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The Three LArTPC SBN Program 

Far	Detector	
ICARUS	

MicroBooNE	

	
Detector	

Distance	from	
BNB	Target	

Ac;ve	LAr	
Mass	

SBND	 110	m	 112	ton	

MicroBooNE	 470	m	 87	ton	

ICARUS	 600	m	 476	ton	

Near	Detector	
SBND	

MiniBooNE	

Submi&ed	FNAL	PAC	January	2015																		arXiv:1503.01520	
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The SBN Collaborations (July 2016) 

Argonne National Lab, USA
Brookhaven National Lab, USA
CERN, Switzerland
Colorado State University, USA
Fermi National Lab, USA
INFN Sez. di Catania and University, Catania, Italy
INFN GSSI, L’Aquila, Italy
INFN LNGS, Assergi (AQ), Italy
INFN Sez. di Milano Bicocca, Milano, Italy
INFN Sez. di Napoli, Napoli, Italy
INFN Sez. di Padova and University, Padova, Italy
INFN Sez. di Pavia and University, Pavia, Italy
H. Niewodniczanski Inst. of Nucl. Phys., 
     Polish Academy of Science, Krakow, Poland
Institute for Nuclear Research (INR),       
Institute of Physics, University of Silesia, 
     Katowice, Poland
Inst. for Radio-Electronics, 
     Warsaw University of Technology, Warsaw, Poland
Los Alamos National Lab, USA
National Centre for Nuclear Research, Warsaw, Poland
University of Pittsburgh, USA
Russian Academy of Science, Moscow, Russia
SLAC, USA
Texas University at Arlington, USA

Argonne National Lab, USA
University of Bern, Switzerland
Brookhaven National Lab, USA
University of Cambridge, UK
University of Campinas – UNICAMP, Brazil
CERN, Switzerland
University of Chicago, USA
Columbia University, USA
Federal University of ABC – UFABC, Brazil
Federal University of Alfenas – UFAL, Brazil
Fermi National Laboratory, USA
Illinois Institute of Technology, USA
Indiana University, USA
Kansas State University, USA
Lancaster University, UK
University of Liverpool, UK
Los Alamos National Lab, USA
University of Manchester, UK
University of Michigan, USA
MIT, USA
University of Oxford, UKS
Pacific Northwest National Lab, USA
University of Pennsylvania, USA
University of Puerto Rico
University of Sheffield, UK
Syracuse University, USA
University of Texas, Arlington, USA
University College London, UK
Virginia Tech, USA
Yale University, USA

University of Bern, Switzerland
Brookhaven National Lab, USA
University of Cambridge, UK
University of Chicago, USA
University of Cincinnati, USA
Columbia University, USA
Fermi National Lab, USA
Illinois Institute of Technology, USA
Kansas State University, USA
Lancaster University, UK
Los Alamos National Lab, USA
University of Manchester, UK
MIT, USA
University of Michigan, USA
New Mexico State University, USA
Oregon State University, USA
Otterbein University, USA
University of Oxford, USA
University of Pittsburgh, USA
Pacific Northwest National Laboratory, USA
Princeton University, USA
Saint Mary’s University of Minnesota, USA
SLAC, USA
Syracuse University, USA
University of Texas at Arlington, USA
Tubitak Space Tech. Research Inst., Turkey
Virginia Tech, USA
Yale University, USA

SBN	Program	has	conDnued	
to	grow:	now	27	US	and		
26	non-US	insDtuDons	

Proposal	submi&ed	jointly	by	ICARUS-WA104,	
MicroBooNE	and	LAr1-ND	(now	SBND)	CollaboraDons	
218	authors	from	22	US	and	23	non-US	insDtuDons	
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q  Experimental	anomalies	ranging	in	significance	(2.8-3.8σ)	have	been	
reported	over	the	past	20	years	from	a	variety	of	experiments	studying	
neutrinos	at	baselines	less	than	1	km.	

q  Common	interpreta9on	is	as	evidence	for	one	or	more	addi9onal,	mostly	
“sterile”	neutrino	states	driving	oscilla9ons	at	Δm2

new	≈	1	eV2	and	a	
rela9vely	small	sin2(2θnew).	

