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* Part of the Fermilab Short-Baseline Neutrino (SBN: SBND, MicroBooNE, and ICARUS) Program

« (0(500K) interaction in 5 year running period with two beams :

MicroBooNE Simulation, Preliminary E, > 60 MeV
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« Neutrinos at the Main Injector (NuMI): 8° off-axis, 680m baseline, 95.5 % vﬂ(v'ﬂ)/4.5 Y v,(V,)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005

MicroBooNE Detector is a Liquid Argon Time Projection
Chamber (LArTPC) with:

* 85 tonne active volume
» 3 planes of wires (vertical, +60° , -60°), 3 mm spacing

* 32 PMTs to detect scintillation photons

LArTPC concept

Charged particle generated in the detector
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https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017

Liguid Argon Time Projection Chamber (LArTPC)

* Capable of identifying different species of particles and | HBOONE
reconstructing 3D images with fine-grained information i ——— _
clta-ray _
! ~ Two EM showers
" 7 0 - 144
* Neutrino vertex Vertexof
* Particle flow (mother-daughter relationship) neutrino

interaction

* Track (u, 7, p etc.) vs shower (e, y EM cascade)

Important forv, — v,

* e/ y (e+e— pair production) separation

BNB DATA : RUN 5370 EVENT 7 . MARCH 10, 2016.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002

MicroBooNE Physics Program

Investigate
MiniBooNE Low
Energy Excess (LEE)
&
Search for BSM

Advance LArTPC
capabilities for next
generation neutrino
experiments (SBN
program, DUNE)

Study v-Ar scattering
using one of the

largest v-Ar data
collected to date!




MicroBooNE Physics Program

Investigate
MiniBooNE Low
Energy Excess (LEE)
&
Search for BSM




Short-baseline Neutrino Anomalies

Phys. Rev. D 103, 052002 MiniBooNE Collab.
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 MiniBooNE observed the Low Energy - Massr .
Excess (LEE) of electromagnetic events oL =m0
with 4.80 significance E% (GeV)
MiniBooNE

e Cherenkov detector

* Unable to distinguish between
electrons and photons

e Unable to detect hadronic
final-state particles below
Cherenkov threshold
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1 | However, photons, that pair
1 | produce extremely collimated ~
1 | electron/positron pairs produced

1 | an identical Cherenkov ring
1\ J

MicroBooNE
LAr TPC detector

Much better e/y
separation capabilities


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.73.045805
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.73.045805

Electron
Hypothesis

Low Energy Excess (LEE) Search : v, - like

* |s LEE coming from electron neutrinos?

« Pionless v, LEE analysis = Same topology as
MiniBooNE LEE (v,C(COxn)

 1st generation saw no evidence of v, - like excess
(>97% CL exclusion) [Phys. Rev. Lett. 128,241801]

 Update analysis :

1eNpOx 1eOpOz

BNB Data Run 22298 Subrun 74 Event 3723

Phys. Rev. Lett. 135, 081802 (2025)

BNB Data Run 20248 Subrun 210 Event 10515

MICROBOONE- Note-112/7-PUB

pBooNE

* First analysis to use full MicroBooNE dataset (BNB)
= 60% POT increase

» New background constraint = v,CC (divided
between Np and 0p) and NC 7z rich sideband

BNB Data Run 20080 Subrun 398 Eyent 19906

constrain dominant z” background

BNB Data Run 14124 Subrun 105 Event 5252

match hadronic final states of v, signal channel
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1127-PUB.pdf
https://journals.aps.org/prl/abstract/10.1103/x259-z6mf

Unfolded MiniBooNE LEE models

MicroBooNE Preliminary

LEE Search: v, - like initial Model

+ | SVD Approach

Events/MeV

 New signal model = address - .
electron kinematic variables o0 e

MiniBooNE
Phys. Rev. D 103, 052002

—&— D'Agostini Iterative

Ratio to MiniBooNE MC Central Value

e |nitial Model:

e MiniBoone-like excess based
on true Ey

MiniBooNE
Phys. Rev. D 103, 052002

0.367 0.231

e New Model:

