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q  Introduc(on	to	the	SBN	physics	program	
•  Mo#va#ons	and	scien#fic	capabili#es	of	the	three	detector	program	

q On-going	analysis	efforts	and	SBN	coordina(on	
•  Analysis	efforts:	surface	opera#on	and	cosmic	background	mi#ga#on	
•  So>ware	development:	requirements	for	a	common	LAr	so>ware	environment	
•  Technical	coordina#on:	electronics,	DAQ,	cosmic	ray	taggers,	photon	detectors			

q  Technical	progress	of	the	SBN	experimental	program	
•  MicroBooNE	progress	(SBN	phase-I	now	opera#onal!)	
•  Near	detector	(SBND)	progress	
•  Far	detector	(ICARUS)	progress	
•  Infrastructure	at	Fermilab	

•  Beam	improvements	

q  SBN-DUNE	coordina(on	and	synergies	

Outline: SBN Progress and Status 
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The SBN Physics Program 
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q  In	principle,	oscilla(ons	can	provide	a	
window	into	par(cle	sectors	not	
accessible	through	SM	interac(ons	
•  i.e.	no	strong,	EM,	or	weak	interac#ons	

•  e.g.	‘sterile’	neutrinos	
q  Turns	out	anomalies	are	present	in	

some	exis(ng	data	
•  While	each	of	the	measurements	alone	lack	the	

significance	to	claim	a	discovery,	together	they	
could	be	hin#ng	at	important	new	physics	

q  The	SBN	program	will	contribute	
directly	to	this	ques(on	either	by	
making	a	significant	discovery	or	by	
ruling	out	oscilla(ons	in	a	range	hinted	
at	by	previous	results		

Physics Beyond the 3-ν SM? 

Very	sensi(ve	experiments	
are	needed.		Factor	10	

smaller	νµ	à	νe	oscilla(on	
probabili(es	than	for	θ13!	

anomalies	
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Existing SBL (high-Δm2) Anomalies (Accelerators) 

LSND	

3.8σ

MiniBooNE	

3.4σ
Are	these	results	evidence	of	
new	physics	or	caused	by	

challenging	SM	backgrounds?	
Could	be	important	either	way.	

blue	is	an	
oscilla,on	
best	fit	

2.8σ

Unexplained	results	also	from	
reactors	and	radioac,ve	sources	
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q  Many	global	analyses	that	
incorporate	the	posi(ve	
and	null	results	available	
•  Kopp	et	al.	
•  Conrad	et	al.	
•  Giun#	et	al.	
•  others	

q  Posi(ve	signals	in	νµ	à	νe	
(and	an(neutrino)	and					
νe	disappearance	(and	
an(neutrino)	

q  No	evidence	for	νµ	
disappearance		

Where to Look: Possible Sterile Neutrino Parameters 

Recall	the	standard	ac(ve	neutrino	mass	
spliangs	are	down	here	at	10-3	and	10-5	eV2	

…	
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q Directly	follow-up	on	the	MiniBooNE	neutrino	anomaly	by	
u(lizing	the	LArTPC	technology	to	determine	the	composi(on	
of	the	observed	excess	as	electrons	or	photons	(Phase	I)	

q Apply	the	advantages	of	the	LArTPC	technology	and	mul#ple	
detectors	at	different	baselines	to	the	ques(on	of	high-Δm2	

sterile	neutrino	oscilla,ons,	tes(ng	current	allowed	oscilla(on	
parameters	at	≥5σ	(Phase	II)	

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

q  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  At	the	January	2014	mee(ng	of	the	Fermilab	Physics	Advisory	
Commigee	(PAC),	two	new	proposals	were	put	forward:	

q  P-1052:	ICARUS@FANL	
•  Proposal	to	relocate	the	exis#ng	ICARUS-T600	LArTPC	detector	to	the	BNB	and	to	

construct	a	new	one-fourth	scale	detector	based	on	the	same	design	to	serve	as	a	
near	detector	for	oscilla#on	searches	

q  P-1053:	LAr1-ND	
•  Realizing	the	physics	program	enabled	in	a	first	phase	with	a	near	detector	in	

combina#on	with	MicroBooNE,	LAr1-ND	was	proposed	as	the	next	phase	in	the	
BNB	program	(to	possibly	be	followed	by	1kton	scale	far	detector	later,	LAr1).	

q  Soon	ajer,	proponents	of	the	LAr1-ND	and	ICARUS	proposals,	
members	of	the	MicroBooNE	collabora(on,	as	well	as	
representa(ves	from	Fermilab,	INFN,	and	CERN	started	working	
together	to	develop	a	plan	for	a	coherent	SBN	physics	program	