Confirma9on	of	the	sterile	neutrino	hypothesis	would	be	a	major	discovery,	opening	
a	window	onto	a	par9cle	sector	not	accessible	through	SM	interac9ons.			

A	defini9ve	null	result	would	se^le	a	long-standing	open	ques9on	in	neutrino		
physics	with	possible	implica9ons	for	future	3-ν	oscilla9on	experiments.	

Physics Beyond the 3-ν SM? 

νµ	à	νe	appearance	

νe	disappearance	

(								)	 (								)	

(								)	



David	Schmitz,	UChicago	 The	SBN	Program	at	Fermilab		-		Neutrino	2016	 7	

Examples of 3+1 Global Fits 

Gariazzo,	Giun9,	Lavender,	Li,	Zavanin	arXiv:1507.08204	[hep-ph]	

νµ	à	νe	appearance	 νe	disappearance	 νµ	disappearance	

global	best-fit:	

P(νµàνe)	more	
than	10x	smaller	
than	for	LBL	at	θ13	

Certainly	very	
sensi9ve	

experiments	are	
needed!	

New	fits	including	IceCube		
νµ	and	νµ	disappearance	results	

G.H.	Collin	et	al.	arXiv:1607.00011	[hep-ph]	

�m2
41 (⇡ �m2

42 ⇡ �m2
43)

original	LSND	
result	s9ll	most	
significant	signal	

(�m2
41, sin

2 2✓µe) =

(1.6 eV2, 0.0014)
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q  SBN	will	apply	the	advantages	of	the	LArTPC	technology	and	
mulDple	detectors	at	different	baselines	to	the	ques9on	of	high-Δm2									

sterile	neutrino	oscilla;ons	to	defini9vely	test	currently	allowed	
oscilla9on	parameter	regions	at	≥5σ	

Science Goals of the SBN Program 

control	systema;cs	
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q  Study	ν-Argon	interac;on	physics	using	millions	of	events	from	
both	the	Booster	and	Main	Injector	neutrino	beams	at	Fermilab	

Science Goals of the SBN Program 

NuMI	
off-axis		

@	ICARUS	

DUNE:	2nd	max	 1st	max		DUNE:		2nd	max	 1st	max	

BNB	
on-axis		
@	SBND	

SB
N
D	

High	staDsDcs,	precision	measurements	of	neutrino+Ar	cross	secDons	in	the		
relevant	energy	range	will	help	reach	systemaDcs	goals	in	LBNF-DUNE	

SBND:	1.5×106	νµ	CC/year	
	 							12×103		νe	CC/year	

ICARUS:	105	NuMI	off-axis	events/year	
	 	 	many	at	the	DUNE	1st	osc.	max	

lo
g	
sc
al
e	

lin
ea
r	s
ca
le
	

See	Ma&	Toups’	talk	for	
MicroBooNE	details	and	status	



10	

q  Study	ν-Argon	interac;on	physics	using	millions	of	events	from	
both	the	Booster	and	Main	Injector	neutrino	beams	at	Fermilab	

Science Goals of the SBN Program 

DUNE:		2nd	max	 1st	max	

BNB	
on-axis		
@	SBND	

SB
N
D	

SBND:	1.5×106	νµ	CC/year	
	 							12×103		νe	CC/year	

SBND	records	a	MicroBooNE	three-year	dataset	in	~2	months!	
High	event	rate	allows	study	of	even	rare	interacDon	channels		

few	examples…				

GENIE	MC	
(truth-level	kinema9cs)	

strange	produc9on	

neutrino-electron	
sca^ering	

coherent	sca^ering	

David	Schmitz,	UChicago	 The	SBN	Program	at	Fermilab		-		Neutrino	2016	
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q  Correla9ons	between	detectors	(same	beam	and	
detec9on	technique)	allow	for	cancela9ons	in	
systema9c	uncertain9es	on	backgrounds	

q  Analysis	u9lizes	available	advanced	simula9on	
tools	to	quan9fy	the	correla9ons	

•  GEANT4	simula9on	of	Booster	Neutrino	Beam	fluxes	based	
on	dedicated	hadron	produc9on	data	[Phys.	Rev.	D79,	072002	(2009)]	

•  GENIE	neutrino	event	generator	

SBN Oscillation Sensitivity Analysis 

3	Detector	νe	Backgrounds	Correla9on	Matrix	
(flux	and	cross	sec9on	systema9cs)	

Event	rates	strongly	
correlated,	as	expected.	

