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Highest-statistics of neutrino
interactions on argon enable
inclusive and exclusive

cross-section measurements

See talk by K. Duffy
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Excellent tracking and calorimetric
information enable tests of the
previously observed MiniBooNE
anomalous low-energy excess

This talk
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Large-scale, continuous operation
of a new detector technology
enables astro-particle and exotic
physics measurements


https://indico.fnal.gov/event/43209/contributions/187829/attachments/129159/158548/Neutrino2020_KDuffy_Arxsec.pdf

Testing the MiniBooNE Low Energy Excess (LEE)
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MiniBooNE observed unexplained excess of v_ CCQE-like events

Underlying nature of excess could be:

“electron-like” (eLEE) or “photon-like” (yLEE)

Events/MeV

See talk by A. Hourlier
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At low energy, largest background in
MiniBoOoNE was mis-identified NC z° events



https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
https://indico.fnal.gov/event/43209/timetable/#195-miniboone-oscillation-resu
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Intrinsic v_ CC scaling

e

MiniBooNE observed unexplained excess of v, CCQE-like events

Underlying nature of excess could be:

“electron-like” (eLEE) or “photon-like” (yLEE)

1e + hadronic activity (below Cherenkov threshold)

1200 1400
True E, [MeV]

600 800 1000

Applying this scaling to intrinsic v_ CC
can explain the observed MiniBooNE excess
» eLEE signal template for uyBooNE

Events/MeV

See talk by A. Hourlier
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https://indico.fnal.gov/event/43209/timetable/#195-miniboone-oscillation-resu
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1043-PUB.pdf
https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
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NC A—Ny scaling

MiniBooNE observed unexplained excess of v_ CCQE-like events
Underlying nature of excess could be:

“electron-like” (eLEE) or “photon-like” (yLEE)

See talk by A. Hourlier
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Applying a ~3x flat scaling to NC A—Ny
can explain the observed MiniBooNE excess
» yLEE signal template for uBooNE
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will be from mis-identified NC x°



http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1043-PUB.pdf
https://indico.fnal.gov/event/43209/timetable/#195-miniboone-oscillation-resu
https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
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e uBooNE follows a blind analysis strategy to test the MiniBooNE LEE as e/y in nature

far near
sidebands sidebands
unblinding unblinding
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e uBooNE follows a blind analysis strategy to test the MiniBooNE LEE as e/y in nature

validation
with far near
. . sidebands sidebands
signal-blind A .
unblinding unblinding
data sets

e Enormous body of pioneering work, enabling science with this new detector technology:

O

@)

Application of 2D deconvolution for signal processing
[JINST 13, PO7006 (2018), JINST 13, P07007 (2018)]

Application of Machine Learning and tomography techniques for reconstruction
[Phys. Rev. D99, 092001 (2019), arXiv:2002.09375]

Understanding and tuning of neutrino-argon cross-sections
[Eur. Phys. J. C79, 248 (2019), Phys. Rev. D99, 091102(R) (2019), Phys. Rew. Lett. 123, 131801 (2019), arXiv:2006.00108]
including a dedicated GENIE tune [MICROBOONE-NOTE-1074-PUB]

Detector calibration and understanding of detector effects and performance See talk by K. Duffy

[JINST 15, P03022 (2020), arXiv:1910.01430, JINST 15, P02007 (2020), MICROBOONE-NOTE-1018-PUB,
MICROBOONE-NOTE-1050-PUB]

Detector systematic uncertainty assessment

Full list of uBooNE publicati
[L. Yates Poster #176, MICROBOONE-NOTE-1075-PUB] TLFISE of pBoolE publications



https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
http://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.092001
https://arxiv.org/abs/2002.09375
https://link.springer.com/article/10.1140/epjc/s10052-019-6742-3
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.091102
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.131801
https://arxiv.org/abs/2006.00108
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1074-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022
https://arxiv.org/abs/1910.01430
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/P02007
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1050-PUB.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1075-PUB.pdf
https://microboone.fnal.gov/documents-publications/
https://indico.fnal.gov/event/43209/contributions/187829/attachments/129159/158548/Neutrino2020_KDuffy_Arxsec.pdf
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e uBooNE follows a blind analysis strategy to test the MiniBooNE LEE as e/y in nature

far near
sidebands sidebands
unblinding unblinding

Welare hére!
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e uBooNE follows a blind analysis strategy to test the MiniBooNE LEE as e/y in nature

reconstruction, eventtsrtrelletcftlon, Va"d.irt:on far near .

calibration, S)s,:nesitiaviltcs, si nv;:-blind sidebands sidebands sgjnal

cross-section tuning "y g unblinding unblinding ox
evaluation data sets opening

We are here!

Brand-new, preliminary results shown today
span data sets from this period (6.9x10?° POT)

A

v

Run 1, 1.7x10%° POT Run 2, 2.7x10%° POT Run 3, 2.6x10%° POT Run 4, 3.2x10%° POT Run 5, 2.2x10%° POT

A

v

Over its 5-year run, uBooNE has collected data
corresponding to 12.25x102° POT (past quality cuts)
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uBooNE follows a blind analysis strategy to test the MiniBooNE LEE as e/y in nature