Vo MiniBooNE ’
: +§~ Phys. Rev. D 103, 052002 v : (Eelec, ge,ec)

 Enchantment in true £,, cos0, T Ve
: - 2D MiniBooNE -
(shower kinematics) x: - | 6L EE Model:

* More Comprehensive 5 = :
MiniBooNE LEE hypothesis for Ty o e —

400 600 800 7000 1200

N : : True Electron Kinetic Energy (MeV)
L o like : - Phys. Rev. Lett. 135, 081802 (2025)
100 ettt Eneray MeV) MICROBOONE- Note-1127-PUB



https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1127-PUB.pdf
https://journals.aps.org/prl/abstract/10.1103/x259-z6mf

Electron
Hypothesis

LEE Search : v, - like
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 With ~65% more stats and new sideband constraints => able to provide strong limits on
the MiniBooNE LEE I/e'like Previous CCv, analysis also

shows no evidence of excess

e, Inconsistent with v -like excess at > 99% CL! PRL 128, 241801 (2022)
' PRD 105, 112004 (2022)

° I I - PRD 105, 112003 (2022)
Consistent results across all kinematic gbservables oD 100 T1a00s oo,



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/abstract/10.1103/x259-z6mf

LEE Search : single - y (vCA — Ny)

* Is LEE coming from underestimated NCA background?

» Past MicroBooNE results focused on NC A — 1y SM - e 680, 10 POT McroBooNE Data B 1 out FV
120+ B NC="inFV B Cosmic Data
background o0 = v,CC = inFV 3.18xNCA in FV, Np
‘ ] Other v in FV = 3.18xNCA in FV, 0p
» Disfavor sole MiniBooNE explanation at 95% CL [PRL 128, 2 O Wweio | WeiNe | Pandora 110 | Pandora 1+1p
111801 (2022)] 3 a0/ unconstr. | constr. | unconstr. | constr.
. 40
* An expanded NCA — Ny search confirmed no NCA » )
excess at 94.4% CL 0
* Cannot rule out an interpretation of the MiniBooNE LEE as | Weiq0p | WC1y0p | Pandora170p | Pandora 110p
an enhancement of Op NCA — Ny events \ 2001 | P
N 100 Z
S0
0

https://arxiv.org/abs/2502.05750
Hagaman & Yandel @ Fermilab 2025
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://arxiv.org/abs/2502.05750
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
https://indico.fnal.gov/event/67154/contributions/304171/attachments/185114/255606/uboone_photon_LEE_W&C_no_backups.pdf

LEE SearCh : Single - }/ (NC Coherent Scattering)

v(V) + Arys — v(V) + Args + 7

* NC Coherent Scattering : Sub Dominant source

of single ¥ + Op

* No evidence of any increased rate observed

* World’s first upper limit on the cross section of the o

orocess of 1.49 x 10~*em? at 90% CL

w
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MicroBooNE Data

Hagaman & Yandel @ Fermilab 2025
12 https://arxiv.org/abs/2502.06091



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://arxiv.org/abs/2502.06091
https://indico.fnal.gov/event/67154/contributions/304171/attachments/185114/255606/uboone_photon_LEE_W&C_no_backups.pdf

LEE Search: Single = ¥ (Inclusive Single y)

* Inclusive Single y : Any event that would look like a single y at
MiniBooNE’s threshold

Good agreement with background observed in distributions
/ where protons accompany the single-photons (1 yXp)

Observed a 2o excess of single-photon events with no
protons (1y0p) with shower energies below 600 MeV

single-photon, zero-proton events
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://arxiv.org/abs/2502.06064
https://indico.fnal.gov/event/67154/contributions/304171/attachments/185114/255606/uboone_photon_LEE_W&C_no_backups.pdf

LEE Search: BSM ¢ "¢

« Is BSM physics producing e"e™~ topology?

