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MicroBooNE Physics LEE searches Sterile Neutrino Limits Future Directions

MicroBooNE has harnessed the full power of LArTPC
detector technology to make valuable new precision
measurements

World’s first high-statistics precision cross-section
measurements on argon

Detailed initial investigations into MiniBooNE anomaly
Further searches for new physics

MicroBooNE is also laying the groundwork for future
LArTPC detector programmes: SBND, ICARUS (further
investigation of the MiniBooNE anomaly) and the future multi-kt
neutrino experiment DUNE
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MicroBooNE Physics

MicroBooNE: 85-tonne active
mass LArTPC instizro0i7 @or7)

= Sits in two neutrino beams at Fermilab:
BNB (on-axis, <Ey,>=800 MeV) and NuMI
(off-axis, <Eve>=650 MeV)

Completed 5 years of beam physics data-
taking: world’s largest dataset of
neutrino interactions on Argon

Several post-operations R&D studies

| Thank you to Fermilab

#W Accelerator Division,
I Cryogenics team, and
Operations team!
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https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017

MicroBooNE Physics

NuMI: Run 5280 Subrun 66 Event 3329
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https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017

MicroBooNE Physics LEE searches Sterile Neutrino Limits Future Directions

MICROBOONE'S SCIENTIFIC AND
TECHNICAL ACCOMPLISHMENTS

More than 45 publications within the
last 5 years

More than 75 public notes sharing
with the community as we go

Searching for
new physics

Understanding v-Ar
Interactions

Understanding
LArTPCs and
developing
techniques
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https://microboone.fnal.gov/documents-publications/
https://microboone.fnal.gov/public-notes/

MicroBooNE Physics

MICROBOONE'S SCIENTIFIC AND
TECHNICAL ACCOMPLISHMENTS

Radon Mitigation arXiv:2203.10147 [physics.ins-det]

Novel Simulation Modification Eur. Phys. ]. C 82,454 (2022)
Longitudinal Diffusion Measurement JINST 16 P09025
(2021)

Detector design and construction JINST 12 P02017 (2017),
JINST 12 P12030 (2017), JINST 14 P04004 (2019), JINST 16
P02008 (2021)

Measurement of Space Charge Effect JINST 15 P12037
(2020

Measurement of O(100) MeV ys JINST |5 P02007 (2020)
Laser E-field Measurement JINST 15 P0O7010 (2020)
Charge/Energy Calibration JINST 15 P03022 (2020)

Noise Characterisation and Filtering JINST 12 P08003
(2017)

Evaluation of Michel electron reconstruction JINST 12
P09014 (2017)

Multiple Coulomb Scattering Method JINST 12 P10010
(2017)

Demonstration of <2ns Timing Resolution
MICROBOONE-NOTE-1115-PUB

Deep Learning Reconstruction JINST 12 PO3011 (2017),
Phys. Rev. D 99,092001 (2019), JINST 16 P02017 (2021),
Phys. Rev. D 103, 092003 (2021), Phys. Rev. D 103,052012
(2021),JINST 16T12017 (2021), arXiv:2201.05705 [hep-

o Understanding

Wire-Cell Reconstruction and Signal Processing JINST 13

P07007 (2018), JINST 13 P07006 (2018), JINST 16 P06043
(2021), Phys. Rev.Applied 15,064071 (2021), JINST 17 LAI"T PCS and

PO1037 (2022)

Pandora Reconstruction Eur. Phys.]. C 78,82 (2018), Eur. .

Phys. ). C 79, 673 (2019), ). High Energ. Phys. 2021, 153 d eve I (@) P IN g
(2021)

Atmospheric muon rate measurement JINST |6 P04004 h .