Similar	for	νµ
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Cosmogenic Backgrounds 

Detector	 Neutrino	interac;on	
every	N	spills	

Cosmic	muon	in	beam	
spill	;me	every	N	spills		

SBND	 25	 300	
MicroBooNE	 800	 200	
ICARUS-T300	 500	 100	

q  The	challenge	at	the	surface:	1000x	longer	
charge	drin	9me	than	the	beam	spill	9me!	

1.6	µs	beam	spill	

1-2	ms	drin	9me	
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q  3m	of	concrete	overburden	à	Near	
100%	reduc9on	of	primaries	other	than	
muons	with	only	few	percent	increase	in	
secondaries.	

q  This	leaves	photons	generated	near	the	
TPC	by	cosmic	µ	as	the	main	cosmogenic	
background	for	νe	appearance	search	

q Mul9-step	mi9ga9on	strategy:	
•  External	cosmic	ray	tracker	systems	to	tag		

cosmic	muons	near	the	detectors	
•  Internal	photon	detec9on	systems	with	good	

9me	and	spa9al	resolu9on	for	1-to-1	matching		
of	scin9lla9on	and	ioniza9on	signals	in	the	
detectors		

•  Further	rejec9on	possible	with	sufficient	
scin9lla9on	9me	resolu9on	by	exploi9ng	
bunched	structure	of	the	Booster	proton						
beam	(2	ns	bunches	every	19	ns)		

Mitigation of Cosmogenic Backgrounds 

T600	

19	ns	

FWHM	2	ns	

Cosmic	Ray	Tracker	

SHIELDING	BLOCKS	

SHIELDING	BLOCKS	

Cosmic	Ray	Tracker	

SBND	

µ

µ
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SBN νµ à νe Oscillation Sensitivity 

5σ

SBND	



q Oscilla9on	formulas	in	a	simple	3+1	model:	

q νe	appearance	cannot	occur	in	SBN	without	νµ	disappearance	
•  Cri9cal	aspect	of	SBN	that	is	ONLY	enabled	with	mul9ple	detectors	

q Non-zero	Ue4	also	implies	some	amount	of	νe	disappearance	
and	the	BNB	is	not	a	pure	beam	
•  Again,	νµ	disappearance	an	important	handle	

•  Direct	νe	disappearance	searches	being	pursued	using	reactors	and	radioac9ve	
sources	provide	valuable	complementary	input	to	the	sterile	neutrino	puzzle		

David	Schmitz,	UChicago	 The	SBN	Program	at	Fermilab		-		Neutrino	2016	 15	

Importance of νµ Disappearance at SBN 

sin2 2✓µe ⌘ 4|Uµ4|2|Ue4|2 sin2 2✓µµ ⌘ 4|Uµ4|2(1� |Uµ4|2)

sin2 2✓ee ⌘ 4|Ue4|2(1� |Ue4|2)
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SBN νµ à νx Oscillation Sensitivity 

5σ

SBND	

Near	Det	

Far	Det	

Near	Det	

Far	Det	
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Far Detector Building Construction 

Broke	ground	on	the	Far	Detector						
building	in	July	2015	

Ready	for	installa9on	end	of	2016	

Sept		2015	

June		2016	

June		2016	



David	Schmitz,	UChicago	 The	SBN	Program	at	Fermilab		-		Neutrino	2016	 19	

Near Detector Building Construction 

Broke	ground	on	the	Near	Detector						
building		in	early	2016	

Also	completed	end	2016/early	2017	

exis9ng	cables	carrying	
accelerator	signals	to	
downstream	detectors	

April		2016	

June		2016	

June		2016	
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q  ICARUS	is	the	largest	exis9ng	
LArTPC	in	the	world	