* Models: SM neutrino upscatters via e R e g
exchange of dark boson (Z’) into sterile TSNS,
neutrino, which decays via Z’ into an e™e S
pair T

-1 | MiDeoNE 5% Aowed Regions
* Result: il
: T e : 1073672 — '.j’l(i()'—l — "ﬁ”"*‘m)
® s
Nf’ ewd_ence forane’e S|gnallcon3|sten’.c PRL 121 (2018) 24. 241801 s [GeV
with a single or dual dark neutrino scenario PRD 99 (2019) 071701 XivDEDD 10900
* World’s first direct test of these dark sector Dual Dark Neutrino (A-1
models as an explanation for the 2% Lighter Dark in N
MiniBooNE low-energy excess ‘ ol N N
* Excludes the majority of the parameter il

10~ L1 Example Mz values :
N 003 Ge\V TR (0.5 Gel

space viable as a solution to the

MiniBooNE anomaly (especially for light

7’ boson masses) at the 95% CL » I
ms [GeV]

MicroBooNE 95% CL
Exclusion Regions



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.071701
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.241801
https://arxiv.org/abs/2502.10900

Portals to the Dark Sector
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Vector Portal
The Y
Standard

Model Scalar Portal

Neutrino Portal
0 Neutrino Portal <::’ Scalar Portal | ‘D Vector Portal | 0 Axion Portal
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LD —y*L,HN + h.c. (AS + )\S) H'H L5 GF;IU/BHU L = G WGU v

nght 3*1 sterile . nght Dark Matter
Sca ars Millicharged A><|ons
@ Heavy Neutral Particles
l_eptons 0‘!’ Combined and Non-Minimal Portals Credu‘ Mark Ross_Lonergan




3+1 Oscillation Analysis : BNB-only results

i
S o O Wi
TTTT[TITT[TITT[TTTTT

nh O
N RRRRERRRL

Events/100 MeV
p— o {?]) W W

[W—
o O
IIIII

MicroBooNE 6.369 x 10”° POT
—¢— BNB data, 338 - = =« Prediction of 4v best-fit
v, CC, 340.0 v, CC, 19.0

NC, 223 ] Others, 10.1

Pred. uncertainty

B I S .

- |

o

1 PR S T T S S . m—
500 1000 1500 2000
Reconstructed E,, (MeV)

2500

LEE v, search was
reinterpreted under 3+1 sterile

neutrino oscillation hypothesis

0 Neutrino Portal
—’

LO—-y*L.HN + h.c.
PRL 130 (2023) 1, 01180

= [ LSND 90% CL (allowed)

MicroBooNE 6.369x10%° POT

95% CL,

== Data, profiling
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— = Sensitivity, V. App. only
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10~ 1072 1072 107! 1
sin229ue

 Analysis considered v, appearance and disappearance effects simultaneously

» The BNB data result is found to be consistent with the 32 hypothesis within
| o following the Feldman-Cousins approach

k?.

Excluded some region allowed by LSND at 95% CL

16


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801

3+1 Oscillation Analysis : Degeneracy of Oscillation Parameters

MICROBOONE-NOTE-1132-PUB

« Observed v, events are a combination

result of v, appearance and disappearance:

AT

— 52 . 2 . 2
= Nintrinsic v, * | 1 + (Rv;,/-v‘_, -8in“6024 — 1)} sin“2014 - Sin A41]

. Degeneracy when sin“6,, approaches R
(the ratio of beam intrinsic v, and U, flux):

e BNB and NuMI beams have different

degeneracy points:

 ~0.005 for BNB [on-axis with baseline

~470m]

 ~0.04 for NuMI [off-axis with baseline

g 680M]
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Combination of two beams can break degeneracy!


https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf

3+1 Oscillation Analysis :
Sensitivities

Single Beam

e Joint 3+1 analyst with BNB + NuMI allows
significant enhancement to sensitivity

* Results a coming very soon! (~ a couple

-
Two Beams|—————:
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- ;
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e More details in MICROBOONE-NOTE-1132-
PUB
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf

Heavy Neutral Leptons

 Heavy Neutral Lepton (HNL) relevant

for neutrino mass (see-saw), Baryon

asymmetry, and Dark matter

K+

 Competitive limit across broad range
of HNL mass, including <100MeV
(multiple final states)

|U,i4)? limit at 90% C.L.
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0 Neutrino Portal -