(2021) techniques
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https://arxiv.org/abs/2203.10147
https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017
https://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12030
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04004
https://iopscience.iop.org/article/10.1088/1748-0221/16/02/P02008
https://iopscience.iop.org/article/10.1088/1748-0221/16/02/P02008
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12037
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12037
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/P02007
https://iopscience.iop.org/article/10.1088/1748-0221/15/07/P07010
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022
https://iopscience.iop.org/article/10.1088/1748-0221/12/08/P08003
https://iopscience.iop.org/article/10.1088/1748-0221/12/08/P08003
https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09014
https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09014
https://iopscience.iop.org/article/10.1088/1748-0221/12/10/P10010
https://iopscience.iop.org/article/10.1088/1748-0221/12/10/P10010
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1115-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.092001
https://iopscience.iop.org/article/10.1088/1748-0221/16/02/P02017
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052012
https://iopscience.iop.org/article/10.1088/1748-0221/16/12/T12017
https://arxiv.org/abs/2201.05705
https://arxiv.org/abs/2201.05705
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
https://iopscience.iop.org/article/10.1088/1748-0221/16/06/P06043
https://iopscience.iop.org/article/10.1088/1748-0221/16/06/P06043
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.15.064071
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01037
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01037
https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6
https://link.springer.com/article/10.1140/epjc/s10052-019-7184-7
https://link.springer.com/article/10.1140/epjc/s10052-019-7184-7
https://link.springer.com/article/10.1007/JHEP12(2021)153
https://link.springer.com/article/10.1007/JHEP12(2021)153
https://iopscience.iop.org/article/10.1088/1748-0221/16/04/P04004
https://iopscience.iop.org/article/10.1088/1748-0221/16/04/P04004

MicroBooNE Physics

UNDERSTANDING LArT1PCs AND
DEVELOPING TECHNIQUES

MicroBooNE has contributed to significant advances in LArTPC detector
physics, modelling, and reconstruction

Post-operations R&D studies are just beginning to bear fruit
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https://arxiv.org/abs/2203.10147
https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01037
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052012

MicroBooNE Physics

MICROBOONE'S SCIENTIFIC AND
TECHNICAL ACCOMPLISHMENTS

NCT0 cross section arXiv:2205.07943 [hep-ex]

CCOrt GENIE Tune Phys. Rev. D 105,072001 (2022)

Vyu CC inclusive energy-dependent cross section Phys. Rev.
Lett. 128, 151801 (2022)

Ve CC inclusive differential cross section Phys. Rev. D 105,
LO51102 (2022)

Ve CC inclusive flux-averaged cross section Phys. Rev. D
104,052002 (2021)

vy CCOMNp cross section Phys. Rev. D 102, 112013 (2020)
Vyu CCQE-like cross section Phys. Rev. Lett. 125,201803
(2020)

vy CC inclusive differential cross section Phys. Rev. Lett.

Understanding v-Ar 123, 131801 2019)
Vyu CCro cross section Phys. Rev. D 99,091102(R) (2019)
. . Charged particle multiplicity measurement Eur. Phys.]. C
interactions 79,248 (2019)
vy CCOm2p cross section MICROBOONE-NOTE-1 I 17-
PUB
Vyu Lambda production sensitivity MICROBOONE-
NOTE-1112-PUB
NCr0 differential cross section MICROBOONE-
NOTE-1111-PUB
Methodology for v, CCinc multi-dim measurement
MICROBOONE-NOTE-1110-PUB
Ve CCOTt cross section MICROBOONE-NOTE-1109-PUB
vy CCOrtlp TKI cross sections MICROBOONE-
NOTE-1108-PUB
Progress towards v, CCpi0 measurement
MICROBOONE-NOTE-1107-PUB
Vi NC elastic cross section MICROBOONE-NOTE-101-
PUB

Progress towards CCOTiNp multi-differential measurement
MICROBOONE-NOTE-1099-PUB
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https://arxiv.org/abs/2205.07943
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.151801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.091102
https://link.springer.com/article/10.1140/epjc/s10052-019-6742-3
https://link.springer.com/article/10.1140/epjc/s10052-019-6742-3
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1117-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1117-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1112-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1112-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1111-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1111-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1110-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1109-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1108-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1108-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1107-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1101-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1101-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1099-PUB.pdf

MicroBooNE Physics

301 MicroBooNE NuMI Data: 2.0x10%° POT
E I Data (Stat. + Sys.)
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— first measurement on argon as a function of
neutrino energy and energy transfer
— enabled by extensive validation of missing
energy model
— stringent test of hadronic part of the
Interaction
More to come: higher statistics, multi-differential
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.151801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051102
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1110-PUB.pdf

