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OUTLINE!

Brief description of MicroBooNE

Status of detector construction

Status of LAr simulation analysis tools
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THE PURPOSE OF MICROBOONE!

Investigate the MiniBooNE �
𝜈e low-energy excess

•  Improved discrimination �
between electrons �
and photons in LAr

Measurements of 𝜈-Ar �
cross sections

Prove/provide insight for operation and reconstruction 
of large LAr detectors

• Crucial for next-generation LAr experiments
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FIG. 1: The neutrino mode (top) and antineutrino mode (bot-
tom) EQE

ν distributions for νe CCQE data (points with sta-
tistical errors) and background (histogram with systematic
errors).

bins. In neutrino (antineutrino) mode, a total of 952
(478) events pass the νe event selection requirements with
200 < EQE

ν < 1250 MeV, compared to an expectation of
790.0±28.1±38.7 (399.6±20.0±20.3) events, where the
first error is statistical and the second error is systematic.
This corresponds to a neutrino (antineutrino) excess of
162.0± 47.8 (78.4± 28.5) events. Combining the data in
neutrino mode and antineutrino mode, the total excess
is 240.3 ± 62.9 events. Fig. 2 shows the event excesses
as a function of EQE

ν in both neutrino and antineutrino
modes. The number of data, fitted background, and ex-
cess events for neutrino mode, antineutrino mode, and
combined are summarized in Table II.

Many checks have been performed on the data, includ-
ing beam and detector stability checks that show that
the neutrino event rates are stable to < 2% and that
the detector energy response is stable to < 1% over the
entire run. In addition, the fractions of neutrino and an-
tineutrino events are stable over energy and time, and
the inferred external event rate corrections are similar in
both neutrino and antineutrino modes.

A comparison between the MiniBooNE and LSND an-
tineutrino data sets is given in Fig. 3, which shows the
oscillation probability as a function of L/Eν for νµ → νe
and ν̄µ → ν̄e candidate events in the L/Eν range where
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FIG. 2: The neutrino mode (top) and antineutrino mode (bot-
tom) event excesses as a function of EQE

ν . Also shown are the
expectations from the best two-neutrino and 3+2 joint oscilla-
tion fits with 200 < EQE

ν < 3000 MeV and from two reference
values in the LSND allowed region. All known systematic er-
rors are included in the systematic error estimate.

MiniBooNE and LSND overlap. The data used for LSND
and MiniBooNE correspond to 20 < Eν < 60 MeV and
200 < EQE

ν < 3000 MeV, respectively. The oscilla-
tion probability is defined as the event excess divided
by the number of events expected for 100% νµ → νe
and ν̄µ → ν̄e transmutation in each bin, while L is the
distance travelled by the neutrino or antineutrino from
the mean neutrino production point to the detector and
Eν is the reconstructed neutrino or antineutrino energy.
The largest oscillation probabilities from both LSND and
MiniBooNE occur at L/Eν ≥ 1 m/MeV.

The MiniBooNE data are next fit to a two-neutrino
oscillation model, where the probability, P , of νµ →
νe and ν̄µ → ν̄e oscillations is given by P =
sin2 2θ sin2(1.27∆m2L/Eν), sin

2 2θ = 4|Ue4|2|Uµ4|2, and
∆m2 = ∆m2

41 = m2
4 − m2

1. The oscillation parameters
are extracted from a combined fit to the νe, ν̄e, νµ, and
ν̄µ CCQE event distributions. The fit assumes CP con-
servation with the same oscillation probability for neu-
trinos and antineutrinos, including both right-sign and
wrong-sign neutrinos, and no significant νµ, ν̄µ, νe, or ν̄e
disappearance. Using a likelihood-ratio technique [4], the
best oscillation fit for 200 < EQE

ν < 3000 MeV occurs at



LOCATION: FERMILAB!

MicroBooNE sits in Booster Neutrino Beam
• 8 GeV protons strike Be target at up to 15 Hz
• Magnetic horn
• MicroBooNE ~500 m downstream of target

•  In front of MiniBooNE
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Detector(s)



MICROBOONE BY NUMBERS!

Dimensions: 10.4 m x 2.3 m x 2.5 m
• Drift time ~1.5 ms


3 planes of wires at 3 mm pitch

• 2 induction planes, �
1 collection plane

•  3mm spacing
• 8256 total channels

Cryostat holds 170 ton LAr
• Fiducial volume smaller (~85 ton)
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MicroBooNE Detector

June 13, 2012 J. L. Raaf         FNAL Users Meeting 4 

Field cageField cage

TPC field cage, cathode, & anode planesTPC in cryostat

Drift 
direction

•  TPC active volume 
o  Length: 10.37 m 

o  Height: 2.33 m 

o  Width: 2.56 m  (drift length) 

•  Scintillation light detection by PMTs viewing 

LAr volume through wire planes 

o  3 wire planes 

•  2 induction planes 

•  1 collection plane 



LARTF BUILDING CONSTRUCTION!

Should be completed some time this summer
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LAr Test Facility Construction

•  Ground-breaking January, 2012 

•  Steady progress through winter 
and spring 

•  Contracted beneficial 

occupancy: March 15, 2013 

•  Currently ahead of schedule  

June 13, 2012 J. L. Raaf         FNAL Users Meeting 14 

February, 2012 April, 2012 June, 2012

December, 2012 

From J. Raaf, June 
FNAL Users’ Meeting



CRYOSTAT!