LDO—-y*L,.HN + h.c.

decay in the detector

SIMULATION KDAR Absorber
HNL Decay (Mass 304 MeV)

vertex


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.041801

Higgs Portal Scalar

* Coupling to SM via neutral scalar singlet S, \AL—
which mixes with Higgs boson via mixing s
angle ¢
103 /}\_./
 Production from kaon decay (At rest @NuM| @ >} |
target/absorber and Inflight @NuMI Decay Pipe) | . \./\% D
This work - E949
e Strongest limit in 115 MeV to 155 MeV mass e Mbdiptyan) — A
range 10731 — IeARUS M7 2024 pro1 arXiv:2501.08052
4 50 100 150 200 250 300 350
4 ¢ Scalar mass [MeV]
S & e
t S
’ v 4 detector axis = L décays !
S —»—{ S - ¥ N
' q - q

MicroBooNE Simulation
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https://arxiv.org/abs/2501.08052

Dark Tridents )

Fermion DM (ap = 1.0, M,/M4 = 0.6)

» Dark tridents = light dark matter production 107 | . /
via dark photon mediation resulting in e e S 2 d
topology 107 ?_ W\ !1”\’ i /'rPRL 132 241801

4 \ —

* First search for dark-trident using a LArTPC

* Exploring new phase space and setting
competitive limits - N
Detector pBO(@

X — X
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. 10 11 |
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Signal score: 6.358
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.241801

MicroBooNE Physics Program

Study v-Ar scattering
using one of the

largest v-Ar data
collected to date!




MicroBooNE Cross Section Program

MicroBooNE Cross Sections

CC inclusive

« 1D I/”CC inclusive @ BNB : PRL 123 131801 (2019), PRL 128 151801 (2022)
« 1D l/ﬂCC inclusive @ BNB : PRL 133 041801 (2024), PRD 110 L0O13006 (2024)

* One of the largest uncertainties in neutrino
oscillation experiments!

* MicroBooNE possesses a large comprehensive . 1D 1,CCinclusive @ BNB : arXiv:2307.06413
neutrino-argon interaction dataset - 1D 1,CC inclusive @ NuMI : PRD 104 052002 (2021), PRD 105 051102 (2022)
* Probes nuclear effects at the GeV scale across o CCOz
: : : . 1D,2Dv 7zNp @ BNB : PRD 102 112013 (2020), arXiv:2403.19574, arXiv:2507.00921
multlple final state topologles . 1D UMCCftOﬂlp @ BNB : PRL 125 201803 (2020)
. _ . 1D, 2D 1,CCOxlp TKI @ BNB : PRL 131 101802 (2023), PRD 108 053002 (2023)
 MicroBooNE aims to support both our BSM . 1D, 2D 1,CCOx1p GKI @ BNB : PRD 109 092007 (2024)
program and future LArTPC experiments like DUNE |. 10,204,ccor1p axi @ BN8 : PRD 111 113007 (2025)
and SBN . 1D v,CCOn2p @ BNB : arXiv:2211.03734
BB 24540, DUNE S SOREY Tuns . 1D 1,CCOzNp @ BNB : PRD 106 L051102 (2022)
—— CC Inclusive CC 1p1h+2p2h
CC Res tr — coDis Pion Production
CUNE . 1D y,CC17° @ BNB : PRD 99 091102 (2019), PRD 110 092014 (2024)
_ (before oscillation) . 1D, 2D 1,NC12° @ BNB : PRD 107 012004 (2023), PRL 134 161802 (2025)
1 v 04 . 1D 1,CCla* @ BNB : arXiv:2509.03628

« 1Dy, CClx™is @ NuMI : arXiv:2503:23384

0.5

Rare Channels and novel identification techniques

« /A production @ NuMI : PRL 130 231802 (2023)
« 7 production @ BNB : PRL 132 151801 (2024)

« K™ production @ BNB : arXiv:2503.00291
MicroBooNE/ E, (GeV) «  Neutron Identification : EPJC 84 1052 (2024)

®{°(E,) 107 (/em® /GeV /POT)