SBN Program, A Brief History 

“The	PAC	encourages	the	[groups]	to	formulate	a	common		
Short-Baseline	Neutrino	Experimental	program	for	FNAL.”	
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2014 P5 Recommendations 

P5	Report,	May	2014	
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The SBN Proposal 
q Returned	to	the	PAC	in	January	2015	with	a	scien(fic	proposal	

and	conceptual	design	report	for	the	program:	

Part	I:			SBN	Physics	Program	
Part	II:		Near	Detector	Conceptual	Design	
Part	III:	T600	Design	and	Refurbishing	
Part	IV:	Infrastructure	and	Civil	Construc(on	
Part	V:		Booster	Neutrino	Beam	
Part	VI:	Coordina(on	and	Schedule			

218	authors	from		
22	US	and	23	non-US	

ins(tu(ons	

Collabora(ons	have	all	
con(nued	to	grow	
through	2015	

Submiged	jointly	by	ICARUS,	MicroBooNE	and	SBND	(LAr1-ND)	
hgp://arxiv.org/abs/1503.01520		
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The Three-Detector 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	
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Sample 3+1 Oscillation Signals in SBN 
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q  For	sensi(vity	calcula(ons,	event	samples	
were	generated	in	all	three	detectors	using	
common	simula(on	tools,	and…	

q  Datasets	analyzed	simultaneously	in	a	
common	framework	in	order	to	properly	
account	for	correla(ons	(the	key	to	
systema(c	uncertainty	cancela(ons)	

q  Advanced	simula(on	tools	were	used:	

•  Applied	the	full	G4	simula#on	of	BNB	neutrino	fluxes	
developed	over	~10	years	by	MiniBooNE	and	based	on	
dedicated	hadron	produc#on	data	from	HARP	

- Phys.	Rev.	D79,	072002	(2009)		
•  Used	a	standard	neutrino	interac#on	event	generator	

(GENIE)	that	many	experiments	have	used	to	analyze	
and	publish	data	(MINERvA,	T2K,	etc.)		

- Nucl.Instrum.Meth.	A614	(2010)	87-104	

SBN Oscillation Sensitivity Analysis 
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q  Systema(cs	u(li(es	within	G4	flux	simula(on	
and	GENIE	used	to	quan(fy	the	correla(ons	
between	data	samples	

Flux and Cross Section Systematics 

Similar	matrix	for	neutrino	interac(on	systema(cs	
Similar	matrices	for	νµ		
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Cosmogenic Backgrounds 

	External	cosmic	ray	
tagger	(CRT)	systems		
can	be	employed	to	
iden#fy	contaminated	

beam	spills	

Off-beam	triggers	can	
be	used	to	measure	
cosmic	backgrounds	
to	high	precision		

so	small	systema#c	
uncertain#es	-	all	
about	sta#s#cs	
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SBN νµ à νe Oscillation Sensitivity 
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SBN νµ Disappearance Oscillation Sensitivity 

J.	Zennamo	
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q SBN	detectors	will	collect	huge	data	sets	on	
argon	from	the	BNB	on-axis	and	the	NuMI	
off-axis	fluxes	
•  SBND	will	record	~1.5M	neutrino	interac#ons	(7,000	νe)	

in	the	fiducial	volume	per	2.2e20	POT	(~year	running)	

•  Large	complementary	samples	in	T600	and	
MicroBooNE	(already	started!)	

•  Order	100k	NuMI	off-axis	events	in	the	T600	per	year	

q Precision	studies	of	neutrino-argon	
interac(on	physics	
•  Even	rare	channels	like	coherent	scafering,	strange	

produc#on,	ν-e	elas#c	scafering,	etc.	

q Large	data	sets	will	push	development	of	
LAr	reconstruc(on	and	analysis	techniques,	
having	direct	impact	for	long-baseline	
physics	using	LAr	in	the	future	

Neutrino Cross Sections, Analysis Dev. 