• Should be finished sometime this month
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Cryostat as of January 4 

From S. Duffin, Jan 
Collaboration Meeting



CRYOGENICS!
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Progress to Date 
Cryogenics pre-fabrication 

1/17/2013 2 

View 
from 
Here 

View 
from 
Here 

From C. James, Jan 
Collaboration Meeting



TPC!

• Frame built last summer/fall
• Mock wire installation tests in preparation for real deal
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Mock Wire InstallationMock Wire Installation

On January 10th we had the opportunity 
to go through a “dress rehearsal” of 

installing and tensioning wires onto the 
TPC frame.

One of the TPC engineers, Bo Yu, flew 
in from Brookhaven to oversee and 

give feedback about the procedure we 
have developed

This talk is to tell you a little about what 
we've learned

Tension measurement

Installing wire 
boards

Wire 
winding

From J. Asaadi, Jan 
Collaboration Meeting



HIGH VOLTAGE!

High voltage design parameters
• Cathode plane at -128 kV
• Drift field of 500 V/cm

Spark testing to measure breakdown voltages
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Figure 3: The test piece and ground electrode during testing. A corona
discharge is visible in the left photo on the lip of the pipe. The photo on the
right shows a spark being discharged.

3 Results

The breakdown measurements were taken by positioning the sample pipe and
ground electrode and then increasing the voltage slowly (⇠1-2 kV/second)
until breakdown (a spark discharge; see Figure 3b). Often, a corona discharge
was visible before a discharge as can be seen in Figure 3a. Breakdowns were
measured at least three times and the average is listed in Table 1 and the
ratio to the breakdown voltage of the plain pipe is listed in Table 2.

5

From H. Jostlein and S. Lockwitz



ELECTRONICS!

Final production testing of CMOS ASICs at BNL
• Will be mounted to motherboards soon, then test 

those






Warm electronics either done and out the door or will 
be soon
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PMTS!

30 PMTs inside cryostat/outside field cage to collect 
scintillation light






Ongoing testing

• Performance/degradation of TPB wavelength shifter
• Vertical slice at FNAL to test performance, readout, 

etc.
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The MicroBooNE TDR (2/3/2012-DocDB 1821-v12): Light Collection System (WBS 1.8) Page 85 
 

 
Figure 9.6 3-D drawing (left) and Mechanical model (right) of a PMT light collection unit. 

9.6 Mounting and Support Structure 

9.6.1 Mounting of PMT Units 
The PMT units’ perforated stainless steel back-plates of the PMT units affix to a stainless 
steel support rack that slides into the cryostat along the side wall behind the w i r e -
p l a n e  s i d e  o f  t h e  TPC, as illustrated in Figure 9.7.  The rack aligns the PMTs in a 
plane looking straight into the cryostat. Optical simulations (Section 9.8) verify that this 
mounting scheme optimizes PMT performance.  

   
Figure 9.7: Model of support rack with PMT units mounted (left); final position of installed PMT Support 
rack inside the cryostat, viewed from removable-head end (right). 
Units mount in five rows arranged so that the cross bars of the TPC do not obstruct any PMT.  
The rack design ensures that no PMTs touch the TPC itself.  Figure 9.7 shows 30 units 
mounted to the rack, the baseline design for MicroBooNE. The rack can accommodate an 
additional 40 units.   The detailed mounting scheme of the PMT unit to the rack 
remains under investigation, with pin or rivet connections possible.  

9.6.2 Support Rack Design 
Five stainless steel components, or slices, of vertical height 72 inches (1.83 m) and horizontal 
length 81.6 inches (2.07 m) comprise the rack, giving it a total horizontal length of 408 inches 
(10.36 m). Figure 9.8 shows a diagram of one such rack slice, as well as the total horizontal 



DAQ!

You’ve heard enough here hopefully…
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LARSOFT!

Common LArSoft software package in use by many 
LAr experiments

• ArgoNeuT, MicroBooNE, LBNE…
•  Designed to be detector inclusive

• Many involved in simulation and reconstruction issues
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SIMULATION!

Recent effort in generating new MC
• Single particle samples
• GENIE
• Cosmics �

and SN �
interactions

CPU time
• Simulation: �

100-200�
s/event

• Reconstruction:�
~100 s/event
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GENIE 

νµ  CC νe  CC 

From B. Carls, Jan 
Collaboration Meeting



OPTICAL SIMULATION!

Recently got various optical simulations working
• Full model rather slow, but faster versions that don’t 

track every photon available
• Optical reconstruction �

also available and �
being investigated
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5

 Ben Jones 



RECONSTRUCTION GOAL!
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May$4,$2011 9

User$chooses$which$experiment$to$run$on,$and$sets$parameters$to$get$at$geometry
and$electronics$specific$to$that$experiment.
•

Development*Goals:*LArSoft*******

From E. Church



RECONSTRUCTION PROGRESS!
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User$chooses$which$experiment$to$run$on,$and$sets$parameters$to$get$at$geometry
and$electronics$specific$to$that$experiment.
•

Development*Goals:*LArSoft*******

Working algorithms that 
continue to be refined

2D good, 3D 
getting there

3D big challenge, 
but definite 
progress



CONCLUSIONS!

Lots of progress happening quickly

Significant work to be going on this calendar year

• Finish assembly of TPC, attach wires and electronics
• Cryostat arrives, seal everything up
• Move everything into our new building
• Oh, and a DAQ ready to take all that data, and the 

ability to reconstruct it

From someone coming from CDF, very exciting to be 
working on something being built!
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