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MiniIBooNE anomaly uBooNE _
Phys. Rev. D 103, 052002
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Liquid Argon Time Projection Chamber (LArTPC)

LArTPC is capable of identifying
different species of particles and
reconstructing 3D Images with
fine-grained information
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MicroBooNE @ Fermilab

_ |Booster Neutrino Beam (BNB)
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MicroBooNE @ Fermilab uBoo

Cherenkov detector with 820 tonne mineral oil 170 (85) tonne liquid argon in cryostat (TPC)
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Photon excess or electron excess?
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Single-photon low energy excess (gLEE) search
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- standard model process

Phys. Rev. D 103, 052002

- never been directly observed in
neutrino scattering

Events

an enhancement in NC A—=Ny by a

factor of 3.18 would give good

agreement with the observed
MiniBooNE LEE
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gLEE result nBoo
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gLEE result

nBooNE _

—=

the analysis selects two NC A rich

single-photon channels: 1y1p & 1y0p

Phys. Rev. Lett. 128, 111801
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ve low energy excess (eLEE) search
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assumption about the excess:
an energy-dependent enhancement of
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el EE results

Phys. Rev. Lett. 128, 241801

—=

uBooNP _

three independent eLEE searches, targeting four
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3+1 neutrino oscillation analysis uBooNE _

T~
| | MicroBooNE Preliminary '
eLEE results are re-interpreted under a sterile "E nueCC FC channel  —— No oscilation
neutrino oscillation hypothesis: - prwgmpvegs- gy
a combination of short-baseline i sin'20, = 036, i, = 0,01
, 2 40
Ve QPpearance, ve disappearance, and I
v, disappearance o
- vedisappearance can cancel the appearance T
of ve events: :: —T— weoS
- - = 6. 0 -+~ Data
degeneracy of oscillation parameters b 0T | = ereditonot
v 25;— [_ +11 I—;‘
considering full 3+1 oscillation, BNB Run1-3 I S R iﬂ,
data was found to be consistent with the 3v :: + #’ by |
hypothesis within 10 following the Feldman- s—i* 1 }*i
Cousins apprOaCh O 5001000 1500 2000 2500

Reconstructed neutrino energy (MeV)

Yale Jay Hyun Jo MicroBooNE Public Note #1116 13



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

3+1 oscillation analysis result: ve disappearance uBooNE _
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MicroBooNE Public Note #1116
GALLEX+SAGE+BEST 26 (allowed)

Neutrino-4 2¢ (allowed)

10 —— MicroBooNE 95% CL (BNB data)

e . D2
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-=== MicroBooNE 95% CL_ (BNB+NuMI sens)
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" MicroBooNE Preliminary
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107 1
sin“20

ee

competitive limit on the eV-scale ve disappearance, first v-Ar scattering data limit

sensitivity significantly improved . mainly due
to ve appearance-disappearance degeneracy mitigation
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3+1 oscillation analysis result: ve appearance uBoo
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part of the LSND allowed region Is excluded by the MicroBooNE 957% C.L.

sensitivity significantly improved . mainly due
{0 ve appearance-disappearance degeneracy mitigation
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Summary

MicroBooNESs first searches for low energy excess - “‘&\\\\\\ | ;{;;;“’““”;;;;' i

found no evidence of excessive ve or NC A radiative | \\\\\\\\\\\\“ulll"”’/’/’/

decay to explain the MiniBooNE excess \\\\\\\ e // ,/// /
\\\\\\\\\ il 7 ///////

full 3+1 oscillation analyses were carried out to N o W/////////////////‘ ,

interpret the MicroBooNE eLEE results under a e %

sterile neutrino oscillation hypothesis V. 'Hrm.',‘ m"ﬁ@,\./] &

- the data (507% BNB dataset) was found to be
consistent with 3-flavor hypothesis

further investigation on MiniIBooNE excess, searches
for other BSM particles/processes (e.g. e*e’), and
oscillation analysis with BNB & NuMI data are
underway
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| ArTPC: Liquid Argon Time Projection Chamber

Sense Wires
U, .\é. . V wire plane waveforms
charged particle enters detector ek ArgonTeC il
Ch.afged Particles :
. | [T i
scintillation light emitted by Gthode - ' 1
excited Ar, detected by PMTs soinfilation 1w+ 1
co“":/'
lonization electrons drift to PMTs to detect
«— scintillation photons
anode plane, detected by sense i
W I re S Y wire plane waveforms T)
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result in fine-grained 3D images,
with calorimetry information

RUN 8617 SUBRUN 46 EVENT 2328
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MicroBooNE experiment

Boo

=

- LArTPC Detector

- 85 tons of LAr active volume

- TPC: 8192 anode sense wires in 3 planes
PMT: 32 8-iInch PMTs

+ CRT (cosmic ray tagger) is installed around TPC

- located at BNB beamline in Fermilab, started taking data since
Oct. 2015

» physics goal

- strong understanding of the detector and highly developed event
reconstruction, paving the way to future LAr detectors (SBN & DUNE)

- neutrino interaction measurements

+ towards low-energy excess: definitively address the MiniBooNE
anomaly

Anode Wires

HV
Cathode
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Cancellation of v, appearance and v, disappearance
-- degeneracy of oscillation parameters

MicroBooNE Preliminary
70 V., disappearance v, appearance

nueCC No oscillation
60 Oscillation with AmZ. = 7.3 eV? Nve - Nintrinsic Ve 'Pve~ve + Nintrinsic Vi 'Pvp—'ve
41~ '+
in? in2 oy . <39

40
» Degeneracy when sin” 6,, approaches R,,, /v, Which

s the ratio of intrinsic v, and v, in the neutrino flux

» Sensitivity/exclusion limits gets much worse
around the degeneracy point
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0 500 1000 1500 2000 2500
Reconstructed neutrino energy (MeV)
| | MicroBooNE w. BNB ~0.005 (average)
Different degeneracy points; .
MicroBooNE w. NuMI ~0.04 (average)

degeneracy mitigation utilizing both

Yale Jay Hyun Jo 22



This LEE search proceeds with a simultaneous side-by-side fit of four
topologically distinct samples

Two NC A—Ny rich Two high-statistics NC z° rich
single-photon selections two-photon selections
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MicroBooNE's search for an excess of electron neutrino interactions @,\A/_

three independent searches across multiple single electron final states

- exclusive two-body charged-current quasi-elastic (CCQE) ve scattering [1e1p]

p
o-

- semi-inclusive ve scattering without final state pions [1eNportt (N21) + 1e0pOrTl

p
p

- Inclusive ve scattering [1eX]
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MB excess and sterile neutrinos uBooNP _

—=

- the MicroBooNE elLEE result disfavors the MB excess originating from a pure ve
EexXCcess

- the existence of sterile neutrinos cannot be ruled out by the MicroBooNE elLLEE
result, which is a generic low-energy ve excess search

- the MicroBooNE elEE results can be re-interpreted under a sterile neutrino
oscillation hypothesis: a combination of short-baseline ve appearance and ve

disappearance

- 3+1 osclillation searches using the selections in the MicroBooNE elLEE searches
are performed
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