MicroBooNE Physics

LOOKING INTO THE DETAILS

vy, CCOnlp Transverse Variables

— first double-differential cross section
in these variables on argon

— especially sensitive to nuclear effects
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vy CCOmM2p
— dominated by 2p2h/MEC processes

— first ever direct measurement of
2-proton cross section

True cos(yLab)

MicroBooNE 6.79 x 10%° POT, Preliminary
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1117-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1108-PUB.pdf

MicroBooNE Physics

NEUTRAL PION
PRODUCTION

Important background to Ve searches in LArTPCs
(MicroBooNE and future experiments: DUNE,

arXiv:2205.07943 [hep-ex]
I
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— separated into Op and |p channels é 150 T GENEVIMIroBooNE tne
— deficit observed compared to all models > 129 MicroBooNE
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https://arxiv.org/abs/2205.07943
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1111-PUB.pdf

LEE searches

MICROBOONE'S SCIENTIFIC AND
TECHNICAL ACCOMPLISHMENTS

NCA single-y low-energy excess search Phys. Rev. Lett. S h I f

128, |1 I8gOI (2022) ¥ ’ earc Ing Or
Ve |eOTtlp low-energy excess search Phys. Rev. D 105, .
112003 (2022) new Ph)ls ICS
Ve 1eOTINp low-energy excess search Phys. Rev. D 105,

112004 (2022)

Ve leX low-energy excess search Phys. Rev. D 105, 112005
(2022)

Electron-like low-energy excess search summary Phys. Rev.
Lett. 128,241801 (2022)

Higgs Portal Scalar Search Phys. Rev. Lett. 127, 151803
(2021)

HNL search Phys.Rev.D 101,052001 (2020)

Updated HNL and HPS search arXiv:2207.03840 [hep-ex]
VetV inclusive 3+1 oscillation measurement
MICROBOONE-NOTE-1 I 16-PUB

Reconstruction impact on Ve |eOTINp low-energy excess
search MICROBOONE-NOTE-1 | 14-PUB
Neutron-antineutron oscillation MICROBOONE-
NOTE-1113-PUB

Vu 0Tl p disappearance analysis results MICROBOONE-
NOTE-1106-PUB

VetV OTtlp 3+ oscillation sensitivity MICROBOONE-
NOTE-1105-PUB

Progress towards new NCA measurement
MICROBOONE-NOTE-1 104-PUB

NC Coherent single Yy search MICROBOONE-
NOTE-1103-PUB

Inclusive single y search MICROBOONE-NOTE-1102-PUB
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://arxiv.org/abs/2207.03840
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1114-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1113-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1113-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1106-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1106-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1105-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1105-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1104-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1103-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1103-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1102-PUB.pdf

LEE searches

THE MINIBOONE LOW-ENERGY
EXCESS (LEF)

Ve expectation

4 .80 excess of measured V. and Ve

:_i_' T T T T T Dath (staterr) - over prediction, focused at low
- 1 v, fromu* .
E {- v, from K** E energy
o Backgrounds: g 8y E | | |
C 1 H- 1240 - Consistent with prior results from
> E I dirt . : .
2 s photons ) other — the LSND experiment: combined
= : ———— Constr. Syst. Error ] ) )
2, =+ T Best Fit E significance of 6.10
c .
> _
Lu —
4 e Source of excess not known:
o B - could be Ve
1 E photons look identical to ve in
. MiniBooNE detector
0 = . :
02 04 06 08 1 12 14 3.0 or something else?! (I'll come
ESE (GeV) back to this)
Phys. Rev. D 103, 052002
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

LEE searches

THE MINIBOONE LOW-ENERGY
EXCESS (LEF)

2
10 : B LSND 90% CL (allowed)
- . LSND 99% CL (allowed)
— MiniBooNE 90% CL (allowed)
~ 10F —— MiniBooNE 95% CL (allowed)
> - — MiniBooNE 99% CL (allowed)
oS i
= - :
< If interpreted as Ve appearance
1 = through a two-flavour neutrino
n oscillation, best fit Am2 = 0.04 eV2
- Not consistent with any known
1071 T T neutrino flavour — new “sterile”
1 0—4 1 0—3 1 0—2 1 0—1 1 neutrino!

