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MicroBooNE:  Some Motivation

• MicroBooNE is at the intersection of 

• Investigating open short baseline 
neutrino questions 

• Developing the technical 
knowledge to design, build, and 
operate a large ν detector for the 
future
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MicroBooNE:  Motivation
• Investigating open short baseline neutrino 

questions
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• Investigating open short baseline neutrino 
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• LSND:  Saw excess of νe̅ from νμ̅
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FIG. 24: The Lν/Eν distribution for events with Rγ > 10 and 20 < Ee < 60 MeV, where Lν is

the distance travelled by the neutrino in meters and Eν is the neutrino energy in MeV. The data

agree well with the expectation from neutrino background and neutrino oscillations at low ∆m2.
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MicroBooNE:  Motivation
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questions

• LSND:  Saw excess of νe̅ from νμ̅

• MiniBooNE:  saw a low-energy excess of νₑ 
(νe̅) from νμ (νμ̅)

• Reactor experiments also see evidence of 
anomalous mixing

• Taken together, these results could all be 
explained by a sterile ν state (see B. 
Kayser’s talk)
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3 ν
3+1 ν

Experiment Type Channel Significance

LSND Decay at rest νμ̅→νe̅ 3.8σ

MiniBooNE Accelerator νμ→νe 3.4σ

MiniBooNE Accelerator νμ̅→νe̅ 2.8σ

GALLEX/SAGE Source - e capture νe̅ disappearance 2.7σ

Reactors β decay νe̅ disappearance 3.0σ

http://arxiv.org/pdf/1204.5379v1.pdf
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MicroBooNE:  Motivation
• Investigating open short baseline neutrino 

questions

• LSND:  Saw excess of νe̅ from νμ̅

• MiniBooNE:  saw a low-energy excess of νₑ 
(νe̅) from νμ (νμ̅)

• Reactor experiments also see evidence of 
anomalous mixing

• Taken together, these results could all be 
explained by a sterile ν state (see B. 
Kayser’s talk)

• Please see:  http://arxiv.org/pdf/
1204.5379v1.pdf
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MicroBooNE:  Motivation

• Developing the technical 
knowledge to design, build, and 
operate a large ν detector for the 
future 

• DUNE:  40 kT detector (240x 
larger!) 

• To be built in South Dakota, USA 

• Primary goal is to study CP 
violation 
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On to MicroBooNE

Tevatron

Main Injector

NuMI Beam

Booster

Booster 
Neutrino Beam

Wilson Hall

From Wikipedia
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By the numbers: 
• 2.56 x 2.33 x 10.36 m active volume  
• 170 T (86 T active) 
• 8256 wires, 3 planes, 3 mm pitch 
• 32 8” PMTs

• MicroBooNE is a new experiment in the Booster beam line at Fermilab 
• Located here, similar L/E to MiniBooNE 

• It will investigate the short baseline anomalies… 
• And it is a LArTPC!   

• ICARUS demonstrated the capability of LArTPCs 
• With MicroBooNE, we’ll gain experience needed for a number of future planned 

LArTPCs (DUNE, SBND, protoDune) 
• 𝜈 cross sections 
• R&D for LArTPCs
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What is a LArTPC?
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• Energy loss by charged particles → Ionization & 
excitation of Ar
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• Energy loss by charged particles → Ionization & 
excitation of Ar

• Prompt light emission by Ar2*+ starts clock

• Electrons drift to the anode (Ar+ ions to the 
cathode)
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• Energy loss by charged particles → Ionization & 
excitation of Ar

• Prompt light emission by Ar2*+ starts clock

• Electrons drift to the anode (Ar+ ions to the 
cathode)

• Moving electrons induce currents on wires

• Tracks are reconstructed from wire signals:
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What is a LArTPC?

6

• Energy loss by charged particles → Ionization & 
excitation of Ar

• Prompt light emission by Ar2*+ starts clock

• Electrons drift to the anode (Ar+ ions to the 
cathode)

• Moving electrons induce currents on wires

• Tracks are reconstructed from wire signals:

• Two dimensions from wires

• Drift distance is found from knowing t0 & vd → 
Time projection!

Anode	  Wire	  Planes	  

	  	  	  	  	  	  	  	  	  U	  V	  Y
V

Y

t0

Anim
ation stolen from

 B. Yu



Moriond EW 2015 MicroBooNE Results S, Lockwitz, FNAL

What is a LArTPC?

