New physics searches with MicroBooNE
Neutrino 2024 - Milan, Italy - June 17th 2024

David Caratelli, University of California Santa Barbara
on behalf of the MicroBooNE Collaboration



MicroBooNE’s Physics Program

Beyond the Standard
Model physics searches

MicroBooNLb
95% CL,
{ = Data, profiling
= = == Sensitivity, prol
l/ — — Sensitivity, v. A}

U - Ar scattering

advancing LArTPC
technology capabilities




MicroBooNE’s Physics Program

Beyond the Standard
Model physics searches

MicroBooNLb
95% CL,
{ == Data, profiling
= = == Sensitivity, prol
l/ — — Sensitivity, v. A}

advancing LArTPC
technology capabilities



MicroBooNE’s LArTPC detector
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NuMI DATA: RUN 1B811, EVENT 2549. APRIL 9, 2617.

Run 3493 Event 41075, October 23", 2015

BNB Run: 6622 Subrun: 96 Event: 4829

Liquid Argon Time Projection Chamber

. * millimeter spatial resolution
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Run 3469 Event 53223, October 21", 2015



https://arxiv.org/abs/1612.05824

MicroBooNE’s neutrinos: BNB & NuMI

Booster Neutrino Beamline:

Absorber

- Oh-axis
-99.5% v,/ 0.5% 1,

- 0.1 -1 GeV energy
- 470 meter baseline

NuMI:

- 8 degrees off-axis
-N% v, /3%,
-50/50 v/v

- Flux from target and absorber O(500k) neutrino interactions

BNB
collected

Not to Scale



Five years of neutrino data!
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=collaboration:MicroBooNE&doc_type=article&ui-citation-summary=true
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MicroBooNE’s BSM physics program

Phys. Rev. D 103, 052002 MiniBooNE Collab.
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New Results!

Heavy Neutral Lepton searches
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https://arxiv.org/abs/2207.03840

Dark Tridents & Higgs Portal Scalars
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https://arxiv.org/abs/2312.13945
https://agenda.infn.it/event/37867/contributions/229769/

“Low Energy Excess” search

Phys. Rev. D 103, 052002 MiniBooNE Collab.
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Expanding on MicroBooNE’s ‘21 results:
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« new ¢ ¢~ BSM-focused analyses

* comprehensive single-y searches

* expanded v, excess analysis
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https://arxiv.org/abs/2110.14054
https://arxiv.org/abs/2110.00409
https://agenda.infn.it/event/37867/contributions/229747/

LEE Search: BSM ¢ "¢~

Dark Neutrinos decaying to ¢ e~
pairs.
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https://arxiv.org/abs/1808.02915
https://arxiv.org/abs/1807.09877
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1124-PUB.pdf
https://agenda.infn.it/event/37867/contributions/229747/

LEE Search: single photons
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1125-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1131-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1126-PUB.pdf
https://agenda.infn.it/event/37867/contributions/229747/

LEE Search: electron neutrinos New Results!

pionless v, LEE analysis

 same topology as MiniBooNE LEE

 update of PRD 105 (2022) 11, 112004

BNB Data Run 20248 Subrun 210 Event 10515 ] BNB Data Run 22298 Subrun 74 Event 3723

First analysis using data from all five runs of MicroBooNE (2016-2020)
6.8 x 10° = 11.1 x 10°Y POT of BNB data

“Low Energy Excess Searches” POSTER #628 [Tuesday] 13



https://arxiv.org/abs/2110.14065
https://agenda.infn.it/event/37867/contributions/229747/

