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MicroBooNE is the longest running Liquid Argon Time Projection AN \ /// 7/
Chamber at FNAL. With 85 ton active volume, MicroBooNE collects N \

neutrinos on-axis from the BNB and highly off-axis from NuMl.

. I

MicroBooNE at a glance

Completed 5 years physics runs: 2015-2021.
Largest neutrino-argon dataset available to date.

A

Vg N

Just started exciting R&D program!

Insidé the MicroBaeNE
LArTPC: 3/wire planes !/
(8192 gold-coated wires)

'\' Cosmic Ray
agger Modules

Fermilab
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MicroBooNE at a glance N

MicroBooNE
Chamber at
neutrinos on

/ i
Il H//'///////:u

Completed " | g ‘/////
Largest neutr s AR 4 .

Just started 4

for all the SUPPO

commissioning and

data-taking!! !
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M Ic ro Boo N E Pu b I I catl o n s Search for a Higgs Portal Scalar Decaying to Electron-Positron Pairs in the MicroBooNE Detector

Measurement of the Longitudinal Diffusion of lonization Electrons in the Detector
. Cosmic Ray Background Rejection with Wire-Cell LAr TPC Event Reconstruction in the MicroBooNE Detector
M ICIroO BOON E haS a Iarge bOdy Of Measurement of the Flux-Averaged Inclusive CC ve and Anti-ve Cross Section on Argon using the NuMI Beam in MicroBooNE
. Measurement of the Atmospheric Muon Rate with the MicroBooNE Liquid Argon TPC
pUbI IShed Work Semantic Segmentation with a Sparse Convolutional Neural Network for Event Reconstruction in MicroBooNE

33 QaQ ers High-performance Generic Neutrino Detection in a LAr TPC near the Earth's Surface with the MicroBooNE Detector
’ Neutrino Event Selection in the MicroBooNE LAr TPC using Wire-Cell 3D Imaging, Clustering, and Charge-Light Matching
56 pu bI |C notes A Convolutional Neural Network for Multiple Particle Identification in the MicroBooNE Liquid Argon Time Projection Chamber

The Continuous Readout Stream of the MicroBooNE Liquid Argon Time Projection Chamber for Detection of Supernova Burst Neutrinos
2021 Vertex-Finding and Reconstruction of Contained Two-track Neutrino Events in the MicroBooNE Detector
Measurement of Differential Cross Sections for Muon Neutrino CC Interactions on Argon with Protons and No Pions in the Final State

Shal’l ng flndlngS W|th Measurement of Space Charge Effects in the MicroBooNE LAr TPC Using Cosmic Muons
. First Measurement of Differential Charged Current Quasi-Elastic-Like Muon Neutrino Argon Scattering Cross Sections with the MicroBooNE Detector
LAI‘ Communlty. . Search for heavy neutral leptons decaying into muon-pion pairs in the MicroBooNE detector

Reconstruction and Measurement of O(100) MeV Electromagnetic Activity from Neutral Pion to Gamma Gamma Decays in the MicroBooNE LArTPC
A Method to Determine the Electric Field of Liquid Argon Time Projection Chambers Using a UV Laser System and its Application in MicroBooNE
2020 Calibration of the Charge and Energy Response of the MicroBooNE Liquid Argon Time Projection Chamber Using Muons and Protons
First Measurement of Inclusive Muon Neutrino Charged Current Differential Cross Sections on Argon at Enu ~0.8 GeV with the MicroBooNE Detector
Design and Construction of the MicroBooNE Cosmic Ray Tagger System
Rejecting Cosmic Background for Exclusive Neutrino Interaction Studies with Liquid Argon TPCs: A Case Study with the MicroBooNE Detector
First Measurement of Muon Neutrino Charged Current Neutral Pion Production on Argon with the MicroBooNE detector
A Deep Neural Network for Pixel-Level Electromagnetic Particle Identification in the MicroBooNE Liquid Argon Time Projection Chamber
201 9 Comparison of Muon-Neutrino-Argon Multiplicity Distributions Observed by MicroBooNE to GENIE Model Predictions
lonization Electron Signal Processing in Single Phase LArTPCs II: Data/Simulation Comparison and Performance in MicroBooNE
lonization Electron Signal Processing in Single Phase LArTPCs I: Algorithm Description and Quantitative Evaluation with MicroBooNE Simulation
201 8 The Pandora Multi-Algorithm Approach to Automated Pattern Recognition of Cosmic Ray Muon and Neutrino Events in the MicroBooNE Detector

