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Introduc.on	
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•  The	presence	of	TPB-coated	reflector	foils	in	the	SBND	geometry	
introduces	an	extra	light	component	(reflected/visible)	

•  For	the	(fast)	simulaIon	of	this	“new”	component	we	need	to	save	
its	visibility	at	each	posiIon	in	the	detector,	as	we	do	for	the	
direct/VUV	light	

•  To	account	for	the	propagaIon	Ime	of	the	scinIllaIon	light,	
neglected	so	far,	we	have	modeled	their	arrival	Ime	distribuIons	
and	parametrized	the	model	parameters	for	both	components:	

						-	Direct/VUV	component	is	universal	for	all	experiments	(at	first	order)	
	

							-	Reflected/visible	component	depends	on	the	parIcular	detector	geometry		
									and	LDS	configuraIon	
	

•  We	have	modified	LArSo:	to	get	the	previous	points	(details	on	
how	in	next	slides)	



larsim:
PhotonPropagation/
PhotonLibrary.{h,cxx}, PhotonVisibilityService.h, 
PhotonVisibilityService_service.cc,	photpropservices.fcl
LArG4/
MaterialPropertyLoader.{h,cxx}, OpFastScintillation.{hh,cxx}

lardataobj:
Simulation/
SimPhotons.h

larana:
OpticalDetector/
SimPhotonCounter_module.cc

lardata:
DetectorInfo/Utilities/
LArProperties.h, LArPropertiesStandard.{h,cxx}, 
larproperties.fcl

Modifica.ons	to	LArSo:	out	of	
sbndcode		
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Configura.on	of	.me	parametriza.ons	
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•  I	need	the	parametrizaIons	in	OpFastScinIllaIon.cxx	
	
•  We	add	all	the	configurable	parameters	as	a	

PhotonVisibilityService	(in	photpropservices.fcl)	
	
•  For	the	case	of	SBND	(i.e.	in	sbndcode)	

photpropservices_sbnd.fcl	à	sbnd_photonvisibilityservice:	
@local::sbnd_ImeparametrizaIon_photonvisibilityservice																											
instead	of																																																										
@local::standard_photonvisibilityservice	
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sbnd_.meparametriza.on_photonvisibilityservice:	

{																																														(Standard	definiIons	plus	all	below)	
		
#	----------		Direct/VUV	component	modeled	with	a	Landau	+	ExponIal	funcIon	--------	#	
#	The	5	parameters	are	parametrized	as	a	funcIon	of	the	distance	
	
		Direct_landauNormpars:	[7.85903,	-0.108075,	0.00110999,	-6.90009e-06,	2.52576e-08,	-5.39078e-11,	
6.20863e-14,	-2.97559e-17]	
		Direct_landauMPVpars:	[1.20259,	0.0582674,	0.000308053,	-2.71782e-07,	-3.37159e-10]	
		Direct_landauWidthpars:	[0.346667,	-0.00768231,	0.000211825,	-3.81361e-07]	
		Direct_expoCtepars:	[13.6592,	-0.188798,	0.00192431,	-1.10689e-05,	3.38425e-08,	-5.20737e-11,	
3.17657e-14]	
		Direct_expoSlopepars:	[-0.57011,	0.0156393,	-0.000197461,	1.34491e-06,	-5.24544e-09,	1.1703e-11,	
-1.38811e-14,	6.78368e-18]	
	
#	At	long	distances	we	extrapolate	the	behaviour	of	the	parameters:			
	
		Direct_landauNormpars_far:	[2.23151,	-0.00627503]										
		Direct_landauMPVpars_far:	[-3.04952,	0.128638]	
		Direct_expoCtepars_far:	[3.69578,	-0.00989582]	
	
		Direct_funcIons:	["pol7",	"pol4",	"pol3",	"pol6",	"pol7",	"expo",	"pol1",	"expo"]	
	
#	range	of	distances	where	the	parametrizaIon	is	valid	[~10	-	500cm],	then:	
			

																																																																	ConInue	next	slide	…	

Parameters	of	the	direct	
light	model:	landau	+	
exponenIal	funcIon	

ExtrapolaIon	used	at	
long	distances	

FuncIons	used	
for	the	different	
parameters		
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D_break:	500.	
#	farther	are	extrapolaIons	
D_max:	750.	
#	increase	by	this	factor	the	number	of	points	used	to	sample	the	funcIon	
#	improve	the	accuracy	when	the	scinIllaIon	happens	very	close	to	the	PMT	
#	where	the	signal	shape	(funcIon)	is	VERY	sharp.	BUT	SLOW	DOWN	THE	SIMULATION!		
		