LEE Search: v, sideband constraint

,. . ) 1.00
Q MicmRoolhE simulatidn prelimikary
< | | 1
N I [ !
_____ 0.75
- 0.50
= = R - 0.25
m : s
] ' : X
ER L o “UR e F0.00 g
I | S
I I ()
:- ! - —0.25
1 : * |
- 0.50 Proto ns
-0.75 N
o 1T BNB Data Run 14124 Subrun 105 Event 5252 BNB Data Run 20080 Subrun 398 Eyenf 19906
& & & & ¢ -
\°’$ & \)? Ny A\
Updated 1/, sidebands to better constrain intrinsic v, and background 7
match hadronic final states of v/, signal channel constrain dominant 7 background
2500 - 1uNpOm selection 1u0p0m selection 150 - NC r° selection
2000 - —e—sges MicroBooNE Preliminary, 6.38 x 10%¢ POT 1250 1 e MicroBooNE Preliminary, 6.38 x 10%° POT + MicroBooNE Preliminary, 6.38 x 10”° POT
1000 - —
n . - LT mm v, CCnP osmics
.E 1500 1//thO]z- "g 750 - 1”()[?()7[ "2 100 Ve Eium)p — uN(cr E fotal Predicted
4 w Q Ve CCONNp v NC 20 Uncartainty
D 1000 - ) 500 - > v, CC 0.t fid vol. + vaw
50 - 0
500 - 250
NC 7
O 1 T 1] L] 1 1 0 T 1 1] ] L L I 0 1 1 | I
0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.2 .4 0.6 0.8 1.0 1.2 1.4

Neutrino Reconstructed Energy (GeV) Neutrino Reconstructed Energy (GeV) Neutrino Reconstructed Energy (GeV)



Evenis/MeV

LEE Search: v, signal model(s)
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LEE Search: v, signal model(s)
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LEE Search: v, results
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Test MB excess under hypothesis of a neutrino energy dependent v, rate scaling.

« Same model tested in first round of analysis.

* Data in overall agreement with intrinsic v, flux prediction.

* Rule out v/, excess model @ 99.5% CL in Np & Op combined channels.




LEE Search: v, results
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LEE Search: v,

€ Best Fit Point J 90% C.L.

Expanded investigation of electron excess hypothesis: 99% C.L. X 68%C.L
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1127-PUB.pdf
https://agenda.infn.it/event/37867/contributions/229747/

3+1 sterile neutrino search with BNB
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https://arxiv.org/abs/2210.10216

3+1 sterile neutrino search: degeneracy
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3+1 sterile neutrino search: NuMil
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Updated NuMI flux @ MicroBooNE

MicroBooNE sits highly off-axis (~8 degrees) to the NuMI beam:
 flux dominated by hadron re-interactions with detector hall material
* phase space for hadron production not fully covered by world data

* flux simulation upgrade: beam line geometry, Geant4 version, systematics.
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Absorber

BNB

Not to Scale

Updated NuMI flux at MicroBooNE
More details in MICROBOONE-NOTE-1129-PUB



https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1129-PUB.pdf

Updated NuMI flux @ MicroBooNE

MicroBooNE’s updated NuMI flux prediction vs. U, data:
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Good data/MC agreement. Blue histogram shows NuMI v, prediction constrained
by BNB U, which largely cancels out cross section and detector systematics.
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sterile neutrino search: new sensitivities

MicroBooNE Preliminary

10°E
- ‘ E ~ | LSND 90% CL (allowed)
i | (= LSND 99% CL (allowed) “one detector, two beams”
10 | .‘ new MicroBooNE
: -~ sensitivity Joint 3+1 analyst with BNB + NuMI allows significant
< | N enhancement to sensitivity!
o .
+ TE
E ° Stay tuned for upcoming results from MicroBooNE!
= MicroBooNE, 95% CL_
- BNB 6.369x10%° POT "
§On1 e Sensitivity, profiling [BNB-only] \
— Data, profiling [BNB-only] o ) _ _ _
S Macian Senaitivise peofiing (BN Nl more details in MICROBOONE-NOTE-1132-PUB
B + 1 ¢ band [BNB+NuMI]
i + 2 ¢ band [BNB+NuMI] ’
10—2 1 | lllllll | | lllllll | 1 lllllll | | Ll L 1lJlJl
107 107° 1072 107" 1

sin°20, .