Measurement of Cosmic Ray Reconstruction Efficiencies in the MicroBooNE LAr TPC Using a Small External Cosmic Ray Counter A (o) bOOSt
Noise Characterization and Filtering in the MicroBooNE Liquid Argon TPC ,
Michel Electron Reconstruction Using Cosmic Ray Data from the MicroBooNE LAr TPC SBN and DUNE’s success

Determination of Muon Momentum in the MicroBooNE LAr TPC Using an Improved Model of Multiple Coulomb Scattering

See Denver Whittington’s talk

Convolutional Neural Networks Applied to Neutrino Events in a Liquid Argon Time Projection Chamber
201 7 Design and Construction of the MicroBooNE Detector
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https://microboone.fnal.gov/documents-publications/
https://microboone.fnal.gov/public-notes/
https://indico.fnal.gov/event/49544/contributions/220197/attachments/145766/185701/DUNE-UsersMeeting-2021.pdf

Ingredients for a successful on-beam neutrino experiment

Hello

my name is

maSSiVe
erel

[msert
detector h

Decay Pipe
Magnetic horn (decay to leptons)
(Focus right sign particle)

m (absorb charged leptons )

1.  Know your neutrino flux
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf
https://arxiv.org/abs/2101.04228
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Ingredients for a successful on-beam neutrino experiment

Decay Pipe
Magnetic horn (decay to leptons)
(Focus right sign particle)
m (absorb charged leptons )
1.  Know your neutrino flux — MICROBOONE-NOTE-1031-PUB
2. Know your detector — JINST 15, P03022 (2020) (and many more)

2= Fermilab
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022

LArTPC in action

Extremely detailed 3D images + calorimetry + PID:
unprecedented tool for neutrino interaction & BSM physics

NUMI DATA : RUN 5440 EVENT 2577, MARCH 15, 2016

8/05/21 Elena Gramellini | elenag@fnal.gov



B N]j LArTPC in action
u OO Extremely detailed 3D images + calorimetry + PID:
\

unprecedented tool for neutrino interaction & BSM physics

Proton Candidate
automatic reco threshold:

0(100) keV
resolution hit thresholds

NUMI DATA : RUN 5440 EVENT 2577, MARCH 15, 2016
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112013

B N]j LArTPC in action
l«l OO Extremely detailed 3D images + calorimetry + PID:
\

unprecedented tool for neutrino interaction & BSM physics

MicroBooNE NuMI Data 2.4x10?° POT ~ —+— Beam-On Data (Stat.)
Out-of-Cryostat
["] Beam-Off Data
[] Neutron
. I Muon
Proton Candidate - I Kaon
, . et [ Pion
automatic reco threshold: n [ Photon
- [ Proton

[ Electron
MC + Beam-Off
Stat. Uncertainty

0°< 6<60°

arXiv:2101.04228

0(100) keV
resolution hit thresholds

(Data - MC) / MC
o
=i R ]

NUMI DATA : RUN 5440 EVENT 2577, MARCH 15, 2016
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112013
https://arxiv.org/abs/2101.04228

To e” or not to e ? Why is e/y separation a big deal?

Primary physics goal: Electron dE/dx ~ 2 MeV/cm

Investigate the nature of the MiniBooNE excess of
low energy electromagnetic events. Is it electrons? Is it photons?
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32em NuMI Data

Run 5280, Subrun 106, Event 5302

Run 20593 event 28812, January 7% 2019

Photon dE/dx ~ 4 MeV/cm

:+ Phys.Rev.Lett. 121 (2018) 22, 221801
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201805.12028

