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Crystal - Requirements
To	match	the	calorimeter	energy	and	8ming	resolu8on	requirements	
a	homogeneous	calorimeter	is	the	solu8on	with	a	crystal	that	should	
have	the	following	characteris8cs:	
		
•	High	LY	>	100	p.e./	MeV	(with		PMT	readout)	
•	Good	LRU:	<	5%.	(uniformity	of	response	along	crystal	axis)	
•	Fast	signal	with	small	slow	component:	τ	<	40	ns,	F/T	>	75%	
	
•	Radia8on	hardness	with	LY	loss	<	40%	for:		

	•	Ioniza8on	dose:	100	krad	@	10	krad/year;		
	•	Neutrons:	1012	n/cm2	@	2	x	1011	n/cm2/year.	
	•	Small	RIN:	<	0.6	MeV	

	
Undoped	CsI	is	the	Mu2e	choice!	
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Basic Property of pure CsI
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Preproduction
•  24	crystal	from	3	different	vendors		

(tot	72):	
•  Amcrys	
•  Siccas	
•  Saint	Gobain	
	

•  Dimension:	(34	x	34	x	200)	mm3	

	

•  Measurements:	
•  LY		
	
•  LRU									Uniformity	along	the	crystal	axis	(R.M.S/peak)	
	
•  Radia8on	hardness	to	ioniza8on	dose	and	neutron	flux	

	

Np.e./MeV =
Q

Qe�GPMTE�
=

µQ[pC]

1.6⇥ 10�7 · 3.8 · 0.511MeV

Amcrys	

Siccas	

Saint	Gobain	
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Mechanical measurements
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CMM	
machine	
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Geometrical Tollerances 
Crystal dimension specification: 
-  Lateral dimension within ±100 μ
-  Length within ±100 μ 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Crystal – simulation

Dependence	on	the	photo-sta8s8cs	and	LRU	
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LY and LRU measurements - setup

§  Automa8zed	sta8on	in	progress:	source	movement	by		
					remote	control	

FOTO	

Crystal

PMT

Monitor 
system

22Na Source
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Results
•  Measurement repeated at 8 points along the crystal 
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Radiation Hardness - simulation

The	average	dose	is	around	3	(0.5)	kRad	/	year	for	the	front	(back)	disk,	with	a	
peak	up	to	8	(4)	kRad	/	year	for	the	innermost	crystals	in	the	front	(back)	disks		

	

Radia9on	dose	krad	/	year		
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Radiation Hardness damage 
	
•  No	significant	degrada8on	in	LY	

and	LRU	up	to	100	krad,		
but	not	beyond	

	
•  LO	Loss	<	15/40%	aher		

10/100	krad	

•  Similar	test	performed	@	
CALLIOPE	(Casaccia	facility,	ENEA)	
by	LNF	group	on	1	single	SICCAS	
crystals	with	similar	results	
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RIN - Radiation Induced Readout Noise 
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Assuming	230	days’	run	(2×107	s)	each	year,	the	holest	crystals	
would	see	in	average	the	following	radia8on	environment:		
•	Ioniza8on	dose:	1.8	rad/h	
•	Neutron	flux:			104	n/cm2/s		
	
The	energy	equivalent	noise	(RIN)	is	derived	as	the	standard		
devia8on	of	photoelectron	number	(Npe)	in	the	readout	gate:		
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RIN – γ ray 
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-  Measured	with	a	137Cs	source	(0.2	rad/h)	
-  PMT	readout	(gain	~	2.1	×	106)	

Highest	current	for	each	producer	
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γ ray RIN - summary
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γ ray RIN – summary - Caltech
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Higly	correlated	currents	

RIN	ranking:	Amcrys,	SG,	Siccas	
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Correlation with F/T ratio
•  Dark current and RIN are highly corretated with F/T ratio
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Conclusions

•  Mechanical	quality	are	reasonable	but	not	excellent:		
SG	shows	the	best	quality	for	eye-survey		

	
•  Op8cal	Quality	and	RH	tests	are	in	general	prely	good	and	

sa8sfy	our	requirements:	SG	and	Siccas	crystals	are	beler	than	
Amcrys	ones		

•  All	crystals	from	Saint-Gobain	and	SICCAS	meet	the	RIN	spec.	
Some	crystals	from	AMCRYS	do	not			

	
•  Measurement	of	Op8cal	Quality	between	LNF	and	Caltech	are	

in	good	agreement.	Average	values	are	consistent	

•  The	best	51	crystals	have	been	used	for	Module-0	assembly		
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Current	design	meets	calorimeter		
detector	requirements	
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Thanks!
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Spare
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Signal acceptance
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Dimensions optimization
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