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Neutrinos: the ‘standard’ non-standard picture
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Neutrinos: the ‘standard’ non-standard picture

Neutrinos are beyond-Standard-Model
particles

» They have mass and change flavour

» Two well-measured oscillation rates

Two oscillation rates from two mass-
splittings
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Neutrinos: the ‘standard’ non-standard picture

Neutrinos are beyond-Standard-Model = o
particles = |
23| ALEPH
» They have mass and change flavour © DELPHI
» Two well-measured oscillation rates | L3
- OPAL
20
. . Lt average measurements,
Two oscillation rates from two mass- . ‘Emobamincrensed
splittings 10
Consistent with a three-flavour picture o
from Z-boson width measurements I T
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Events/MeV

Short-baseline anomalies
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Short-baseline anomalies
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» Hard to build a coherent picture
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MiniBooNE

'\.)

MiniBooNE Detector Mineral oil Cherenkov detector

HESON HALL

R 541 m from the Booster Neutrino Beam target
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MiniBooNE

MiniBooNE could not distinguish _ -7-9:‘ § . o ]
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> Even more exotic new physics?
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Liquid argon: MicroBooNE

Bragg peak




Liquid argon: MicroBooNE
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Liquid argon: MicroBooNE
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Liquid argon:

MicroBooNE

(Anne Schukraft)

Cathode

E =273V/em

neutrino interacts with the argon
inside the TPC volume and
produces secondary particles




Liquid argon: MicroBooNE

(Anne Schukraft)

Flash of scintillation
light at time of

Cathode . . .
neutrino interaction

E =273V/cm Detected by PMTs behind
— Anode plane to get t0
— time of interaction
— start time for electron drift
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Liquid argon: MicroBooNE

(Anne Schukraft)

Cathode

lonization e-

Anode

E =500 V/cm
%

secondary particles produce
ionization electrons




Liquid argon: MicroBooNE

(Anne Schukraft)

lonization e-
[ ]

Cathode

Anode

these electrons drift

E =500 V/cm
—
towards the anode




Liquid argon: MicroBooNE

(Anne Schukraft)

lonization e-
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e® Anode
E = 500 V/ i
cm electrons arrive at anode
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Liquid argon: MicroBooNE

(Anne Schukraft) wire planes

Cathode
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the pattern is recorded on a
set of closely spaced wires
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Liquid argon: MicroBooNE

3D imaging
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Liquid argon: MicroBooNE

~ :

469 m from the
Booster Neutrino
Boamglaget




MicroBooNE

Took data from 2015 through to this year

> This analysis uses ~7x1029 protons on
target

» ~1/2 of the full MicroBooNE data sample

MicroBooNE physics goals:

> Demonstrate the power of the LArTPC -
paving the way for SBN and DUNE

» Neutrino interaction measurements
» BSM searches

» Address the MiniBooNE low-energy
excess

- Delivered POT ——— POT on tape :
Run 1 Run 2 Run 3, Rung4 Run 5
|
|
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}
I 4.""/
- /f~
2015 | 2016 | 2017 - | 2018 | 2019 2020

2.0E21

1.5E21

1.0E21

5.0E20

0.0E00

Cumulative POT

|
This analysis
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First low-energy excess search

Four independent analyses

» Targeting six different final states
Single-photon analysis

» NC A — Ny hypothesis

» 1lyOp, 1ylp
Searches for a v, excess

» Quasi-elastic kinematics (1elp)

» MiniBooNE-like final states (1eNp,
1eOp)

» All v, final states (1eX)

1yOp candidate data event

pBooNE

Y

p
1y1p candidate data event

25(m
1eNp candidate data event

YeX candidate data event 1e0p candidate data event
18cm 8cm

BNB Run: 11001 Subrun: 42 Event: 2145

MicroBooNE Data, Run 5462 Subrun 14 Event 732
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Three independent reconstruction frameworks

Deep-learning-based Pandora-based Wire-Cell-based

» Semantic segmentation . gjngle-photon search > Tomographic techniques
& CNNs (lylp, 1yOp) & 3D imaging
» lelp topology

» Pionless electron » Fully inclusive electron
Run 6046 HiP search (1eNp, 1e0p) search

