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Mo#va#on:	Short	Baseline	Anomalies

LSND	(Liquid	Scin#llator	Neutrino	Detector):
Looking'for'an'electron'appearance'signal'in'a'νμ'beam.'

νμ# νe# e+#
_#

Eν'='20'–'55'MeV' Baseline'='30m' p# n#

MiniBooNE	Result:

Excess	of	low	energy	
electromagne2c	events	in	
neutrino	and	an2neutrino	

mode.	

But	MiniBooNE	can’t	
differen#ate	between	
electrons	and	gammas!	

PRD 64, 112007 (2001)

PRL 110, 161801 (2013)
2 2ICHEP,	2016 Jyo#	Joshi

3.8σ significance

Looking	for							appearance	signal	in								beam
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MicroBooNE	Goals
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* MiniBooNE	low	energy	excess	of	electron-like	events		

* Cross-sec2on	measurement	in	~1	GeV	range	

* Detector	Physics			

*		Exo2cs	and	non-beam	physics
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Lots*of*interes-ng*(nuclear)*physics*over*all*energy*ranges.*

Many*open*ques-ons*
need*experimental*&*

theore-cal*input!*

MicroBooNE:"*perfect*to*explore*the*QE*regime!*

Physics	Goals

Detector	R&D

* Cold	front	end	analog	Electronics	

* LAr	fill	without	evacua2on	(gas	argon	purge)	

* Challenges	with	near	surface	opera2on	

* Data	Handling	

*		UV	laser	calibra2on	system		
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Booster'
Circumference:'468m'
Proton'Energy:'8'GeV'

Linac'
Length:'150m'
Proton'Energy:'400'MeV'

Fermilab’s(Booster(Neutrino(Beam((BNB)(

Protons'

Neutrinos'
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ICARUS-T600 MicroBooNE Short	Baseline	Near		
Detector	(SBND)

 85 tons476 tons

The	Fermilab	Neutrino	Complex

 112 tons

DUNE	ν	beam	
(planned)

Main	Injector	
Proton	Energy:	120	GeV



The	MicroBooNE	LArTPC

* Liquid	Argon	Time	Projec#on	Chamber:	
• Three	planes	of	wire	at	3mm	pitch		

								-	One	Collec2on	plane	at	0o	from	ver2cal		
								-	Two	induc2on	planes	at	±60o	
• Total	8192	channels	
• 2.5	m	driZ	length	

* 	Op#cal	System:		
• 32	cryogenic	photomul2plier	tubes	(PMT)	
• LED	based	light	injec2on	system	

* 	UV	Laser	Calibra#on	System	

*			External	Muon	Tagger	System *	170	tons	of	purified	LAr	
			(ac7ve	mass	~85	tons)
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First	detector	to	come	online	from	the	SBN	Program!



Liquid	Argon	Time	Projec#on	Chambers
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Excellent	Resolu#on	and	Calorimetry!	

* Ioniza2on	electrons	detected	by	a	series	of	wire	planes	
					-	Par2cle	Iden2fica2on,	calorimetry	and	tracking	

* Scin2lla2on	light	collec2on	system		
					-	Trigger	and	t0	reconstruc2on	

Edrift ~ 273V/cm
Edrift ~ 273V/cm
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Detector	Physics
* Understand	detector	effects	to	develop	LArTPC	Technology	

• Essen2al	for	SBN	and	DUNE	
• Noise	studies,	wire	response,	energy	scale,	cosmic	ray	rate,	space	charge	
effects,	e-	life2me,	diffusion	etc.	

Our	primary	focus	of	first		
results	is	to	understand	
detector	effects	and	

develop		
robust	calibra#on		

scheme	for	unbiased,		
precise	determina#on	of	

ioniza#on	charge



8

Detector	Physics
* Understand	detector	effects	to	develop	LArTPC	Technology	

• Essen2al	for	SBN	and	DUNE	
• Noise	studies,	wire	response,	energy	scale,	space	charge	effects,	e-	
life2me,	diffusion	etc.	

Our	primary	focus	of	first		
results	is	to	understand	
detector	effects	and	

develop		
robust	calibra#on		

scheme	for	unbiased,		
precise	determina#on	of	

ioniza#on	charge

Next	Talk	by	Roberto	S.	on	Cosmic	ray	Reconstruc#on	Efficiency	in	MicroBooNE		
Talk	by	Brian	K.	on	Signal	Simula#on	and	Processing	in	MicroBooNE	TPC	in	Neutrino	Parallel	Session	
Talk	by	Varuna	M.	on	Electron	Adenua#on	measurement	in	Neutrino	Parallel	Session	