DUNE	2nd	max	 1st	max	

DUNE	2nd	max	 1st	max	

BNB	
on-axis	@	
SBND	

NuMI	
off-axis	@	
ICARUS	
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Continuing  
Analysis Efforts and  
SBN Coordination 
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q  Program	benefited	enormously	by	a	
dedicated	SBN	Program	Office	
within	Neutrino	Division	at	Fermilab	
•  Coordinator:	Peter	Wilson	

•  Deputy	Coordinator:	Cat	James	

•  Program	mechanical	and																																																																																																
electrical	engineers	

•  Program-wide	project	controls																																																																																																												
for	cost	and	schedule	

q  Program	managed	as	a	combina(on	
of	in-kind	contribu(ons	and	Fermilab	
managed	DOE	funded	deliverables		
•  Major	infrastructure	contribu#ons	by	FNAL			

(civil	design	and	construc#on,	electrical	design,	
detector	installa#ons,	etc.)	and	CERN/FNAL	
(cryostats	and	cryogenics)	

q  Also	assist	coordina(on	between	
collabora(ons,	plan	reviews,	etc.	

SBN Program Coordination 

hgp://sbn.fnal.gov/		
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q  Development	of	the	SBN	physics	proposal	was	spearheaded	by	a	five	
member	Task	Force	represen(ng	FNAL,	CERN,	and	the	three	
collabora(ons	as	well	as	a	set	of	Working	Groups	with	co-conveners	
and	members	drawn	from	each	of	the	collabora(ons	
•  4	WGs:	flux	and	systema#cs,	cosmics,	cryogenic	infrastructure,	civil	construc#on	

q  Following	the	proposal,	SBN	Execu(ve	Board	consis(ng	of	
collabora(on	spokespersons	and	SBN	Program	Coordinator	formed	
to	facilitate	con(nued	communica(on	

q With	Stage	1	approval	granted	ajer	the	January	2015	PAC,	focus	of	
collabora(ons	has	been	on	detector	design,	construc(on,	and	
opera(on	-	Excellent	technical	progress	in	2015!	

q  Analysis	and	sojware	development	has	con(nued	in	parallel	with	
both	short-	and	long-term	aims	
•  Emphasis	tends	to	be	where	input	is	needed	for	detector	or	program	design…	e.g.à	

Since January 2015 
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Mitigation of Cosmogenic Backgrounds 
q  The	problem:	1000x	longer	charge	

drij	(me	than	the	beam	spill	(me!	
1.6	µs	beam	spill	vs.	1-2	ms	TPC	dri>	#me	

MicroBooNE	cosmic	data	
with	3D	reconstruc(on!		
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q Both	the	near	and	far	detector	buildings	have	been	designed	to	
accommodate	up	to	3m	of	concrete	shielding	directly	above	
the	detectors	

q Overburden	provides	significant	rejec(on	power	for	many						
νe-like	backgrounds	induced	by	cosmic	rays	other	than	muons	
•  Near	100%	reduc#on	of	primary	protons,	neutrons,	pions,	and	gammas	that	

enter		the	TPCs	without	OB	

•  Modest	increase	in	secondaries	generated	in	OB	(e.g.	1%	increase	in	secondary	
protons	and	7%	increase	in	secondary	neutrons	with	3m	concrete	OB	according	
to	a	recent	SBND	simula#on	study)	

q  This	leaves	photons	generated	by	cosmic	muons	near	or	inside	
the	detector	as	the	primary	source	of	cosmogenic	backgrounds	
in	the	νe	analysis	

Mitigation of Cosmogenic Backgrounds 
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q  Significant	analysis	effort	has	con(nued	by	the	collabora(ons	
•  What	is	the	op#mal	configura#on	of	the	CRT	systems	for	tagging	the	most	

problema#c	muons?	

•  What	are	the	requirements	on	spa#al	and	#me	resolu#ons,	number	of	layers?	

•  What	is	the	level	of	inadvertent	vetoing	of	FV	neutrino	interac#ons?	

Cosmic Ray Tagger Design 

T600	 SBND	
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SBN Cosmogenic Task Force 

Joint	Task	Force	charged	with	assimila#ng	available	informa#on	and	performing	any	new	
analysis	needed	to	address	specific	ques#ons	related	to	overburden	and	CRT	systems	

including:	OB	thickness,	CRT	design	and	performance	requirements,	iden#fica#on	of	areas	
where	common	technical	solu#ons	could	be	used	for	mul#ple	detectors.	

