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																										We	have	developed	the	superconduc6ng	detector	LEKIDs	(Lumped	Element	Kine6c	Inductance	Detectors)	for	a	dark	maDer	search	using	liquid	
helium.	Helium	may	have	sensi6vity	to	the	light	WIMP	mass	less	than	10	GeV/c2.	Recoiled	helium	atoms	produce	scin6lla6on	light	photons	with	the	wavelength	
of	80	nm	(16	eV	in	energy).	Those	photons	are	detected	with	the	superconduc6ng	detector	LEKIDs.		
	To	understand	the	sensi6vity	of	LEKID,	it	is	important	to	measure	the	kine6c	inductance	frac6on	α.	We	have	measured	the	value	of	α	using	temperature	
dependency	of	the	resonant	frequencies.	Also,	the	LEKIDs	have	cross-talks	among	the	resonators.	It	is	necessary	to	reduce	the	cross-talks	to	less	than	1%,	while	
having	an	acceptance	as	large	as	possible.	We	have	been	developing	an	op6mized	LEKID	design	that	has	the	cross-talks	with	the	required	level.	We	report	the	
current	status	of	the	development	of	LEKIDs	to	sa6sfy	our	requirements.		

•  We	have	been	developing	the	superconduc6ng	detector,	LEKID.	
•  From	the	measurements	of	the	temperature	dependence	of	the	resonant	

frequencies,	the	measured	α	values	are	comparable	with	the	simula6on	
results.	

•  We	have	found	the	non-uniformity	of	the	resonant	frequency	spacing	is	
mi6gated	by	

•  the	ground	shielding	around	the	resonators	
•  the	implementa6on	of	the	etch	stopper.	

About	the	LEKID		
LEKID	is	a	LC	resonator	consis6ng	of	an	induc6ve	meander	and	an	interdigital	
capacitor.		

S.	Doyle	et	al.,	J.	Low	Temp.	Phys.	151	(2008),	530-536.	
P.	K.	Day	et	al.,	Nature	425	(2003)	817-820		

LEKIDs	have	been	fabricated	in	the	cleanroom	of	Detector	Technology	Project	
at	KEK	and	in	CRAVITY	at	AIST.	
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Summary	

Dark	maDer	detectors	
A	direct	search	for	light	WIMPs	(Weakly	Interac6ng	Massive	Par6cles)	with	
masses	less	than	10	GeV/c2	has	not	been	conducted	intensively.		
W.	Guo	and	D.N.	McKinsey	proposed	to	use	liquid	He	(LHe)	for	a	light	WIMP	
search;	PRD	87,	15001	(2013).		
	
A	WIMP	may	interact	with	helium,	and	recoiled	helium	atoms	excite	or	ionize	
the	surrounding	helium.	
Excited	helium	atoms	produce	16	eV	scin6lla6on	photons.	
Ionized	electrons	are	swept	by	an	electric	field,	and	emits	16	eV	scin6lla6on	
photons	when	the	electrons	are	accelerated	near	the	field	wires.	
The	scin6lla6on	photons	are	detected	using	the	surrounding	LEKIDs.	

Cross-talks	
The	reasons	of	the	non-uniformity	of	the	frequency	spacing:	
1.	Cross-talks	among	the	resonators	due	to	induc6ve	and	capaci6ve	couplings.	
2.	Non-uniformity	of	the	fabrica6on	of	resonators	on	the	chip.	

LHe	detector	

KID	array	

w/o	ground	
mean:7.13	
RMS:3.78	
w/	ground	
mean:6.52	
RMS:2.16	

w/o	Etch	stopper	
mean:6.14	
RMS:3.48	
w/	Etch	stopper	
mean:6.41	
RMS:1.95	

capaci6ve	coupling	

C12	 L12	

induc6ve	coupling	

O.	Noroozian	et	al.,	IEEE	Trans.	Micor.	Theo.	Tech.	60,	1235	(2012)		

1.Cross-talks	due	to	coupling		

2.Over-etching	effects	

We	have	fabricated	two	types	of	the	KID;	
•  without	ground	plane	around	the	resonators	
•  with	ground	plane	around	the	resonators.	

There	is	a	clear	correla6on	between	the	over-etching	depth	and	frequency	
shik.	

The	non-uniformity	of	the	resonant	frequency	spacing	is	mi6gated	by	
placing	the	ground	shield	around	the	resonators.	

The	non-uniformity	of	the	resonant	frequency	spacing	is	mi6gated	by	
the	implementa6on	of	the	etch	stopper.	

We	have	found	the	varia6on	in	freq.	spacing	is	caused	by	the	over-etching	non-
uniformity:	the	over-etched	depth	in	the	Si	substrate	depends	on	its	posi6on.	
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We	form	a	thin	AlN	layer	on	the	Si	
substrate	to	mi6gate	the	over-etching.		

AlN	
Nb	

Si	substrate	

w/o	ground	

w/	ground	

PE-26	

Temperature	dependence	measurement	
We	measure	temperature	dependence	of	resonant	frequency.	We	es6mate	
values	of	α	of	our	LEKIDs		and	compare	it	with	SONNET	simula6on.	

・experiment	:α=0.029±0.001	
・simula6on			:α=0.025		
The	measured	results	are	comparable	with	es6ma6on	from	the	simula6on.	

Abstract	

SONNET	simula6on	
We	simulate	resonant	frequency	with	or	
without	kine6c	inductance	by	SONNET.	
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Temperature	dependence	of	
the	resonant	frequency,	f(T).	
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SF6	and	CF4	are	etching	gas.	
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