		TF1_sampling_factor:	1	
	
#	----------		Direct/VUV	component	modeled	with	a	Landau	+	ExponIal	funcIon	--------	#	
#	The	5	parameters	are	parametrized	as	a	funcIon	of	the	distance	
																																																										
		Reflected_landauNormpars:	[7.54642,	-0.441946,	0.0107579,	-9.53399e-05]	
		Reflected_landauMPVpars:	[-1.61482,	1.18624,	0.00105223,	-9.52016e-05]	
		Reflected_landauWidthpars:	[0.440124,	-0.0557912,	0.00544957,	-9.39128e-05]	
		Reflected_expoCtepars:	[14.6874,	-0.896761,	0.0214977,	-0.000185728]	
		Reflected_expoSlopepars:	[-0.650584,	0.0800897,	-0.00379933,	7.91909e-05,	-6.10836e-07]	
	
#	range	of	t0s	where	the	parametrizaIon	is	valid	[~8	-	55ns],	then:																																																								
		T0_max:	55.	
	
		Reflected_funcIons:	["pol3",	"pol3",	"pol3",	"pol3",	"pol4"]	
	
#	ns	aqer	the	parametrizaIon	must	be	corrected	(lack	of	staIsIcs!)	
		T0_break_point:	42.	
}	
	

We	have	points	up	to	500	cm	in	our	
simulaIons.	We	extrapolate	up	to	750cm	

Sampling	factor.	Only	relevant	very	close	
to	the	photon	detectors:	O(10’s	of	cm)	
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Test	branch	with	LArSo:	v06_30_00	
•  All	these	modificaIons	can	be	found	and	tested	

in	a	feature	branch	called	dgg_lightprop	(you	
need	to	check	out	larana,	lardata,	lardataobj,	
larsim	and	sbndcode)	

•  First	tests:	for	the	case	of	SBND,	in	sbndcode/
JobConfiguraIons	you	can	find	two	new	fcl	files	
prodsingle_opfast_prop.me.fcl	and	
sbnd_buildop.callibrary_withrefl.fcl.		
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sbnd_buildopticallibrary_dgg.fcl, prodsingle_opfast_dgg.fcl:  

Loading	TPB	properIes	

Save	and	use	(in	case	saved)	
the	visibiliIes	for	the	
reflected	component	

Account	for	propagaIon	
Ime	

Save	a	new	analysis	tree	
with	the	informaIon	
about	the	light		
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sbnd_buildopticallibrary_dgg.fcl, prodsingle_opfast_dgg.fcl:  

Loading	TPB	properIes	

Save	and	use	(in	case	saved)	
the	visibiliIes	for	the	
reflected	component	

Account	for	propagaIon	
Ime	

Save	a	new	analysis	tree	
with	the	informaIon	
about	the	light		



First	tests		
(only	with	SBND	geometry	so	far)	
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1.  	OpIcal	library	generated	with	and	without		the	
new	branches	for	the	reflected	light																								
!	It	seems	to	work		

	
2.  Fast	opIcal	simulaIon	with	and	without	

accounIng	for	the	propagaIon	Ime	and	with	and	
without	the	reflected	light																																								
!	It	seems	to	work,	I	mean,	it	runs	and	produces	
the	output	analysis	tree,	BUT	I	found	a	bug:	
ScintByPartycleType	opIon	does	not	work	
properly,	I	get	always	(for	any	parIcle)	a	constant	
scinIllaIon	yield	of	600	(surprisingly	small!)		

Not	sure	if	bug	
related	with	my	
changes.	I	don’t	
see	why,	but	sIll	
debugging	(using	
NEST?)	



MaterialPropertyLoader	
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ConInue	in	next	slide	…	

In	the	generaIon	of	the	opIcal	libraries	we	don’t	use	the	“Simple	Boundary	
Model”	in	the	tracking	of	the	photons:	f%	diffusion	+	(1-f)%	specular	reflecIon.	
Instead	we	use	more	advanced	models	available	in	Geant4	



MaterialPropertyLoader	

12	



Summary	
•  We	are	introducing:	

i.  more	advanced	reflecIve	properIes	
ii.  a	second	component	of	light	to	the	opIcal	library	
iii.  the	ability	to	parametrize	arrival	Imes	due	to	direct	

transport	and	Rayleigh	scawering		

•  All	above	opIons	are	introduced	as	opIonal	à	can	
be	turned	off	via	.fcl	parameter	