…	
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q  LArSoj	provides	a	common	sojware	infrastructure	for	the	
sharing	of	reconstruc(on	and	simula(on	codes	used	by	
different	liquid	argon	TPC	experiments		
•  MicroBooNE,	SBND,	DUNE,	ArgoNeuT,	LArIAT,	etc.	users	of	LArSo>	framework	
•  ICARUS,	of	course,	developed	their	own	analysis	so>ware	for	their	Gran	Sasso	

physics	run	before	start	of	the	LArSo>	project	

•  ICARUS	reconstruc#on	workshop	held	at	CERN	in	July	included	LArSo>	experts	
from	Fermilab	and	reconstruc#on	developers	from	MicroBooNE	

q  Steering	Group	of	experiment	spokespeople	formed	over	the	
past	12	months	meets	with	LArSoj	team	~monthly	to	drive	
developments,	priori(ze	work,	and	plan	for	the	future			

q  LBNC	Chair,	David	MacFarlane,	also	working	with	the	groups	–			
to	receive	reports	on	assessment,	planning	and	future	work	for	
sojware	and	analysis	for	the	LArTPC-based	experiments		

Analysis Software Coordination 
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q  Sojware	workshop	with	all	stakeholders	held	at	Fermilab	in	October	
•  Organized	and	afended	by	Fermilab	and	CERN	compu#ng	experts	together	with	

representa#ves	from	SBN	(MicroBooNE,	ICARUS,	and	SBND),	DUNE,	and	LArIAT,	the	
LAr	test	beam	experiment	at	Fermilab	

•  Reviewed	status	of	reconstruc#on	development	among	the	groups	

•  Primary	goal:	To	define	requirements	for	a	LArTPC	so>ware	plaoorm	that	will	
support	the	analysis	needs	of	LArTPC	experiments	over	the	next	~decade	

•  Requirements	document	now	in	dra>,	authored	by	workshop	par#cipants	
-  hgps://cdcvs.fnal.gov/redmine/projects/lartpc-requirements/repository/revisions/master/entry/new-document/
requirements.pdf	

•  Some	examples:	i)	physics	algorithm	performance,	ii)	ability	to	use	mul#ple	physics	
algorithms	in	end-to-end	analysis	of	data,	iii)	increased	func#onality	of	event	
visualiza#ons,	iv)	enable	effec#ve	use	of	mul#-core	and	new	computer	hardware	
technologies,	v)	ease	of	use	and	distribu#on	for	interna#onal	collabora#ons,									
vi)	inclusion	of	new	external	so>ware	components	such	as	event	generators	and	
hadronic	simula#on	codes	

q  Next	step	is	to	plan	future	work	based	on	published	requirements	–	
again	to	involve	all	par(cipants	

Analysis Software Coordination 
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q Cosmic	Ray	Tagger	Systems	
•  Common	solu#ons	in	scin#llator	tracker	design	and	readout	electronics	

q DAQ	
•  Lots	of	ac#vity	involving	SBND,	MicroBooNE,	and	ICARUS	DAQ	experts	to	

consider	common	DAQ	so>ware	solu#ons,	data	formats,	etc.			
•  One-day	SBN-DUNE	workshop	held	in	November	to	explore	possible	synergies	

within	DAQ	and	readout	electronics.	

q  Photon	Detec(on	
•  SBND	working	with	ICARUS	on	PMT-based	photon	detec#on	system	
•  SBND	to	use	same	PMTs,	8”	Hamamatsu	R5912	

•  Plan	to	send	SBND	PMTs	to	CERN	for	wavelength	shi>er	coa#ng	and	
performance	tes#ng/characteriza#on	in	same	facility	used	for	ICARUS	tubes	

•  Working	together	to	decide	on	similar	electronics	and	DAQ	system				

Detector Hardware Coordination 
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The Three SBN Detectors: 
Technical Progress  

in 2015 
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q Argon	purity	more	than	a	
factor	2	beger	than	design	
•  >	6	ms	e	life#me,	<	50	ppt	O2		

q Detector	fully	commissioned	
and	reviewed	twice	
•  Sept	24-35:	MicroBooNE	internal	

commissioning	review	

•  Nov	23-24:	Fermilab	Opera#onal	
Readiness	Review	

MicroBooNE LAr Fill (June-July 2015) 
9	trucks	
to	fill	
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MicroBooNE PMTs - Day After Fill 

Coincident	pulses	seen	on	
adjacent	PMTs	

à	cosmic	muon	candidate!	

• 	PMT	system	turned	on	
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First Cosmic Tracks in August 2015  

Candidate	µ	à	e	decay	

Cosmic	muons	
with	delta	rays	

Electromagne(c		
shower	

UV	laser	track	
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Neutrino Beam Since October! 
MicroBooNE	DAQ	
up#me	has	been	
consistently	>97%	

MicroBooNE	has	accumulated	
0.67	×	1020	POT		
from	the	BNB	since	
October	15,	2015!	

