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Introduction
• Covers	a	broad	range	of	detectors:
– Single	and	dual	phase	detectors
– Prototype	and	full-sized	far	detectors

• Generally	3	areas	of	responsibility:
– Detector	simulation	(TPC	and	photon	detectors)
– Low-level	reconstruction	(hits	and	tracks)
– Support	for	high-level	reconstruction	(PID	and	energy)

• This	talk:
– Primarily	an	updated	on	recent	progress	in	the	3	areas	
above.

– End	with	a	look-ahead	at	plans	in	the	next	6	months. 2



Detector	Simulation

TPC	and	Photon	Detectors
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TPC	Simulation
• Recent	work	has	generally	been	focused	on	
improved	modeling	of	noise	and	electronics	
response.
– This	has	been	guided	by	experience	with	data	in	
MicroBooNE and	other	running	TPCs.
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TPC	Simulation
• White	noise	frequency	distribution	can	be	modeled	
using	a	random	walk	in	the	complex	plane.
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Photon	Simulation
• Exploring	cooperation	with	the	dual	phase	
simulation	effort.
– We	have	independently	developed	similar	techniques.
– Some	ideas	we	can	adopt	in	LArSoft:

• e.g.	Interpolation	of	voxels
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Photon	Simulation
• Photon	libraries	cannot	scale	to	the	full-sized	far	detector.

– They	take	up	too	much	memory	for	any	geometry	larger	than	the	1x2x6	
workspace.

• Exploring	an	alternative	with	lower	memory	use	and	a	smoother	
response	– decision	trees.
– First	iteration	reduces	memory	use	by	1/3,	but	many	new	ideas	can	be	
explored.
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Low-Level	Reconstruction
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Reconstruction	Algorithms
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Reconstruction	Algorithms
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Reconstruction	Algorithms
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Reconstruction	Algorithms
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Reconstruction	Algorithms
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What	is	Pandora
• Multi-algorithm,	particle-flow	approach.
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Recent	Pandora	Updates
• Work	underway	to	adapt	Pandora	to	unique	features	
of	DUNE.
– Ex.	handle	multiple	drift	regions	with	unified	coordinates.

15Nick	Grant



What	is	a	CNN?
• Machine	learning	technique	

– Developed	in	the	field	of	computer	vision	

• This	implementation	classifies	individual	hits	as:	
Track or	EM	shower or	Michel	Electron
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CNN	Applied	to	LArIAT Data

• CNN	technique	can	clearly	separate	track-like	and	shower-like	hits	in	
simulation	and	data.

• Some	challenges	related	that	data-MC	difference	being	addressed	with	a	
Generative	Adversarial	Network
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CNN	Applied	to	Dual	Phase

• Work	is	just	beginning,	but	the	same	network	design	
used	in	single	phase	is	working	well	for	dual	phase.
– Retrained	on	dual-phase	data. 18
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CNN	Used	for	Michel	Tagging

• Work	is	also	underway	to	use	the	CNN	output	
to	improve	the	accuracy	of	Michel	tags.
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PMA
• PMA	(and	TrajCluster)	are	the	“traditional”	LArSoft
reconstruction	chain.
– Build	up	clusters,	then	objects	in	2D,	and	then	match	across	
views.

– Makes	use	of	CNN	hit	tagging,	too.

• Recent	developments	(focused	on	protoDUNE):	
– Hits	tagged	by	CNN	as	track-like	are	reconstructed,	vetoed	as	
cosmic	rays.
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PMA
• PMA	(and	TrajCluster)	are	the	“traditional”	LArSoft
reconstruction	chain.
– Build	up	clusters,	then	objects	in	2D,	and	then	match	across	
views.

– Makes	use	of	CNN	hit	tagging,	too.

• Recent	developments	(focused	on	protoDUNE):	
– Hits	tagged	by	CNN	as	EM-like	are	built	up	into	showers.
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Wirecell
• A	reconstruction	chain	which	works	directly	from	the	wire	signals,	

deconvolving simultaneously	in	space	and	time.

• The	toolkit	is	nearly	ready	for	integration	into	LArSoft and	wider	use.	
– Driven	by	MicroBooNE paper	schedule	– ready	well	in	time	for	protoDUNE.
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Performance	Evaluation:	Vertexing
• Pandora	sometimes	gives	multiple	vertices.

• Evaluated	the	choice	of	vertex
– The	best	performance	comes	from	the	most	
upstream	vertex	when	looking	at	beam	events.
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Performance	Evaluation:	Showers
• Evaluate	the	completeness and	purity of	showers	electron	neutrino	
signal	and	background	events.

• Latest	algorithms	(Pandora+CNN in	MCC8)	have	higher	purity	but	
lower	completeness	than	previous	algorithms	(Pandora	in	MCC7).
– The	underlying	cause	is	still	being	investigated.
– An	example	of	why	it’s	critical	to	have	and	regularly	calculate	
performance	metrics!
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Dual	Phase	Integration
• Rotate	the	drift	
direction	
– Dual	Phase	drift	is	
vertical,	not	horizontal

– Turned	out	to	be	a	deep	
LArSoft assumption

– On-going	work	

• Read	in	raw	data	from	
3x1x1	dual	phase	
prototype.
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High-Level	Reconstruction

Support	work	in	the	physics	groups
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Energy	Reconstruction
• Reasonable	
performance	
achieved.
– 10-15%	for	νe
– 20%	for	νμ

• However,	ad	hoc	
corrections	to	
hadronic	energy	
are	needed.
– Must	account	
for	neutral	
particles.

27Nick	Grant



Correcting	for	Lost	Energy	to	Neutrons

• The	amount	of	energy	going	into	neutrons	varies	with	
different	generators.

• Simply	collecting	up	the	visible	energy	available	from	the	
neutrons	in	ND	and	FD	still	leaves	a	10%	affect.
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6-month	Look	Ahead
• Simulation
– TPC
• Improved	modeling	of	electronics	and	noise	based	on	
experience	in	running	detectors.
• Full	integration	of	WireCell simulation	improvements

– Photon	detectors
• Incorporation	of	more	detailed	timing	
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6-month	Look	Ahead
• PMA/CNN

– Improve	reconstruction	of	vertex,	showers
– Continued	development	of	track/shower	separation.

• Pandora
– Continued	improvements	in	multi-TPC	support,	optimization	for	DUNE	
energies.

• Wirecell
– TPC	signal	processing

• Integrate	the	TPC	signal	processing	based	on	2D	deconvolution	and	ROI	
selection	with	LarSoft (developed	in	the	context	of	MicroBooNE data	analysis)	
for	usage	of	protoDUNEand DUNE

• Develop	code	for	the	data	reduction	for	protoDUNE after	TPC	signal	processing
– 3D	Imaging

• Achieve	low-memory	tiling	for	protoDUNE/DUNE	wire	geometry	(i.e.	taking	
into	account	the	wrapped	wires)

• Implement	L1	regularization	(i.e.	compressed	sensing)	with	3D	imaging
– 3D	pattern	recognition

• Revisit	the	development	of	3D	pattern	recognition
30



6-month	Look	Ahead
• Strengthen	connections	between	single	and	dual	
phase	efforts
– Dual	phase	in	LArSoft
– Track/Shower	CNN	applied	to	both
– Photon	simulation

• Support	high-level	reconstruction	efforts	in	the	
physics	groups.
– Energy	reconstruction
– Also	working	to	improve	short	track	efficiency	– a	
critical	need	identified	by	the	NDK	group.
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