•  Code	checked	out	into	an	available	branch	
feature/dgg_lightprop
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Back-Up	
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Mo.va.on	
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•  SBND	is	implemenIng	a	high	LY	Light	DetecIon	System	scheme		
•  PMTs	+	Bars	as	detectors	
•  Possibility	of	adding	WLS	covered	reflector	foils	

•  We	have	developed	a	detailed	
MC	simulaIon	to	determine	
the	capabiliIes	of	the	system	
and	the	effect	of	adding	foils		
using	the	LArSoq	framework	

•  For	those	studies	some	
modificaIons/addiIons	were	
needed	in	LArSoq	not	only	in	
sbndcode	(next	slides)	

Light	DetecIon	in	SBND		

•  Parts	of	the	simulaIon	were	started	by	Pawel	Kryczynski	for	
LArIAT			
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Average	number	of	photoelectrons/event/MeV	(adding	the	signal	in	
all	the	PMTs)	vs	X	posiIon	(driq	distance	to	the	photocathode	plane)		
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Direct/VUV	light	

Reflected/visible	light		

Total	light	component	

LDS	=	array	of	60	8”	PMTs	+	TPB-coated	reflector	foils	
covering	the	cathode	

ScinIllaIon	points	
generated	in	the	center	
of	the	photocathode	
plane	



Time	
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•  To	see	if	~ns	resoluIons	are	possible	
needed	to	account	for	second	order	
effects,	like	Rayleigh	scawering	~55cm	
f(λ)	

	
•  Note	high	refracIve	index	~1.5	and	
gradient	for	VUV	→	relaIvely	slow	light	

	
•  Impossible	to	reproduce	using	a	lookup	
library	(memory)	->	parametrizaIon	of	
arrival	Imes		
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A	Landau	+	Exponen.al	funcIon	describes	well	
the	arrival	Ime	distribuIons	of	the	direct/VUV	
light	at	any	distance	from	the	photocathode	
	
Parameteriza.on	ready	in	LArSo:	(next	weeks):	
	   par0 = Landau normalization  
  par1 = Landau MPV 
  par2 = Landau width 
  par3 = Expo cte 
  par4 = Expo tau 

Arrival	.me	distribu.ons	

We	have	parameterized	the	Ime	distribuIons	à	resulted	only	
from	direct	transport	+	Rayleigh	scawering	

•  In	SBND	we	have	included	the	propagaIon	Ime	in	the	fast	
opIcal	mode.		

•  And	we	have	validated	it	(the	direct	component)	also	using	the	
MicroBooNE	geometry	(next	two	slides)	

Fit	result	
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Valida.ng	direct	light	.me	parameteriza.on	
(with	uBooNE	geometry)	
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VUV: 230.317 cm from the PMT 27, N=1348 hits

The	red	lines	are	not	fits	
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VUV: 257.206 cm from the PMT 15, N=863 hits
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VUV: 319.391 cm from the PMT 13, N=523 hits
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VUV: 327.322 cm from the PMT 27, N=530 hits

The	red	lines	are	not	fits	

20	

Valida.ng	direct	light	.me	parameteriza.on	
(with	uBooNE	geometry)	



Modifica.ons	to	LArSo:	out	of	
sbndcode		

lardataobj:
Simulation/
SimPhotons.h

larana:
OpticalDetector/
SimPhotonCounter_module.cc

Track	ID	necessary	to	
merge	the	light	with	
the	TPC	informaIon	
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Modifica.ons	to	LArSo:	out	of	
sbndcode		

lardata:
DetectorInfo/
LArProperties.h, LArPropertiesStandard.{h,cxx}, 
larproperIes.fcl

ModificaIons	in	lardata	basically	to	include	and	manage	the	informaIon	of	the	WLS	

larsim:
LArG4/
MaterialPropertyLoader.{h,cxx}
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Modifica.ons	to	LArSo:	out	of	
sbndcode		

larsim:
PhotonPropagation/
PhotonLibrary.{h,cxx}, PhotonVisibilityService.h, 
PhotonVisibilityService_service.cc

ModificaIons	in	the	photon	visibility	service	to	include/save	and	
manage	the	informaIon	related	with	the	reflected/visible	light	
component	

If	true,	new	branches	
in	the	opIcal	library	
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Modifica.ons	to	LArSo:	out	of	
sbndcode		

Larsim:
LArG4/
OpFastScintillation
.{hh,cxx}

All	the	modificaIons	
needed	for	the	“correcIon”	
of	the	arrival	Ime	of	the	
photons,	both	direct	and	
reflected	components			
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