Sin“26,,
Phys. Rev. D 103, 052002
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

LEE searches

LARTPC STRENG TH: ELECTRONS

AND PHOTONS

Distinguish using dE/dx at start £
of shower and start point
4 cm —
/ —
——
. = _ —
S — 4 —
\
4 cm - —
< s
_ — =
X L—é\\\ %

Kirsty Duffy |5
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| MicroBooNE NuMI Data 2.4x10%° POT  —+— Beam-On Data (Stat.)

Out-of-Cryostat
["] Beam-Off Data
[ Neutron

I Muon

H Ka0n

[ Pion

[ Photon

[ Proton

[ Electron
MC + Beam-Off
Stat. Uncertainty

0°< 6 <60°

Shower

pBooNE

Phys. Rev. D 104,
052002 (2021)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002

LEE searches

FIRST INVESTIGATION OF THE
MINIBOONE LOW-ENERGY EXCESS

Photon search

Target A—Ny:
|yOp and lylp

Phys. Rev. Lett. 128, [ 11801

Phys. Rev. Lett. 128,241801

Electron searches

Phys. Rev. D 105, 112003

CCQE-like: p\

lelp e-
Phys. Rev. D 105, 112004
p
CCOrt: 1e0p p\/
and leNp e e
|
Phys. Rev. D 105, 112005 X
Inclusive: \V
leX €
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801

LEE searc hes

FIRST INVESTIGATION OF THE
MINIBOONE LOW-ENERGY EXCESS

Photon search

Target A—Ny:
|yOp and lylp



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801

LEE searches

NC-A SINGLE PHOTON SEARCH

Phys. Rev. Lett. 128, 1 11801

80 NC A — Ny [ NC1x° Resonant A(1232)
LEE Model (x,, =3.18)  [INC1®DIS

[_] Al Other Backgrounds |l NC 1 Higher Resonances

2. Total Unconstrained
* Background & Error MicroBooNE ty1p Data

(6.80x10% POT)

% Total Constrained
\\' Background & Error

Events

70

6

(=]

Unconstrained Constrained

ylp
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

LEE searches

NC-A SINGLE PHOTON SEARCH
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mo-rich sample
— constraint on
backgrounds in
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LEE searches

NC-A SINGLE PHOTON SEARCH

Phys. Rev. Lett. 128, [ 11801

Events
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— constraint on

backgrounds in
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[} [ NC 17° Non-Coherent I CCv, 1n°
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.g MicroBooNE
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80 NC A - Ny
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

LEE searches

FIRST INVESTIGATION OF THE
MINIBOONE LOW-ENERGY EXCESS

Phys. Rev. Lett. 128,241801

Electron searches

Phys. Rev. D 105, 112003

CCQE-like: p\

lelp e-
Phys. Rev. D 105, 112004
p
CCOrt: 1e0p p\/
and leNp e e
Phys. Rev. D 105, 112005 X
Inclusive: \V
leX €
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801

LEE searches

Phys. Rev. D 105, 112003 Phys. Rev. D 105, 112004

Phys. Rev. D 105, 112004

Phys. Rev. Lett. 128,241801
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
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/prl/abstract/10.1103/PhysRevLett.128.241801

LEE searches

Phys. Rev. D 105, 112003
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Phys. Rev. Lett. 128,241801
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
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/prl/abstract/10.1103/PhysRevLett.128.241801

LEE searches

Phys. Rev. Lett. 128,241801

— 75 ® MicroBooNE Observed
o Non-v. background
o Intrinsic ve
8 &« Total, no eLEE (x=0.0)
; 2.0 A - Total, w/ eLEE (x =1.0)
)
el
L
o
O 1.5-
a o
S~
o,
v
c 1.0-
&,
n
Ro!
o
)
= 0.5 A
v
> | [ $Zz EE——— s
LLI ,,,,,,,,,,,,,,,,,
0.0

lelp CCQE 1leNpOm 1e0pO0mn leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

