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Sterile Neutrinos
• There are multiple 

experiments which 
provide evidence for 
sterile neutrinos 

• The must significant of 
these come from LSND 
and its follow-up 
experiment MiniBooNE 

⌫̄µ ! ⌫̄e?

⌫µ ! ⌫e?⌫̄µ ! ⌫̄e?

LSND MiniBooNE

Both results can be interpreted as oscillations involving an   
eV scale sterile neutrino with an L/E ≈ 1 km/GeV
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Sterile Neutrino Oscillations
• Due to the large mass splitting 

we can study these oscillations 
with a simple two neutrino 
model 

• The hallmark of this would be 
the transformation of one type 
of neutrino into another over a 
baseline
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MicroBooNE
• The main physics goal of MicroBooNE is to define the the 

composition of the Low Energy Excess 

• Relying on the LAr TPC capabilities we can see if the excess is 
described by single photon backgrounds or an excess of 
electron-neutrinos 
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Short Baseline Neutrino Program
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MicroBooNE

89t Active Mass

ICARUS T600
476t Active Mass

Protons
Neutrinos

Neutrinos

LAr1–ND
112t Active Mass

Reduced systematics!
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Booster Neutrino Beam 

• Booster Neutrino Beam has been stably 
run for a decade 

• Mesons from 8 GeV proton-beryllium 
collisions are focused forward by a 
magnetic horn 

• This results is a beam of mostly muon 
neutrinos, where we can search for flavor 
disappearance and appearance 
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Electron Neutrino Appearance
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SBND

MicroBooNE

ICARUS T600

• Electron neutrino CC interactions

–π → μ → νe

–K+ → νe

–K0 → νe


–Sample appearance signal


• Photon-induced backgrounds


–NC misIDs

–νμ CC misIDs

– “Dirt” Backgrounds: beam-related but        

out-of-detector interactions

–Cosmogenic photon sources 

Intrinsic beam νe
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Electron Appearance: Event Selection

• Events are selected based upon 
their topology  

• We require that an event have 
no gap between the shower 
and an energetic vertex 

• Vertices must have >50MeV to 
be detected and the shower 
must be >3cm away to be 
rejected
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Visible Vertex

No Visible Vertex Accepted 

Rejected

(Photon like 

shower)

C. Adams, Yale
Gap

No Gap
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Cosmic Induced Backgrounds

• Being surface detectors we 
need to deal cosmogenic 
backgrounds 

• Each detector will see many 
muons per drift window (~1ms)  

• If we can tag the cosmic muon 
we can use simple correlations 
to highly suppress this 
background
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Cosmic Induced Backgrounds
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γ

γ
δ-ray

γ

μ μ
Liquid Argon

• Being surface detectors we 
need to deal cosmogenic 
backgrounds 

• Each detector will see many 
muons per drift window (~1ms)  

• If we can tag the cosmic muon 
we can use simple correlations 
to highly suppress this 
background
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Cosmics Tagger Systems

11Side view 

Beam view 

SBND ICARUS T600
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Muon Disappearance: Event Selection

• A fairly background free analysis  

• Fully contained muon energy is 
well measured from the range 

• For exiting tracks must rely 
multiple coulomb scattering to 
estimate its energy 

• This requires at least 1m track 
length to correctly assess 

12

Accepted 

Accepted 

Rejected

C. Adams, Yale

Completely Contained

>100cm Contained

<100cm Contained



J. Zennamo, UChicago

Smeared Neutrino Energy [GeV]
0.5 1 1.5 2 2.5 3

Ev
en

ts
 / 

B
in

50

100

150

200

250

300

350

400
310× INTERNAL

ICARUS T600 (600m)
20 10×P.O.T. = 6.6 

2 = 1.10 eV2
41 m∆

) = 0.10µµθ(22sin

Unoscillated

Oscillated

Osc. to Unosc.
Ratio of

Smeared Neutrino Energy [GeV]
0.5 1 1.5 2 2.5 3

 
O

sc
.-t

o-
U

no
sc

.
R

at
io

0.9
0.95
1

1.05
1.1

Smeared Neutrino Energy [GeV]
0.5 1 1.5 2 2.5 3

Ev
en

ts
 / 

B
in

200
400
600
800
1000
1200
1400
1600
1800
2000

310× INTERNAL
LAr1-ND (100m)