• And it produces events like this: 

• And allows us to differentiate e’s and 𝛾’s 

• Using event topologies and dE/dx

7

Event displays and e-γ separation
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FIGURE 4. Example electron-candidate (top left) and photon-candidate (bottom left) neutrino events, together with a result of
testing the dE/dx separation method on neutrino event samples obtained from NuMI neutrino interactions in the ArgoNeuT detector.
Note, that based on the definition of the photon sample, the photon candidate events shown in this plot would have been rejected
already by the topological cut in an electron-neutrino appearance search.

as originating from electrons indicating electron-neutrino interactions and not photons, indicating a different process,
which was not possible in MiniBooNE, a Cherenkov detector. MicroBooNE will be able to determine the nature of the
excess events observed by MiniBooNE using the capabilities of the LArTPC, demonstrated by ArgoNeuT.

After turning on MicroBooNE will very quickly collect the largest sample of neutrino interactions on argon in the
world and so is a perfect venue to precisely measure neutrino cross-sections on argon. The energy of the Booster
neutrino beam, which peaks close to 800 MeV and extends a bit higher offers an extremely interesting region from
the point of view of neutrino interactions as it is where the Quasi-Elastic, Resonant and Deep Inelastic interaction
channels all mix with significant contributions and it is in the interesting range for the second oscillation maximum
for LBNF.

MicroBooNE will also study backgrounds and develop reconstruction algorithms that will be applicable in future
large LAr detectors searching for nucleon decays underground. The detector will be able to observe neutrinos from a
SuperNova explosion happening in the galactic center and will also be able to understand the backgrounds for such
detection in future experiments.

MicroBooNE Hardware R&D Goals

Apart from the physics goals, MicroBooNE has a very strong hardware R&D component with the objective of testing
solutions essential for future large liquid argon detectors. Examples of such components are the cold electronics, which
place CMOS based pre-amplifiers inside the liquid argon volume, close to the anode wires allowing for easier transport
of signal on larger distances and a higher signal-to-noise ratio than standard, warm, electronics. MicroBooNE will be
the first argon detector in a neutrino beam to fill after purging using the gas piston method [10] instead of evacuation
and will have the largest electron drift in a neutrino experiment - 256 cm (longer drifts have been achieved in test-stand
setups, see eg. [23]). MicroBooNE will also implement a UV laser [24], which will allow for calibration of potential
field inhomogeneities.

180001-5 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
67.163.24.197 On: Sun, 25 Oct 2015 22:40:36
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Key Considerations in LArTPCs
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LAr Purity: 
• Nitrogen quenches scintillation 

light 
• N2 < 1 ppm 

• O2 and H2O reduce the signal 
electrons from ionization 
• O2 < 100 ppt O2 equivalent

Cathode Voltage: 
Needs to produce a field 
~10s kV/m to drift signal 

electrons

First LArTPC in a 
neutrino beam with 

a 2.56 m drift

First neutrino experiment to attain 
purity without pulling a vacuum.  
Important for future experiments.

First neutrino 
experiment using cold 

electronics
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MicroBooNE Construction & Installation

• Parts clean in 2012 

• Constructed in 2012-2013  

• Wire installation spring 2013

9
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MicroBooNE Construction & Installation
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• Inserted into the cryostat 
Dec. 2013.   
• Cold electronics installed, 

extensive testing, end cap 
welded on 

• Transferred to LArTF (June 
2014) 

• Insulated with foam (not 
vacuum jacketed) 

• Cabled and racks installed by 
Dec 2014
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MicroBooNE Construction & Installation

• Inserted into the cryostat 
Dec. 2013.   
• Cold electronics installed, 

extensive testing, end cap 
welded on 

• Transferred to LArTF (June 
2014) 

• Insulated with foam (not 
vacuum jacketed) 

• Cabled and racks installed by 
Dec 2014
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MicroBooNE Installation:  HV Feedthrough

• The HV feedthrough was installed on 
11/18/2014 

• Prior to insertion, it was tested in an 
different cryostat for 4 days at -128 
kV in ultra-pure liquid argon 

• While developing and testing the 
feedthrough, I found that the dielectric 
strength of LAr not as expected…. 

• Feel free to talk about this further 
with me.