Three high-purity analyses reject ve interactions
as sole source of excess at >97% CL

| Geal) UNIVERSITY OF
Kirsty Duffy 24 l1}3 o o T


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801

O «
EXCLUSION CONTOURS — we¥

MICROBOONE-NOTE-I | 16-PUB

B LSND 90% CL (allowed)

What does this 10° 17 LSND 99% CL (allowed)
mean for the sterile h

. ‘) B - MicroBooNE 95% CL, (BNB data)
neutrino hypothesis! 10

s . 2
profiling over sin“g,,

We haven’t seen
evidence of an

excess — place

. |eX analysis

Am, (eV?)

constraints on 10'15—
oscillation phase E
space for a new 1072 sl sl sl
neutrino flavour 10 10 Si;%eue 10 1
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

OSCILLATION PARAMETER

DEGENERACY

MicroBooNE Preliminary

70
C nueCC No oscillation
60 Oscillation with Am2, = 7.3 eV?
ssf. BNB sin°20,, = 0.36, sin’0,, = 0
- sin°20,, = 0.36, sin°6,, = 0.010
w 40 sin’2,, = 0.36, sin’0,, = 0.005
5 . sin’20,, = 0.72, sin6,, = 0.005
W 30
20
10
0 : L l L 1 L 1 l L L L L l L 1 1 L l 1 1 1 L "
500 1000 1500 2000 2500
Reconstructed neutrino energy (MeV)
Kirsty Duffy 26

Sterile Neutrino Limits

MICROBOONE-NOTE-I | 16-PUB

Ve disappearance Ve appearance

N\

N Ve — 4Vintrinsic ve P, Ve—>Ve + N intrinsic v, P, Vy—Ve

2 Am_?llL]
4F

M

Cancellation if sin2024 = Rye/vp
(ratio of Ve to Vi in beam)
— about 0.005 in BNB
— about 0.04 in NuMI

= IVintrinsic ve [1 + (RV“ Ve sin2 924 — 1) Sin2 2014 sin

‘g UNIVERSITY OF
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

Sterile Neutrino Limits

FUTURE PROSPECTS: s
BNB+NUMI B

MICROBOONE-NOTE-I | 16-PUB

B LSND 90% CL (allowed)

2
BNB RVE/VH: 0.005 10 : 17 LSND 99% CL (allowed)
NuMI Rve/ VH 0.04 i — MicroBooNE 95% CL, (BNB data)
i profiling over sin’e,,
R 10
Combmmg both data < : -+ MicroBooNE 95% CL, (BNB+NuMI sens)
sets — significantly S Sin%e,,, = 0.005
improved sensitivity E T
3
— Upcoming BNB + ;
NuMI analysis will be i
o o 10_1 L ol L gl L 1o~ .
allowed regions sin20,,
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf

Sterile Neutrino Limits

Ul p DISAPPEARANCE s s
EXCLUSION LIMITS >

MICROBOONE-NOTE-1106-PUB
Use Iplp sample (98% pure v,) to

search for in BNB ,Data 90% CL 3+1 Disappearance
Data consistent with no oscillation — N
set Feldman-Cousins emmm
101 s ’
e S ;
> Data/> Pred = 1.08 + 0.13 EEN BNB v, CCQE (3369.27) < .
600 { p1: Neutrino Background (699.15) — e ‘:
_ MicroBooNE 6.67 x 10%° POT S BNB OffVix (313.08) NE'd‘ ol S
% 500 ; B Cosmic Background (97.77) . 20 \::;_}":\
= Systematic Error <] MicroBooNE 6.67x10%° POT, S
© 400 g ) Data (4848) Preliminary
E 300 10-1
g 200 uB 90% Allowed Region
wol MU ;. 00 | UB 90% FC Sensitivity
----- MB 90% Shape-Only Exclusion
% 600 800 1000 1200 1072 ,
T 2 1072 101 10°
2 in?2
% 1| ASASS S S LS AP S AAAS S A YA IS oS /.//‘////,{/A////’/// ) Sin (29 u u)
®
a)

