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•  The	main	task	of	the	laser	system	in	the	Muon	experiments	(both	G-2	and	Mu2e)	is	
the	correc=on	of	the	gain	dri?	and	instability	of	the	photodetectors	(SiPM)	of	the	
calorimeters	(G-2:	54	SiPMs	each	for	24	calorimeters,	Mu2e:	900	SiPMs	each	for	2	
calorimeters),	which	are	a	major	cause	of	systema=c	error.	

•  The	main	factors	that	influence	the	SiPM	gain	is	the	temperature	(gain	dri?);	
however,	in	the	G-2	experiment,	the	par=cle	splash	in	the	early	stage	of	the	muon	fill	
produce	a	gain	sagging,	due	to	high	par=cles	rate.	

Introduc=on		
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Secondments:	
•  13th	Feb	2018	–	26th	Feb	2018	
•  19th	Jun	2018	–	13th	Aug	2018	
	
During	the	first	secondment	I	worked	on	the	reduc=on	of	gain	sagging,	adding	capacitors	near	the	SiPMs	
(embedding	it	in	the	so-called	dogbox).	To	test	the	solu=on,	a	laser	mode	was	implemented	that	provides	
a	simulated	splash	(100	laser	pulses	with	repe==on	rate	of	about	8	MHz)	followed	by	probe	pulses	spaced	
temporally	by	5	us.	The	laser	pulses	sent	at	the	beginning	of	the	fill	were	effec=ve	in	simula=ng	the	splash.	
The	tests	demonstrated	that	the	added	capacitors	were	effec=ve	in	fla\ening	the	gain	curve	of	the	SiPMs	
and	bigger	capacitors	(megabox)	have	been	installed	on	each	calorimeter.		

Ferrari’s	secondements 		

Gain	func=on	during	the	muon	fill,	for	the	54	channels	of	calorimeter	1:	(a)	before	(run	9183)	and	
(b)	a?er	(run	13598)	the	megabox	installa=on	(thanks	to	Anna	Driu^).	

(a)	 (b)	
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During	the	second	secondment	(19th	Jun	2018	–	13th	Aug	2018)	I	worked	on	the	following	tasks:	
§  I	have	done	6	shi?s	(8	hours	each)	in	the	control	room	of	the	G-2	experiment	(June)	

§  I	a\ended	the	Mu2e	Collabora=on	Mee=ng	(Jun	26th	to	Jun	29th,	2018)	

Second	Ferrari’s	secondement		
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§ 				I	designed	and	installed	op=cal	components	on	the	
laser	hut	in	order	to	provide	lasers	pulses	to	the	two	
Fiber	Harp	detectors	in	the	ring.	Laser	n.1	has	been	
sampled	with	a	90:10	cube,	the	sampled	beam	has	been	
spli\ed	in	two	beams	with	a	50:50	cube,	the	two	beams	
collimated	into	two	20	m	long	Silica	fibers.	At	the	end	of	
the	two	fibers	there	are	op=cal	components	in	order	to	
obtain	a	flat-top	beam,	½”	wide.	At	the	output	of	each	
op=cal	systems	there	are	two	fibers	bundles	(32	fibers	
each)	providing	the	laser	pulses	to	the	SiPMs	embedded	
in	the	two	Fiber	Harp	detectors.	We	installed	the	two	
op=cal	fibers,	checked	the	transmission	of	the	op=cal	
system.	Furthermore,	a	filter	wheel	(12	filter)	has	been	
installed,	in	order	to	change	the	amplitude	of	the	laser	
pulses.	
	
	



G-2,	Aug	2018:	Laser	pulses	to	the	Fiber	Harps	
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Installa=on	of	the	op=cs	in	the	laser	hut,	of	two	new	op=cal	fibers	and	two	fan-out	systems	

16	fibers	bundle	

Engineered	diffuser	
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Furthermore,	I	proposed,	designed	and	I	have	been	involved	in	the	study	of	the	
synchronisa=on	of	the	laser	pulses	sent	to	the	24	calorimeters.		Each	launching	fiber	
connected	to	the	calorimeters	has	been	disconnected	and	connected	to	a	PMT	along	with	
another	fiber	that	carries	a	reference	signal	from	another	calorimeter.	The	difference	
between	the	arrival	=me	of	the	two	pulses	provides	the	=me	delay	between	the	laser	
pulses,	due	to	the	laser	heads	and	the	length	of	the	cables	that	carry	the	trigger	signals	to	
the	control	boards	of	the	six	lasers.	We	measured	the	=me	difference	within	calorimetrs	
with	accuracy	of	100	ps	(well	below	the	requested	500	ps	synchronisa=on).	
	