25 Sterile Neutrino Search @ MicroBooNE POSTER #144 [Tuesday]



https://agenda.infn.it/event/37867/contributions/227668/
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf

MicroBooNE’s Physics Program

Beyond the Standard
Model physics searches

MicroBooNLb

95% CL,
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= = == Sensitivity, prol
— — Sensitivity, V., Aj

advancing LArTPC
technology capabilities
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Novel Tools & Techniques for LArTPC detectors

nanosecond timing in LArTPCs PRD109 (2024) 052007
Enhance BSM long-lived particle searches
PRD 108 (2023) 5, 052010 MicroBooNE o candidate o HB@
L L B P BT S New capabilities for 0.1 Mey 4 e
- - - ~U. . -Beam Data
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. | MICROBOONE-NOTE-23-PUB MeV scale physics capabilities
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https://agenda.infn.it/event/37867/contributions/236069/
https://arxiv.org/abs/2304.02076
https://arxiv.org/abs/2307.03102
https://agenda.infn.it/event/37867/contributions/228287/
https://agenda.infn.it/event/37867/contributions/227852/
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1123-PUB.pdf
https://arxiv.org/abs/2406.10123

Conclusions

MicroBooNE has an active physics program:

* World-leading limits on low-mass BSM particles

* New v, Low Energy Excess and upcoming results in
single-y and ¢ "¢~ channels.

e Novel “one detector - two beams” 3+1 sterile search
* Leverage BNB + NuMI beams

 Many new LArTPCs developments and more to come
with full 5-year dataset!

BNB Data Run 19854 Subrun 40 Event 2037
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More from MicroBooNE @ Neutrino ‘24

pBOO@ Xiangpan Ji, Nankai University, jixp@mai 905\6( .cNn (seﬁitﬂ < Brookhaven
— < On behalf of the MicroBooNE Collab\ N k National Laboratory

S —

e

NG . .
¥ Detecting Neutrons in MicroBo
"" Andy Furmanski, Burke Irwin, on behalf of the MicroBooNE ¢

Socd Inclusive and Exclusive Pionless Cross Section Measurements wi
nBooNE

Data-Driven Light Model for

. the MicroBooNE Experi
MBOONE Polina Abratenko on behalf

pBog@J New Deep-Learning Based LArTPC Reconstruction F:

Rare Neutrino Interaction and n® Production Cross
Sections with MicroBooNE

Christopher Thorpe on Behalf of the MicroBooNE Collaboration

christopher.ihorpe-3@manchester.ac.uk

tMicroBooNE cross section talk: |
“High-precision neutrino interaction measurements
i with MicroBooNE” |
A. Papadopoulou, Friday @ 11 AM|

Stefan Scoldner-Rembold on behalf of the MicroBcoNE Collaboration

s soldner-rembold@imperial.ac.uk
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BNB & NuMI At MicroBooNE
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Liquid Argon Time Projection Chamber

MicroBooNE detector paper: JINST 12 (2017) 02, PO2017
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https://arxiv.org/abs/1612.05824

Particle ldentification in MicroBooNE

BNEB Run: 16341 Subrun: 27 Event: 1359

MicroBooNE 4.05x10'° POT

+ DATA: Beam ON - Beam OFF  JHEP 12 (2021) 153
1000 - cosmic ) j
d-
S B muon t
c: 8001 pion {
4 EEm proton +
Q.
a 600 1 photon
S 400 -
200 -
-z 0-
b
S 1.5
9
e ] - —— 4
3 1.0 Pasew +*+ +;++-++ﬂ;'+ +++*+++'+1+ S el
>
@ 0.5+ . l : . .
§ -1.00 =0.75 =0.50 —0.25 0.00 0.25 0.50 0.75 1.00
DUNE ProtoDUNE-SP Data
.__-I --q__li_'lr Lﬁlllqilnll
SRS JIN$T15(2020)12 P12004°7
.." . 140
T 10 --;;:;' .- —— Muon Expectation .
9 e
= reamTz AR L B
e, T _u‘;:‘_s'z S
L 5 SRy rotr ;K =