•  Completed	a	successful	three-year	
physics	run	in	CNGS	neutrino	beam	at	
Gran	Sasso	Laboratory	2010-2012	

•  Currently	at	CERN	being	overhauled	and	
prepared	for	transport	to	Fermilab	

The SBN Far Detector – The ICARUS-T600 
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ICARUS Refurbishment Activities 
q  ICARUS	overhaul	is	to	update	technology	and	prepare	for	surface	opera9on	at	FNAL	

•  New	thermal	insula9on	and	cold	vessel	construc9on	

•  Maintenance	and	par9al	replacement	of	cryogenic	and	purifica9on	systems	
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q  ICARUS	overhaul	is	to	update	technology	and	prepare	for	surface	opera9on	at	FNAL	

•  Improved	planarity	of	TPC	cathode			

•  Enlarged	PMT	system	with	improved	electronics	for	surface	opera9on	

ICARUS Refurbishment Activities 

Fla&ened	cathode	will	
improve	event	imaging	
and	reconstrucDon,	e.g.	
for	measuring	track	

momentum	by	mulDple	
coulomb	sca&ering	

Z axis (beam direction) 

360	8”	PMTs	(90	per	chamber)	
coated	with	TPB	wave-length	shieer	
~9	p.e./MeV	at	cathode	

New	shields	to	prevent	
inducDon	of	PMT	
signals	on	the	TPC	wires	

Neutrino	2016	Poster:	“TPB	Thickness	and	Quantum	Efficiency	Measurements	for	
the	NEW	ICARUS	T600	Light	DetecDon	System	in	the	SBN	Project”	by	Maura	Spanu	

Neutrino	2016	Poster:	“Performance	Study	of	the	New	Light	
DetecDon	System	for	the	ICARUS	T600	Detector”	by	Andrea	Falcone	
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q  ICARUS	overhaul	is	to	update	technology	and	prepare	for	surface	opera9on	at	FNAL	

•  Updated	TPC	electronics	

ICARUS Refurbishment Activities 

From	595	to		
10	liters!	

•  No	need	to	change	basic	architecture,	but	
only	adopt	more	modern	components	to	
improve	performance	

•  Both	analogue	and	digital	electronics	
directly	on	the	flanges		

•  Ongoing	tests	at	LArTPC	faciliDes	at	CERN	
and	INFN-LNL,	significant	improvement	on	
the	InducDon	wire	planes	is	obtained	

18
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	1
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m
m
/µ
s	

128	collec9on	wires	(325	mm)	 128	induc9on	wires	(325	mm)	

ICARUS	at	Gran	Sasso	
ICARUS	at	FNAL	
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q  SBND	will	be	a	new	LArTPC	

•  Build	upon	experience	and	apply	
lessons	learned	from	MicroBooNE	
and	other	detectors	at	FNAL	and	
elsewhere	

•  Common	design	elements	to	
ICARUS	and	the	DUNE	single	phase	
far	detector	and	protoDUNE-SP	

The Short-Baseline Near Detector (SBND) 

SBND	cryostat	
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q Modular	TPC	construc9on	as	in	DUNE-SP	

SBND: Detector Design Elements 

Field	Cage:	roll-formed	
metal	profiles	installed	in	panels	
(16).		Some	are	removable	for	
detector	access.		Similar	to	
protoDUNE-SP	design.	