	
	

Second	Ferrari’s	secondement		
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To	get	the	hardware	delay	between	calorimeters	
we	send	two	pulses	from	two	calorimeters	through	
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G-2	laser	pulses	synchronisa=on	
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Results	on	G-2	hardware	
measurement	of	δF	

8	(Thanks	to	Paolo	Giro^)	
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Furthermore,	I	made	few	test	regarding	the	laser	calibra=on	system	for	the	Mu2e	experiment.	The	
experimental	setup	to	split	the	laser	into	8	beams	has	been	installed	and	successfully	aligned	in	the	laser	
room	at	SiDet,	using	7	50:50	spli^ng	cubes	in	a	compact	design	(20	cm	x	20	cm).	The	transmission	of	the	
system	is	about	8%	for	each	beam,	the	uniformity	of	intensity	is	within	15%.	

	
	
	

Second	Ferrari’s	secondement		

9	

Laser 

Fiber collimator 

Filter wheel 

Monitor 

Cube splitting 



Mu2e	Laser	system	scheme	
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Figure 9.61. Picture of the ThorLab IS-200 integrating sphere (left); and the sphere’s reflectivity 
dependence on wavelength. 

There is not a stringent requirement on the laser pulse width, since the APD readout 
electronics has a rise time between 6 to 8 ns, thus setting an upper limit on the width of 
10 ns. Similarly, the pulse frequency is not strongly constrained since, as shown in the 
prototype test, running at 1 Hz provides better than per-mil statistical precision in one 
hour of data-taking. It is instead mandatory to synchronize the laser pulse with an 
external trigger to allow the light to reach the detector at the correct time relative to the 
proton beam pulse so that laser data can be taken during the time when the calorimeter is 
acquiring physics data as well as during the gaps between beam when the calorimeter is 
quiet. The laser pulse energy is strongly attenuated by the distribution system. However, 
the laser signal is required to simulate a 100 MeV energy deposition. For BaF2 this 
corresponds to ~10,000 p.e. in each photosensor. This roughly translates to a 10-20 nJ 
energy source. A safety factor of 20 is designed into the system to account for the 
eventual degradation of the signal transmission with time, resulting in an energy pulse 
requirement of ~ 0.5 µJ.  
 
There is a stringent requirement on the fibers. They should have high transmission at 
200-260 nm, a small attenuation coefficient and they must be radiation hard up to O(100 
krad). The best choice is fused silica fibers, both for their transmission properties (see 
Figure 9.62, left), a nearly flat wavelength dependence down to 150 nm, a long 
attenuation length and high radiation tolerance. 

9.12.1 Laser monitor prototype for the LYSO crystals 
The setup used for the transmission test and for the calibration of the LYSO calorimeter 
prototype is shown in Figure 9.62 (right).  The light source was an STA-01 solid-state 
pulsed laser emitting at 532 nm with a pulse energy of 0.5 µJ, a pulse width < 1 ns, good 
pulse-to-pulse stability (3%), and synchronization to an external trigger for frequencies 
up to 100 kHz. Table 9.7 summarizes the performance of equivalent STA-01 lasers 
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The	laser	pulses	are	sent	simultaneously	to	1200	crytals/SiPMs	located	in	2	calorimeters	in	
the	vacuum	chamber	through	8	60	m	long	fibers	and	8	integra=ng	spheres.	24	fibers	
bundles	perform	the	second	fan-out.		

Primary	
distribu=on	

Secondary	
distribu=on	



Conclusions	
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•  The	G-2	laser	system	has	been	installed	and	is	properly	working	

•  The	Mu2e	laser	system	has	been	designed	
•  The	Mu2e	primary	distribu=on	system	has	been	assembled,	

aligned	and	tested	
	


