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LAr Neutrino Experiments
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LArTPC

Sense Wires
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Being used in current and
next-generation neutrino
oscillation experiments

Scintillation light collected
by the photomultiplier tubes
(PMTs) behind the anode

Low thresholds and high
resolution




MicroBooNE

- 85 ton active mass, surface-based LArTPC

- 3 planes of wires (vertical, +60°, -60°) with 3mm spacing

- 32 PMTs collect light from flash at time of interaction

- Longest running LArTPC to date, completed data taking from 2015-2021

- Receives Booster Neutrino Beam (BNB) and Neutrinos at the Main Injector (NuMI)
beam at Fermilab
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NuMI Beamline Top View

BNB

e MicroBooNE is 470 m from the target
e BNB v, flux peaks at 0.7 GeV
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NuMI Beamline Top View

NuMI

e MicroBooNE receives off-axis NuMI beam
e About 680 m from the target

e We have collected 2.37x10?' POT EJ \<>
e Larger fraction of v than BNB
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Physics Goals

e MiniBooNE Low Energy Excess (LEE)
e Neutrino-Ar Interactions
e Beyond the Standard Model (BSM) Physics searches
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Physics Goals

e MiniBooNE Low Energy Excess (LEE)
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MiniBooNE Low Energy Excess
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- Observed candidate rates consistent with the
predicted background rates
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First LEE Results: Photon-like (gLEE)
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3+1 Oscillation Analysis

10

E ]
F } MicroBooNE 6.369x10* POT
L ( 95% CL,
10 \ = Data, profiling
E ) = === Sensitivity, profiling
—_ r l/ — = Sensitivity, v, App. only
o
% N
~ 1
“‘g E
107
F I LSND 90% CL (allowed)
[ LSND 99% CL (allowed)
10—2 1 1 Illllll 1 1 Illllll 1 1 lllIlll 1 11 1111l
107 107 102 107
)
sin"20,,

10

T T T

AmZ, (eV?)

—

GALLEX+SAGE+BEST
20 (allowed)
Il Neutrino-4 20 (allowed)

MicroBooNE 6.369x10%° POT
95% CL,

= Data, profiling

== == Sensitivity, profiling

— = Sensitivity, v, Disapp. only

1 1 Lol

107!

107

107
sin?20,,

- Some LSND allowed region excluded

45F MicroBooNE 6.369 x 10°° POT
= —e— BNB data, 338 Pred. uncertainty
40 [ Others, 10.0 NC,225
= v,CC,193 v, CC, 333.1
> 35E - = = eLEE Model (x=1),37.0
Q =
= 30
S a5
Z20F
5 ..k
L:% 15
10F-
S
0:' —r— =
0 500 1000 1500 2000 2500
Reconstructed E, (MeV)

. First constraints, competitive in the relatively high Am? 4, region, on the eV-scale sterile neutrino

parameter space measured in a LArTPC detector

- Paves the way for future neutrino oscillation searches

- An upcoming search for sterile neutrino oscillations combining the BNB and NuMI data
Phys.Rev.Lett. 130 (2023) 1, 011801
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Physics Goals

e MiniBooNE Low Energy Excess (LEE)
e Neutrino-Ar Interactions
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Neutrino-Ar Cross section measurements

BNB DATA :

RUN 5211 EVENT 1225. FEBRUARY 29, 2016
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Largest neutrino-Ar interaction
data

~500k events
High resolution allows for
investigation of multiple final state
topologies

Nuclear effects
Final state interactions

Value input for current and future
LArTPC experiments

>10 published cross section papers
~30 ongoing cross section analyses




Neutrino-Ar Cross section measurements

1-D CClp TKI
2-D CClp TKI
CC2p

3-D CC Inclusive
NC 7

Rare channels

NNN 2023, October 13th, 2023



Transverse kinematic imbalance (TKI

e Nuclear effect indicators

opr = pr* +pr?