Anode	Plane	Assemblies:	4.1	x	2.5	m	wire	
plane	frames	(4)	Dled	to	create	two	drie	regions	

HV	&	Cathode:	SS	tubing	frames	with	mesh	panels	
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q  SBND	will	have	unprecedented	scin9lla9on	photon	yield	in	a	
neutrino	LArTPC	

SBND: Detector Design Elements 

Primary	scinDllaDon	detecDon	system	uses	144	TPB	
coated	8”	PMTs,	same	model	as	in	ICARUS	
~15	p.e./MeV	at	cathode	

ScinDllaDon	detecDon	R&D	being	
pursued	with	acrylic	light-guides	&	
SiPM	based	readout	system	(DUNE)	

InvesDgaDng	possible	further	enhancement	with	reflecDve	foils	coated	in	
wave-length	shieer	installed	on	the	cathode	plane.		Simula>ons	indicate	
much	improved	uniformity	of	collec>on	efficiency	across	the	driF	volume.	

SBND	an	excellent	plaworm		
for	R&D	possibili9es	as	well	

Neutrino	2016	Poster:	"Light	DetecDon	System	
SimulaDons	for	SBND”	by	Diego	Garcia-Gamez	
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q  Front-end	electronics	with	cold	ADC	and	mul9-plexing	
•  11k	channels	à	4	feed-throughs		(MicroBooNE	=	8.2k	à	11	feed-throughs)	

•  Co-development	with	protoDUNE	

q  Readout,	DAQ	and	triggering	development	

q  Nearly	4π	coverage	bi-layered	external	cosmic	ray	tracker	system		
	

SBND: Detector Design Elements 

SBND	CRT	@	BERN	
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SBND: TPC Construction Has Begun 

Wire	plane	frames	in	produc9on	

HV	feed-through	prototype	 Cathode	plane	mesh	prototype	

Wiring	procedures	prototyping	

Neutrino	2016	Poster:	"SBND:	Status	of	the	Fermilab	
Short-Baseline	Near	Detector"	by	Nicola	McConkey	
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q  Three	interna9onal	collabora9ons	have	come	together	to	form	
the	SBN	Program	at	Fermilab	to:	
•  Explore	the	anomalous	hints	of	new	physics	in	the	neutrino	sector	with	

coverage	of	the	LSND	allowed	oscilla9on	parameters	in	neutrinos	at	>5σ		

•  Study	ν-Ar	interac9ons	with	high	precision	in	an	important	energy	range	
•  Further	develop	the	LArTPC	technology	and	help	build	exper9se	of	the	global	

neutrino	physics	community	working	toward	DUNE	

q  SBN	program	has	made	significant	progress	in	2015-2016	
•  MicroBooNE	is	opera9ng	now	with	high	intensity	beam	

•  Civil	construc9on	at	Fermilab	well	along	at	both	new	sites	
•  ICARUS-T600	refurbishment	progressing	well;	on	schedule	for	delivery	in	2017	

•  SBND	TPC	is	in	final	design	phase,	construc9on	of	components	has	begun;	
assembly	in	2017;	installa9on	in	2018	

Well	on	our	way	to	an	exci;ng	SBN	physics	program!			