1eNp candidate data event

Exploring the MiniBooNE LEE

v, analyses:
— MiniBooNE-like final state (Pandora, 1eNp, 1e0p)
— restricting to quasi-elastic kinematics (Deep Learning , 1e1p)
— allv_final states (Wire-Cell, 1eX)

single photon analysis:
— targeting Delta radiative decay hypothesis
(Pandora, 1y1p, 1y0p) e

1e0p candidate data event

3 reconstruction paradigms, 6 complementary channels

1e1p candidate data event )
pUBooNE :
BNB Data, Run 5924 Subrun 2 Event 109 1Y0p Candldate data

: e Reconstructed shower energy: 2.8 GeV ,Y event

Y
1y1p candidate data

puBooNE
—

RUN 8617 SUBRUN 46 EVENT 2328 ' event HBOONE
1 ex Cand idate data 25m MicroBooNE Data, Run 5462 Subrun 14 Event 732

B event 15¢m Run 5187 Subrun 188 Event 9430

L= Fermilab

MicroBooNE Data
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Ingredients for a successful on-beam neutrino experiment

Decay Pipe
Magnetic horn (decay to leptons)
(Focus right sign particle)
m (absorb charged leptons )
1.  Know your neutrino flux — MICROBOONE-NOTE-1031-PUB
2. Know your detector — JINST 15, P03022 (2020) (and many more)

2= Fermilab
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022

Ingredients for a successful on-beam neutrino experiment

Decay Pipe
Magnetic horn (decay to leptons)
(Focus right sign particle)
m (absorb charged leptons )
1.  Know your neutrino flux — MICROBOONE-NOTE-1031-PUB
2. Know your detector — JINST 15, P03022 (2020) (and many more)

3. Know how neutrinos interact

2= Fermilab
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022

Ingredients for a successful on-beam neutrino experiment

Experiments need good
interaction modeling:
predict final states on a
wide range of energies
with high precision.

Magnetic horn
(Focus right sign particle) Theory is complex:

several interaction processes +
nuclear effects (FSI, MEC)

1. Know your neutrino flux 1 Cross section measurements

2. Know your detector 7 essential to benchmark theory
3. Know how neutrinos interact and help improve it!

2= Fermilab
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1031-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022

v, +Ve Bar CC Inclusive @ NuMI

uBooNE _

Run 5280, Subrun 106, Event 5302

2% Fermilab
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v, +Ve Bar CC Inclusive @ NuMI
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https://arxiv.org/abs/2101.04228

v, +Ve Bar CC Inclusive @ NuMI 10

12 - @ Data (stat. + sys.)

Flux averaged total cross section.
Largest ever sample of v_-Ar interactions with > 200 events

Selection main requirement: at least one shower compatible with electron
hypothesis: Purity ~40%, Efficiency ~10%.
In good agreement with models
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https://arxiv.org/abs/2101.04228

Production of neutral pions

10¢m

.
BNB DATA : RUN"5904 EVENT 2038. APRIL 13, 2016.

2% Fermilab

19 8/05/21 Elena Gramellini | elenag@fnal.gov



20

Production of neutral pions

Fundamental background to the LEE search
First measurement of flux averaged vu—Ar CCrmt cross section
Phys. Rev. D99, 091102(R) (2019)

MicroBooNE
1.62 x 102° POT

0
550 MicroBooNE 1.62x10% POT g, W ECITAR)
cl Simulation Normalized to Data — GENIE RS
- — + Data 4.04 -- (NoFSI)
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B \ 1 Neutrino Interaction, not a primary y ot waie
g E Neutrino Interaction, uncorrelated activity <\( C 10 1 [T S L
~150— Cosmic only (data) NE
] - | eesssseeas Fitted Data Conversion Length: 24 + 1cm O 2.51 1
-g L Simulation Conversion Length: 25 cm 2"’;
2100= o 2.01
[ITRE Lz
i o 1.51
T o)
=8 = 1.0
[ Y ey s
10 20 30 40 50 60 i
Vertex to Shower Start Distance [cm] . Argon
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p ‘Y

N
BNB DATA : RUN"5904 EVENT 2038. APRIL 13, 2016.