Subrun 72 —— MIP
Event 3633 Shower
Enu=1060 MeV

Y-plane

Track

Showerx ‘ .i e

|— Track . | ' p ~2 MIP

4 MIP

10 cm
MicroBooNE Data ™7™ Run: 9524 Subrun: 127 Event: 6375
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Single photons: A—Ny

Several photon sources in MiniBooNE

NC 1° misidentification
» Measured in MiniBooNE with sidebands

Interactions outside the detector

» Eliminated using beam timing and radial cuts

NC A = Ny
> NC delta radiative decay
> Not constrained directly by MiniBooNE

» Used 11 measurements and a theoretical
branching ratio for the delta radiative decay
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A—Ny: 1ylp topology

Short proton candidate
with Bragg peak

Single EM shower
pointing back to track

T~

Distinct gap
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A—Ny: 1yOp topology

No proton-like
activity behind EM
shower

(Neutrons non-
ionizing)

Single EM shower

N
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Current limits on NC A—Ny

. 10 ang et al. calculation 3
> Not measured directly, but e S -
inferred from pion-nucleon | | o T
and photon_nucleon § . NOMAD 90%CL limit ;
scattering measurements s 107
% 107 -
> Best direct limit (T2K) is x100 % :
weaker than the predicted 107
rate (90% C.L.) i
107*
107! 1 10

Neutrino energy [GeV]

[
S
N
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https://iopscience.iop.org/article/10.1088/1361-6471/ab227d

S i n g I e p h Oto n S : A —} N Y MiniBooNE Collaboration Phys. Rev. D 103, 052002 (2021)

‘g 450— -Other
L%) 400;}%+ ______ i ___ -zm
MiniBooNE need to scale their NC A = Ny by x3.18 to 350 o B0 O E;"’d
best fit their excess I T . fom
250 ;_ ':b S Ve :rom K:
) . 200 | U _iBestit
MicroBooNE therefore uses a x3.18 scaling of the . .
nominal NC A — Ny prediction as a benchmark model to oo —$—
test consistency with the MiniBooNE excess Fanlllllles—  =—C=T
00 0.1 : 0.3 0.4 0.5 0.6 0.7 0.8 (FglgOO )1
Our nominal prediction comes from a custom tune of NC A—»Ny e
GENIE v3.0.6 (NIM A614, 87) R
» Resonances modelled with Berger-Sehgal (PRD 76, g:: ~#- Excess
113004) =
2 100 ANy
> GENIE then assumes branching ratios to decay the A to & sof- ++
various final states oo
In the three years of MicroBooNE data analysed here, o .
124.1 NC A—Ny events are predicted 2°; | +
o
H__

Eolns Lol Ll \...‘|..‘.|.‘..
0O e b e e o b0
u 00 (R/SOOcm)a


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

Single photon analysis

Simultaneous fit of four topologically distinct samples

Two high-statistics NC r°
Two NC A—Ny rich single- rich two-photon selections
photon selections to constrain backgrounds

/ 1y1p 1y0p \ / 2y1p 2yop
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Understanding the detector

Electric field
calibration with lasers
and cosmic muons

Calorimetry calibration

with crossing muons
and n° samples

(E,-E;)/E [%] @Z=518cm
=

§/E % @Z=518cm

108
)
£ 2500 - - - - SRR RARAS LEss R
= L i Uncalibrated dQ/dx |
T r Calibrated dQ/dx ]
3% 2000 f— SO EVRUSRPRRIG: NOPURSRIOOR: HOSSIOSRRNE SOOI
50 100 150 200 250 : 0 50 100 150 200 20 - I N
X [em] X [cm] 1500 [~ ]
(E,-E))/E [%] @Z=518cm E,/E,[%] @Z=518cm 15 1000—— N
[ MicroB E Data ]
500
" ok .
® 100 700 800 900 00
° dQ/dx (ADC/cm)

50 100 150 200 250 0 50 100 150 200 250
X [cm] X[em]

JINST 15 (2020) 07, P07010
JINST 15 (2020) P12037

JINST 15 (2020) 03, P03022,JINST 15 (2020) 02, P02007

Time [3 us]

Signal Processing:

From raw signals on wires to
2D reconstructed “hits”

Raw After Noise Filtering After 2-D Deconvolution
750/ (a) (b) (©
MicroBooNE
600
450
300
150
r-
0 N
20 40 60 80

0 20 40 60 80

0

Wire [3 mm spacing]

0 20 40 60 80

AU.