The SBN Program @ Fermilab: Summary 
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•  MONDAY	
•  P1.024:	“Electron	Diffusion	Measurements	in	the	ICARUS	T600	Detector”	by	Marta	Tor9,	Pavia	
•  P1.085:	“TPB	Thickness	and	QE	Measurements	for	the	New	ICARUS-T600	Light	Det.	System	in	the	SBN	Project”	by	Maura	Spanu,	Pavia	
•  P1.086:	“Performance	Study	of	the	New	Light	DetecDon	System	for	the	ICARUS	T600	Detector”	by	Andrea	Falcone,	UT	Arlington	
•  P1.087:	“Signal	Processing	in	the	MicroBooNE	LAr	TPC”	by	Craig	Thorn,	BNL	
•  P1.088:	"Light	DetecDon	System	SimulaDons	for	SBND”	by	Diego	Garcia-Gamez,	Manchester	
•  TUESDAY	
•  P2.054:	“MeV	Sterile	Neutrino	Decays	at	the	Fermilab	SBN	Complex”	by	Mark	Ross-Lonergan,	Durham	
•  P2.076:	“The	Fermilab	Short-Baseline	Neutrino	Program”	by	David	Schmitz,	Chicago	
•  P2.077:	“Model	UncertainDes	at	MicroBooNE”	by	Marco	Del	Tu^o,	Oxford	
•  P2.078:	“Measurements	of	Muon	Neutrino	Charged-Current	InteracDons	by	the	MicroBooNE	Experiment”	by	Adam	Lister,	Lancaster	
•  P2.079:	“Vertex	ReconstrucDon	Algorithm	Development	for	the	MicroBooNE	Single	Photon	Event	Search”	by	Robert	Murrells,	Manchester	
•  P2.080:	“The	Pandora	MulD-Algorithm	Approach	to	Automated	Pa&ern	RecogniDon	in	LAr	TPC	Detectors”	by	John	Marshall,	Cambridge	
•  P2.086:	"SBND:	Status	of	the	Fermilab	Short-Baseline	Near	Detector"	by	Nicola	McConkey,	Sheffield	
•  WEDNESDAY	
•  P3.068:	“Michel	Electron	ReconstrucDon	with	the	MicroBooNE	LArTPC”	by	David	Caratelli,	Columbia	
•  P3.069:	“Analyzing	LArTPC	Images	with	Deep	Learning”	by	Kazu	Terao,	Columbia	
•  P3.070:	“The	ReconstrucDon	of	Neutral	Pions	in	MicroBooNE”	by	Ariana	Hackenburg,	Yale	
•  P3.071:	“Physics	Program	of	the	Short-Baseline	Near	Detector	(SBND)”	by	Dominic	Brailsford,	Lancaster	
•  P3.075:	“Novel	Sterile	Neutrino	OscillaDon	Search	UDlizing	a	Stopped	Kaon	Source	and	the	SBN	Program”	by	Joseph	Zennamo,	Chicago	

Thank You! 

SBN	related	Posters	
at	Neutrino	2016!	

+ + =
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Extras 
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q MicroBooNE:	
•  Running	now	with	excellent	beam	rates!	

q  ICARUS:	
•  Overhauling	of	ICARUS	modules	completed	and	ready	for	transport	in	early	2017		
•  Installa9on	on	the	beamline	at	Fermilab	in	2017	
•  Commissioning	and	opera9ons	in	2018	

q  SBND:	
•  Finalizing	SBND	detector	system	designs	now.		Produc9on	of	first	components	

started	in	2016	and	is	ongoing.		
•  TPC	assembly	at	Fermilab	to	begin	in	2017,	install	into	cryostat	2018	
•  Begin	commissioning	late	2018,	opera9ons	in	2019	

q  Physics:	
•  Sensi9vi9es	all	based	on	6.6e20	POT	in	the	BNB	(nominal	three	years	running),	

limited	naturally	by	exposure	in	the	far	detectors	
•  SBND	records	the	MicroBooNE	three-year	data	set	in	~2	months	
	

SBN Program Timeline 
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q  At	the	January	2014	mee9ng	of	the	Fermilab	Physics	Advisory	Commi^ee	(PAC),	
two	new	proposals	were	put	forward:	

•  P-1052:	ICARUS@FNAL:		Exis9ng	ICARUS-T600	LArTPC	plus	a	near	detector	in	the	
Fermilab	Booster	Neutrino	Beam	(BNB)	

•  P-1053:	LAr1-ND:		Near	detector	to	MicroBooNE	to	be	followed	by	1kton	scale	far	
detector	in	the	future,	“LAr1”.	

q  “The	PAC	encourages	the	[groups]	to	work	together	to	formulate	a	common		
Short-Baseline	Neutrino	Experimental	program	for	FNAL”	

SBN Program, A Brief History 

h^p://arxiv.org/abs/1503.01520		

Submi&ed	jointly	by	ICARUS-WA104,	MicroBooNE	and	LAr1-ND	(now	SBND)	CollaboraDons	

218	authors	from	22	US	and	23	non-US	insDtuDons	

Submi^ed	to	the	PAC	in	January	2015	
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1.  Directly	follow-up	on	the	MiniBooNE	neutrino	anomaly	by	u9lizing	
the	LArTPC	technology	to	determine	the	composi9on	of	the	
observed	excess	as	electrons	or	photons	