On	track	to	collect	~1-2	×	1020	
POT	by	summer	2016	
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•  More	than	“just	a	few	event	displays”	à	neutrino	events	are	
selected	via	automated	2D	and	3D	reconstruc(on	algorithms	
making	full	use	of	the	detector	(both	TPC	and	PMT	systems)	

MicroBooNE’s First Neutrinos 

Fermilab	Today,	11/02/2015	
BNB	beam	
window	
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First Neutrino Events! 

more	images	here:	hgp://www-microboone.fnal.gov/first-neutrinos/index.html		
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First Neutrino Events! 

more	images	here:	hgp://www-microboone.fnal.gov/first-neutrinos/index.html		
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q MicroBooNE	has	been	puang	out	a	steady	stream	of	
results	this	year	using	both	detector	data	and	simula(on	

Public Results from MicroBooNE 

Shown	at:	

NuInt	2015	
	
NNN	2015	
	
NuInt	2015	

TAUP	2015	
	
TAUP	2015	
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The Short-Baseline Near Detector 

SBND	cryostat	

SBND	is	a	4m	(W)	x	4m	(H)	x	5m	(L)	112	ton	LArTPC.		

Only	110	m	from	the	BNB	source,	will	see	more	than	
1.5	million	neutrino	interac,ons	per	year.	
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The SBND TPC 

TPC	
Component	

Ins,tu,ons	

Anode	frames	 Chicago,	Sheffield	

Anode	wiring	 Manchester,	
Syracuse	

Cathode	plane	 Liverpool	

Field	cage	 BNL,	Yale	

High	voltage	
feed-through	

UCL,	Yale	

APA	tes(ng	 Lancaster	

Integra(on,	
assembly,	and	
installa(on	

Chicago,	BNL,	
Fermilab	

4	
m
	

-100	kV	

Central	cathode	
with	two	2m	drij	

regions	

E
E

Modular	anode	
(wire)	planes,		
2	per	side	

SBND	TPC	design	and	
construc#on	is	a	joint		

US-NSF	and	UK-STFC	project	

TPC	now	in	final	design	phase	
Component	construcJon	in	2016		
Assembly	at	Fermilab	in	2017	



q  Cold	front-end	&	warm	readout	
electronics	will	be	upgrades	from	
components	used	in	MicroBooNE	
system	
•  Signal	digi#za#on	moves	into	the	cold	

q  FE/ADC	ASIC	design	now	a	joint	
SBND-DUNE	effort	
•  Coordina#on	mee#ng	Aug	20	at	BNL	

•  Cost	and	resource	sharing	agreed	
•  2	prototype	ASIC	runs	scheduled	for	2016	
•  Produc#on	run	early	2017	

q  Involving	collabora(on	ins(tutes	in	
QA/QC	test-stand	efforts		

SBND TPC Electronics 
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q  Cryostat	design	being	
developed	at	CERN	following	
WA105	experience	

q  Cosmic	Ray	Tagger	in	final	
design	and	prototyping	at	
University	of	Bern	(Swiss	NSF)	

q  Photon	detec(on	in	SBND	
•  112	8”	PMTs	(as	in	ICARUS	&	

MicroBooNE)	mounted	to	backside	of	
APA	frames	directly	behind	wires	

- LANL	LDRD	funding	secured	in	2015		

•  Pursuing	also	a	complimentary	light-
guide-based	system	with	SiPM	readout	
as	R&D	toward	a	DUNE	photon	system	

SBND Cryostat, CRT, and Photon Detectors 

WA105	@	CERN	 WA105	@	CERN	

SBND	CRT	@	BERN	
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q  The	T600	is	the	first	and	the	
largest	LArTPC	ever	built		
•  Three-year	physics	run	in	the	CNGS	

neutrino	beam	at	the	Gran	Sasso	
Laboratory	

q  Currently	the	detector	is	at	CERN	
for	refurbishment	(INFN	and	CERN	
project,	WA104)	in	prepara(on	for	
transport	to	Fermilab	
•  First	module	complete	end	of	2015	
•  Second	module	prepared	in	2016		
•  Installa#on	at	Fermilab	in	2017	

