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LIS Motivation: Short Baseline Anomalies

LSND (Liquid Scintillator Neutrino Detector):
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MicroBooNE Goals

Physics Goals

* MiniBooNE low energy excess of electron-like events

* Cross-section measurement in ~1 GeV range [ Neutrinos interacting with nucleons

Quasi-elastic

. > (QE) ’ Lots of interesting (nuclear) physics over all energy ranges.
* Detector Physics \W/ 3
* . - . Resonance 82 15
Exotics and non-beam physics NG
Detector R&D .
Deep inelastic > 0:

(D1S) _~~

T2K, LBNE, NOvA v

+—

MicroBooNE: perfect to explore the QE regime!

* Cold front end analog Electronics

&

* LAr fill without evacuation (gas argon purge)
* Challenges with near surface operation
* Data Handling

* UV laser calibration system
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BooNB_ The MicroBooNE LArTPC

First detector to come online from the SBN Program!
v beam ' ) Welded

* Liquid Argon Time Projection Chamber:

* Three planes of wire at 3mm pitch
- One Collection plane at 0° from vertical
- Two induction planes at £60°

* Total 8192 channels

e 2.5 mdrift length

* QOptical System:

e 32 cryogenic photomultiplier tubes (PMT)
e LED based light injection system

* UV Laser Calibration System

* 170 tons of purified LAr
(active mass ~85 tons)

*  External Muon Tagger System



Liquid Argon Time Projection Chamber

Excellent Resolution and Calorimetry!

Liquid Argon TPC Liquid Argon TPC
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* lonization electrons detected by a series of wire planes
- Particle Identification, calorimetry and tracking

* Scintillation light collection system
- Trigger and to reconstruction



Detector Physics

* Understand detector effects to develop LArTPC Technology

* Essential for SBN and DUNE
* Noise studies, wire response, energy scale, cosmic ray rate, space charge
effects, e lifetime, diffusion etc.
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Detector Physics

Next Talk by Roberto S. on Cosmic ray Reconstruction Efficiency in MicroBooNE
Talk by Brian K. on Signal Simulation and Processing in MicroBooNE TPC in Neutrino Parallel Session
Talk by Varuna M. on Electron Attenuation measurement in Neutrino Parallel Session

Poster by Brooke R. on Full TPC Signal and Noise Simulation in Poster session this evening
Poster by Jyoti J. on Drifted Charge Extraction in Single Phase LArTPCs in Poster session this evening

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

robust calibration
scheme for unbiased,
precise determination of
ionization charge




Detector Performance & Stability
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MicroBooNE DAQ and Fermilab Booster Neutrino beam are running extremely well!


http://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1003-PUB.pdf

TPC Noise Characterization & Filtering

Example of Excess Noise
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https://arxiv.org/abs/1705.07341

TPC Performance

MicroBOONE Before noise removal MicroBooNE
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e Software noise filter is applied which
improves peak-signal-to-noise ratio by a

) factor of 2-3



TPC Signal Calibration

LArTPC drifted charge extraction!

MicroBooNE-NOTE-1017-PUB.pdf
“ Challenges in TPC Signal Calibration:

Field . . .
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* Field Response Calibration
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http://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1017-PUB.pdf

Space Charge Effect

* Space Charge Effect (SCE) is a build up of slow-moving Ar* ions possibly due to
cosmic muons impinging active volume of TPC

 MicroBooNE being a near-surface experiment has ~ 20 -30 comics per 4.8ms
readout window
» Leads to E field distortions, spatial distortion in ionization position

« Can impact track/shower reconstruction and calorimetry
MICROBOONE-NOTE-1018-PUB.pdf
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Working towards calibrating out

in 3D using UV laser system and
cosmic muon tracks 13
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Michel Electrons from Cosmic data

What a Michel electron looks like in MicroBooNE:

Tons of cosmic data
available due to the
detector being at the
surface!
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Submitted to JINST, arxiv:1704.02927

Michel Electron Reconstructed Energy Spectrum
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https://arxiv.org/abs/1704.02927

Conclusions

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

* Achieved Ultra-low noise levels being first large LArTPC operating 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 multi-kton LArTPC detectors.