2.  Apply	the	advantages	of	the	LArTPC	technology	and	mulDple	
detectors	at	different	baselines	to	the	ques9on	of	high-Δm2	sterile	
neutrino	oscilla;ons	and	defini9vely	test	currently	allowed	
oscilla9on	parameter	regions	at	≥5σ		

•  Add	a	near	detector	to	measure	the	unoscillated	(flux	×	cross	secDon)	and	reduce	
significantly	the	systemaDc	uncertainDes	in	oscillaDon	searches		

•  Increase	the	fiducial	mass	at	the	far	site	to	reduce	staDsDcal	uncertainDes	on	a	
potenDal	signal	

3.  Study	ν-Argon	interac;on	physics	using	millions	of	events	from	
both	the	Booster	and	Main	Injector	neutrino	beams	at	Fermilab	

4.  Further	develop	the	LArTPC	technology	toward	the	aim	of	applying	
it	at	very	large	scales	for	long-baseline	physics	in	DUNE	

Science Goals of the SBN Program 
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q  Neutrino+Ar	à	final	state	charged	par9cles	

q  Propaga9ng	charged	par9cles	ionize	the	argon	

q  Electric	field	drins	free	electrons	few	meters	to	wire	chamber	planes	(~1.6	mm/µs	at	500	V/cm)	

q  Induc9on/Collec9on	planes	image	charge,	record	dE/dx	

q  Argon	purity	of	prime	importance	to	avoid	signal	a^enua9on	

Liquid Argon TPCs: Operating Principle 

Neutrino	interac9on	in	the	ArgoNeuT	LArTPC	at	Fermilab	

wire	
9m

e	

wire	

9m
e	

9me	

so	drin	9me	is	
1-2	milliseconds	
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Liquid Argon TPC 
Around		
100	kV	

Liquid		
Argon	
Time	
Projec9on	
Chamber	
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Electron/Gamma ID in LArTPCs 

2	mip	

1	mip	

1	mip	

2	mip	
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q  Recall	a	primary	physics	goal	of	MicroBooNE	is	to	directly	follow-up	
on	the	MiniBooNE	neutrino	anomaly	by	u9lizing	the	LArTPC	
technology	(fully	ac9ve	calorimeter)	to	determine	the	composi9on	
of	the	observed	excess	as	electrons	or	photons	

Science Goals of the SBN Program 

e	

γ LArTPC	

MiniBooNE	(Cherenkov	Detector)	

3.4σ

2.8σ

e/γ

e,	γ γ γ
See	talk	by	Ma&	Toups	



TPB	absorp9on	

LAr	
emission	
128	nm	

TPB	emission	

Transmission	of	glass	

Photocathode	efficiencies	
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q  Ionized	LAr	creates	large	amounts	of	scin9lla9on	light	as	well	
•  ~40k	photons/MeV	at	0	electric	field		

q Valuable	for	fast-9ming	informa9on	

q  The	problem	is	that	the	light	is	at	128	nm	(VUV)	
•  Shin	the	light	from	UV	to	Visible,	typically	using	Tetraphenyl	Butadiene	(TPB)		

Scintillation Light in LArTPCs 
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Backgrounds & Oscillation Signals in SBN 
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q  “Dirt”	backgrounds	
•  Beam-induced	backgrounds	that	sneak	into	the	

ac;ve	volume	from	outside	

Other Beam Related Backgrounds 
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Mitigation of Cosmogenic Backgrounds 
	External	CR	trackers		
idenDfy	potenDally	
contaminated	beam	
spills	(1.6µs	window)	

	ID	~95%	of	cosmic	µ,	reject	
few	%	of	beam	triggers	

Off-beam	triggers	can	be	
used	to	measure	the	
cosmic	background	to	

high	precision		
so	small	systemaDc	

uncertainDes	-	all	about	
staDsDcs	
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Description of Plots on Following Pages 

Plots	on	following	three	
slides	indicate	the	sensiDvity	
contour	that	touches	the	lee	
side	of	the	99%	CL	allowed	
region	for	the	original	LSND	
data	as	a	funcDon	of	Δm2

