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Introduction
• The	protoDUNE T0	will	be	defined	by	the	beam	trigger.

• The	T0	applies	by	default	to	all	particles	that	deposit	energy	within	the	
readout	window.

• This	means	that	cosmics can	be	reconstructed	with	wrong	positions	in	the	
drift	direction.

• If	a	particle	crosses	the	cathode,	however,	we	can	use	this	to	
define	the	T0	for	that	particular	particle.

• I	am	working	on	an	algorithm	to	stitch	PMA	tracks	together	across	
the	CPAs	and	APAs.
• Currently	lives	in	larreco feature/lhw_TrackStitcher
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Why	is	Stitching	Needed?
• In	protoDUNE,	we	will	trigger	on	the	beam.

• This	means	we	know	the	time	of	the	beam	event.
• The	large	number	of	cosmics that	happen	to	fall	within	the	readout	

window	will	be	reconstructed.
• However,	we	don’t	know	their	true	times,	and	hence	the	true	position	 in	the	
drift	direction,	x.
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Why	is	Stitching	Needed?
• In	protoDUNE,	we	will	trigger	on	the	beam.

• This	means	we	know	the	time	of	the	beam	event.
• The	large	number	of	cosmics that	happen	to	fall	within	the	readout	

window	will	be	reconstructed.

• If	we	can	stitch	these	tracks	correctly,	then	we	know	their	T0.	

• The	CPA	/	APA	provides	an	absolute	measurement	of	the	track	to	
pin	it	down	fully.

• Provides	us	with	further	handles	to	correctly	reconstruct	tracks	in	
the	busy	environment.
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Methodology
• Take	a	somewhat	brute-force	approach,	but	make	attempts	to	

reduce	the	dimensionality	of	the	problem.

• Take	a	track,	and	shift	it	in	x	(again,	this	is	perfectly	valid	since	we	
don’t	know	what	the	x-coordinate	really	is)	to	either	the	cathode	
or	the	anode.

• Iterate	over	all	other	tracks,	shifting	them	to	the	same	cathode	or	
anode	(if	geometrically	possible),	and	try	to	match	the	tracks	
together.
• Matching	attempted	between	all	4	combinations	of	track	ends.
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Matching	Approach
• Extrapolate	from	the	3rd final	point	on	each	track	to	the	x-

coordinate	of	the	3rd final	point	on	the	other.
• Try	to	mitigate	any	odd	end	effects.
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Whilst	d1 and	d2 are	shown	here	in	2D,	it	is	done	in	3D	in	the	code.



Matching	Approach
• Extrapolate	from	the	3rd final	point	on	each	track	to	the	x-

coordinate	of	the	3rd final	point	on	the	other.
• Vary	the	shift	to	minimise d1 +	d2 and	optimise the	stitching.
• A	good	match	has	small	d1 +	d2
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Matching	Approach
• Extrapolate	from	the	3rd final	point	on	each	track	to	the	x-

coordinate	of	the	3rd final	point	on	the	other.
• Vary	the	x-shift	within	a	few	centimetres to	minimise d1 +	d2

• A	poor	match	has	large	d1 +	d2
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Stitching	Example	- ProtoDUNE
• Example	of	some	matched	cosmic	muons.

• A	few	bug	fixes	compared	to	the	collaboration	meeting.
• Thanks	to	Robert	for	some	updates	for	flipping	tracks	and	vertexing.
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Stitching	Example	- ProtoDUNE
• Example	of	some	matched	cosmic	muons.

• A	few	bug	fixes	compared	to	the	collaboration	meeting.
• Thanks	to	Robert	for	some	updates	for	flipping	tracks	and	vertexing.

• Those	highlighted	tracks	are	now	correctly	stitched	at	the	
cathode.
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Now	stitches	all	5	tracks,	
not	just	the	3	I	showed	

previously.



Stitching	Example	– 35t
• ProtoDUNE doesn’t	have	any	APAs	to	cross,	so	look	to	the	35t	to	

test	that	things	work	for	APAs	too.
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“Track	in	TPC4	matched	to	track	in	TPC7	with	a	good	score”



Stitching	Example	– DUNE	FD
• Lots	of	potential	for	APA	and	CPA	crossing	in	the	FD.

• Circled	points	indicate	where	stitching	is	needed	for	CPA /	APA.
• Expect 4	CPA	stitches	and	6	APA	stitches.

• NB:	The	long	green	and	red	tracks	don’t	need	stitching	as	their	T0	
is	close	enough	to	the	trigger	time	of	the	particle	gun.
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Stitching	Example	– DUNE	FD
• Stitching	output:

• Found	all	of	the	circled	joins.
• Checked	the	TPC	numbers	and	

positions	and	they	all	line	up	
well.	
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Summary
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• I	have	a	stitching	algorithm	up	and	running	and	it	works	for	
protoDUNE,	35t and	the	Far	Detector.
• Looks	to	be	robust	so	far	from	hand-scanning	events.

• Robert	is	finalising the	code	in	PMA	to	make	stitched	tracks	
produce	a	single	recob::track	object.

• I	will	then	move	on	to	trying	to	quantify	the	performance	for	well	
defined	samples	of	tracks.

• Finally,	Robert,	Dorota and	I	will	define	the	reconstruction	order:
• Separate	cosmic	pass,	etc.