.-.'.q"
I e

20 40 60 80
Residual Range [cm]

o)
o

Entries / 0.25 MeV/cm

[
o

wu
o

i
o

w
o

N
-

e/y separation

PRD109 (2024) 052007

MicroBooNFE 6.86 x102° POT

B Dirt (Outside TPC) ve CC
v other uUncartainty
B Cosmics 4 BNB Data
v with n°

e/y separation

: :

Area-normalized entries

1 2 3 4 5
shower dE/dx [MeV/cm]
0 05 PRD109 (2024) 052007
" - MicroBooNE Data —e— Dala
_ Rn-doping period  ...... MC, default LArG4
- Filter bypass mode : ‘- MC, NEST o QY
0.2— Pl ameas MC, NEST « QY x 120%
| ----- MC, NEST v. QY x 80%
0.15 .~ & a particles
— N
- _W__ """
0.1 : e
: = e
i - =~ I
0.05— 2 nally
o
- o] i BT
0— ] 1 L._l 1 | L1 [’“:ﬁwr.h
0 0.05 0.1 0.15 0.2 0.25

Reconstructed o, energy [MeVee]


https://arxiv.org/abs/2007.06722
https://arxiv.org/abs/2109.02460
https://arxiv.org/abs/2307.03102
https://arxiv.org/abs/2307.03102

MicroBooNE papers

2017 2018 2019 2020 2021 2022 2023 2024

o First double-dfift;eren%al cros? section meaSLerement olf neutra -gurrent r© pF‘oducgow in neutrino-argon scettering in the MicroBooNEﬁc}let&ctorB NE o

: : : . easurement of the differential cross section for neutral pion production in charged-current muon neutrino interactions on argon with the MicroBoo etector

¢ PUb“Shed and SuU bmltted art|C|eS on |NSP| RE Measurement of double-differential cross sections for meacorless cnargec-current muon neutrino interactions on argon with final-state prctons using the MicroBooNE detector
First simultaneous measurement of differential muon-neutrino charged-current cross sections on argon for final states with and without protons using MicroBooNE data

First search for dark-trident processes using the MicroBooNE detector

* MicroBooNE website (httpS://micrObOOne.fnal .gOV) Search for heavy neutral leptons in electron-positron and neutral-pion final states with the MicroBooNE detector

Measurement of nuclear effects in neutrino-argcn interactions using general'sed kinetic imbalance variables with the MicroBooNE detector
First demonstration for a LArTPC-based search for intranuclear neutron-antineutron transitions and annihilation in “Ar using the MicroBooNE detector

* PUb“C NOteS Webpage- Measurement cf triple-differential inclusive muon-neutrinc charged-current cross section cn grgen with the MicroBooNE detector
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First measurement of differential crass seclions for muon neutrino charged current inferactions on argon with a fwo-proton firal state in the MicroBaoNE detector
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New theory-driven GENIE tune for MicroBooNE
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High-parformance Generic Neutrino Datection in a LAr TPC near the Earth's Surface with the MicrcBocNE Deteclor
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A Convolutional Neural Netwark for Multiple Particle Identification in the MicraBoaNE Liquid Argan Time Projection Chamber
Vertex-Fincing and Reconstruction of Contained Two-track Neutrinc Events in the MicroBooNE Detector _
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=collaboration:MicroBooNE&ui-citation-summary=true&doc_type=article
https://microboone.fnal.gov
https://microboone.fnal.gov/public-notes/
https://microboone.fnal.gov/documents-publications/public-datasets/
https://twitter.com/Microboone
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v, LEE models and results
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v, LEE analysis
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3+1 parametrization
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NuMI v data-simulation comparison
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf

3+1 sensitivities
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