The ICARUS-T600 



Dec	9,	2015	 HEPAP	Mee(ng	|	SBN	Progress	and	Status	 43	

q New	PMT	system	deployment	

q Cathode	flagening	
q Updated	TPC	electronics	

q Detector	re-cabling	
q New	cold	vessel	construc(on	

q New	thermal	insula(on	
q Maintenance	and	par(al	

replacement	of	cryogenics	and	
purifica(on	systems	

q Construc(on	of	Cosmic	Ray	Tagger	

ICARUS Refurbishment Activities 

One	T-300	in	the	
clean	room	at	CERN	
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q  Photon	detec(on	being	enhanced	for	
surface	opera,on	in	SBN	

ICARUS PMT System 

Basic	Unit	
(36	/	T300	module)	

Shielding	grid	

x10	increase	in	
PMT	coverage	
to	enable	beger	
event	matching	
within	a	readout		
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New Cold Vessels Construction 
q  First	extrusions	produced	and	delivered	

to	CERN	for	welding	tests	

q  Panel	pre-assemblies	ordered	and	
expected	by	end	of	2015	

q Assembly	strategy	defined,	required	
tools	being	procured	

structural	outer	cage	 insula(on	

20	m	
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q  Close	coopera(on	between	ICARUS,	
CERN	and	Fermilab	on	design	
requirements	and	review.				

q  Designed	for	3m	concrete	overburden	
directly	over	detector		

q  Milestones:	
ü Aug	2015	–	Start	preliminary	design	

ü March	2015	-	Design	complete	

ü April	2015	-	Construc#on	contract	bidding	
ü  July	2015	–	Construc#on	Start	
ü  Sept	2015	–	Excava#on	complete		

•  Jan	2016	–	Concrete	complete	

•  June	2016	–	Building	envelope	complete	

•  Oct	2016	-	Complete	

Civil Construction - Far Detector Building 
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Far Detector Building Progress 

Aug	17,	2015	

Nov	18,	2015	Sept	17,	2015	

Aug	13,	2015	
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q  Designed	for	3m	concrete	overburden	
directly	over	detector	

q  Milestones:	
ü  Jan	2015	–	Design	start	
ü May	2015	-	60%	Design	complete		

ü  July	2015	–	Final	design	review	
ü Aug	2015	-	Design	complete	

ü  Sept	2015	-	Bidding		
•  Nov	2015	-	Construc#on	start	

•  Dec	2016	-		Complete	

Civil Construction - Near Detector Building 
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q  Far	detector	sta(s(cs	are	key	to	νe	
appearance	sensi(vity		
•  (Detector	mass)		x		(Neutrino	flux)		x		(Time)	

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

system	
- Op(mize	horn	length,	inner	conductor,		
and	current	

2.  Increase	rate	at	which	horn	system	is	
capable	of	running	
- Booster	can	operate	at	15	Hz,	exis(ng	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

νµan(neutrino	
mode	running	
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SBN-DUNE Coordination 
and Synergies 
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q On-going	efforts	to	explore	and	exploit	synergies	between	the	
detectors	and	physics	of	SBN	and	DUNE/proto-DUNE		
•  Development	of	cold	front-end	electronics	for	SBND/proto-DUNE	now	fully	

aligned		

•  First	SBND-DUNE	TPC	workshop	in	September:	covered	electronics,	APAs,	
photon	detec#on.	

•  SBN-DUNE	DAQ	and	readout	electronics	workshop	in	November	
•  LArTPC	analysis	so>ware	development	in	the	same	plaoorm,	regular	LArSo>	

stakeholder	mee#ngs	involving	all	groups,	joint	so>ware	workshops	

q Communica(on	happens	at	mul(ple	levels	
•  Spokespersons,	technical	coordinators	
•  SBND	presenta#ons	at	both	the	TPC	and	Photon	Detector	DUNE	working	group	

mee#ngs	in	recent	months	

•  Overlap	in	SBN/DUNE	collabora#ons	further	facilitates	communica#on	

SBN-DUNE Coordination and Synergies 
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q  SBND	design	based	on	technologies/solu(ons	
similar	to	those	planned	for	DUNE	

SBND ⟺ DUNE 

Development	of	
photon	detec#on	
technologies			

Similar	scale	wire	planes.	
Collabora#on	on	engineering,	wire	
stringing,	QA	procedures,	etc.	

x150	

x4	
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q The	physics	goals	of	SBN	are	complementary	to	the	goals	
of	DUNE-LBNF	and	extend	the	overall	reach	of	the	
neutrino	physics	program:	

•  A	major	physics	goal	of	DUNE-LBNF	is	to	“test	the	3-ν	paradigm”	

•  SBN	will	contribute	directly	to	this	ques#on	through	either	a	major	
discovery	that	breaks	the	paradigm	or	by	ruling	out	addi#onal	light	
neutrinos	in	a	range	hinted	at	by	previous	anomalies			

