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PARAMETER DESIGN VALUE 
Number	of	regions	(radii,	mm)	 4	(65,	93,	120,	161)	
Sectors	(modules)/region	 10,	14,	18,	24	
Module	dimensions	(L	x	W	x	T)	 41.9	cm	x	4.2	cm	x	0.39	cm	
Number	of	silicon	layers/module	 2	(U,	V)	
Strip	layout	 (0o—	3o)	Graded	angle	
Sensor	thickness	 320	μm	
Readout	pitch		 156	µm	(hybrid	side)	
Number	of	readout	channels/module	 512	
Total	number	of	readout	channels	 33,792	
Readout	ASIC	 FSSR2	
Backend	electronics	 Custom-made	VXS	cards	
Angular	coverage	θ	 35°–125°	
Angular	coverage	Φ	 ~2π	
Spa^al	resolu^on	 50-65	μm	
Momentum	resolu^on	 ~6%	
θ	resolu^on	 10–20	mrad	
φ	resolu^on		 ~5	mrad	

Tracking	efficiency	 >	90%	
Designed	to	operate	at	a	luminosity	of	 1035	cm-2s-1	

SVT	provides	standalone	tracking	capabili=es	in	the	central	detector	region		
•  Measure	recoil	baryons	&	large	angle	pions,	kaons			
•  Match	up	tracks	with	hits	in	the	CTOF	for	β vs.	p	measurement	(par=cle	ID)	

CLAS12 SVT Physics Requirements and Technical Parameters 
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SVT Overview 

Module 

Downstream Ring 

Mounting Tube 

Cold Plate 

Upstream Ring 

Beam Line 

• 	Silicon	Vertex	Tracker	(SVT)	
• 	Four	regions		
• 	Sectors	(10,	14,	18,	24)	

• 	Silicon	area	~	1.5	m²	
• 	Channels:	~34,000	
• 	Bonds:	~200,000	

• 	Region	radii,	mm:	65,	93,	120,	161	
• 	Hybrid	temperature	18C	with	coolant	at	6C	
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SVT Monitoring and Commissioning Status 

•  SVT	is	integrated	with	Micromegas	tracker	(December	2015)	
•  Both	systems	calibrated,	no	extra	noise	observed	a]er	integra=on	
•  DAQ	synchronized,	SVT	is	providing	master	trigger	to	the	MVT	
•  Online	cosmic	track	reconstruc=on	monitoring	of	SVT/MVT	using	ET	
•  Cosmic	alignment	sample:	100	M	SVT	and	30	M	SVT/MVT	tracks	collected	
•  Mechanical	survey	data	analysis	complete	
•  Noise	performance	monitored	by	periodic	SVT	calibra=on	scans	
•  SVT	long	term	stability	is	monitored	since	integra=on	(August	2015)	
•  CoatJava	based	calibra=on	suite	developed		

Work	in	progress	
•  Central	tracker	commissioning,	taking	cosmic	data	24/7	
•  Development	of	the	data	valida=on	and	monitoring	suite	
•  Valida=on	of	local	and	track	reconstruc=on	
•  Monte	Carlo	tuning	on	the	cosmic	data	
•  SVT	alignment	using	Monte	Carlo	and	cosmic	data	
•  Documenta=on	

o  Dec.	2015:	Integra=on	of	the	central	tracker	(SVT/BMT)	
o  May	2015	–	Sep.	2016:	Commissioning	of	the	SVT	
o  Dec.	2016:	Installa=on	of	the	SVT	in	the	Hall	B	
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SVT and MVT integrated taking cosmic data 
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SVT Control and Monitoring Console 

DAQ 

Hardware 
Interlock 

Slow controls 
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SVT slow control and monitoring 
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Barrel temperature history (6 months) 
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From	Mya	DB	
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Leakage current history: Region 3 
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From	Mya	DB	

August	2015	 February	2016	

Dead	bands	changed	
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Leakage current stability 
•  Leakage	current	increases	with	=me	on	few	problema=c	modules	
•  Plans	to	replace	three	region-4	modules	in	June	
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From	Mya	DB	

Jan	25	 Feb	14	
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SVT DAQ Control and Monitoring 
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Strip Occupancy, full event 
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SVT Calibration Suite 
Implemented:	
•  Scripts	for	parallel	calibra=on	and	directory	structure	
•  Transla=on	from	engineering	to	logical	component	mapping	
•  Calibra=on	algorithms	
•  Detector	View	interface	
•  Channel	level	plots	(occupancy,	response	func=on)	
•  Channel	level	data	table	(ENC,	gain)	
•  Module,	region	and	detector	level	plots	
•  Profiling	(scan	–	20	min,	data	processing	–	5	min	per	scan)	
•  Chip	level	plots:	

•  Vs.	channel	(gain,	ENC,	offset,	Vt50)	
•  Histograms	and	fits	

•  Tuning	of	fit	parameters	
•  Bad	channel	mapping	
In	progress:	
•  CCDB	interface	
To	do:	
•  Trends	and	Valida=on	
•  Web	interface	
•  Permanent	storage	of	the	calibra=on	files	
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SVT Calibration Suite 

S.N.R. > 15 

short strips 
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SVT Calibration: Channel 
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SVT Calibration: Chip (U1, U3) 
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SVT Calibration: Region 
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SVT Calibration: Noise stability 

R1S6 U1 
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R4S10 U1 
02/17/2016 
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SVT Calibration: Threshold Dispersion 

