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2= MicroBooNE

A large liquid-argon time projection chamber (LArTPC) neutrino

experiment at Fermilab. )/ RS
MicroBOoNE detector =
/ A {i % //\(‘\\ :
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¥
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* LArTPC Technology: MicroBooNE is the
first detector in the Short-Baseline Neutrino
(SBN) program at Fermilab, contributing
crucial input towards the future DUNE.

 Cross-Section Measurements:
MicroBooNE has collected a large dataset
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of neutrino-argon interactions and is 4 X) X(ps)
pursuing a broad program of cross-section Vi /
measurements. p
« Short-Baseline Anomalies and BSM: ‘/;
MicroBooNE can search for physics beyond

Argon \\‘;

the Standard Model with the excellent X il s
capabilities of the LArTPC detector. Neutrino cross-section BSM physics




Sense Wires

 Liquid argon time projection capabilities, e.g.
chamber y/e

100}~ MicroBooNE NuMI Data 2.4x10™ POT Beam-On Data (Stat.)
Out-of-Cryostat

[C-] Beam-Off Data

[ Neutron

I Muon

B Kaon

I Pion

[ Photon

[ Proton

[ Electron
MC + Beam-Off
Stat. Uncertainty

0°< 6 <60°

Uu vy
* - Liquid Argon TPC f) 17
3¢ MicroBooNE detector ] 5
f ‘
Yt ;[ §
« MicroBooNE detector Gutraics. /0000 <
- VA 7 PV | s x
» Low energy threshold: few to o D:\ o
! Ay '
tens of MeV With drift charge o/ B:xll E
- High spatial/time resolution and scintillation y AL % ll g
ight i ' |V
« Pattern recognition: light information @‘\ i ’| %
track/shower e <
High energy precision Zoeil 2
. Hig 7t | O
7] Strong particle ID Lz—(
S
o
Ll
L.

« TPCfield cage 2.3 X 2.6 X
10.4 m3, 80 tons

e Electric field 273 V/cm:; drift
velocity 114 cm/ms b \ 60

80

Entries
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2= Neutrino flux

On-axis Booster Neutrino Beam at ~500 m baseline.

NuMI beam
NIMOS, NovA
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Hadron
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2= Neutrino flux

On-axis Booster Neutrino Beam at ~500 m baseline.

Booster neutrino
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2= Cross-section at MicroBooNE

« The energy range of neutrino flux at the MicroBooNE
covers quasi-elastic(QE), resonance (RES) and deep a A Schukrat, G Zeller
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: : . 3 ~ MicroBooNE
inelastic scattering (DIS) (0.5-2.0 GeV). 8 b cnergy range
. , € 1.2
QE and RES are the dominant ranges. O 1:_ ﬁ+ TOTAL
* DIS process can also be observed. 2 I i (e
0.8~ N e I, .
uf - U ;'! sl RAEIED! g e g 2o S
s 06l /| i i
B vy v /v v w/v 8 QE | NfE—RES
Vy u vy 2 4 @ 0.4
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2= Cross-section at MicroBooNE

* Neutrino-nucleus cross-section model is one of the most critical source of systematic uncertainties in
the measurement of neutrino oscillation.

* inclusive/exclusive proton final-states to study nuclear effects in CC channels.
» Neutral pion production: crucial for neutrino oscillation and BSM programs.

« Rare channels & signatures including neutrons for precision tests of generators and better understanding of
missing energy.

* v, poorly constrained with data, crucial for oscillation program.
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2= Cross-section at MicroBooNE

Inclusive Measurements

« Many cross-section measurements have ° 1D v, CC Inclusive @ BNB: PRL 123 131801 (2019), PRL 128 151801 (2022)
been accomplished. « 2D v, CCInclusive @ BNB: PRL 133 041801 (2024), PRD 110 L013006 (2024)

» 3D v, CC Inclusive @ BNB: arXiv:2307.06413
* These measurements will be a crucial 1D v, CC Inclusive @ NuMI: PRD 104 052002 (2021), PRD 105 051102 (2022)

inputs for constraining models and the  Pionless Measurements
physics research at future SBN and 1D, 2D v, CC O Np @ BNB: PRD 102 112013 (2020), arXiv:2403.19574,

DUNE experiments. arXiv:2507.00921 (2025)
« 1D v, CCOm 1p @ BNB: PRL 125 201803 (2020)
- 1D, 2D v, CCOm 1p TKI @ BNB: PRL 131 101802 (2023), PRD 108 053002
MicroBooNE flux-integrated XSEC (2023)
10701 o } - 1D, 2D v, CC Om 1p GKI @ BNB: PRD 109 092007 (2024)
- 1D, 2D v, CC Om 1p AKI @ BNB: PRD 111 113007 (2025)
ey « 1D v, CC 01 2p @ BNB: arXiv:2211.03734
4 « 1D v, CCOm Np @ BNB: PRD 106 L051102 (2022)