•  Precision	measurements	of	neutrino+argon	cross	sec#ons	in	the	relevant	
energy	range	are	an	important	component	for	reaching	systema#cs	at	
level	of	1%	in	DUNE-LBNF	

•  SBN	will	study	these	interac#ons	in	detail	with	millions	of	events	in	the	
few	hundred	MeV	to	few	GeV	energy	range	

SBN ⟺ LBN Physics Goals 



Dec	9,	2015	 HEPAP	Mee(ng	|	SBN	Progress	and	Status	 54	

q  The	SBN	Program	of	three	LArTPC	detectors	located	along	the	
Booster	Neutrino	Beam	was	granted	Stage	1	approval	by	Fermilab	in	
February	2015	to:	
•  Explore	the	anomalous	hints	of	new	physics	in	the	neutrino	sector	and	confirm	or	

rule	out	the	LSND	allowed	oscilla#on	parameters	in	neutrinos	at	>5σ		
•  Measure	neutrino-argon	cross	sec#ons	with	high	precision	in	an	important	energy	

range	
•  Further	develop	the	LArTPC	technology	for	neutrino	physics	and	help	build	exper#se	

of	the	global	neutrino	community	working	toward	DUNE	

q  SBN	detectors	have	made	enormous	technical	progress	in	2015	
•  MicroBooNE	is	running	with	beam!	
•  ICARUS	T600	refurbishment	is	progressing	well	and	on	schedule	at	CERN	
•  SBND	TPC	is	entering	final	design	phase,	construc#on	to	begin	in	early	2016	
•  Civil	construc#on	on-going	and	improved	beam	designs	being	explored		

q  SBN	Director’s	Progress	Review	at	Fermilab	next	week	(15-17)	

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

Summary: SBN Progress and Status 
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Thank You! 
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Extras 
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The Booster Neutrino Beam 
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MiniBooNE (2003-2014) 
q  MiniBooNE	was	a	Cherenkov	detector	

q  Single	electron	indis(nguishable	from	
single	gamma	

q  800	ton	liquid	scin(llator	detector	

q  540	m	from	the	beam	target		
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Some of the Existing SBL (high Δm2) Anomalies 

Reactor	Anomaly	
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Phase I: MiniBooNE à MicroBooNE 
q  MiniBooNE	was	a	Cherenkov	detector	

q  Single	electron	indis(nguishable	from	
single	photon	

q  800	ton	mineral	oil	detector	

q  540	m	from	the	beam	target		

q  MicroBooNE	is	a	LArTPC	

q  Single	electron	dis(nguishable	
from	single	photon	

q  170	ton	liquid	argon	detector	

q  470	m	from	the	beam	target	

MicroBooNE	parameters	(mass,	run	
plan,	etc.)	were	chosen	to	observe	the	
specific	MiniBooNE	excess	with	~5σ	

significance	over	expected	backgrounds	

e	

γ

MicroBooNE’s	core	mission	is	to	follow	up	on	
the	anomalous	excess	of	electromagne#c	

events	observed	by	MiniBooNE	and	determine	
its	composi#on	as	electrons	or	photons	

γ

e

γ γ γ

e	
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Backgrounds & Oscillation Signals in SBN 
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q  “Dirt”	backgrounds	
•  Detailed	model	of	the	MicroBooNE	detector,	

equipment,	and	building	

•  Study	beam-induced	backgrounds	that	sneak	into	
the	acJve	volume	from	outside	

“Dirt” Backgrounds 
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Mitigation of Cosmogenic Backgrounds 

Detector	 Neutrino	interac,on	
every	N	spills	

Cosmic	muon	in	beam	spill	
,me	every	N	spills		

SBND	 20	 250	
MicroBooNE	 600	 200	
ICARUS-T300	 350	 100	

q  The	problem:	1000x	longer	charge	
drij	(me	than	the	beam	spill	(me!	
1.6	µs	beam	spill	vs.	1-2	ms	TPC	dri>	#me	

MicroBooNE	cosmic	data	
with	3D	reconstruc(on!		