R1S6 U1 
08/17/2015 

R4S10 U1 
08/20/2015 

R1S6 U1 
02/17/2016 

R4S10 U1 
02/17/2016 
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Cosmic Muon Tracks in the Central Tracker 

Type 1 tracks 
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SVT Data Quality Monitoring and Validation 

Validation suite

Occupancy  
map
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Cosmic Track Residuals 
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Local Reconstruction: Cluster Properties 

q  Plot Q_cl vs. dl (liner dependence) 
q  Q_cl – MPV of the cluster charge 
q  dl – detector thickness / cos θ 

q  Correct Q_cl for the dl 

MIP 

Cluster charge 

θ
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Local Reconstruction: Cross Talk and Cluster Position 

q  It is important to understand crosstalk (charge capacitive coupling) to 
accurately evaluate the cluster position and uncertainty 

q  Charge Ratio = (Qmax±1)/Qmax = x/(1-2x) 
q  Response function η = QL/(QL+QR), QL and QR are the charges collected 

on the strips to the left and to the right of the reconstructed hit position 

Y
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Lorentz Angle Calibration 

•  In a strong magnetic field, charge in the silicon 
detector drifts at the Lorentz Angle, which must be 
taken into account when reconstructing the cluster 
position 

•  The Lorentz angle can be calculated as the track 
incidence angle corresponding to the minimum of 
the average cluster size 

•  The minimum is at normal incidence when the 
solenoid field is off  

•  Lorentz Angle calibration has strong impact on 
alignment 

Y

Y
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Lorentz Angle Calibration 
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•  Alignment	of	the	SVT	requires	finding	small	shi]s	in	sensor	posi=on	and	orienta=on.	
o  Number	of	parameters	=	Nregions	x	Nlayers	x	Ntrans	x	Nrot	=	66	x	2	x	3	x	2	=	792	parameters.	BIG!	
o  Other	experiments	face	daun=ng	challenges	–	CMS	silicon	tracker	at	LHC	has	about	50,000	parameters.	

•  Program	millepede	(yes,	that’s	how	it’s	spelled)	developed	to	do	linear	least	squares	finng	with	many	parameters.	
o  Start	with	a	matrix	formula=on	of	the	least	squares	method	and	divide	the	matrix	elements	into	two	classes.	

Ø  Global	parameters	–	the	geometry	misalignments.	‘Same’	values	in	all	the	events.	
Ø  Local	–	individual	track	fit	parameters.	Change	from	event-to-event.	
Ø  Separate	out	the	two	classes	of	parameters.	

o  Calculate	the	first	par=al	deriva=ves	of	the	fit	residuals	with	respect	to	the		
						local	(i.e.	fit)	parameters	and	the	global	parameters	(geometry	misalignments).	
o  Manipulate	the	linear	least	squares	matrix	to	isolate	the	global	parameters		
					(geometry)	and	invert	the	results	to	obtain	the	solu=on.	

•  A	simple	example.	
o  Two-dimensional	‘detector’	with	eight	planes	(Fig.	1).	
o  The	fit	equa=on	is		

	
o  Excellent	fit	results	(Fig.	2	)	if	the	constraints	are	well	
					measured	(i.e.	survey	data).	
o  Results	sensi=ve	to	accuracy	of	constraints.	

By	Jerry	Gilfoyle	

Alignment 

Figure	2	

Figure	1	



29 

Alignment 
•  Status	of	millepede	at	JLab	

o  Program	built	and	running	on	the	JLab	farm	by	Mike	Staib	(CMU)	
o  Being	used	for	alignment	of	GlueX	CDC	(Staib)	and	HPS	silicon	tracker	

(Alessandra	Phillipe	and	Pelle	Hansson)	
•  Introduc=on	to	millipede	using	2D	model	

o  Compara=vely	easy	to	understand	input	and	interpret	results	
o  Shows	expected	behavior	

•  Developed	three-dimensional	model	with	simplified		
				geometry,	type	1	SVT	tracks	(ver=cal	through	the	center)	

o  Easy-to-understand	geometry	
o  Can	easily	manipulate	misalignments	

•  Millepede	for	3D	model	
o  First	version	runs	and	produces	reasonable	outputs	
o  Implemen=ng	and	tes=ng	first	deriva=ve	calcula=ons	
o  First	deriva=ves	can	be	complex		

o  use	Mathema'ca	for	symbolic	calcula=ons	
	
By	Jerry	Gilfoyle	
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Survey of Fiducial Displacement 
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Monte Carlo Tuning 
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Monte Carlo Tuning: Local Reconstruction 
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Monte Carlo Tuning: Local Reconstruction 
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Monte Carlo Tuning: Trajectory 
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Monte Carlo Tuning: Track Reconstruction 
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Monte Carlo Tuning: pT – pT_gen 
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Monte Carlo Tuning: pT – pT_gen 
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Monte Carlo Tuning: Momentum Resolution 
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Monte Carlo Tuning: Track Finding Efficiency 
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Documentation 

htp://clasweb.jlab.org/clas12offline/docs/detectors/html/svt/introduc=on.html	
htps://clasweb.jlab.org/wiki/index.php/Clas12_SVT	
htps://userweb.jlab.org/~gotra/svt/doc/TDR4.pdf	
htps://userweb.jlab.org/~gotra/svt/doc/commissioning_svt_1.2.pdf	
	

		
                       By Igor Strakovski 

	


