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Current	software	tools







WCSim:	A	Water	Cherenkov	
Simulation

An	open-source,	GEANT4-based	simulation	code	for	
water	Cherenkov	detectors	



https://github.com/WCSim/WCSim



https://github.com/WCSim/WCSim

Browse	the	code

Get	tagged	releases
(	currently	v1.8.0)

Get	the	develop	
version



https://github.com/WCSim/WCSim

Help	with	specific	topics,	tutorials



Tutorial:	making	your	own	detector
Choose	the	PMT	type

Change	the	tank	dimensions

Change	the	number	of	phototubes
(can	alternatively	specify	photocoverage)



Tutorial:	making	your	own	
photosensor

Specify	
photosensor
geometry
Specify	timing	and	
charge	
properties

Specify	quantum	
efficiency	info





BONSAI:	~	few	MeV	- ~tens	of	MeV
Vertex	Reconstruction

Gaussian	hit	weight	of	PMT	
(based	on	time	residual)

Time	of	PMT

Position	of	PMT



BONSAI:	~	few	MeV	- ~tens	of	MeV

• Directional	reconstruction:	Uses	the	fitted	vertex	
and	maximizes	for	direction
• Energy	reconstruction:	Mostly	based	on	number	of	
hit	PMTs





fiTQun:	High	energy	reconstruction

Requires	“tuning”	with	MC	for	information	specific	to	the	
photosensors (charge	and	time	response	functions,	angular	
response	function),	as	well	as	scattered	and	reflected	light	

time	PDFs



Ongoing	and	future	
software	projects



Vector	Generation



Vector	generation	in	WCSim

• Can	run	“particle	guns”	(ie.	electons with	a	specific	
energy	in	a	specific	direction)
• Tools	to	make	simple	vector	files	(ie.	electrons	with	
a	specific	energy,	uniform	in	some	volume).	See	
WCSim/sample-root-scripts/MakeKin.py.	
• For	more	complication	situations,	need	a	dedicated	
vector	generator	that	interfaces	with	an	interaction	
generator	(ie.	NEUT,	GENIE)	and	outputs	the	
particle	interaction	information



Vector	generation:NGen
https://github.com/ckachulis/NGen



Vector	generation:NGen
https://github.com/ckachulis/NGen



Vector	generation:NGen
https://github.com/ckachulis/NGen



MC	Simulation:	
WCSim

Reconstruction:	
BONSAI

Reconstruction:
fiTQun

Low	energy	
events

High	energy	
events

Trigger:
TriggerApplication



Trigger:	TriggerApplication

Same	software	trigger	can	be	used	for	both	data	and	
Monte	Carlo

https://github.com/HKDAQ/TriggerApplication



https://github.com/HKDAQ/TriggerApplication



Installation	with	Docker

• WCSim and	TriggerApplication now	supports	
containerized	installation	using	Docker.	
• Docker	allows	anyone	to	install	and	use	code	
quickly	and	easily	no	matter	what	their	OS	
(Windows,	MacOS,	linux of	any	distro)	without	the	
headache	of	dependencies	and	trying	to	compile	
the	code.
• Installation	instructions	can	be	found	on	the	
README	file	on	the	WCSim and	TriggerApplication
Github pages



Summary	of	tools

• MC	Simulation:	WCSim -
https://github.com/WCSim/WCSim
• Reconstruction:	BONSAI	and	fiTQun (not	currently	
open-source,	but	I	think	a	copy	of	fiTQun has	been	
distributed	to	you?)
• Vector	generation:	NGen -
https://github.com/ckachulis/NGen
• External	triggering:	TriggerApplication –
https://github.com/HKDAQ/TriggerApplication


