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Recent MicroBooNE results

Jaroslaw Nowak
for the MicroBooNE Collaboration
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MicroBooNE has harnessed the power of LArTPC
detector technology to make valuable new
precision measurements

e 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 SBN programme and
multi-kt neutrino experiment DUNE

uBoONE _

MI DATA: RUN 10811,

EVENT 2549.

APRIL 9, 2017.




MicroBooNE: 85-tonne active mass LArTPC

Sits in two neutrino beams at Fermilab:
BNB (on-axis, <Evu>=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
Accelerator Division,
Cryogenics team, and

Operations team!
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https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017

quU|d argon tlme prOjECtiOn NuMI: Run 5280 Subrun 66 Event 3329
chamber

= Fully-active tracking calorimeter

= 32 PMTs collect light from flash at time of interaction

Time (drift direction)

= 3 planes of wires (vertical, +60°, -60°) with 3mm spacing
nBooNE
Wire number (beam dlrectlonT

» mm-level resolution, low thresholds, excellent particle identification
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https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017

MicroBooNE’s scientific and technical accomplishments

ed current ve\nu_{e}ve interactions without final-state pions in MicroBooNE
Higgs portal scalars decaying in the MicroBooNE detectorv

d

Search for long-lived heavy neutral leptons an

ifferential cross section measurement of char;
Measurement of neutral current single 1° production on argon with the MicroBooNE detector
icroBooNE by a liquid argon filtration system
Cosmic ray muon clustering for the MicroBooNE liquid argon time projection chamber using sMask-RCNN

0 018 2019 2020 2021 20
Observation of radon mitigation in
Novel approach for evaluating detector-related uncertainties in a LArTPC using MicroBooNE data
First measurement of energy-dependent inclusive muon neutrino charged-current cross sections on argon with the MicroBooNE detector

50 publications
>75 public notes

>50 PhD MicroBooNE theses

Measurement of Space Char?
First Measurement of Differentia
Search for heavy neutral leptons decaying into muon-pion pairs in the MicroBooNE detector
Reconstruction and Measurement of O(100) MeV Electromagnetic Activit%
ambers Using a UV Laser Sg

Method to Determine the Electric Field of Liquid Argon Time ¢ | \
Calibration of the Charge and Energy Response of the'MicroBooNE Liquid Argon Time Projection Chamb

Search for an anomalous excess of inclusive charged-current v interactions without pions in the final state with the MicroBooNE experiment
Search for an anomalous excess of charged-current quasi-elastic ve interactions with the MicroBooNE experiment using deep-learning-based reconstruction

New theory-driven GENIE tune for MicroBooNE
Search for an anomalous excess of inclusive charged-current v, interactions in the MicroBooNE experiment using Wire-Cell reconstruction
Search for an excess of electron neutrino interactions in MicroBooNE using multiple final state topologies
Wire-Cell 3D pattern recognition techniques for neutrino event reconstruction in large LArTPCs

Search for neutrino-induced NC A radiative decay in MicroBooNE and a first test of the MiniBooNE low-energy excess under a single-photon hypothesis

Electromagnetic shower reconstruction and energy validation with Michel electrons and 1° samples for the deep-learning-based analyses in MicroBooNE
First measurement of inclusive electron-neutrino and antineutrino charged current differential cross sections in charged lepton energy on argon in MicroBooNE

Calorimetric classification of track-like signatures in liquid argon TPCs using MicroBooNE data
Search for a Higgs Portal Scalar Decaying to Electron-Positron Pairs in the MicroBooNE Detector

Measurement of the Longitudinal Diffusion of lonization Electrons in the Detector

Cosmic Ray Background Rejection with Wire-Cell LAr TPC Event Reconstruction in the MicroBooNE Detector
Measurement of the Flux-Averaged Inclusive Charged Current Electron Neutrino aFr)mg Antineutrino Cross Section on Argon using the NuMI Beam in MicroBooNE

Measurement of the Atmospheric Muon Rate with the MicroBooNE Liquid Argon T

Semantic Segmentation with a Sparse Convolutional Neural Network for Event Reconstruction in MicroBooNE
High-performance Generic Neutrino Detection in a LAr TPC near the Earth's Surface with the MicroBooNE Detector
Neutrino Event Selection in the MicroBooNE LAr TPC using Wire-Cell 3D Imaging, Clustering, and Charge-Light Matching