10-40. ’ Pion Production Measurements

’ « 1D v, CC 1m0 @ BNB: PRD 99 091102 (2019), PRD 110 092014 (2024)

10-41. I « 1D, 2D v, NC 1m0 @ BNB: PRD 107 012004 (2023), PRL 134 161802 (2025)
T |» - 1D v, CC 11+ @ NuMI: PRL 135, 061802 (2025)

Rare Channels and Novel Techniques
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XSEC [cm?/nucleon]

N\ Production @ NuMI: PRL 130 231802 (2023)

FEFF LT 1 Production @ BNB: PRL 132 151801 (2024)
W ¥ C (,Q' OQLCI(J \\(’ . .
SR G AR S « K+ Production @ BNB: arXiv:2503.00291 (2025)

o Neutrons Identification: EPJC 84 1052 (2024)
Model Validation: PRD 111 092010 (2025)




0.1 GeV/c < p,< 0.24 GeV/c 0.24 GeV/c < P, < 0.3 GeV/c
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{& CC inclusive Op/Np

* Understanding the Op and Np final states in v, CC channel is essential in constraining the
prediction and systematics for v,CC in v, appearance measurement.

* Modeling better in Np, prefers GiBUU modeling in Op.
« Data sensitive to proton reinteractions within nucleus.

OpNp x? (ndf = 22): uBoolE tune = 50.8, GENIE = 61.5, NuWro = 46.4, GiBUU= 37.6, NEUT = 65.7
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PRD 111, 013006 (2024)




{& Neutrino angle reconstruction

A precise reconstruction of the incoming neutrino direction is essential for DUNE to study
atmospheric neutrino oscillations.

* First study of using charged-current quasi-elastic-like (CCQE-like) interaction to extract
the angle between muon-proton system and the incoming neutrino direction.

« BNB neutrino direction is known.

* Direction reconstruction in single-proton selection has a good resolution.

all events
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PRD 111, 113007 (2025) Smearing dominant by nuclear effects.




$& Pion production

do :
dE, [Arb Units]

« Resonance and deep in-elastic channel are dominant interaction modes at DUNE.

» These channels lead to pion-containing final states that we can measure in the

MicroBooNE.

DUNE Near Detector
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{& v, + v, CC pion production (NuMIl)

* Precise understanding of v, interactions on argon is essential for measurement of
electron neutrino appearance.

* The first measurement of cross-section of v, + v, CC pion production is found to be in
good agreement with generator prediction.
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PRL 135, 061802 (2025)

Published by
American Physical Society Qgs Volume 135, Number 6




{5 NCr° production (BNB)

* NCn® channel is a critical background in % osl(®) i WicroBaaNE 64 107 BT NCr? 0
oscillation analyses and BSM search. LAGi I el Wr o XS 7/
. . . . % ’ \\\:'&\. Seemt gil:lj;f:vg ;u; FSI (40.3/6)
* The first double-differential cross section S S NEUT no FSI (32,419
. . . € X ~— GiBUU (12.9/6)
measurement of NCr® production in neutrino- S 03 |, GBuU o rs
. L 02 wkn
argon scattering =L 0.1
%:0.0

* Models without Final State Interaction (FSI) T
overestimate the measured NCr° cross section.
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PRL 134 161802 (2025)




4% Rare process

« Strange-hadron production is sensitive to the physics of the underlying
neutrino interaction and nuclear effects

* Nucleon form factors and axial masses, hyperon-nucleus potentials, final state
interactions

« A potential source of background in proton decay

[T Direct A [l Direct Hyp [ Neutron [l Dirt
B RES A [JRES Hyp []Other v Cosmic

A Production (NuMl)
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« 5 candidate signal events
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PRL 130, 231802 (2023)




4% Rare process

« Strange-hadron production is sensitive to the physics of the underlying
neutrino interaction and nuclear effects

* Nucleon form factors and axial masses, hyperon-nucleus potentials, final state
interactions

« A potential source of background in proton decay

K* Production (BNB)
v, tAr->pu  + K"+ X
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arXiv:2503.00291 2
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4% Rare process
1 Production (complementary to pion) (BNB)

Probe neutrino-induced higher order resonances beyond the A(1232), e.qg.
N(1535),N(1650),N(1710)

A novel calibration technique for electromagnetic showers in GeV range in LArTPC.

Background to protondecay inthe p - e* +n,p > u* +n
o(v — 1n+ X) = 3.22 4+ 0.84 (stat) + 0.86 (syst) x 10~ *'cm?/nucleon
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PRL 132, 151801 (2024)




{& Summary

» The MicroBooNE has reported measurements
of neutrino-argon cross-section.
* Precise measurement neutrino-argon interaction
» QObserve processes with cross-section less than
~107*! cm? /nucleon

» Current & upcoming MicroBooNE cross section
results will provide important model constraints
for future oscillation measurements

MicroBooNE flux-integrated XSEC
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