900 400 600 800 1000 1200
E, [MeV]

B E e UNIVERSITY OF
Kirsty Duffy 28 3 O M = O <TORD



https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1106-PUB.pdf

Sterile Neutrino Limits

FUTURE 3+1 lelp AND lulp
OSCILLATION ANALYSIS

\'\e‘rl 1073’

MICROBOONE-NOTE-1105-PUB

12 XData/> Pred = 0.91 * 0.14 (sys) + 0.19 (stat) — iEc(cl(;)éo()zo.s) 700 > Data/Y Pred = 1.08 + 0.13 EEm BNB v, CCQE (3369.27)
F I I 3 + I I . d f % 10! MicroBooNE 6.67 x102° POT - e CC other ((33,; ;600 MicroBooNE 6.67 x 102° POT - g;;tgr;fz:/fxa(c:go::;i (699.15)
u analysis (as done for £. 2 g -
° ° ° ° : 61 iy
inclusive selection) also in
N W s == =t S &
. 2
progress using lelp and :
©2.0
lulp samples 130 o :
£05 f t g
2090 400 600 800 1000 1200 © 95 200 600 800 1000 1200
Ey [MeV] E, [MeV]

Uus =0.142988

* Global best fit

(assuming no oscillation) using

MicroBooNE Simulation
has been found

10?

125

—
N <

Feldman-Cousins treatment E -
In progress for full oscillation
results - coming soon!

100
R

15
50

25
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1105-PUB.pdf

Future Directions

WHAI DOES THIS MEAN!

e Decay of O(keV) Sterile Neutrinos to active neutrinos ) Caution: not

o  [13] Dentler, Esteban, Kopp, Machado Phys. Rev. D 101, 115013 (2020)

o [14] de Gouvéa, Peres, Prakash, Stenico JHEP 07 (2020) 141 N

[14] (2020) Produces an exhaustive
e New resonance matter effects >
. True Electrons o

o  [5] Asaadi, Church, Guenette, Jones, Szelc, PRD 97, 075021 (2018) I Ist'

. . . . . o
e Mixed O(1eV) sterile oscillations and O(100 MeV) sterile decay )

o [7]Vergani, Kamp, Diaz, Arguelles, Conrad, Shaevitz, Uchida, arXiv:2105.06470 | _J Th |S |S meant to
e Decay of heavy sterile neutrinos produced in beam Produces

o [4] Gninenko, Phys.Rev.D83:015015,2011 >' I

o  [12] Alvarez-Ruso, Saul-Sala, Phys. Rev. D 101, 075045 (2020) True Photons be re P resc ntatlve

o  [15] Magill, Plestid, Pospelov, Tsai Phys. Rev. D 98, 115015 (2018) on I

o  [11] Fischer, Hernandez-Cabezudo, Schwetz, PRD 101, 075045 (2020) J )'
e Decay of upscattered heavy sterile neutrinos or new scalars ~N

mediated by Z’ or more complex higgs sectors

o [1] Bertuzzo, Jana, Machado, Zukanovich Funchal, PRL 121, 241801 (2018)

o [2] Abdullahi, Hostert, Pascoli, Phys.Lett.B 820 (2021) 136531 Produces

o  [3] Ballett, Pascoli, Ross-Lonergan, PRD 99, 071701 (2019) > ete pairs

o [10] Dutta, Ghosh, Li, PRD 102, 055017 (2020)

o  [6] Abdallah, Gandhi, Roy,Phys. Rev. D 104, 055028 (2021)
e Decay of axion-like particles

o [8] Chang, Chen, Ho, Tseng, Phys. Rev. D 104, 015030 (2021) J
e A model-independent approach to any new particle

o [9] Brdar, Fischer, Smirnov, PRD 103, 075008 (2021) More information: see

P. Machado, Fermilab PAC, November 202 |
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https://indico.fnal.gov/event/51174/contributions/224749/attachments/149348/192224/2021-PAC-winter-Machado.pdf

Future Directions

WHAI DOES THIS MEAN!

X
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Future Directions

WHAI DOES THIS MEAN?