JINST 13, PO7006 (2018) JINST 12 P08003 (2017)
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https://doi.org/10.1088/1748-0221/13/07/P07007
https://iopscience.iop.org/article/10.1088/1748-0221/12/08/P08003
https://doi.org/10.1088/1748-0221/15/07/P07010
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https://doi.org/10.1088/1748-0221/15/03/P03022
https://doi.org/10.1088/1748-0221/15/02/P02007

On the surface: cosmic background

Y (vertical)

97% of triggered events have only cosmic activity

Events with a neutrino typically contain 20 cosmic

muons

Matching with PMT flashes is used to identify the true

beam neutrinos

We use beam-off data to ‘simulate’ our cosmic
overlays on simulated neutrino interactions

Measured
Our PMTs Light Pattern
5 MicroBooNE Data
< o P
g~ Poe
e« O -
o0 [@]e) N
— Z (beam)
Predicted
Light Pattern

Eur. Phys. J. C79 673 (2019)
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A—Ny: background rejection

MicroBooNE Cosmic Data

Run: 16122 Subrun: 514 Event: 25729 ) 5 boosted deC|S|0n trees to
: reject backgrounds from 1ylp
topology

» (Similar methodology for
1yOp topology)

4 MBOONE 18¢cm

MicroBooNE Simulation

nBooNE

cCv, BDT

MicroBooNE Simulatior 22 am MicroBooNE Simulation

MicroBooNE Simulation




1p2y and Op2y samples

%) - 2] F 0
2 E 3 NCA-Ny 1 NC 17 Coherent = [ O NCA-Ny [ NC 1x° Coherent
§ 180 @ NC 17° Non-Coherent @ CCv, 17° S | ool NN NC 17° Non-Coherent @ CCv, 1n®
M g F =1 BNB Other = CC v¢/¥; Intrinsic w LT BNB Other 3 CC v//¥ Intrinsic
= I Dirt (Outside TPC) E==3 Cosmic Data - B Dirt (Outside TPC) E==3 Cosmic Data
o 140F4%444 Total Background and Error 804554 Total Background and Error
q'} 75 E—e— BNB Data, Total: 634 —8— BNB Data, Total: 496 -
2 0F MicroBooNE - MicroBooNE )
= e(b 1001 Runs 1-3 (5.84x10%° POT) 60— Runs 1-3 (5.89x10%° POT) §
7] jr %BO = 2y1p Selection C 2y0p Selection 5
= . 40— .
¢ = 60~ NC 7° purity: 63.5% - NC n° purity: 59.6% o
- = C
'I’ - a0 20— / (,‘(\o
20, C = -
)} = PO 4 =o 4 =z / > -~
¢ 5 5 R i ; ’! - ! "
s 7R M / G
3 77 f’,.lrlfrafﬂ', e ...a" ‘5«/”, {/ / 1414
So 7 7 L ¥ 7 J %%
5 ; L7 s ; ; s i AR
a 025 03 0.35 04 2 O 0.05 0.1 0.15 02 0.5 03 0.35 0.4
Reconstructed 7° Invariant Mass [GeV/c?] Reconstructed n° Invariant Mass [GeV/c?]

High statistics: 1130 candidate 119 interactions

Used to constrain the 1m0 backgrounds in the A—Ny signal samples
> And validate shower reconstruction and energy measurement
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Single-photon results

1y1p 1yop

(%) F =
‘qc: 80— NCA — Ny [ NC1r° Resonant A(1232) ‘% 400 |NC A - Ny [T NC1r® Resonant A(1232)
L oF — LEEModel (x =3.18)  |HINCiz° DIS @ 4 F — LEE Model (x,=3.18)  |[lINC1° DIS
=[] All Other Backgrounds  (lINC1® Higher Resonances - [l cc vy, on° Il NC12® Higher Resonances
60—, 'éotakl UncogsgraEined SO CC v,/9, (>0)n° Il NCir® Coherent
= ~7 7 Backgroun rror MicroBooNE ty1p Data = 2., Total Unconstrained
sof- (6.80x10% POT) 25055 Baickarount Error ] All Other Backgrounds
Py == % Total Constrained
:2/ ~\ Background & Error
8N MicroBooNE tyOp Data
\}_\ (6.80x10% POT)
% Total Constrained
N\ Background & Error
Unconstrained Constrained Unconstrained Constrained
lyip 1yop
Unconstr. bkgd. 27.0 £ 8.1 16 Unconstr. bkgd. 165.4 £+ 31.7 153
Constr. bkgd. 20.5 + 3.6 Data Events Constr. bkgd. 145.1 £ 13.8 Data Events
NC A — N~ +4.88 NC A — N~ +6.55 Observed
LEE (zmp = 3.18) +15.5 Observed LEE (zmp = 3.18)  +20.1
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Single-photon results

No evidence for an enhanced rate of single
photons from NC A—Ny decay above nominal
GENIE expectations

> x3.18 scaling disfavoured at 94.8% C.L.