10cm
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.091102

21

Production of neutral pions v u

Fundamental background to the LEE search
First measurement of flux averaged vu—Ar CCrmt cross section
Phys. Rev. D99, 091102(R) (2019)

MicroBooNE
1.62 x 102° POT
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.091102

v, CC Inclusive @ BNB

Run 3469 Event 28734, October 21%, 2015

Run 3493 Event 27435, October 23rd,

2% Fermilab
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v, CC Inclusive @ BNB

In single detector measurements, muon neutrinos are used to constrain

uncertainties on electron neutrinos flux and interaction model.

First double differential measurement on Argon
— Overall good agreement with theory (Phys. Rev. Lett. 123, 131801 (2019)).
More recent models achieve better agreement at forward scattering angles.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131801

Selected Events

24

v, CC Inclusive @ BNB: a Sneak Peek at Next Gen Analyses

Improved detector simulation and tuned nuclear modelling

Ratio

1000

g
TR T ERT CL T [ T [0 TET

B v, CC,

1.4
T
1.21 s _+=§=+

0.8

NC, 1.6%
s OUTFV, 7.6%
B Dirt, 4.3%
Cosmic, 6.4%
Data (Beam-off), 29%
Stat. Unc.
—3— Data (Beam-on, stat. only)

MicroBooNE 1.6e+20 POT GENIE v2.12.2

B v, CC (signal), 50%
B v, v, CC,0.054%

0.44%

Fhirm e Fovas

RN
-1 =

Previously published measurement
Phys. Rev. Lett. 123, 131801 (2019)
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Current measurement
MICROBOONE-NOTE-1069-PUB
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131801
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1069-PUB.pdf

v, CC Inclusive @ BNB: a Sneak Peek at Next Gen Analyses

Improved detector simulation and tuned nuclear modelling

— Purity: from 50% to 71.9% B AccumuIat’egcl?s%'rc;)?ﬁiien8 MicroBooNE Preliminary
— 3x Reduction of cosmic contamination D 40011 . v, CC (not p): 26% ined GENIE =~
. . \’e,ﬁCC: A%
—> Detector uncertainties from 16.2 % to 3.3 % iy SR — sty ——
‘S 300 NG:2se: = 000 hessasdescssnuamad ez b
L5 555 Bl OUTFV: 3.5%
. . . | I Cosmic: 5.6% : : : o
Better detector understanding: signal processing 200F-..| I Dirt: 2.4% f : :
from all planes & improved calorimetry 1ERE . Sy oo gl N NONE DOOR I

JINST 13, P07006 (2018), JINST 13, P07007 (2018) o,

50

Reduced systematic uncertainties via a data driven 0
method 0~ 1
MICROBOONE-NOTE-1075-PUB 3 1 ;2

g oo e e T e e e Sy
Improved neutrino interaction model 8 0.8-06-04-02 0 02 04 06 08 1
MICROBOONE-NOTE-1074-PUB cos(6)

Current measurement

Cosmic Ray Tagger use, JINST 14, P04004 (2019) MICROBOONE-NOTE-1069-PUB
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1069-PUB.pdf
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1075-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1074-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04004/meta
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v, CC Inclusive @ BNB: a Sneak Peek at Next Gen Analyses

Improved detector simulation and tuned nuclear modelling

— Purity: from 50% to 71.9% Accumulated POT: 7.644e+18 M:icronoNE:PreIin?inary

. . . . Il v, CC (signal): 71.9% : : : :
— 3x Reduction of cosmic contamination " v, CC (notp):26% [ Tuned GENIE—_"""
— Detector uncertainties from 16.2 % to 3.3 %

.| N v., V; CC:0.1%
v, CC: 0.6%
NC: 2

Entries per bin

Better detector understanding: signal processing
from all planes & improved calorimetry
JINST 13, PO7006 (2018), JINST 13, P0O7007 (2018)

Reduced systematic uncertainties via a data driven
method
MICROBOONE-NOTE-1075-PUB

0.2 04 06 0.