Poster	by	Brooke	R.	on	Full	TPC	Signal	and	Noise	Simula#on			in	Poster	session	this	evening	
Poster	by	Jyo#	J.	on	Drieed	Charge	Extrac#on	in	Single	Phase	LArTPCs	in	Poster	session	this	evening
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Detector	Performance	&	Stability
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Design Value 
purity @ < 100 ppt of O2

purity @ < 60 ppt of O2

High Purity! Electron	life2me,	
measured	by	purity	

monitors	as	the	frac2on	
of	charge	detected	at	its	
anode	rela2ve	to	its	
cathode,	QA/QC

MicroBooNE-NOTE-1003-PUB.pdf

MicroBooNE	DAQ	and	Fermilab	Booster	Neutrino	beam	are	running	extremely	well!		

http://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1003-PUB.pdf
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TPC	Noise	Characteriza#on	&	Filtering

During	commissioning	&	first	opera2ons	excess	
TPC	noise	sources	were	observed	
- Low	frequency	noise	from	voltage	regulator	
- High	Voltage	power	supply	noise	
- 900	kHz	burst	noise	

AZer	offline	noise	filtering,	noise	levels	agree	
with	expecta2ons	and	scale	linearly	with	wire	
length	(wire	capacitance)	
																														ENC	<	400	e-

arXiv:1705.07341	
Accepted	by	JINST!	

https://arxiv.org/abs/1705.07341
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TPC	Performance

PSNR

SoZware	noise	filter	is	applied	which	
improves	peak-signal-to-noise	ra2o	by	a	
factor	of	2-3



TPC	Signal	Calibra#on
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Challenges	in	TPC	Signal	Calibra#on:	

* Noise	Filtering	
* Dynamic	Induced	Charge	
* Field	Response	Calibra#on

LArTPC	drieed	charge	extrac#on!

Demonstrated	2-Dim	
deconvolu#on	technique	
to	extract	number	of	
ionized	electrons	from	

wire	planes

MicroBooNE-NOTE-1017-PUB.pdf
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(Improved)

http://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1017-PUB.pdf
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Space	Charge	Effect
* Space	Charge	Effect	(SCE)	is	a	build	up	of	slow-moving	Ar+	ions	possibly	due	to		

cosmic	muons	impinging	ac2ve	volume	of	TPC		

• MicroBooNE	being	a	near-surface	experiment	has	~	20	-30	comics	per	4.8ms	
readout	window		

• Leads	to	E	field	distor2ons,	spa2al	distor2on	in	ioniza2on	posi2on	
• Can	impact	track/shower	reconstruc2on	and	calorimetry	

MICROBOONE-NOTE-1018-PUB.pdf

Working	towards	calibra#ng	out	
in	3D	using	UV	laser	system	and	

cosmic	muon	tracks

See	next		
Roberto’s	talk

https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1018-PUB.pdf


Michel	Electrons	from	Cosmic	data
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Tons	of	cosmic	data	
available	due	to	the	
detector	being	at	the	

surface!

* Ideal	to	study	detector’s	response	to	electrons	in	the	tens	
of	MeV	energy	scale	and	further	develop	reconstruc2on	

* Michel	electron	iden2fied	by	Bragg	peak	and	kink	in	the	
track	

* Preliminary	calibra2on	using	stopping	muons	deposi2ng	
known	dE/dx	

* Missing	energy	from	radiated	photons	accounts	for	
spectral	distor2ons

14

Submided	to	JINST,	arxiv:1704.02927

https://arxiv.org/abs/1704.02927
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Conclusions

*		First	results	on	detector	R&D	and	physics	are	shown	with	details	available	here:	
hqp://www-microboone.fnal.gov/publica2ons/index.html	

* Achieved	Ultra-low	noise	levels	being	first	large	LArTPC	opera2ng	with	cold	
front-end	electronics	

* Advancing	in	our	understanding	of	the	detector	to	achieve	our	physics	goals!	

* MicroBooNE	is	the	first	and	key	component	of	Short	Baseline	Program	and	is	an	
important	test	bed	for	future	mul2-kton	LArTPC	detectors.	

* Running	and	collec2ng	data	since	more	than	1	year	with	stability.

http://www-microboone.fnal.gov/publications/index.html
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Thanks!	
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Backup
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MicroBooNE	Timeline
December,	2013	

TPC	inserted	into	Cryostat
June,	2014	

Moved	to	LArTF
July,	2015	

Fill	with	170	ton	LAr

August,	2015	
First	Cosmic	tracks	with	HV

October,	2015	
First	Neutrino	Beam

November,	2015	
First	Public	Result
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TPC	Noise	Filtra#on
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Hardware	Upgrades	

During	Summer	Shutdown,	
Successful	hardware	upgrades	

were	performed	to	suppress	two	
main	excess	noise	sources	
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MicroBooNE	Recent	Results

15	Public	Notes!	

Already	5	Publica#ons	this	year!	

hdp://www-microboone.fnal.gov/publica#ons/index.html

http://www-microboone.fnal.gov/publications/index.html