One-sided bound on the normalisation of NC
A—Ny events of x,< 2.3(90% C.L.)

Beg(A — N7) < 1.38% (90% C.L)

More than 50 times better than the world’s
previous limit

Events

Events

N

NC A — Ny
LEE Model (x, .=3.18)

[__] All Other Backgrounds

§§‘ Total Unconstrained
“ Background & Error

[ NC 1 Resonant A(1232)
BNCi® DIS

Bl NC 1 Higher Resonances
MicroBooNE ty1p Data

" (6.80x10% POT)

% Total Constrained
<\ Background & Error

R

b

Unconstrained Constrained

f— NC A — Ny T NC1r° Resonant A(1232)
£ — LEE Model (x,=3.18)  |[INC#°DIS

- Il CC v/v, 0x° [l NG Higher Resonances
EIl CC v/, (>0)n° [l NCin° Coherent

E 44 Total Unconstrained

“ Background & Error [_]All Other Backgrounds

C)

.
MicroBooNE tyOp Data
(6.80x10%° POT)

% Total Constrained
N\ Background & Error

Constrained

Unconstrained
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Electron search

Three independent searches across multiple final states

Two-body CC quasi-elastic: 1lelp
P\
e-

CC ve interactions without final-state pions: 1eNpOT1r & 1eOpOTr
> Matches the topology of MiniBooNE events p
°\,

e +

Fully inclusive charged-current ve: 1leX

X

W

e-

uB@
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Start with muon neutrinos

] ) ) 700 > Data/> Pred = 1.08 + 0.13 BB BNB v, CCQE (3369.27)
High-statistics CC v, samples | MicoBooNE 6,67 x 10 POT g SRCR L 0029
% 500 * BN Cosmic Background (97.77)
s w72 Systematic Error

Leverage v, and v, correlations 5 w0 i

» Common flux parentage € 200

1u1p

100

» Lepton universality

900 400 600 800 1000 1200
T 2
2
S R e i S S ppt ppi A A SRS AP SA
e 900 400 600 800 1000 1200

_ E, [MeV]
Use our v, sample to create a data ieriBoNE

driven v. prediction % 12000F- B 000U e et
e P §10m0:— SSmetes O BLIE”
» Systematic uncertainties incorporated S sk Rl e
through a covariance matrix 8 coook-
LI i 1u1X
» This process reduces the uncertainty S 4000 rc TH
on the v, prediction 2000
1] : ; : . :
0 500 1000 1500 2000 2500
Reconstructed E, (MeV)

uBooNP _
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leX prediction before constraint

Event counts / 100 MeV

Data/Pred

60

50

40

30

20

'n
@)

Ve

MicroBooNE 6.369¢20 POT

[ Cosmic, 0.5
CC [ 1 Dirt, 10
NC n®inFV, 16.3

NCinFV,104

‘ v, CCinFV,3109

7 Pred. uncertainty
[ EXT,29
out FV,5.7
v,CCn’inFV,12.2
v,CCinFV, 103
= = = LEE(x=1),34.7

Unconstrained

500

1000

1500 2000 2500
Reconstructed E, (MeV)
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leX prediction after constraint

uBooNP _

Event counts / 100 MeV

Data/Pred

60 — FC MicroBooNE 6.369¢20 POT i Pred. uncertainty
[ Cosmic, 0.7 [ EXT,29
\:] Dirt, 1.1 out FV,53
50 —Ve CC NC 2 in FV, 138 v, CC n*in FV, 109
— NCinFV,8.7 quCinFV,S.S
40FE- [ v,CCinFV,333.1 = = = LEE(x=1),37.0
30F- == Constrained
20 :_ piaa
ofE e
o=
2
15 __ Pred total uncertainty
1 | B e et s A s R R AR R SRR e e e
05
00 500 1000 1500 2000 2500

Reconstructed E, (MeV)
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Systematic uncertainties

uBooNP _

1e1p sample, systematics before constraint

Fractional Uncertainty

0.45

0.40 -

0.35 A

0.30 -

0.25 -

0.20 -

0.15

0.10 -

0.05 -

0.00

MicroBooNE Simulation

— Flux

——— Cross section
—— Hadron re-int. — Total

lelp Uncertainties:

—— Detector

—— Pred.

stat.