Improved neutrino interaction model 0

MICROBOONE-NOTE-1074-PUB 'cos(e[?m)
Current measurement
Cosmic Ray Tagger use, JINST 14, P04004 (2019) MICROBOONE-NOTE-1069-PUB

2% Fermilab
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1069-PUB.pdf
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1075-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1074-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04004/meta
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v, CC exclusive topologies: v, CCOmntNp with N = 1

BNB DATA : RUN 5211 EVENT 1225. FEBRUARY 29, 2016

8/05/21 Elena Gramellini | elenag@fnal.gov
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v, CC exclusive topologies: v, CCOmntNp with N = 1 vu\ W

Event selection: PH > 100 MeV/c, 300 < PID < 1200 MeV/c , Omt

Purity ~70% & efficiency ~30%, overall agreement in proton kinematics :. p
Lowest momentum bin (close to detection threshold) most sensitive to <
model differences & p
L [ T 17T ] UL I L l L l 33 2 | l T 17T I T ] 3.5— T T T T ] T T T T I T T T T | T T T T ] &%'
/g 5H —— Data _ = r —e— Data ] p
,i.o)  \  enehRE GENIE v3, XZ/dof=7.1/10 7 § 3 :_ ________ GENIE v3, XZ/d°f=7'0/9 _: p
g F N o NuWro, y*dof=1.7/10 ] g g NuWro, y*/dof=7.6/9 .
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% i : GiBUU, x%/dof=12.3/10 ] é C GiBUU, y*/dof=3.1/9
O 3F J 8 2t
X L 4 ) -
g T 1 = -
- L ] 8 N 1.5 -]
2- ] D - ]
& [ 1 § 1F 3
g B 1 = C ]
= 1 — © C ]
s [ 1 ° 05k =
o, [0 v v P W Lo poel o v plian o | P vpplial L S TN T NN SR SRR T A NN ST S SN R
0 OL————
0 02 04 06 08 1 12 14 1 D5 0 0.5 1
P, (GeVIO)  phys. Rev. D102, 112013 (2020)  <0s6;
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112013

v, CC exclusive topologies: v, CCOmntNp with N = 1 vu\ W

Disagreement in muon kinematics at forward scattering angles
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E T e NuWro, x*/dof=29.5/6 ] % 4_— ---------------- NuWro, y*dof=19.5/12 ] P
) AL * NEUT, x*/dof=42.1/6 ] 2 [ miEsen NEUT, x%dof=25.6/12 £
— i Sy = FIEIy
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pree (GeVi/c) cos0,
z Phys. Rev. D102, 112013 (2020)
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v, CC exclusive topologies: v, CCQE-like

BNB Run 1 Data
Run 5127 Subrun 138 Event 6904
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.
v, CC exclusive topologies: v, CCQE-like u\ / W

Simple topology dominant at energies relevant for SBN

CCQE-like in restricted phase space boosts CCQE predicted purity: ~80% |
Event selection: Pu > 100 MeV/c, single proton PID > 300 MeV/c /\

n p
Good agreement with 18
9 §  MicroBooNE Data 4.59x 10" POT >
models, except at very 5| mmm MC nBooNE
forward muon scattering Simulation S
angles. e 12} GENIE Nominal e .
% == GENIE v3.0.6 Candidate [
S 9 NuWro 19.02.1 —
— NEUT v5.4.0 } SR
< d Ignal aertinition:
5 § 6 GIBUU2019 { |A9pp N 900| < 55°
~ P e A, - 180°| < 35°
3t i § J-f . P, = |PH+Pp |; < 0.35 GeV/c
Phys. Rev. Lett. 125, 201803 L
(2020) o~ &~ , , .
-0.7 -04 0.0 04 08 1.0 Run 5412 Event 801, March 13th, 2016
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
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Consistent Picture for v, CC

v, CC Inclusive v, CCNp v, CCQE-like
MC excess in forward bin Data turnover in forward bin " Biggest deficit in forward bin
R e B A
- [ —e— Daa ] ®  MicroBooNE Data 4.59%10' POT
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Phys. Rev. Lett. 123, 131801 (2019) Phys. Rev. D102, 112013 (2020) Phys. Rev. Lett. 125, 201803 (2020)

