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Upgrade	of	LXe	detector	for	MEG	II	

•  Replace	216	2-inch	PMT	of	γ	entrance	face	to	4092	12×12mm2	MPPC.	
–  Granularity	and	uniformity	of	scin3lla3on	readout	will	improve.	

•  Posi3on	and	energy	resolu3on	will	significantly	improve.	
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Timing	resolu3on	-previous	study-	

•  Here	we	focus	on	!ming	resolu!on.	
•  We	observed	the	difference	between	

prac!cal	and	intrinsic	resolu!on.	
–  Intrinsic	resolu!on:	es3mated	from	MC	truth	!ming	of	1st.	arriving	p.e.	
–  Prac!cal	resolu!on:	es3mated	from	!ming	of	waveform	analysis	result.	

•  We	foucused	on	this	difference	and	tried	to	improve	the	prac!cal	resolu!on.	
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Effect	of	threshold	-MC	truth-	

•  We	found	that	photoelectron	which	
arrives	earlier	have	more	accurate	
!ming	informa!on.	
–  This	can	cause		the	difference	b/w	

intrinsic	and	prac!cal	resolu!on.	
•  MC	truth	3ming:	
3ming	of	1st.	arriving	p.e.	

•  Waveform	analysis	result:	
3ming	of	the	p.e.	which	cross	
the	threshold	

–  This	suggests	that	lower	threshold	
leads	to	beZer	3ming	resolu3on	
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Effect	of	threshold	-data-	

•  We	checked	the	resolu3on	in	the	data	with	several	threshold.	
–  Xenon	scin3lla3on	light	from	alpha	source	~2500	p.e.		

•  Smaller	threshold	leads	to	beFer	resolu!on	when	threshold	is	sufficiently	high.	
–  Measured	resolu3on	is	roughly	consistent	with	simula3on.	

•  Degrada!on	of	resolu!on	is	observed	when	threshold	is	low.	
–  It	can	be	suppressed	by	using	digital	low-pass	filter.	
–  Seems	to	be	coming	from	the	high	frequency	noise.		
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Timing	resolu3on	of	signal	γ-ray	

•  We	tried	to	improve	the	!ming	resolu!on	of	signal	γ-ray	by	op!mizing	threshold.	
•  There	is	the	threshold	which	gives	the	best	resolu3on.	

–  noise	observed	in	MEG	is	included	in	the	simula3on.	
•  In	the	3ming	extrac3on	from	waveform,	this	best	threshold	is	used	in	all	sensors.	

–  Best	threshold	depends	on	#	of	p.e.	as	S/N	ra3o	depends	on	#	of	p.e.	
–  Timewalk	effect	becomes	larger	than	constant	frac3onmethod	,	but	it	can	be	

corrected.	
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Timing	resolu3on	of	signal	γ-ray	

•  We	can	achieve	~40	ps	detector	3ming	
resolu3on	by	threshold	op3miza3on.	

•  There	is	s3ll	some	possibility	that	we	cannot	
achieve	this	good	resolu3on.	
–  Depending	on	noise	condi3on	(level,	frequency,	etc…).	
–  In	any	case,	we	can	increase	the	threshold	to	avoid	them.	

•  40	-	60	ps	resolu!on	seems	achievable.	
•  Detector	3ming	resolu3on	for	have	~10%	effect	to	physics	sensi!vity.	
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Plan	for	2016	

•  Aler	the	detector	construc3on,	commissioning	of	LXe	detector	is	planned.	
–  Xe	liquefac3on,	opera3on	test,	purifica3on	w/	monitoring,	performance	check	

•  The	goal	of	this	year	is	to	check	the	detector	performance.	
–  17.6	MeV	γ-ray	from	Li	(p,γ)	B	will	be	used	to	check	the	performance.	

•  This	is	the	temporal	solu3on.	Final	resolu3on	measurement	and	detector	
calibra3on	will	be	done	2017	with	55MeV	γ-ray	.	

–  The	number	of	electronics	is	limited.	We	can	read	~1000	out	of	4760ch.	
•  Mass	produc3on	of	the	full	electronics	will	be	done	
aler	confirming	their	performance	this	year.	
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Performance	check	-posi3on	&	3ming-	

•  Lower	γ-ray	energy	
–  Lower	p.e.	sta3s3cs	have	liZle	

effect	to	posi3on	and	3ming	

•  Limited	number	of	electronics		
–  Use	γ-ray	which	hits	

the	center	of	detector.		
•  Area	to	be	read	will	be	limited.	

–  LiZle	effect	even	with	limiZed	number	of	readout	ch.	
•  Only	the	MPPC	whose	#	of	p.e.	is	large	needs	to	be	read	for	posi3on	and	3ming	
reconstruc3on.	

•  Expected	resolu!on	is	sufficient	to	check	the	improvement	from	MEG.	
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Performance	check	-energy-	

•  Lower	γ-ray	energy	
–  Lower	p.e.	sta3s3cs	have	liZle	effect	
–  If	electronics	for	all	channel	are	available,	resolu3on	beZer	than	1%	is	expected.	

•  Limited	number	of	electronics		
–  Wider	area	needs	to	be	read	for	energy	reconstruc3on	

to	avoid	event-by-event	fluctua3on	of	shower.	
–  Number	of	readout	electronics	will	limit	the	performance.	

•  Expected	resolu!on	is	1-1.6%.	S!ll	good	to	check	the	improvement	from	MEG	
–  Energy	resolu3on	in	MEG:	2.8	%	for	17.6	MeV	γ.	
–  This	will	be	useful	as	we	could	not	reproduce	the	measured	energy	resolu!on	by	

simula!on	in	MEG.		
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17.6	MeV	γ	
readout:	1024	ch	
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Summary	

•  LXe	detector	will	be	upgraded	aiming	to	significantly	improve	the	performance.	

•  We	found	that	we	might	be	able	to	improve	the	3ming	by	op3mizing	the	
threshold	used	for	3ming	extrac3on.	
This	has	a	~10%	effect	to	physics	sensi3vity.	

•  The	startup	and	performance	check	of	the	detector	is	planned	in	this	year.	
We	found	it	possible	to	check	the	detector	improvement	from	MEG,	even	
though	the	energy	of	γ-ray	is	lower	and	the	number	of	electronics	is	limited.	
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