University	Kingston	–		G	Gerbier,	P	di	Stefano,		R	Mar1n,	T	Noble,		
						A	Brossard,	A	Kamaha,		P	Vasquez	dS,	Q	Arnaud,	K	Dering,	J	Mc	Donald,	M	Clark,	M	Chapellier	

–  Copper	vessel	and	gas	set-up	specifica1ons,	calibra1on,	project	management		
–  Gas	characteriza1on,	laser	calibra1on,	on	smaller	scale	prototype	
–  Simula1ons/Data	analysis	

•  IRFU	(Ins1tut	de	Recherches	sur	les	Lois	fondamentales	de	l’Univers)/CEA	Saclay		-I	Giomataris,	M	Gros,	C	Nones,		I	Katsioulas,	T	Papaevangelou,	JP	Bard,	
JP	Mols,	XF	Navick,		
–  Sensor/rod	(low	ac1vity,	op1miza1on	with	2	electrodes)	
–  Electronics	(low	noise	preamps,	digi1za1on,	stream	mode)	
–  DAQ/soy	

•  Thessaloniki	University	–	I	Savvidis,	A	Leisos,	S	Tzamarias,	C	Eleyeriadis,		L	Anastasios	
–  Simula1ons,	neutron	calibra1on	
–  Studies	on	sensor		

•  LPSC/LSM	Grenoble	-	D	Santos,	JF	Muraz,	O	Guillaudin,	C	Beaufort,	MZampaolo,	A	DastgheibiFard	
–  Low	ac1vity	archeological	lead	
–  Coordina1on	for	lead/PE	shielding	and	copper	sphere		
–  Quenching	factor	measurements	at	low	energy	with	ion	beams	

•  Subatech	P.	Lautridou	
–  Signal	processing		

•  Pacific	Na7onal	Northwest	Lab–	E	Hoppe,	D	Asner	
–  Low	ac1vity	measurements,	Copper	electroforming		

•  RMCC	(Royal	Military	College	Canada)	Kingston	–	D	Kelly,	E	Corcoran	
–  37	Ar	source	produc1on,	sample	analysis			

•  SNOLAB	–Sudbury		–	P	Gorel		
•  	–		P	Gorel	Calibra1on	system/slow	control	

•  University	of	Birmingham		–	Costas	Nicolopoulos		
	–				Simula1on,	Analysis,	R&D	

	
•  University	of	Alberta		-	M-C	Piro	

–  	Data	analysis,	Simula1on	



•  CEA/Thessaloniki	
–  I.	Giomataris,	M.	Gros,	J-P.	Mols	+	I.	Savvidis		

•  LPSC_LSM	
–  D.	Santos,	M.	Zampaolo,	J-F.	Muraz,		
O.	Guillaudin,	C.	Beaufort	,	A.	Dastgheibi	Fard	

•  CPPM	
–  J.	Busto;	H.	Tedjdi1	

•  CENBG	
	A.	Meregaglia,	C.	Jollet,	V.		Cecchini	

•  Subatech	
–  P.	Lautridou	
	

•  SNOLAB/Queen’s	University	
–  G.	Gerbier,	G.	Giroux,	8	NP		
(PostDoc+PhD)	
	

•  Boulby/Birmingham	University	
–  Kostas,	I.	Katsioulas,	P.	Nights	
	

•  PNNL	
–  E.	Hoppe	

SEDINE/SNOGLOBE	
Site	de	Modane	

Boulby	

SNOGLOBE	
SNOLab	

6N/xN		

Ins1tutes		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
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