Forward region is very sensitive to nuclear physics: more modern generators show promise.
Investigation with using exclusive channels will shed light on the matter.
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Phys. Rev. Lett. 123, 131801 (2019) Phys. Rev. D102, 11, — —<ev. Lett. 125, 201803 (2020)
Forward region is very sensitive to nuclear physics: more modern generators show promise.
Investigation with using exclusive channels will shed light on the matter.
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Phys. Rev. Lett. 123, 131801 (2019) Phys. Rev. D102, 11 eV, Lett. 125, 201803 (2020)

Forward region is very sensitive to nuclear physics: more modern generators show promise.
Investigation with using exclusive channels will shed light on the matter.
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Challenging topologies: NC1p

BNB DATA : RUN 5122 EVENT 298
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Challenging topologies: NC1p ”BO@%

Neutral current interactions w/ single proton: 3 Kinetic Energy T via
Length & PSTAR

1 proton track with 1.2 < length < 200 cm

Lowest Q?> NC1p analysis to date (0.1 GeV?)

Purity ~40% & efficiency ~30%

Sensitive to strange component of neutral-current axial form factor

BNB DATA : RUN 5122 EVENT 298

x10°%° 5.45 x 10%° POT MicroBooNE Preliminary

< 5.45 x 10%° POT MicroBooNE Preliminary
Q + Data (Statistical Uncertainty) _.fé, 2200 len df = 78.55 /20
(D % + Data (Total Error) @ 2000 — (d)ai‘aFeNB 5435.0 gosm:cs (gata)| 835.8
o GENIE v3 > @ Non.Proton 405 e s
E 6 © 1800 B v anisenss B Cbin broson i :
S = ¢ k No previous data for
o .
=S 5 NCE with T < 225 MeV
o
5 :
c

MICROBOONE-NOTE:
1067-PUB

2 | +|_

'E ——1_]
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Kinetic energy T (GeV) Kinetic energy T (GeV)
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Takeaways ' ‘ /

Decay Pipe
Magnetic horn (decay to leptons)
(Focus right sign particle)

(absorb charged leptons )

MicroBooNE has collected the largest sample of neutrino-argon interactions available to date and
has completed our first era of detector studies and cross section analyses.
— Stepping stone measurements for many more to come! Much more data to analyze!

Measuring neutrino cross sections on argon with high precision opens a new window in the exploration
of the nucleus and it is foundational for BSM work in LArTPCs:
we are setting solid basis for a series of first results on the MiniBooNE low energy excess (coming soon).
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times ahead
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Improved Interaction Model: GENIE Tune

Accumulated POT: 7.644e+18 MicroBooNE Preliminary
Il v, CC (signal): 71.9% : : ] :

GENIE v2.12.2 — GENIE v3.0.6

;E 400=—"1 pumm v, CC (not p): 2.6% s e
3 gpoE.. | NN v, 7 CC:0.1% o é
0 I v CC: 0.6% ' .
Tuned CCQE and CCMEC models £ 300F- = gﬁ}ﬁf’/‘; I —
tO T2K Vv CCOT[ data “ 250 — Cosmlc; 5:6%‘: """""
H 200F| . Dit:2.4% | i
Data (Beam-off): 10.8% _ :
T2K data is on a carbon target il et
— Tuning Seems to give good 100 .........................................
agreement with MicroBooNE’s 52 """""""""""
argon-target data g E
MICROBOONE-NOTE-1074-PUB I e e e
© 0.6 H f i
© 1 -08-06-04-02 0 02 04 06 08 1

cos(6;*°)
GENIE v3.0.6 models used:

QE/MEC — ]. Nieves, ).E. Amaro, M. Valverde phys. Rev.C 70,055503 (2004) and
R. Gran, ). Nieves, F. Sanchez. M. Vicente-Vacas Phys Rev.D 88, 113007 (2013)
RES/COH — C. Berger, L. Sehgal phys Rev.D 76, 113004 (2007), Phys. Rev.D 79, 053003 (2009)
FSI = work by L. Salcedo, E. Oset, M. Vicente-Vacas, C. Garcia-Recio

Nucl. Phys. A 484,557-592 (1988) and V. Pandharipande, S.C. Pieper Phys.Rev.C 45,791-798 (1992)
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More on Neutral Pions

MicroBooNE 1.62x10%° POT
soF- —+— Data: Mean 128 + 5 MeV/c?
- |:| Neutrino Induced nt°
70—
L E Charge Exchange n°
% 60— e
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; 50— U7
5 -
S 40F- I other
e
> 30__
w -
20—
= ~

0 50 100 150 200 250 300 350 400 450 500
Corrected Diphoton Invariant Mass [MeV/c?]