A Convolutional Neural Network for Multiple Particle Identification in the MicroBooNE Liquid Argon Time Projection Chamber

C Interactions on Argon with Protons and No Pions in the Final State

Cosmic Muons

Vertex-Finding and Reconstruction of Contained Two-track Neutrino Events in the MicroBooNE Detector
The Continuous Readout Stream of the MicroBooNE Liquid Argon Time Projection Chamber for Detection of Supernova Burst Neutrinos
eutrino Argon Scattering Cross Sections with the MicroBooNE Detector

Measurement of Differential Cross Sections for Muon Neutrino
e Effects in the MicroBooNE LAr TPC Usin
from Neutral Pion to Gamma Gamma Decays in the MicroBooNE LArTPC
stem and its Application in MicroBooNE

Charged Current Quasi-Elastic-Like Muon
r Using Muons’and Protons

rojection C

First Measurement of Inclusive Muon Neutrino Charged Current Differential Cross Sections on Argon at Enu ~0.8 GeV with the MicroBooNE Detector

Design and Construction of the MicroBooNE Cosmic Ray Tagger System

A Meth
Rejecting Cosmic Background for Exclusive Neutrino Interaction Studies with Liquid Argon TPCs: A Case Study with the MicroBooNE Detector

First Measurement of Muon Neutrino Charged Current Neutral Pion Production on Argon with the MicroBooNE detector
A Deep Neural Network for Pixel-Level Electromagnetic Particle Identification in the MicroBooNE Liquid Argon Time Projection Chamber
Comparison of Muon-Neutrino-Argon Multiplicity Distributions Observed by MicroBooNE to GENIE Model Predictions

lonization Electron Signal Processing in Single Phase LArTPCs II: Data/Simulation Comparison and Performance in MicroBooNE
lonization Electron Signal Processing in Single Phase LArTPCs I: Algorithm Description and Quantitative Evaluation with MicroBooNE Simulation

The Pandora Multi-Algorithm Approach to Automated Pattern Recognition of Cosmic Ray Muon and Neutrino Events in the MicroBooNE Detector

Measurement of Cosmic Ray Reconstruction Efficiencies in the MicroBooNE LAr TPC Using a Small External Cosmic Ray Counter

Noise Characterization and Filtering in the MicroBooNE Liquid Argon TPC
Michel Electron Reconstruction Using Cosmic Ray Data from the MicroBooNE LAr TPC

lied to Neutrino Events in a Liquid Argon Time Projection Chamber

Determination of Muon Momentum in the MicroBooNE LAr TPC Using an Improved Mode| of Multiple Coulomb Scattering

Convolutional Neural Networks A
Desian and Construction of the MicroBooNE Detector


https://microboone.fnal.gov/documents-publications/
https://microboone.fnal.gov/public-notes/
https://microboone.fnal.gov/documents-publications/

UNDERSTANDING LArTPCs AND DEVELOPING TECHNIQUES

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

[ Post-operations R&D studies are just beginning to bear fruit

Radon Mitigation

arXiv:2203.10147 [physics.ins-det]
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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://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

Understanding v-Ar interactions



Charged-current Inclusive
measurements

» first measurement on argon as a function of scattering
angle and electron energy
» excellent overall test of neutrino-nucleus generator

vu CC inclusive

!

o(E )KE.) (108 cm?/GeV/nucleon)

» 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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MicroBooNE NuMI Data: 2.0x10%° POT
I Data (Stat. + Sys.)
- —— GENIE v3.0.6 (uB tune) x°N,, = 3.8/5
- GENIE v3.0.6 x*/N = 3.3/5
NuWro v19.02.2 4?/N,, = 3.8/5
-== GIBUU 2019 x%/N = 4.1/5

[ Phys. Rev. D 105, L051102 (2022)
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Phys. Rev. Lett. 128, 151801 (2022)
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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

Exclusive channels, differential cross-sections

Vu CCOTI'ZP

> first double-differential cross section in > first ever direct measurement of
these variables on argon 2-proton cross section
» especially sensitive to nuclear effects » dominated by 2p2h/MEC processes
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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

arXiv:2205.07943 [hep-ex]
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https://arxiv.org/abs/2205.07943
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1111-PUB.pdf

Searching for new physics



The MiniBooNE low-energy excess (LEE)
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(] 4.80 excess of measured ve and ve over
prediction, focused at low energy

[ Consistent with prior results from the LSND
experiment: combined significance of 6.10

1 Source of excess not known:
= could be ve

= photons look identical to electrons in
MiniBooNE detector

= or something else?