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

15


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

December, 2013 June, 2014 July, 2015
TPC inserted into Cryostat Moved to LArTF Fill with 170 ton LAr

".-.‘ f‘\»
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November, 2015

August, 2015 o Ob,Z 15 First Public Result

First Cosmic tracks with HV First Neutrino Beam
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TPC Noise Filtration BROOKHRVEN

Raw Waveform Waveform after 36 kHz filter
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Hardware Upgrades

MicroBo?_NE
1200 __ e U Plane, Before Hardware Fix __
B wwemeee |/ Plane, Before Hardware Fix |
. __ """"""" Y Plane, Before Hardware Fix _—
During Summer Shutdown, 1000~ U Plane, After Hardware Fix
._fé) B V Plane, After Hardware Fix |
Successful hardware upgrades <= eo- ; Y Plan, Aftor Hardwaro Fix  —
> - i
were performed to suppress two g w00l -
main excess noise sources 2 [ ]
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Before Hardware Fix 1570 1340 640
After Hardware Fix 480 490 350
Subsequent Offline Filter 400 380 300
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MicroBooNE Recent Results

Publications by the MicroBooNE Collaboration:
< Public Notes page

< MicroBooNE collaboration, "Noise Characterization and Filtering in the MicroBooNE Liquid Argon TPC",
arXiv:1705.07341, accepted by JINST

< MicroBooNE collaboration, "Michel Electron Reconstruction Using Cosmic Ray Data from the MicroBooNE LAr TPC",
arXiv:1704.02927, submitted to JINST

< MicroBooNE collaboration, "Determination of Muon Momentum in the MicroBooNE LAr TPC Using an Improved Model
of Multiple Coulomb Scattering”, arXiv:1703.06187, submitted to JINST

[ ]
< MicroBooNE collaboration, "Convolutional Neural Networks Applied to Neutrino Events in a Liquid Argon Time 1 5 P u bl Ic N Otes !

Projection Chamber", JINST 12, P03011 (2017)

< MicroBooNE collaboration, "Design and Construction of the MicroBooNE Detector", JINST 12, P02017 (2017)

Public Notes:

& 6/4/17 MICROBOONE-NOTE-1024-PUB
Measurement of Reconstructed Charged Particle Multiplicities of Neutrino Interactions in MicroBooNE

Already 5 Publications this year!

Proton Track Identication in MicroBooNE Simulation for Neutral Current Elastic Events

4 11/29/16 MICROBOONE-NOTE-1018-PUB
Study of Space Charge Effects in MicroBooNE

& 7/4/16 MICROBOONE-NOTE-1017-PUB
A Method to Extract the Charge Distribution Arriving at the TPC Wire Planes in MicroBooNE

& 7/4/16 MICROBOONE-NOTE-1015-PUB
The Pandora multi-algorithm approach to automated pattern recognition in LAr TPC detectors

& 7/4/16 MICROBOONE-NOTE-1014-PUB
A Comparison of Monte-Carlo Simulations and Data from MicroBooNE

& 7/4/16 MICROBOONE-NOTE-1013-PUB
MicroBooNE Detector Stability

http://www-microboone.fnal.gov/publications/index.html 7 o showe: Reemmruction on MicroBooNE Data

& 7/4/16 MICROBOONE-NOTE-1010-PUB
Selection and kinematic properties of numu charged-current inclusive events in 5E19 POT of MicroBooNE data

% 5/3/16 MICROBOONE-NOTE-1006-PUB
Study Towards an Event Selection for Neutral Current Inclusive Single Pi0 Production in MicroBooNE

© 5/30/16 MICROBOONE-NOTE-1005-PUB
Cosmic Shielding Studies at MicroBooNE

4 11/6/15 MICROBOONE-NOTE-1004-PUB
MC performance study for an early numu charged-current inclusive analysis with MicroBooNE

< 5/29/16 MICROBOONE-NOTE-1003-PUB
Measurement of the Electronegative Contaminants and Drift Electron Lifetime in the MicroBooNE Experiment

< 11/2/15 MICROBOONE-NOTE-1002-PUB
First neutrino interactions observed with the MicroBooNE Liquid-Argon TPC detector

< 8/28/15 MICROBOONE-NOTE-1001-TECH
21 Noise Dependence on Temperature and LAr Fill Level in the MicroBooNE Time Projection Chamber



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

