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§ Mitch	Wayne,	Professor,	University	of	Notre	Dame	
	

§ Within	MTD	InternaLonal,	head	of	the	Notre	Dame	MTD	
group,	Level	4	manager	tasked	with	leading	the	SiPM	R&D	and	
subsequent	QA/QC	of	the	producLon	SiPMs	

§ Within	US	MTD,	Level	4	manager	of	the	BTL	SiPM	project	
§  Co-leader	of	the	HB/HE	Front	End	Phase	I	upgrade	effort	for	
internaLonal	CMS.		US	CMS	Level	4	manager	of	the	SiPM	and	
ODU	projects	for	the	HCAL	Phase	I	upgrades.		Led	team	that	
carried	out	the	R&D	and	then	successful	tesLng	and	
characterizaLon	of	25k	channels	of	SiPM	for	HE	and	HB	–	
installaLons	in	2017	and	2019,	respecLvely.	

	

Brief Biographical Introduc3on
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Charge	#5	



§ Scope	and	Deliverables	of	BTL	SiPMs	
§ Conceptual	Design	
§ Cost	and	Schedule	
§ ContribuLng	InsLtuLons	
§ Resource	OpLmizaLon	
§ ES&H	
§ QA/QC		
§ Summary	
	

Outline
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§ The	BTL	reference	design	has	165,888	LYSO	bars,	read	
out	by	two	SiPMS,	one	at	each	end	
§  Total	channel	SiPM	channel	count	is	331,776	
§ With	5%	spares	the	total	number	of	SiPM	is	348,365	

§ The	US	MTD	project	is	responsible	for	the	purchase	of	
34%	of	the	SiPMs,	and	the	tesLng	and	characterizaLon	
of	50%	of	the	SiPMs.		The	packaging	of	the	SiPMs	into	
16-channel	arrays	will	be	carried	out	by	the	vendor.	
§  US	MTD	will	purchase	118,750	channels	of	SiPM	
§  US	MTD	will	test	and	characterize	174,183	channels	
§  US	MTD	will	develop	packaging	for	the	SiPMs	

	

Scope and Deliverables for 402.8.3.2


Charge	#4	
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Conceptual Design
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Design Considera3ons for 402.8.3.2
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Charge	#1,2	
§ Silicon	PhotomulLpliers	(SiPM)	are	the	photodetectors	
of	choice	for	the	BTL.		Features	of	SiPMs	include:	

	

§  Compact	size,	3mm	x	3mm	for	the	BTL	
§  Small	pixels	(15	micron	or	less)	provide	extended	linear	dynamic	range	and	
keep	dark	count	manageable	

§  High	photon	detecLon	efficiency	(PDE)	of	>	20%	for	15	micron	pixels	
§  Fast	recovery	Lme	of	<	10	ns	
§  InsensiLvity	to	magneLc	fields	
§  Low	power	consumpLon	
§  Good	uniformity	over	large	numbers	of	channels	
§  RelaLve	ease	of	operaLon	
§  Sufficiently	radiaLon	resistant	for	use	in	the	BTL	à	sLll	performant	at	end	
of	life	of	the	detector	

§ Given	the	constraints	from	the	detector	design	and	the	features	
listed	above,	SiPMs	are	the	only	reasonable	opLon	for	the	BTL	



§ The	HE/HB	SiPM	from	Hamamatsu	has	been	tested	
extensively	and	is	well	understood	

§ Studies	show	that	this	SiPM	could	meet	the	Lming	
requirements	for	the	BTL,	but	there	would	be	limle	
margin	for	error,	so	we	have	been	acLvely	working	with	
two	vendors	(Hamamatsu	and	FBK)	to	improve	upon	this	
device’s	performance	

§ The	SiPM	R&D	has	three	main	areas	of	focus	
§  Improve	PDE	as	much	as	possible	for	pixel	size	of	15	
microns	

§  Improve	radiaLon	resistance	to	reduce	dark	count	rate		
§  Design	a	cost	effecLve	package	that	posiLons	the	SiPM	on	
the	LYSO	crystal,	brings	in	bias	voltage	and	brings	out	
signal,	and	transfers	heat	away	from	the	SiPM	