Phys. Rev. D 103, 052002

12


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002

The MiniBooNE low-energy excess (LEE)

10? B LSND 90% CL (allowed)

LSND 99% CL (allowed)

— MiniBooNE 90% CL (allowed)
MiniBooNE 95% CL (allowed)

10 — MiniBooNE 99% CL (allowed)

Am (eV?)

 If interpreted as ve appearance through a
two-flavour neutrino oscillation, best fit
Am? =0.04 eV?

10—1 1 1 llIIIII 1 1 lIlIIII 1
1074 10°° 1072 107" 1
sin°20,,,

—> new “sterile” neutrino?

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

LArTPC STRENGTH: electrons and photons
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Phys. Rev. D 104, 052002 (2021)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002

First investigation of the MiniBooNE
low-energy excess

Phys. Rev. Lett. 128, 24180

Electron searches

Phys. Rev. D 105, 112003
Target A>Ny:
CCQE-like: 1elp p\

1yOp and 1ylp

Phys. Rev. D 105, 112004

v CCor: P (/

1eOp and 1eNp e o
p \ y Phys. Rev. D 105, 112005 V
Inclusive: 1leX o

Phys. Rev. Lett. 128, 111801
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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

First investigation of the MiniBooNE
low-energy excess

Target A—>Ny:

1yOp and 1ylp



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
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NC-A single photon search
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

First investigation of the MiniBooNE
low-energy excess

Phys. Rev. Lett. 128, 24180

Electron searches

Phys. Rev. D 105, 112003

CCQE-like: 1elp P \

Phys. Rev. D 105, 112004

CCor: P (/

1e0Op and 1eNp e e
Phys. Rev. D 105, 112005 V
Inclusive: 1leX o
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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
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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
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Phys. Rev. Lett. 128, 241801

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

lelp CCQE leNpOm 1eOpOm leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]
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Both initial hypotheses rejected
» Single photon from A—>Ny:
» Single electrons

The future searches will include
» Other 1y events
> ete events
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Oscillation hypothesis

10%E
= ' LSND 90% CL (allowed)
: : _ LSND 99% CL (allowed)
dWhat does this mean for the sterile ) _A
neutrino hypOtheSiS? 10 ¥ — MicroBooNE 95% CL (BNB data)

0 .2
profiling over sin“g,,

JWe haven’t seen evidence of an excess
— place constraints on oscillation phase
space for a new neutrino flavour.

Am, (eV?)

107"

10—2 1 | IIIlllI (| 1 IlIIllI 1 (| lIIIllI 1 (| L iLiill
1074 10°° 1072 107" 1
Sin°20,,,
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Future prospects: BNB+NuMI|

10° g :
- = [ LSND 90% CL (allowed)
| LSND 99% CL (allowed)
Dcomblnlng bOth data SEtS % ) : - ;: = MicroBooNE 95% CL (BNB data)
significantly improved sensitivity profing over sins;,
i 10 E— s -+ MicroBooNE 95% CL, (BNB+NuMI sens)
> C . sine,, = 0.005
()] » .
LIBNB Rve/vu: 0.005 NE‘; :
ANUMI Rveyvyi: 0.04 T L
— Upcoming BNB + NuMI analysis will I
be sensitive to full LSND allowed ) AV W, -
regions 107 10°° 1072 107" 1

Sin“20,,,
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SEARCHING FOR OTHER NEW PHYSICS SIGNATURES

(ASearch for heavy neutral lepton (HNL)
decays to pint

» similar sensitivity to NA62

» order of magnitude improvement on
previous MicroBooNE results

ASearch for Higgs portal scalar (HPS) decays
to W'
» complementary to previous e*e
MicroBooNE search