Dec	9,	2015	 HEPAP	Mee(ng	|	SBN	Progress	and	Status	 64	

q  Sojware	rejec(on	methods:	
•  dE/dx	at	ini#al	part	of	showers	à	factor	≈10	
•  Fiducial	volume	for	photons	produced	outside	
•  Shower	distance	from	parent	muon	track	à					

15	cm	radius	rejects	>99%	of	γ >	200	MeV	

q Hardware	rejec(on	methods:	
•  Internal	photon	detectors	

- Performance	depends	on	posi(on-(me	
matching	resolu(on	of	system	

•  External	cosmic	ray	tagging	system	
- Reject	beam	triggers	with	in-(me	signals	in	
the	CRT,	suppressing	cosmogenic	
backgrounds	with	a	small	and	measurable	
efficiency	loss	on	ν	events	(3%)			

Mitigation of Cosmogenic Backgrounds 

plot	shows	95%		
µ	tagging	rate	
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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  170	ton	LArTPC	(total	mass)		
q  8256	wires	(3	mm	pitch)		

•  3456	collec#on	channels	(ver#cal)	
•  4800	induc#on	channels	(±60˚)	

q Cold	front-end	TPC	electronics	
q  32	8”	Cryogenic	PMTs	to	collect	

scin(lla(on	photons	
q UV	laser	calibra(on	system	

•  2	ports:	upstream,	downstream	
(maneuverable	heads)	

q  LAr	purity	monitors	
q HV	required	depends	on	purity		

•  purity	is	excellent;	-128	kV	nominal,	
begin	opera#ons	at	-70	kV	

The MicroBooNE Detector 

-70	kV	to	
-128	kV	
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Liquid Argon 
• 	step	1:	purge	with	gaseous	argon		
					-	first	demonstra#on	of	this	technique	in	
							a	fully	instrumented	physics	experiment	
									à		vessel	evacua#on	not	necessary		

• 	step	2:	cool	to	LAr	temperatures	
	
• 	step	3:	liquid	argon	fill	(170	tons)	
	• 	step	4:	purifica(on	(>2x	design	purity)	
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Cold Electronics 

BNB	horn	replacement	

start	of	shi>s	
June	1,	2015	

• 	90%	of	channels	are	opera(onal	(out	of	a	total	of	8,256	channels	in	3	planes)	
• 	signal/noise	is	40:1	(ICARUS	=	10:1)	
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Neutrino Cross Sections 

BNB	horn	replacement	

start	of	shi>s	
June	1,	2015	

• 	end-to-end	fully	automated	muon	neutrino	CC	inclusive		
		cross	sec(on	analysis	completed,	based	on	simula(on	

					-	includes	all	basic	ingredients	
							for	a	νµ	cross	sec(on	analysis	

• 	projec(ons	were	shown	at	the		
		NuInt	conference	last	month		
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Publications 

• 	13	papers	during	the	
		construc(on	and	installa(on	
		of	MicroBooNE	



Dec	9,	2015	 HEPAP	Mee(ng	|	SBN	Progress	and	Status	 73	

Currently In Final Design Phase for TPC 
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q Common	detector	requirements	for	
next	genera(on	neutrino	physics	
•  Excellent	muon	AND	electron	iden#fica#on	
•  Powerful	rejec#on	of	NC	backgrounds	where	

gammas	can	fake	electron	showers			

•  Excellent	energy	measurement	capabili#es	
•  Good	performance	from	few-MeV	(for	SN	

physics)	to	few-GeV	(for	beam	physics)	
•  Scalable	to	tens	of	thousands	of	tons	

q  Liquid	argon	(me	projec(on	chamber	
•  Monolithic,	totally	ac#ve	calorimeter	

•  Exquisite	imaging	capability	in	3D	(mm	scale)	
•  dE/dx	sampling	enables	e/γ	separa#on			

LBL & SBL Detector Requirements 

γ γ γ

e	



Dec	9,	2015	 HEPAP	Mee(ng	|	SBN	Progress	and	Status	 75	

q  Propaga(ng	charged	par(cles	ionize	the	argon	
q  Electric	field	drijs	free	electrons	~meters	to	wire	chamber	planes	
q  Induc(on/Collec(on	planes	image	charge,	record	dE/dx	

q  Argon	purity	of	prime	importance	to	avoid	signal	agenua(on	

Liquid Argon TPCs 

Neutrino	interac(on	in	the	ArgoNeuT	LArTPC	at	Fermilab	
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Electron/Gamma ID in LArTPCs 

2	mip	

1	mip	

1	mip	

2	mip	
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q  Ionized	LAr	creates	large	amounts	of	scin(lla(on	light	as	well	
•  ~40k	photons	per	MeV	at	0	electric	field		

q  Valuable	for	fast-(ming	informa(on	and,	poten(ally,	calorimetry	

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

Scintillation Light in LArTPCs 
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