R&D Achieved
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Charge	#1,2	



§ HPK	has	developed	a	promising	new	SiPM	with	higher	
PDE	than	the	HE/HB	device	

R&D Achieved
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Charge	#1,2	

New	15	micron	SiPM	from	
Hamamatsu	(red	points)	
with	significant	increase	in	
PDE	compared	with	HB	SiPM	
(blue	points)	

Typical	operaLng	voltage	



§ We	have	done	extensive	studies	of	radiaLon	damage,	
including	temperature	effects	and	annealing	

R&D Achieved
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Charge	#1,2	

Increased	dark	current	with	dose	
	
ReducLon	of	dark	current	with	lower	
temperature	
	
Improved	S/N	with	lower	temperature	

SiPMs	after	5E13	n/cm2	
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§ A	new	round	of	irradiaLons	were	carried	out	at	the	Ljubljana	
reactor	in	early	2019.		We	are	doing	detailed	comparisons	of	SiPM	
candidates	from	HPK	and	FBK	to	determine	which	one	will	provide	
the	best	Lming	resoluLon	over	the	lifeLme	of	the	BTL.	

§  Example:	dark	current	at	-30oC,	dose	of	2E14	(end	of	life	for	BTL)	
§  Hamamatsu	–	HDR2	SiPM	

§ Key	points:		
§  SiPM	sLll	works	aoer	this	dose	
§  Dark	currents	are	consistent	with	predicted	values	

	

	

R&D needed before produc3on
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Charge	#2,	4	



§ Preliminary	design	of	16	channel,	ceramic	package	

	

	
	
	

	

R&D needed before produc3on
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Charge	#2,	4	

Phase	I	HE/HB	Ceramic	Package	



Schedule and Cost
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	7	

	7	

US-MTD Schedule in P6
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FY26	FY25	FY24	FY23	FY22	FY21	FY20	FY19	
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§ These	key	dates	are	consistent	with	MTD	milestones	
				(see	CMS-doc-13321)	

SiPM Schedule Overview
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Charge	#3	

Ac@vi@es	 Dates	 Key	Dates	

R&D	on	SiPM	prototypes,	radiaLon	tesLng,	
develop	package,	choose	preproducLon	designs	

Now	–	November	
2019	

Design	and	produce	test	stands	for	pre-	and	full	
producLon	tesLng,	develop	sooware	

April	2019	–	October	
2019	

Nov.	2019:	Readiness	review		
Nov.	2019:	PreproducLon	P.O.		

Thorough	tesLng	of	preproducLon	SiPMs	on	the	
bench	and	in	beams,	choose	final	SiPM	and	
packaging	designs	for	full	producLon	

May	2020	–	October	
2020	

May	2020:	PreproducLon	
SiPMs	delivered	to	CERN	

Prepare	PO	for	full	producLon,	readiness	review	 September	2020	–	
October	2020	

Oct.	2020:	Readiness	review	
Oct.	2020:	P.O.	for	producLon	

SiPM	producLon	at	vendor	 October	2020	–	
October	2022	

Oct.	2020:	Begin	SiPM	full	
producLon	

TesLng	and	characterizaLon	of	first	50%	of	
producLon	SiPMs	

April	2021	–	
December	2021	

Apr.	2021:	1st	SiPMs	at	CERN	
Dec.	2021:	QC	50%	complete	



Timing Layer Cost Es3mates to L4
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Charge	#3	



	

	
§ Two	main	cost	drivers:	

§  SiPM	purchase	–	based	on	recent	vendor	quote	
§  SiPM	labor	–	based	on	previous	experience	with	HCAL	upgrade	

BTL SiPM Cost Drivers
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Charge	#3	



	

	
	
	
§ Problems	with	SiPM	Vendor	

§  If	producLon	SiPMs	don’t	meet	specs,	esLmate	a	6	month	delay	
§  If	other	vendor	problems	slow	producLon,	esLmate	2-8	month	
delay	

§  MiLgate	by	doing	a	preproducLon	run,	and	possibly	by	spliqng	the	
order	between	two	vendors	if	quality/price	are	comparable	

BTL SiPM Risks
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Charge	#3	



Contribu3ng Ins3tu3ons and Resource 
Op3miza3on
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§ University	of	Notre	Dame	
§  Past	experience:		Successfully	carried	out	the	SiPM	R&D,	
producLon	and	QA/QC	for	the	HE	and	HB	Phase	I	upgrades	

§  Key	Personnel	
§  Arjan	Heering:		Extensive	experience	with	SiPMs	and	associated	
readout	electronics	since	the	early	days	of	CMS	HCAL.		Developed	the	
packaging	for	the	HE/HB	SiPMs.	