20 10×P.O.T. = 6.6 

2 = 1.10 eV2
41 m∆

) = 0.10µµθ(22sin

Unoscillated

Oscillated

Osc. to Unosc.
Ratio of

Smeared Neutrino Energy [GeV]
0.5 1 1.5 2 2.5 3

 
O

sc
.-t

o-
U

no
sc

.
R

at
io

0.9
0.95
1

1.05
1.1

SBND

Smeared Neutrino Energy [GeV]
0.5 1 1.5 2 2.5 3

Ev
en

ts
 / 

B
in

20

40

60

80

100

120

140

310× INTERNAL
MicroBooNE (470m)

21 10×P.O.T. = 1.32 

2 = 1.10 eV2
41 m∆

) = 0.10µµθ(22sin

Unoscillated

Oscillated

Osc. to Unosc.
Ratio of

Smeared Neutrino Energy [GeV]
0.5 1 1.5 2 2.5 3

 
O

sc
.-t

o-
U

no
sc

.
R

at
io

0.9
0.95
1

1.05
1.1

Disappearance Signature
To simulate the effect of oscillations we take the initial 
muon energy distribution and modulate it based upon 
the oscillation parameters we are studying        
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Sensitivity: Electron Neutrino Appearance

14

MicroBooNE

SBND

ICARUS T600
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Sensitivity: Muon Neutrino Disappearance
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Building the Program: SBND
• The near detector 

building is finalizing its 
design with construction 
scheduled to begin this 
August
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• The designs for the cryostat and 
TPC are maturing quickly with 
close collaboration between 
Fermilab, CERN, and many 
institutions!
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Building the Program: ICARUS T600
• The building which will 

house the far detector has 
been finalized!  

• The first of the two T300 
modules will finish 
refurbishment by the end of 
2015  

• The second module will be 
completed by the end of 
2016
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Ground Breaking(s)
• The ground breaking for the SBN detector 

buildings will take place in a few weeks 

• This starts an exciting period for all three 
collaborations whose activities range from design, 
to construction, to commissioning  

• MicroBooNE will provide us the first look at what we 
might be seeing at short baselines 

Finding Any Number of Sterile Neutrinos 
Would be Ground Breaking!
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Systematics

• Hadron Production 

• Charged Pions 

• Kaons 

• Beam Focusing 

• Current  

• Skin Effects 

• Secondary Interactions  

• Within the target and horn

Systematic Uncertainties: Neutrino Flux
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Systematics
Systematic Uncertainties: Neutrino Flux

22

Uncertainty on the ratio
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Systematics

23

0

0.2

0.4

0.6

0.8

1

Correlation Matrix

eν
N

D
 eν

uB
 eν

T6
00

 

eνND 

eνuB 

eνT600 

20
0 

M
eV

3 
G

eV
20

0 
M

eV

3 
G

eV
20

0 
M

eV

3 
G

eV

Correlation Matrix

0.2−

0

0.2

0.4

0.6

0.8

1

 3.0 GeV    | − 3.0 GeV    |    0.2 − 3.0 GeV    |    0.2 −|    0.2 

LAr1-ND (100m) MicroBooNE (470m) T600 (600m)

LA
r1

-N
D

 (1
00

m
) 

M
ic

ro
B

oo
N

E 
(4

70
m

)
T6

00
 (6

00
m

)

 Flux Correlation Matrixµν



J. Zennamo, UChicago

Systematics

The three detectors use the same target nucleus but 
differences in the flux, detector acceptances, and 
other effects can lead to a different composition of 
event types which can lead to systematic differences 
between the detectors

Systematic Uncertainties: ν-Argon Cross Sections
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Systematics
Systematic Uncertainties: ν-Argon Cross Sections
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Uncertainty on the ratio
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Systematics
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Systematics
Systematic Uncertainties: “Dirt” Background
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Systematics

• One positive aspect of cosmic 
induced background is that we 
can measure it directly with 
arbitrarily high precision 

• Using off beam random triggers 
we will be able to build a large 
sample of cosmic events  

• The systematic uncertainty 
on this background becomes 
the statistical uncertainty of 
those measurements 

Systematic Uncertainties: Cosmic Ray Background

ArgonTube Cosmic Ray Events
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