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§  Overview of the g-2 experiment
§  Overview of the g-2 laser calibration system
§  g-2 laser calibration system inside MUSE project
§  Status of the installation

   

1



11 May 2017G. Venanzoni| G-2 laser system @ MUSE mid term review2

The	(g-2)µ	as	Standard	Model	precision	test	
	

Ø  SystemaIc	uncertainty	expected	to	be	reduced	by	a	factor	3	(compared	to	E821)	thanks	to	
reduced	pion	contaminaIon,	the	segmented	detectors,		an	improved	storage	ring	kick	of	the	
muons	onto	orbit,	beQer	shimming	(uniformity	of	B),	and	relocaIons	of	criIcal	NMR	probes	

	

The New Muon g-2 experiment at Fermilab (E989)

Wiggle	plot	

Ø  StaIsIcal	accuracy	reduced	by	a	
factor	4	(x20	muons)	

Ø  Error	goal:	0.14	ppm	(0.54ppm	at	
E821)	



Second	challenge	–	ωa	systematics	
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The g-2 experiment: laser system goals

Ø SiPM Gain calibration 

Ø SiPM Energy calibration 

Ø Time alignment and synchronization 

Ø Gain calibration for T0 detector	



The g-2 laser system requirements 
The g-2 laser system should:
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§  Laser pulse of: λ = 400 nm, short duration (< 1 ns), 3 GeV energy/pulse

§  Provide laser synchronization pulses to 1296 SiPMs (24 calorimeters), 
before and after each muon fill, and to the T0 detector

§  Provide laser calibration pulses to 1296 SiPMs, in fill and out of fill

§  Monitor the laser calibration pulses amplitude in order to calibrate the 

SiPMs gain to the 10-4 level

§  Remote control of the pulses amplitude, for energy calibration purpose 

§  Allow the study of the SiPMs gain curve (sagging) through a two pulse 

technique
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MulIlaser	with	6	heads;	
24	launching	fibers;		
4	diffusers	per	laser,	
6	Source	monitors;	
24	local	monitors.	

The g-2 laser system design
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g-2@INFN 
Milano Bicocca 6	INFN	Sec)ons:	

•  LNF	(Frasca))	
•  Napoli	
•  PISA	
•  Roma2	
•  Trieste	
•  Lecce	

6	Universi)es:	
•  Udine	
•  Naples	
•  Trieste	
•  Rjeka	
•  Molise	(Campobasso)	
•  Scuola	Normale	Superiore	

(Pisa)	

CNR	INO:	
•  Pisa	

28	People,	16	FTE	

Rijeka	

Campobasso	



Laser team: 21 staff; 4postdoc; 3PhD students
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First PhD Thesis in g-2!

A.  Anastasi,	
University	of	Messina	
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Another highlight

O.	Escalante	(PhD	Student	at	
Unviversity	of	Naples)		
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Laser Calibration System

Hodoscope

aμ

Th
−aμ

exp
∼3 σ + ?

Laser:
PicoQuant LDH-P-C 405M:
Pulse width[ps]:300
Energy/pulse[pJ]:500
Nominal Avg.Power[mW@kHz]:20@40000
Photons/pulse:1,02·109

Fiber Bundle:
Diameter per fiber[µm]:1000
Material: PMMA
NA: 0.49

Distribution System

Engineered Diffuser 
Thorlabs:
Uniformity > 2-3%
Transmittance ~10%

From BNL To FNAL

Light output 
Time stability~10-4/h

Multi-Laser driver

Best	poster	at	the	conference	IFAE	2016!	



The g-2 laser system in MUSE
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The	g-2	laser	calibra)on	system	appear	in	2	WPs	in	MUSE:	
à Task	1.1:	Development,	construcIon	and	commissioning	of	

Laser-DAQ	boards		
à Task	3.1:	Development	and	assembly	of	the	g-2	laser	system	
à Task	3.3:	Commissioning	of	calibraIon	systems	in	g-2	

Deliverable:	
D1.1:	Report	on	assembly	and	integraIon	of	Laser-DAQ	boards	in	DAQ		
Due	date:	Month	24	
	
D3.1:	Final	design	of	the	g-2	calorimeter	Laser	calibraIon	system.	
Due	date:	Month	10	
	
Milestone:	
MS5:	g-2	calibraIon	commissioned	
Due	date:	Month	36	
	



Deliverable 1.1: Report on assembly and 
integration of Laser-DAQ boards in DAQ 
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•  A	laser	control	board	
has	been	constructed:	

•  Interface	with	TRG	system	
•  Provides	the	calibraIon	pulses	in	

different	modes	
•  Interface	with	the	monitor	

system	electronics	
•  Time	reference	signal	for	reset,	

synchronizaIon	and	iniIalizaIon	
of	DAQ	and	electronics	(BOF/
EOF/RST)	

•  It	is	currently	working	
at	FNAL	

•  The	board	is	currently	
working	at	FNAL		

The	integraIon	with	the	DAQ		has	started.	
We	are	on	Ime	on	the	schedule	



Deliverable 3.1: Final design
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ü  Deliverable	of	WP-3	done	
	in	Ime	at	the	end	of	October.	
	