% T 4 6 8
+—>

o(E )/E, 10°* (cm? /GeV /Nucleon)

23

SBN * Model Validation :_ PRD 111 092010 (2025)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231802
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https://epjc.epj.org/articles/epjc/abs/2024/10/10052_2024_Article_13423/10052_2024_Article_13423.html
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v, CC + 0z measurements f e~

------ NEUT 54.0: ¢°/ndf = 9.5/14 p-val = 0%

. o . o ,H_ ------ GiBUU 2025: i indf = 9.9/14 poval = T7%
« High statistics uﬂCC pionless measurements: precision ;T_E\-t B it mpipubie e B
e I Genie G18-10a: y/ndf = 17.4/14 p.val = 23%

probes of nuclear modeling and final state interactions  ANEETE = = ————
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e Full data-set + 1D and 2D measurements
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https://arxiv.org/abs/2507.00921
https://journals.aps.org/prd/abstract/10.1103/f8nt-ygng
https://journals.aps.org/prd/abstract/10.1103/f8nt-ygng
https://journals.aps.org/prd/abstract/10.1103/f8nt-ygng
https://journals.aps.org/prd/abstract/10.1103/f8nt-ygng
https://journals.aps.org/prd/abstract/10.1103/f8nt-ygng
https://journals.aps.org/prd/abstract/10.1103/f8nt-ygng

Measurements with 7=

* First measurements of charged-pion production: one

of the dominant interaction modes at energy of
DUNE

v, CC1z™ (arXiv:2509.03628)

Full data-set, first measurement of pion momentum

* Signs of mis-modeling at low Q2 and for high pion
momenta driven by final state interactions

MicroBooNE in the BNB with 1.11x10*' POT

P, (GeV)

o
o)

v,CC17z™ (Phys. Rev. Lett. 135, 061802
(2025))

0.7
0.6

First measurement of v,CC1z™ on argon

Uses full NuMI dataset, higher v, content

do/dcos(6_) [10°° em? / nucleon]

MicroBooNE NuMI Data
2.0x10”' POT

R — ' l A A L l e A A 4‘ A A l . 'S e l A A A l ' A;kLA A A . F_— ' Ll A 'S

Good modeling seen within uncertainties
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—— Unfolded data

NuWro 21.09.2
+2 = 4.23/ 5 bins
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https://arxiv.org/abs/2509.03628
https://journals.aps.org/prl/abstract/10.1103/sfrz-c8m9
https://journals.aps.org/prl/abstract/10.1103/sfrz-c8m9
https://journals.aps.org/prl/abstract/10.1103/sfrz-c8m9
https://journals.aps.org/prl/abstract/10.1103/sfrz-c8m9

Rare processes

* Provide insights into higher resonances and help with constraints of key backgrounds for nucleon decay

« Recent measurements: I/MCCA (Phys. Rev. Lett. 130, 231802 (2023)) and yﬂCCn (Phys. Rev. Lett. 132,
151801 (2024))

. New I/IMCCK-I_ : first measurement of K on argon (arXiv: 2503.00291)

» Background for proton decay p — K v in DUNE

XSEC [cm?/nucleon]

10—421

MicroBooNE flux-integrated XSEC
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151801
https://arxiv.org/abs/2503.00291

MicroBooNE Physics Program

Advance LArTPC
capabilities for next
generation neutrino
experiments (SBN
program, DUNE)




Phys. Rev. D 109, 052007 (2024)

MeV-Scale phySiCS Phys. Rev. D 111, 032005 (2025)

* Technigues to reconstruct “blips” (isolated O(MeV) energy

depositions from various sources) pioneered at ArgoNeut = [0 SOOI US
refined by MicroBooNE

e Achieved 150 keV detection threshold

Epio: 7-36 MeV,,

» Vast range of applications: improved calorimetry, lower

particle thresholds, BSM searches, muon/pion separation, St s gzﬂ-gean; ?&tg
neutron tagging, etc. et LD
1 Electron-like blip
i pBooNbl
Low-thres’h_gld 3 - s
g 0.8 el :a",.'-s;:garg
- : - o gl dx
&é 06~ - -
S ’*_, Epio: 7.18 MeV,, -
2 04+ = dw
g : = > 8}
S « MicroBooNE Simulation & MicroBooNE Simulation
. 0.25 o =@ Hiton collection plane
. -0~ 3D blip (2-3 planes)
;4:“;’: g AN I W TR SR SN NN SN SN S
0 0.5 1 15 g