41.			
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Impact of Three Detectors 

Full	SBN	Program	
SBND	+	T600	
SBND	+	MicroBooNE	
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Impact of Cosmics 

Full	SBN	Program	
SBND	+	T600	
SBND	+	MicroBooNE	
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Impact of Additional Beam Statistics 
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q Membrane	cryostat	(35ton,	WA105,	protoDUNEs,	DUNE)	

SBND: Detector Design Elements 

“mobile”	
cryostat	lid	plate	

“fixed”	
cryostat	
lid	plate	

Outer	mechanical	
support.		Membrane	
cryostat	built	inside.	

TPC	hangs	
from	

cryostat	lid	

WA105	
@	CERN	
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q  UV	calibra9on	laser	system	
•  4	UV	lasers	similar	to	type	deployed	in	

MicroBooNE	

•  ~100%	coverage	of	TPC	volumes	using	
corner	ports	and	steerable	mirrors	
(prototype	ongoing)	

SBND: Detector Design Elements 

Straight	tracks	in	the	
TPC	enable	field	

mapping	and	purity	
measurements	



David	Schmitz,	UChicago	 The	SBN	Program	at	Fermilab		-		Neutrino	2016	 50	

SBND Photon Detection 
With	PMTs	only	and	
a	70%	transparent	

cathode	

With	PMTs	and	cathode	
covered	with	TPB	coated	

reflector	foils	

same	TPC	as	energy	deposit	
other	TPC	

direct	VUV	to	PMTs	
reflected	Visible	photons	to	PMTs	
total	

Neutrino	2016	Poster:	"Light	DetecDon	System	
SimulaDons	for	SBND”	by	Diego	Garcia-Gamez	
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The Booster Neutrino Beam 
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q  Far	detector	sta9s9cs	are	key	to	νe	
appearance	sensi9vity		
•  (Detector	mass)		x		(Neutrino	flux)		x		(Time)	

q  Possible	BNB	upgrade	paths:	
1.  Increase	focusing	efficiency	of	target/horn	

system	
•  Op9mize	horn	length,	inner	conductor,		
and	current	

2.  Increase	rate	at	which	horn	system	is	
capable	of	running	

•  Booster	can	operate	at	15	Hz,	exis9ng	horn	
at	5	Hz	(limited	by	mechanical	integrity	and	
power	supply)	

q  Detailed	study	carried	out	by	design	
team	at	FNAL;	conclusion:	gains	up	to	
~1.8×	in	event	rate	possible	with	
longer	horn	design	and	upgraded	
power	supply		

Booster Neutrino Beam Improvements 

νµ

νµ

νµan9neutrino	
mode	running	
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Liquid Scintillator Neutrino Detector (LSND) 
blue	histogram	
is	oscilla9on	

best	fit	to	excess	
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MiniBooNE (2003-2014) 
q  MiniBooNE	was	a	Cherenkov	detector	

q  Single	electron	indis9nguishable	from	
single	gamma	

q  800	ton	liquid	scin9llator	detector	

q  540	m	from	the	beam	target		
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q  Many	global	analyses	that	
incorporate	the	posi9ve	
and	null	results	available	
•  Kopp	et	al.	
•  Conrad	et	al.	
•  Giun9	et	al.	
•  others	

q  Posi9ve	signals	in												
νµ	à	νe	appearance					and	νe	disappearance	(neutrinos	and	
an9neutrinos)	

q  No	evidence	for	νµ	disappearance	

q  To	defini9vely	confirm	or	
refute	this	1	eV	sterile	
neutrino	interpreta9on	is	
the	primary	physics	goal	
of	the	SBN	Program	

Where to Look: Possible Sterile Neutrino Parameters 
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q  SBND	design	based	on	technologies/solu9ons	similar	to	those	
planned	for	DUNE	

SBND ⟺ DUNE 

x150	

x4	Development	of	
photon	detecDon	
technologies			
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US Particle Physics Prioritization Report 

P5	Report,	May	2014	