» First constraints on scalar-Higgs mixing
angle O in this mass range from a
dedicated experimental search

IPA2022 - J.Nowak, Recent Results of MicroBooNE Experiment

HNL: 90% CL exclusion limits

arXiv:2207.03840 [hep-ex]
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§  MicroBooNE Observed 2} MicroBooNE 5.3 x 10°POT
2.5
Non-ve background __GENIEV30006  NuWro 19021
Intrinsic ve F = 2mdf=18.8/10 """ ¥¥ndf=12.5/10
_— & Total, no eLEE (x=0.0) I
2.0 _ - - NEUT 54.0.1 GiBUU 2019.08
Total, w/ eLEE (x =1.0) 151 " Indi=8.6/10 Lndi=6.5/10

N — L —
N

Summary ;H*ﬁrfffff’fc

%«é*;—

0.54 0.5 B

Events Observed / Predicted (no eLEE)
o(E J(E,) (10°® cm?/GeV/nucleon)

AMicroBooNE has harnessed the full power of

LArTPC detector technology to make important  “ e & o ova
. . faonmev St Mev] [ishmeu s hisnuevg All Other Backgrounds |- - o - ogriee o _E@eY)
new precision measurements “F 5;:?;;33335&"@;?,? A
LS 3 " (6.80x10%° PQT)d
dDetailed initial investigations into MiniBooNE Z \

anomaly show in pure B LoD 25 (v i)

Ve and NCA 1y channels ol  MeroBooNe 5% L. (18 624) g Gonsiained
dExclusion limits set and further investigations

underway K _‘

(dMany more precision cross-sections -
measurements underway.
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---= LSND (Reinterpretation)
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—— LHCb
10—9_ ~—— MicroBooNE e*e™
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Oscillation parameter degeneracy
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MicroBooNE Preliminary
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nueCC

No oscillation
Oscillation with Am?, = 7.3 eV?
sin°20,, = 0.36, sin’0,, = 0
sin°20,, = 0.36, sin’d,, = 0.010
sin°20,, = 0.36, sin6,, = 0.005
--------- sin°28,, = 0.72, sin’6,, = 0.005

BNB

Seen
1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 L 1 1 l 1 1 1 1

500 1000 1500 2000
Reconstructed neutrino energy (MeV)
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2500

ve disappearance Ve appearance

N\ /

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

o Ami, L

= Nintrinsic ve [1 + (By,, /v, sin? @4 — 1) sin? 2614 sin 1B ]

(ratio of ve to vu in beam)
— about 0.005 in BNB
— about 0.04 in NuMI
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1M 1p disappearance exclusion limits

dUse 1|_,|,1p Sample (98% pure VH) to search MICROBOONE-NOTE-1106-PUB
for in BNB

Pata 90% CL 3+1 Disappearance

Data consistent with no oscillation »>set | i
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= \\\\ ~~~~~~ S0 "
700 Nt
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Future 3+1 1e1p and 1u1p OSC|IIat|on

analysis

Full 3+1 analysis (as done for inclusive
selection) also in progress using 1lelp
and 1plp samples

(assuming no
oscillation) using has
been found

Feldman-Cousins treatment in progress
for full oscillation results - coming soon!
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What does this mean?

e Decay of O(keV) Sterile Neutrinos to active neutrinos )
o [13] Dentler, Esteban, Kopp, Machado Phys. Rev. D 101, 115013 (2020)
o [14] de Gouvéa, Peres, Prakash, Stenico JHEP 07 (2020) 141

e New resonance matter effects educes Caution: not an
o [5] Asaadi, Church, Guenette, Jones, Szelc, PRD 97, 075021 (2018) True Electrons . i
e Mixed O(1eV) sterile oscillations and O(100 MeV) sterile decay ) eXha ustive IlSt!
o [7]Vergani, Kamp, Diaz, Arguelles, Conrad, Shaevitz, Uchida, arXiv:2105.06470 | _J Th |S |S mean t tO
e Decay of heavy sterile neutrinos produced in beam > Prodiicas
o .Rev.D83: i
o ﬁ]zf/fﬁ;fe%'s'ff:uv/gifa,oii(y)féilé 101, 075045 (2020) True Photons be re presen tative
o [15] Magil/, Plestid, Pospelov, Tsai Phys. Rev. D 98, 115015 (2018) on |y
o [11] Fischer, Hernandez-Cabezudo, Schwetz, PRD 101, 075045 (2020) y
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)
[2] Abdullahi, Hostert, Pascoli, Phys.Lett.B 820 (2021) 136531 Produces
[3] Ballett, Pascoli, Ross-Lonergan, PRD 99, 071701 (2019) >. e*e pairs

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

© 101 2O

More information: see
P. Machado, Fermilab PAC, November 2021
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What does this mean?