MicroBooNE’s first LEE results
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Future Directions

FUTURE INVESTIGATIONS
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Future Directions

FUTURE INVESTIGATIONS

MICROBOONE-NOTE-| 104-PUB
MICROBOONE-NOTE-1103-PUB
MICROBOONE-NOTE-1102-PUB

Further investigations will expand photon-like searches and investigate e*e- final states - some
preliminary results shown below:

Further investigation of NC A model: independent reconstruction, more sensitivity to
potential excess in 1yOp channel

NC-Coherent |y targeted search: forward-going photons with no visible hadronic energy
Inclusive |y search: generic test of single photon production

Even more on the way!
Shower Energy

2 E @
S E Total Pred, 125.4 2/ Pred. Uncertainty € 4o NC Coherent 1y 1.5 7 NCA >Ny (1+p) 0.3 zz E MicroBooNE Preliminary
8 M [JNCA-Ny,96 [ NC I, 56.8 @ [ ] NCA—Ny(0p)25 [C_] NC 10 Coherent 3.7 E BB Data (69 e O o g2 !
§ oF EEvccm.se 3 v.ce, 9.1 35 NC 17° Non-Coherent 29.6 I CcCv, 17°4.9 20 T T S MO coop kgt
& YF S vccothen2s ] NC Other, 5.3 ] BNB Other 3.5 [ CC v,¥; Intrinsic 0.6 18 R R
- t FV, 19.3 Cosmic, 1.6 . . . 0 (1 N ;
S0F- — o ':- Lo, 30 Dirt (Outside TPC) 6.4 =23 Cosmic Data 2.2 16 AL o 3 —
- 7 ) 44444« Total Prediction: 55.2 14
40 = 7 i MicroBooNE 25 MC Intrinsic Stat Error 12
- .1020
30 6.369-10°" POT MicroBooNE Simulation .
2E Simulation, Preliminary (6.80x10%° POT) 8
- Preliminary Final Selection 6
wgE | == / 4
oE [ E— ’ ¢ V70 0 | L
3 2r : ; o 25: o :
é - D Pred total uncertainty D Pred stat+xsec+flux uncertainty ﬁ 2 E:f | ‘ f MCAEXT Uncentainty
e o o o e e e e e e e e e e e LLLLLLLLLLY 1. E . ' !
g 1 xR I =S — === = Lo g 515: SR ! } t ! |
oL ) 05 0.6 07 = 0_5%-: [ . I J_ B 1 !
0 200 400 600 800 1000 1200 Reconstructed Shower Energy [GeV] ~ oELT o+ | 1 L e N I P PO P\ R T\ ST T S
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1104-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1103-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1102-PUB.pdf

Future Directions

OTHER NEW PHYSICS

SIGNATURES

MicroBooNE is capable of a §
g
, such as: g
:
Search for Higgs portal scalars from
NuMl absorber decaying to ete- pairs
Search for heavy neutral leptons
from the BNB decaying to U*TE pairs
Search for

New! Progress in search for dark / ’
trident interactions
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Phys. Rev. Lett. 127, 151803 (2021)
Phys.Rev.D 101,052001 (2020)
arXiv:2207.03840 [hep-ex]
MICROBOONE-NOTE-1113-PUB
MICROBOONE-NOTE-I | 18-PUB
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://arxiv.org/abs/2207.03840
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1113-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1118-PUB.pdf

Future Directions

SEARCHING FOR OTHER NE\/\/ o
PHYSICS SIGNATURES we'

arXiv:2207.03840 [hep-ex]
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https://arxiv.org/abs/2207.03840

MicroBooNE Physics LEE searches Sterile

SUMMARY

MicroBooNE has harnessed the full power of LArTPC
detector technology to make important new
precision measurements

Detailed initial investigations into MiniBooNE anomaly
show no evidence for an excess in pure Ve and
NCA |y channels

Exclusion limits set and further investigations underway

MicroBooNE is also laying the groundwork for
future LArTPC detector programmes: SBND,
ICARUS (further investigation of the MiniBooNE

anomaly) and the future multi-kt neutrino experiment
DUNE
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