Energy deposited by electron [MeV]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052007

PRD 108 (2023) 5, 052010

LArTPC capabilities

MicroBooNE
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{1 Predictor Energy
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]x3

 Use fine-timing from PMTs and beam spill to extract O(1ns)-resolution

* Enables long-lived BSM particle searches, better cosmic rejection

?Demonstrate new LArTPC reconstruction techniques for exotic topologies, deep-
k learning based methods for 3D reconstruction, neutrino energy estimation etc.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092010
https://arxiv.org/abs/2304.02076
https://iopscience.iop.org/article/10.1088/1748-0221/19/07/P07032
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1123-PUB.pdf

Summary

» New pionless v, LEE analysis, consistent with past results, disfavors a v,-like
MiniBooNE LEE, pointing to y/e™e™ sources

 No evidence of BSM e"e " signal observed
« NCA — Ny and coherent single-y analyses observed no excess

» Inclusive single-y search shows a 2¢ excess in the region with low hadronic activity
and below 600 MeV shower energy

* Further study, including adding remainder of MicroBooNE’s dataset, are planned
* New results on Higgs Portal, HNLs, and Dark tridents
 Upcoming 3+1 light sterile neutrino search with unigue two-beam approach
* Wealth of neutrino-argon cross section measurements have been carried out

* Important inputs for oscillation experiments

e Significant advancements in detector technology, with valuable implications for
DUNE and our future analysis . Q
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Short-Baseline Anomalies e e e
e — [}
MReactor Neutrino Flux — Initially found issue of theory by < - HabrA Reactor ~ 20
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calculation g . e 3
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Phys.Rev.D 64 (2001) 112007
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Phys. Rev. Lett. 130,011801 (2023)

BNB/NuMI fluxes
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Events
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3+1 Oscillation Analysis : Updated NuMI Flux

» MicroBooNE sits highly off-axis ( ~ 8"
degrees) to the NuMI beam:

* flux dominated by hadron re-interactions
with target hall material

* phase space for hadron production not
fully covered by world data

* Flux simulation upgrade:
« Beam line geometry

 Updated to a modern G4 version (4.10)
for a better base model

e Constraints from NA49 and others similat
to NOVA, MINERVA

e Conservative treatment of uncertainties
outside data coverage
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1129-PUB.pdf

3+1 Oscillation Analysis : Updated NuMI Flux

 MicroBooNE’s updated NuMI flux
prediction vs. U, data

 (Good data/MC agreement. Blue
histogram shows NuM| U, prediction

constrained by BNB U, which largely

cancels out cross section and detector
systematics.
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf

Measurements with 7¥ | Sorfeantrole i, appearance stucies

0

7~ events are the dominant background for
single photon and BSM e e~ searches

N C T OX P arXiv:2404.10948
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—
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https://arxiv.org/abs/2404.10948
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092014
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. First 3D cross-section result on argon o(£, P, COS@M) -> New
paradigm of cross sections as a function of the neutrino energy
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* Pioneered data-driven model validation techniques! [arXiv:2411.03280]

 Leveraging low proton detection threshold to investigate Op/Np
topologies [Important for single-y analysis!]

d’c(E ) | dP dcos8, (10*°cm? | GeV | Ar)
v -

(N T Y S . 1 1 IS

 Measurement in kinematic imbalance variables (missing momentum e o e kst S
etc.) to get sensitive probe into final-state interactions and other o i B e L bty L L,

5 + NuWro Model, E_ « [1.05, 1.57) GeV 35 + NuWro Model, E_ e [1.67, 4.0) GeV

nuclear effects

* Achieving significant model discrimination power -> Will inform next

generation improvements in interaction model Nz1p arXiv:2402.19216
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Neutron identification
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