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Mu2e Calorimeter Laser System 

limit on the width of few ns. Similarly, we do not have a strong requirements on the pulse 
frequency since, as shown in the prototype tests (sec. 3), running at O(1 Hz) provides 
better than per-mil statistical precision in one hour of data-taking. On the other hand, 
using the laser at low rate will reduce the consumption of the laser head and the need for 
replacement. It is instead mandatory to synchronize the laser pulse with an external 
trigger in order to allow the light reaching the detector at the correct time relative to the 
proton beam pulse. We intend to acquire laser data  in the beam OFF period and for 
special running when the calorimeter is acquiring physics data. This will be further 
discussed in sec. 4. 
 
Due to our choice of using diffusing spheres for the light distribution, the laser pulse 
energy is strongly attenuated at the end of the chain. The laser signal at the SiPM readout 
level is required to simulate a 100 MeV energy deposition. For un-doped CsI (30 
pe/MeV) this corresponds to ~3,000 p.e. collected by each photosensor. The energy of a 
single photon at 500 nm is about 0.4 aJ, so that the laser pulse energy needed at the 
photodetector level should be 1.2 fJ. The transmission of the integrating sphere, using 
200 nm optical fibers, is of 10-5. The transmission of the other optical components is 
conservatively estimated as follows: 0.5 for the laser-fiber collimator, 0.7 for the 60 m 
launching fibers, 0.8 for the vacuum feed-throughs, 0.5 the loss inside the crystal, 0.18 
for the average SiPM collection area and 0.2 for the average SiPM PDE on the green.  
The total transmission factor will then be: 5 x 10-3 x 10-5 = 5 x 10-8, i.e. a reduction factor 
Rlight of 2x107. The laser pulse energy to be feed in each collimator in the primary 
distribution chain is 1.2 fJ x Rlight = 1.2 x 2 x 10 nJ = 10-8/5 = about 24 nJ. This roughly 
translates to a 0.25 µJ laser pulse energy (8 + 2 optical fibers). A safety factor of 10 is 
designed into the system to account for the eventual degradation of the signal 
transmission with time and to provide a larger power available when running outside the 
DS at room temperature. This translates in a laser energy pulse requirement > 2.5 µJ.  

 

,

SPECIFICAZIONI

COMPACT COOLER FOR MATCHBOX 2 https://integratedoptics.com/heat-sinks/compact-cooler-for-match...

2 di 3 21/09/17, 14:29

Figure 9: (left) STA-01SH2 laser, (right) Integrated Optics laser with cooling box. 

Prototype	tested

Ø Frequency:	not	measured	(rated	532	nm)
Ø Output	power:	42	mW (Class	3B)
Ø Repetition	rate:	5.0	kHz
Ø Energy/pulse:	8.4	uJ/pulse
Ø Beam	diameter:	2	mm	
Ø Divergence:	10	mrad
Ø Pulse	Width	(FWHM):	<	5	ns	(affected	by	the	photodiode	rise	time)
Ø Delay	between	trigger	pulse	and	laser	pulse:	19	us
Ø Jitter:	60	ns

The	laser	controller	has	a	sync	out,	which	is	strictly	related	to	the	laser	pulse,
jitter	respect	to	that	signal	reference	is	about	1	ns
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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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Primary	distribution	system	at	Fermilab (laser	room	at	SiDet)
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Filter	wheel	transmission
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Position OD Trans%	th Power	meter	1 Power	meter	2 Trans%	meas
1 0 100 443 300 100
2 0.1 80.6 353 300 80
3 0.2 65.5 306 301 69
4 0.3 50.8 236 302 53
5 0.4 39.0 182 303 41
6 0.5 31.6 141.5 304 32
7 0.6 25.0 116.4 304 26
8 0.8 16.4 75.6 304.5 17
9 1 10.1 47.1 304.5 10
10 1.3 5.5 25.7 304.5 6
11 1.6 2.5 11.4 304 2.5
12 2 1.0 3.50 303 0.8
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Cubes	splitting	system
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No	filters With	filters
Beam Pout	(uW) Trans	(%) Pout	(uW) Trans	(%)
In 4270 4270
1 315 7.4 315 7.4
2 358 8.4 358 8.4
3 404 9.5 338 7.9
4 418 9.8 349 8.2
5 425 10.0 330 7.7
6 420 9.8 326 7.6
7 423 9.9 328 7.7
8 428 10.0 332 7.8

Neutral filter

8	beams whthin 12%
Aiming to	sub	10%
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Collimators:	Thorlabs,	mod.	PAF2P-11A
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The	collimators are	able to	collect >	95%	of	light	into the	optical fibers

Beam Pout	(uW) Trans	(%)
In 4270
1 311 7.3
2 358 8.4
3 315 7.4
4 335 7.8
5 333 7.8
6 330 7.7
7 328 7.7
8 330 7.7

Ultrastable micropositioning alignment	with	five	degrees	of	freedom	collimators
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Energy	budget
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The	estimated	overall	transmission	is	
T	=	1.2*10-8

We	need	3000	
photoelectrons/photosensor

=>	The	laser	must	provide	2.5*1011
photons/pulse

@ 530	nm	1	photon	=	3.7*10-19 J
=>

The	laser	must	provide
100	nJ/pulse

Component Th.	
Trans.

Meas.	
Trans.

Meas.	
Trans.

2	mirrors 99% 97%

Monitor 85% 80%

3	cube	splitter 10% 9%

0.0001%

Collimator 70% 90%

60	m	fiber 60%

Feedthrough 70%

9	m	fiber 90%

Int.	sphere 0.003%

Fiber bundle 98%

Crystal 50%

SiPM coll.	area 18%

SiPM PDE 20%
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There is not a stringent requirement on the laser pulse width, since the APD readout 
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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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ThorLab-IS200	Sphere
§ 1	input,	4	output	ports
§ 3	Bundles	of	fibers	with	SMA	

connector	in	the	port	and	final	
ferrule	needle	on	each	fiber.
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MM	200/400 µm	fiber,	2	options:
§ NA	=	0.22		à Silica	/	

Fluorine-Doped	Silica	cladding
§ NA	=	0.37	à Silica/	

Hard	Polymer	cladding
Downselect by	RadHard test
H.P.	lost	5%	transmission	on	80	krad

Vacuum Fiber Feedthrough
§ ConFlats
§ M10/12	housing
§ Feedthrough with	Multifiber

option	under		studied
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To	do	list	(21st Feb	2019)
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§ Alignment	test	with	collimators	of	primary	distribution	(July18)

§ Radiation	dose	test	on	the	fiber	bundle	(Dec18)

§ Select	optical	fiber	(mod.	FIP200)	and	feedthrough (Dec18)

§ Select	laser

§ Monitor	system

§ Optical	fiber	routing	for	launching	fibers	and	bundle

§ TDAQ	integration
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THE	END

(thanks	for	your	attention)
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