§  Yuri	Musienko:	Expert	in	photodetectors,	many	years	of	experience	
within	CMS,	first	with	ECAL	and	then	with	the	Phase	I	HCAL	upgrades.		
Developed	the	test	stands	and	QA/QC	procedures	for	the	HE/HB	SiPM	
projects.	

Contribu3ng Ins3tu3ons
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Charge	#4	



§  Based	on	our	experience	with	the	HCAL	Phase	I	upgrade,	the	producLon	QA/QC	
plans	are	as	follows:	

§  For	every	channel	(~175k)	we	will	measure:	
§  IV	curves	with	and	without	illuminaLon	
§  Forward	resistance	

§  For	2%	of	the	channels	in	each	batch	we	will	measure	
§  Capacitance	
§  Pulse	shape	

§  For	1%	of	the	channels	in	each	batch	we	will	perform	destrucLve	tests,	
including	
§  RadiaLon	studies	
§  Long	term	aging	studies	
§  Environmental	studies	(temp.	cycling,	humidity,	etc)	
	

	

§  See	CMS-doc-13093	

Quality Assurance and Quality Control
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Summary
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§ An	experienced	team	is	in	place	to	carry	out	the	
R&D,	preproducLon	and	50%	of	the	producLon	
SiPM	QA/QC	for	the	Barrel	Timing	Layer	(BTL)	

§ There	is	an	acLve	R&D	program	underway	to	
determine	the	opLmal	candidate	SiPM	for	the	BTL	

§ ExisLng	faciliLes	and	test	staLons	will	be	modified	
for	the	preproducLon	and	full	producLon	tesLng	

§ A	reasonable	and	achievable	schedule	has	been	
developed	for	this	effort	that	matches	the	needs	
and	expectaLons	of	the	overall	BTL	project	



Backup
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§  All	ES&H	aspects	of	the	HL	LHC	CMS	Detector	Upgrade	Project	will	be	
handled	in	accordance	with	the	Fermilab	Integrated	Safety	
Management	approach,	and	the	rules	and	procedures	laid	out	in	the	
Fermilab	ES&H	Manual	(FESHM)	

§ We	are	following	our	Integrated	Safety	Management	Plan	(
cms-doc-13395)	and	have	documented	our	hazards	in	the	preliminary	
Hazard	Awareness	Report	(cms-doc-13394)	

§  In	General	Safety	is	achieved	through	standard	Lab/InsLtute	pracLces	
§  No	construcLon,	accelerator	operaLon,	or	exoLc	fabricaLon	
§  No	imminent	peril	situaLons	or	unusual	hazards	
§  Items	comply	with	local	safety	standards	in	site	of	fabricaLon	and	
operaLon	

§  Site	Safety	officers	at	InsLtutes	idenLfied	in	the	SOW	
§  There	are	no	Specific	Hazards	for	402.3.8.2	

§  Our	R&D	and	QA/QC	efforts	will	take	place	in	lab	seqngs	that	follow	
standard	safety	procedures.	

ES&H
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Charge	#6	



§ The	extensive	experience	with	the	HCAL	Phase	I	
upgrades	and	with	other	CMS	projects	makes	the	Notre	
Dame	SiPM	group	the	natural	choice	to	carry	out	this	
effort	for	the	BTL	
§  The	tesLng	and	characterizaLon	of	the	SiPMs	will	be	carried	
out	at	CERN,	in	the	same	labs	used	for	HCAL	Phase	I	

§  ExisLng	test	staLons	can	be	modified	and	used	for	the	BTL	
§  Equipment	exists	for	long	term	aging	and	environmental	
studies	

§ We	have	mulLple	opLons	for	irradiaLng	SiPMs	–	Ljubljana	
reactor,	Dubna,	CHARM,	IRRAD	

§ We	have	a	long,	posiLve	working	relaLonship	with	both	SiPM	
vendors	under	consideraLon	

§  The	SiPMs	will	be	fabricated	and	packaged	at	the	vendor,	who	will	also	
carry	our	some	preliminary	tesLng	

Resource Op3miza3on
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Charge	#4	