It	is	a	complete	Technical	
Design	Report	describing	all	
final	design	features	of	the	
laser	system.	
	
It	is	both		a	public	g-2	
Document		(E989	Note	98)		
and		a	public	MUSE	document.	
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The g-2 laser system installed
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InstallaIon	complete:		
Ø 6	laser	heads	
Ø 6	filter	wheels	(controlled	remotely	through	
beaglebone)	

Ø Beam	spliQers,	mirrors	and	collimators	
Ø 6	source	monitor	with	electronics	
Ø 24	local	monitors	(2	tested)	

The laser hut
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The 25 boxes have been completed, 
24 already embedded in 
calorimeters, 1 spare 
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Secondary distribution boxes
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Installed	13	boxes	at	the	boQom	of	the	trolley.	MagneIc	field	test:	perturbaIon	within	errors	

Connected	13	calorimeters.	Local	monitor	fibers	held	in	posiIon	
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Calorimeters connection
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Ø Laser	
threshold	
current	
always	lower	
than	60%	

Ø Trasmission	
collimator	+	
fiber	about	
40%	

Alignment	
made	with	the	
power	meter	in	
the	ring.	
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Output test



16.3.201
5	

	Fully  tested in two test beams. Six 
installed at FNAL 
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The source monitor



20Last	task	lef:	firmware	for	the	event	building		

All	the	SM	are	equipped	with	front-end	electronics	and	interfaced	with	the	
WFD,	data	have	been	read	with	the	DAQ	system:	installa)on	complete	

Lase	control	
board	
Constant	
paQern	&	flight	
simulator	
tested	

NIM	fan-out	
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The source monitor electronics



It consists of 24 PMT, and its associated electronics 
boards for signal conditioning and make it differential. 
 
2 optical fibers reach each PMT, bandpass filters 
reduce the ambient light. 

The local monitor have been installed in March 
The installation includes the electronic boards to 

interface with the WFD. 
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The local monitor electronics
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InstallaIon	and	cabling	
(HV,	LV,	WFD)	complete.	
	
Test	in	progress.	

G. Venanzoni| G-2 laser system @ MUSE mid term review

The source monitor electronics



Ø The	first	version	of	the	on-line	sofware	works	fine	
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DQM software



Delay	between	laser	heads	
has	been	measured.	
	
The	requirement,	in	order	
to	idenIfy	lost	muons,	is	
0.5	ns	Ime	synchronizaIon	
between	calorimetrs.	
	
Measured	jiQer	is	about	
200	ps,	well	below	
requirement.	
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Timing results
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Calorimeter 
Subsystem 

Design 
Completion 

Remaining Work/Risks 

Optical table 100% Optics and laser heads installed and aligned, task 
completed 

Optical fibers 80% Fibers installed, 12 calorimeters connected. To 
check the functionality of the remaining fibers 

Source monitor 95% Installed and tested. Missing just the firmware for 
the event building 

Local monitor 75% 24 installed, 4 tested. To check the functionality of 
the remaining 20 monitors. 

Laser control board 100% Installed and tested 

Double pulse setup 30% Test done 

WFD 100% Installed, tested and DQM developed 

Engineering	run	during	the	summer	for	commissioning	
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Laser calibration system: Status @ May 2017
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Preparation for Milestone

MS5:	g-2	calibraIon	commissioned		
à Due	date:	Month	36	

§  Conclusion	of	the	installaIon	for	end	of	May.	
	
§  Commissioning	during	the	summer	(flight	simulator	test,	stability	test	of	

monitors,	pile-up	studies)	

§  Upgrade	of	the	system	(double	pulse	capabili)es)	for	October	

§  Muon	beam	expected		December	1st	
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Conclusions

§  The	g-2	laser	system	is	a	state	of	the	art		calibra)on	system	that	
will	provide	a	very	important	contribuIon	to	reach	the	systemaIc	
goal	in	the	g-2	experiment	

	
§  The	design	and	installa)on	is	almost	complete	and	in	schedule.	

§  The	EU	contribu)on	to	this	system	has	been	remarkable	and	
	has	helped	to	increase	the	presence	at	FNAL	
	
§  We	are	on	schedule	and	on-budget	for	MUSE	deliverables.		
						One	completed.	Two	in	progress	
					