200 400

1200
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Neutrino interaction modelmg

MicroBooNE drove the development of GENIE v3
Developed our own ‘MicroBooNE GENIE tune’
» Fitto 2016 T2K v, CCOTr data taken at similar energies

» Tune CCQE and CC2p2h models

» Varying >50 parameters to assess interaction
uncertainties

We are the first to examine neutrino scattering in
argon at these energies and with such high statistics

arXiv:2110.14028

0.85<cos(6,)<0.90

MicroBooNE Tune
. T2K 2016 Data

T2K Data

0.90<cos(6,)<0.94

T2K Data

P, (GeV/c)

30/ 0.86<cos(6,)<0.94

dzc/dppdcos(eu) (1 0'39*cm2/nucleon/GeV/c)

t-—-] MicroBooNE
Data

e GENIE v3.0.6 G18_10a_02_11a

uBooNP _
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Event reconstruction performance

Neutrino energy reconstruction based on FC*v,CC FC* ve CC

calorimetry W|th particle ID information 3MicroBooNE Simulation 3MicroBooNE Simulation
9 : " :' " <10° 9 b Y i
> 15-20% resolution for fully-contained 8,5 ' Sas ‘-
VIJ CC %.f ol . %Lf 2" 10°
» 10-15% resolution for fully-contained 5 15
ve CC " t 10
€ 1} 10 1t
os T 0.5
A ] A ‘1 1 - | ]
%05 1715 2 25 3 D05 T1Is 2 25 3

Egue (Gev) Eeue (GCV)

*FC “fully contained”: events with reconstructed activity
entirely within fiducial volume

u@z 41




Event reconstruction performance

MicroBooNE data

==== Protons

Neutrino energy reconstruction based on
calorimetry with particle ID information

R Muon

> 15-20% resolution for fully-contained g |
v, CC T E
» 10-15% resolution for fully-contained =
Ve CC )()-.l(). 2:) 3(1:::") 50 60 7(-;\;_81() 90 i(J)()
Residual range [cm]
n° selection
1751 MicroBooNE 6.86 x102° POT
Track energy calibrated with muons and 150 = e e
protons o h = v

[area-normalized]

Entries / 10 MeV/c?
g4 o
w o

w
o

Shower energy calibrated with 110
invariant mass

N
w

o

100 200 300 400 50
M, [MeV/c?]
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Detector uncertainties

We have made the first complete
assessment of systematic

uncertainties in a LArTPC
Many sources of uncertainty
evaluated

» Space charge, recombination,
optical model, GEANT4
uncertainties

Novel data-driven technique using
wire responses

> arXiv:2111.03556

charge (ADC counts)

Sample Waveform, Channel=697

1 Preliminary

- Original Waveform
—— Modified Waveform
=== Original Hits

MicroBooNE
Simulation

5220 5225 5230 5235 5240 5245
time (TDC ticks)

uB@
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V. reconstruction validation with NuMI

NuMI beam data

» High intrinsic ve component relative to BNB

» Selections not tuned on NuMI data: applied after freezing

BNB analysis, but before looking at BNB data
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Simple MiniBooNE excess model

Phys. Rev. D 103, 052002 (2021)

>1.2 T :
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Electron results
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Electron results - hadronic ener
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Electron results: lepton angle

1eNpOn v, selection
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Electron results

» Observe v, candidate event rates
in agreement with, or below, the
predicted rates

» Reject the hypothesis that v, CC
interactions are fully responsible
for the MiniBooNE excess at
>97% C.L. in all analyses

» Inclusive analysis rejects our
median MiniBooNE electron-
excess model at 3.750

Events Observed / Predicted (no eLEE)

2.5 A1

2.0 A

1.5 4

1.0 A1

0.5 A

0.0

® MicroBooNE Observed
== Predicted, no eLEE (x=0.0)
= Predicted, w/ eLEE (x=1.0)

lelp CCQE leNpOmn 1e0pOm leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]
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What next? Evolving theory landscape...