MicroBooNE’s first LEE results

é % ~
e_ e R e- e-
- Y
y Y y
TN . U - . N Y
Overlapping e+e- Overlapping e+e- Higwitﬁ e Hi.?ﬁlymi’ie_
W% p ...... m ““:—w :_\\ p\ &J_\\\
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Future investigations

e P e

Future Directions

W |
Future |nvest|gat|ons

(
Overlapping e+e-

\-

v 4
\%ﬁ':éQi’l p\ \%’*'34&{’ o N
Overlapping e+e- Highly asymmetric e+e-
....... —“9:“:%“5—\, \"r\\ :
p \;,

R = <

~

Highly asymmetric e+e-

IPA2022 - J.Nowak, Recent Results of MicroBooNE Experiment

31



MICROBOONE-NOTE-1104-PUB
MICROBOONE-NOTE-1103-PUB

Future investigations

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

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

INC-Coherent 1y targeted search: forward-going photons with no visible hadronic energy
dinclusive 1y search: generic test of single photon production
JEven more on the way!

Shower Energy
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Oscillation parameter degeneracy
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107

10°°
2
sin“26,,,

107"

1

B LSND 90% CL (allowed)
LSND 99% CL (allowed)

- MicroBooNE 95% CL, (BNB data)
profiling over sin®g,,
in the 3+1 oscillation scenario

- MicroBooNE 95% CL, (BNB data)
v, appearance-only

- MicroBooNE 95% CL, (BNB+NuMI sens)
sin®g,, = 0.005
in the 3+1 oscillation scenario
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Oscillation parameter degeneracy

MicroBooNE Preliminary
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Future investigations

Further investigation into NCA 1y model:

dIndependent reconstruction

dLarger phase space (including charged pions and

multiple protons)

dMore sensitive to potential excess in 1yOp channel

a8 20p
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Event counts
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Focus on forward-going photons
with no visible hadronic energy

pre) = |
—1
35

—/1

30

TTT

25

20

15

I|IIII|IIIIIIIII|IIIIII

44444« Total Prediction: 55.2

NC Coherent 1y 1.5 [ J NCA - Ny(1+p) 0.3
NC A — Ny (Op) 2.5 "1 NC 1x° Coherent 3.7
NC 17° Non-Coherent 29.6 [ CCv, 17°4.9

BNB Other 3.5 [ CC vJv; Intrinsic 0.6
Dirt (Outside TPC) 6.4 [E==3 Cosmic Data 2.2

MC Intrinsic Stat Error

MicroBooNE Simulation
Preliminary (6.80x10%° POT)
Final Selection

0.5 0.6 0.
Reconstructed Shower Energy [GeV]

7

35


https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1104-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1103-PUB.pdf

Future investigations

Inclusive single y selection

dBroader search beyond specific NC A model

MICROBOONE-NOTE-1102-PUB

inclusive signal definition: no electrons and exactly one photon with KE>20
MeV. No muons with KE>100 MeV, but any number of hadrons allowed

JGeneric test of Standard Model prediction for single-photon events
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Single photon search

arXiv:2110.00409 [hep-ex]

dSimple hypothesis test: use
combined Neyman-Pearson ¥? as
test statistic

DS —
\\T LEE Model (xMB =3.18)

oL+

¥

&

Nominal Prediction

N

Data 1.9¢ (94.8%) CL

Probability Distributions
o
>

2 e

Nucl. Inst. Meth. A 961 (2020) 163677

A Data consistent with nominal

A—>Ny prediction

Data rejects LEE model N
hypothesis in favour of nominal
prediction at 94.8% CL
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single photon search
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