Phys. Rev. D99, 091102(R) (2019)
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MicroBooNE: current R&D

Brief R&D parenthesis
Noise source in MicroBooNE: MicroBooNE noise characterization paper: JINST 12, PO8003 (2017)

Single photo-electron rates as a function of drift HV and with reverse cathode polarity.
HV studies: 70 kV — 128 kV

Impact of UV laser grounding schemes for DUNE?

Real-time triggering solutions that can get physics faster in SBND, DUNE ND

Argon doping

2% Fermilab
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http://ssss

NuMi

NuMI Beamline Side View

Main Injector

120 GeVv
Beam

Not to Scale

Hol‘ns »

BNB

Not to Scale

NuMI Beamline Top View

NuMI

FIG. 3. The position of the MicroBooNE detector relative to the NuMI neutrino beam target with views projected to the side
and above. The NuMI beamline is angled 3° downwards and the distance of the NuMI target to MicroBooNE is approximately
679 m. The flux of neutrinos at MicroBooNE covers angles ranging from 8° to 120° relative to the NuMI beamline direction.
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Single Transverse Variables

Transverse direction characterized by magnitude & 2
angles

Spr = Py + P
O0¢T = arccos ———,

arccos

5Q’T

'A
PT5PT
S 3D Projection v Transverse Plane Iy
- z 2B
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Longitudinal Variables

Introduced by the Minerva collaboration to remove
dependence on E, while assuming ground state
remnant nucleus. Phys. Rev. Lett. 121, 022504
(2018), Phys.Rev. D 101, 092001 (2020), Phys.
Rev. C 95, 065501 (2017)

an1A+pi+I)E EY - EP

2 S 12
B, = ER my 4 + Opp
2 2R
o 2 o9 Struck nucleon
Pn,proxy — \/BPL T 6pT momentum
dprx = (Py X f)%) - OpT Sensitivity to

N oAl nuclear effects
OpTy = ~Pp " OPT
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https://doi.org/10.1103/PhysRevLett.121.022504
https://doi.org/10.1103/PhysRevLett.121.022504
https://doi.org/10.1103/PhysRevD.101.092001
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.95.065501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.95.065501

MicroBooNE: event reconstruction

3D Event reconstruction is crucial in LArTPC.
Multiple avenues:

— “The Pandora Multi-Algorithm Approach to Automated Pattern
Recognition of Cosmic Ray Muon and Neutrino Events in the MicroBooNE
Detector”, Eur. Phys. J. C78, 1, 82 (2018)

— “Neutrino Event Selection in the MicroBooNE Liquid Argon Time
Projection Chamber using Wire-Cell 3D Imaging, Clustering, and
Charge-Light Matching”, JINST 16, P06043 (2021)

— “A Convolutional Neural Network for Multiple Particle Identification in
the MicroBooNE Liquid Argon Time Projection Chamber”, Phys. Rev.
D103, 092003 (2021)

|~ Run 1463 Event 23. August 15t 2015 10:37

Cosmic contamination plays a big role on the surface:
Cosmic Ray Tagger installed in 2018 JINST 14, P04004 (2019),
Cosmic data as background to simulation (pioneered the “overlay” technique in LAr).
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https://iopscience.iop.org/article/10.1088/1748-0221/16/06/P06043
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092003
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04004/meta

v, CC exclusive topologies: protons

Low thresholds probe more detailed
interaction channels and nuclear effects

— ArgoNeuT: 200 MeV/c
Phys. Rev. D 90, 012008

— T2K: 500 MeV/c
Phys. Rev. D 98, 032003

— MINERVA: 450 MeV/c
Phys. Rev. D 99, 012004

— MicroBooNE:
Phys. Rev. D102, 112013
Protons identified by Bragg peak in last 30 cm of track
MICROBOONE-NOTE-1056-PUB
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