Decay of O(keV) Sterile Neutrinos to active neutrinos
— [13] Dentler, Esteban, Kopp, Machado Phys. Rev. D 101, 115013 (2020)
— [14] de Gouvéa, Peres, Prakash, Stenico JHEP 07 (2020) 141 Produces
New resonance matter effects true electrons
— [5] Asaadi, Church, Guenette, Jones, Szelc, PRD 97, 075021 (2018)

Target

Mixed O(1eV) sterile oscillations and O(100 MeV) sterile decay N PRL 121, 241801 (2018)

— [7] Vergani, Kamp, Diaz, Arguelles, Conrad, Shaevitz, Uchida, arXiv:2105.06470

Decay of heavy sterile neutrinos produced in beam Produces M -
) , » Many of these models predict more
— [4] Gninenko, Phys.Rev.D83:015015,2011 > true photons comyl sl P S
— [12] Alvarez-Ruso, Saul-Sala, Phys. Rev. D 101, 075045 (2020) ) p ex linal states (e e_) an ) (?I’
— [15] Magill, Plestid, Pospelov, Tsai Phys. Rev. D 98, 115015 (2018) differing levels of hadronic activity
— [11] Fischer, Hernandez-Cabezudo, Schwetz, PRD 101, 075045 (2020)

. . H ’ /

aicr?:; g:n L:)Fl):;ititg;dsz;aog sterile neutrinos or new scalars mediated by Z’ or — — The hadronic state is becoming

— [1] Bertuzzo, Jana, Machado, Zukanovich Funchal, PRL 121, 241801 (2018) Incr easn?gly_ ’n_or e ’mportant asa

— [2] Abdullahi, Hostert, Pascoli, Phys.Lett.B 820 (2021) 136531 model discriminator

— [3] Ballett, Pascoli, Ross-Lonergan, PRD 99, 071701 (2019) -~ Produqes

— [10] Dutta, Ghosh, Li, PRD 102, 055017 (2020) e*e" pairs

— [6] Abdallah, Gandhi, Roy, Phys. Rev. D 104, 055028 (2021) * We are fortunate that LArTPCs are
Decay of axion-like particles sensitive to these possibilities

— [8] Chang, Chen, Ho, Tseng, Phys. Rev. D 104, 015030 (2021)

A model-independent approach to any new particle
— [9] Brdar, Fischer, Smirnov, PRD 103, 075008 (2021)
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What next? Evolving theory landscape...

Already started probing with first LEE results

Reco

Models opology
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Higgs-portal scalar boson search

pBOONE’Z > Published in Phys. Rev. Lett.
O -

SIMULATION 150 MeV/c? scalar decay

» Liquid argon is becoming a
BSM search factory

standard neutrino direction
107 MeV e*

* reinterpretation
A central value

%

143 MeV e~ o 10°F

.,

*A
Ca 1311 KOTO

........... - D"
- NA62
beam dump

10—4||||||||||||||||||||||||||||||||||||||| L
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Scalar mass mg (MeV/c?)
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Onwards to the SBN programme...
— ————




...and to DUNE

MicroBooNE has shown that liquid argon is the technology of choice for precision neutrino analyses

> We have performed end-to-end excess searches, cross-section measurements, BSM searches...

This confirms that there is an exciting future with DUNE

» CPviolation, mass hierarchy, proton decay, supernovae...

Sanford Underground
Research Facility

Fermilab

e ~goomiles — B @SSR
<300 Wlometer®
v

¥
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Summary

Our first searches for low-energy excesses are now released
» No evidence for excesses of ve or NC A—Ny
> But we don’t know what the MiniBooNE excess was!

We have shown that liquid argon can perform precision
neutrino physics analyses

» Multiple channels and topologies
» Multiple reconstruction methods
» Reconstruction down to ~100 MeV
>

Sidebands, systematics, detector response models,
reconstruction algorithms...

MicroBooNE has a bright future as a BSM factory

» More data to analyse, and many more channels to investigate

10 cm

BNB Run: 16341 Subrun: 27 Event: 1359

BNB Run: 11001 Subrun: 42 Event: 2145

uBooNP _

55