13
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MicroBooNE Commissioning

• Purged with argon gas 

• Flush impurities (no vacuum 
pulled) 

• Cooled down the argon gas 
before filling 

• Reduces outgassing —> better 
quality liquid after after filling
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MicroBooNE Commissioning

• Filled with clean liquid argon 

• 170 T, 86 T active 

• Specified at N2 < 2 ppm, O2 < 1 
ppm 

• All truckloads were better than 
this 

• Took 9 truckloads and 28 days

15

First truckload!
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MicroBooNE Commissioning

• Started filtering the liquid to purify further on 
July 24, 2015 

• Gas analyzers monitoring  

• Sensitive down to 2 ppb water, 100 ppt 
O2 

• Purity monitors for 10-100 ppt O2 
 equivalent contamination 

• Beat the design goal 3 ms! 

• Consistently run at 9 ms!

16

Electron drift time is 2.3 ms with 70 kV on the cathode

< 50 ppt O2

Where 

we run!
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MicroBooNE Commissioning:  High Voltage Turn On!

• We turned the HV on 
the cathode and saw 
cosmic events 
immediately!

17

Raw data; no noise filtering
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Continued Commissioning with Cosmics

18

Automated 
Reconstruction!Drift (2.56 m)

2.3 ms
4.8 ms total 

read out
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Neutrino Beam

• On October 15, 2015, we received 
our first neutrino beam!

19

4:02 PM
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Neutrino Hunt!

• Being near the surface, the activity in the 
cryostat dominantly comes from cosmics 

• Using the PMTs, we looked for light 
related to the Booster timing signals: 

• In an effort to see first neutrinos, we cut 
hard on the automated reconstruction  

• Cut on detector boundaries and light 
information 

• Excess over background is there!  Low 
efficiency, but high purity:

20

MicroBooNE Preliminary
First ⌫ identification 1.86e18 POT, BNB

Automated event selection Automated event selection
Number of events Optical + 3D-based Optical + 2D-based

Non-beam background
4.6± 2.6 385± 24

(expected)

Total observed 18 463
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There they are!
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window
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First Neutrino Candidates!

• First neutrino 

• Picture 

• picture with overlay 

• 3 views 

• 3d reco?

21

30 cm Run 3493 Event 27435, October 23rd, 2015
53 cm

Run 3475 Event 41893  October 22nd, 2015

• More than just pretty event displays — events were identified using 
reconstruction from both the wire readout and the light collection system!
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First Neutrino Candidates!

• 3 plane view of the same event:

22

75 cm
Run 3493 Event 41075, October 23rd, 2015 

Collection Plane

70 cm
Run 3493 Event 41075, October 23rd, 2015 

Induction 1 Plane

70 cm
Run 3493 Event 41075, October 23rd, 2015 

Induction 2 Plane
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First Neutrino Events

23



Moriond EW 2015 MicroBooNE Results S, Lockwitz, FNAL 24First Neutrino Events:  3D View



Moriond EW 2015 MicroBooNE Results S, Lockwitz, FNAL 24First Neutrino Events:  3D View



Moriond EW 2015 MicroBooNE Results S, Lockwitz, FNAL

Outlook

• We are collecting data — a lot of 
data (1/4 of our planned data): 

• With our improved trigger 
knowledge, we are reprocessing data 
for our first neutrino analyses 

• We expect our first neutrino results 
within the year 

• Thank you!

25

http://www-bd.fnal.gov/FixedTargetPlots/yesterday/ProtonPlots.html

http://www-bd.fnal.gov/FixedTargetPlots/yesterday/ProtonPlots.html
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What is MicroBooNE?  Some Background Information
• The LSND anomaly: 

• LSND was a doped mineral oil scintillator 
detector, set at an L/E ~ 1 m/MeV (L ~30 
m) 

• They saw and excess of anti-𝜈e events from 
anti-𝜈μ 

• MiniBooNE was a mineral oil based Cherenkov 
detector in the Booster neutrino beam line at 
Fermilab 

• L/E ~ 1 m/MeV (L ~541): 

• MiniBooNE saw an unexpected low-energy 
excess:

28
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FIG. 24: The Lν/Eν distribution for events with Rγ > 10 and 20 < Ee < 60 MeV, where Lν is

the distance travelled by the neutrino in meters and Eν is the neutrino energy in MeV. The data

agree well with the expectation from neutrino background and neutrino oscillations at low ∆m2.
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MiniBooNE
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What is MicroBooNE?  A Background

• Sterile ν’s?  Upward fluctuation 
in πo’s? 

• There could be difficulty in 
separating 𝛾’s from e’s:

29

From Mod.Phys.Lett. A27 (2012) 1230024 arXiv:1206.6915 [hep-ex] FERMILAB-FN-0948-E

http://inspirehep.net/record/1120511/plots
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Data and Beam

30