o QOrientation of

pV
imbalance
( —pr#- 515'T)
do = arccos
pr ¥ Opr

e Previous measured in
T2k and MINERVA

Phys. Rev. C 94, 015503 (2016)

NNN 2023, October 13th, 2023

Vy+N > p+N
v

+2722
1




TKI from Charged-current Quasi-elastic-like events

uBooNE
- Final state requirements BNB Run 1 Data h
Muon candidate Run 5127 Subrun 138 Event 6904
100 < P <1200 MeV/c Candidate W
Proton candidate
P> 300 MeV/c

No charged pions above 70 MeV/c C C 1 p O s

No neutral pions
No requirements on neutrons

« ~ 9k candidate events

Phys.Rev.D 108 (2023) 5, 053002
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TKI from Charged-current Quasi-elastic-like events
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TKI from Charged-current Quasi-elastic-like events

All events
- First measurement from MicroBogNE Data
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TKI 1n 2D

e First measurement of muon neutrino double-differential cross sections
e Identified parts of the phase space where the Fermi motion can be largely disentangled
from FSI and multi-nucleon effects
o To benchmark and tune the FSI modeling in event generators
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Charged-current Two Proton Knockout

- First neutrino-argon cross
sections for an exclusive 2p
final state

Final State
Muon

Initial State
Neutron

v
_______________ Leading Prot
Y., angle between the two ’ sedng e
protons - Sensitive to
modeling choices for MEC _
an d QE Recoil Proton

arXiv:2211.03734
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Charged-current Two Proton Knockout

Efficiency of 13%
Purity of 65%
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Charged-current Two Proton Knockout

-38
Differential Cross-Section [é%v /g’;‘\i]

Q[ Lu Ren
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Charged-current Inclusive 3D measurement

MicroBooNE 6.4 x 10%° POT
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NC 7

- Highest-statistics measurement to
date of neutrino neutral current
single pion production on argon

«  Constraint for backgrounds to
single-photon searches

- NEUT slightly more consistent with
our measurement

Phys. Rev. D 107, 012004
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Rare channels: A Baryon Production and 7 production
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- First A baryon production in a
modern detector

- A baryons through invariant
mass and separated vertex

- Identified 5 candidate from
2.2 x 10** POT FHC and 4.9
x 10*° POT RHC NuMI data

Phys. Rev. Lett. 130, 231802 (2023)

First cross section
measurement for n production
1n neutrino Ar interactions
VCQ—ifNC _”7 —+ Xﬁ—) 27 + Oﬂ'o —|— X
arXiv:2305.16249




Physics Goals

MiniBooNE Low Energy Excess (LEE)
Neutrino-Ar Interactions
Beyond the Standard Model (BSM) Physics searches

“Deep Learning techniques to search for rare processes in LArTPC-based
neutrino experiments” by Daisy Kalra this afternoon
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Summary

MicroBooNE has completed data taking with 1.56x10?! POT BNB data and
2.37x10*' POT NuMI data collected

First low-energy excess results show no evidence of excessive electron- or photon-like
excess to explain the MiniBooNE anomaly

Full 3+1 oscillation analyses were carried out to interpret the MicroBooNE eLEE
results under a sterile neutrino oscillation hypothesis

Progress on precise neutrino-argon cross section measurements in the last few
years
More exciting results from MicroBooNE coming soon

Thank you!
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Backup
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Overview of MicroBooNE’s Cross Section Program

e BNB(v) e NuMI
o CC Inclusive o NCr° o v_CC Inclusive
o CCQE-like o NClp ° v, CC Inclusive
o CCOnNp o NC Elastic o v, /v, CCratios
o CCOn2p © 7 production o v CCOnNp
o CCOn0p o MeV-scale Physics o v, CCKaon
o CCln" O o  Hyperon production
o CCn o Kaon Decay-At-Rest
o  CC Coherent (KDAR)
o CCKaon o)
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