°
reconstruction, eventtselettftlon, Va"d.:rt:on far near .
calibration, SZ::S'H:’;:S’ si n“a,:-blind sidebands sidebands snbgnal
cross-section tuning 1y g unblinding unblinding O%

evaluation data sets opening

e Unbiased distributions
with “5%” of full data set
e “Signal-blind” distributions

with Run 1-3 data set

Brand-new, preliminary results shown today
span data sets from this period (6.9x10?° POT)

v

A

Run 1, 1.7x10%° POT Run 2, 2.7x10%° POT Run 3, 2.6x10%° POT Run 4, 3.2x10%° POT

Sensitivity projections
for Run 1-5 data set

(l Run 5, 2.2x10%° POT

v

A

Over its 5-year run, uBooNE has collected data
corresponding to 12.25x102° POT (past quality cuts)
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uBOONE uses the excellent properties and resolution of its LAITPC
signals with high purity

to select both eLEE and

...using ionization dE/dx
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...and topology information

incoming "
neutrino

attached
electron shower

\&,any number of
hadron tracks

RUN 8617 SUBRUN 46 EVENT 2328

25¢m

detached
photon shower

&, any number of

hadron tracks

incoming
neutrino
Wire

Color: deposited charge

MicroBooNE Data, Run 5462 Subrun 14 Event 732
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Targets 1y0p and 1p1p topologies consistent with NC A—Ny

Pandora [Eur. Phys. J. C78. 1, 82 (2018)] reconstruction, and tailored BDT-based selection

1y0p candidate data event MBOONE

Pandora-reconstructed E -g oy fO r 1}’1 p:

candidate neutrino

o interaction vertices
MBOONE 1}'1 P candidate data event Selection of neutrino
vertices based on Cosmic BDT
topology (1 track and 1
MicroBooNE Data 2 5 shower)
15¢m Run 5187 Subrun 188 Event 9430 cm MicroBooNE Data, Run 5462 Subrun 14 Event 732
l NC z° BDT
1y0p detached .
1 1 Pre-selection
detached Y1p photon shower | (E,,.... Track Second Shower
photon shower Length, etc.) Veto BDT
v, CC BDT

no proton i & one proton

track (Op) Track (1p) Other v BDT



https://doi.org/10.1140/epjc/s10052-017-5481-6
https://microboone.fnal.gov/public-notes/
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uBooNE

Reco. mw= 158.2 MeV

Targets 1y0p and 1p1p topologies consistent with NC A—Ny

incoming
neutrino

Pandora [Eur. Phys. J. C78, 1, 82 (2018)] reconstruction, and tailored BDT-based selecti

1y0p candidate data event MBOONE

2Y1p candidate data event

Run 15318 Subrun 159 Event 7958

..g 160 1 1xSM c!\IC A Radiative 0.92 . x2 SMJ\IC A Radiative (LEE) 1.84
o — 1 NC1n°Coherent 1.83 3 NC 11z° Non-Coherent 403.89
S [ C— NC2+r°20.30 B CC v, 17°75.62
LU 140 ————1 BNB Cther 80.72 =3 CC v /v Intrinsic 5.64
[ S Dirt 16.09 === Run 1+2+3 Cosmic Data 97.11
120 - #2554 Flux & XS Systematics : 703.98 —@— Run 1+2+3 On-Beam Data 634.00
v 191p candidate data event 100 2/dp S.B8IE0 POT
MBOON / MicroBooNE Preliminary

80
MicroBooNE Data
15 m Run 5187 Subrun 188 Event 9430 25 Cm

2y1p Run 1-3
(GENIE corrected)

MicroBooNE Data, Run 5462 Subrun 14 Event 732 60

40

III|IIIIIII|III|III|

20

Complementary 290p and 2p1p selections
provide a pure sample of NC 7° events (main
background to 1y selection) = correction to the
GENIE-predicted coherent and non-coherent
NC 17° production rate normalizations

0 0.05 0.1

Data/Prediction

0.4
Reconstructed n° Invariant Mass [GeV]

0.15

(Data/MC: 0.90) (KS:0.999) (x2/nDOF: 25.42/34) (x2P""": 0.856)

14



https://doi.org/10.1140/epjc/s10052-017-5481-6
https://microboone.fnal.gov/public-notes/
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nBooNE

Reco. mw= 158.2 MeV

Targets 1y0p and 1p1p topologies consistent with NC A—Ny

incoming
neutrino

Pandora [Eur. Phys. J. C78, 1, 82 (2018)] reconstruction, and tailored BDT-based selecti¢

1y0p candidate data event

uBooNE

2Y1p candidate data event

Run 15318 Subrun 159 Event 7958

..g 160 [C 1 1x SM NC A Radiative 0.92 [ x2 SM NC A Radiative (LEE) 1.84
& = l:l::‘ “8 12 i:“ ngggegrgm 1.83 _; gg : 1:‘1’ Nnoons%ozherem 403.89
o 140—~=——1 BNB Other 80.72 =3 CC v./¥; Intrinsic 5.64
[ S Dirt 16.09 === Run 1+2+3 Cosmic Data 97.11
120 | A% Flux & XS Systematics : 703.98 —@— Run 1+2+3 On-Beam Data 634.00
B 191p candidate data event 2/dp S.B8IE0 POT
HBOON‘J nghest statistics 7 MicroBooNE Preliminary
MicroBooNE Dat: o 77
15 tm Rl:fll;lf;:)suhl‘ullldlss Event 9430 25 Cm MicroBooNE Data, Run 5462 Subrur Sa m ple Of NC .TL' / 2y1p Run 1'3
events in a LArTPC! 2 (GENIE corrected)

Complementary 2y0p and 2y1p selections -

provide a pure sample of NC 7° events (main | s 125_ i :
background to 1y selection) » correction to the | § '1%/;/;;/{/;1///_5/,%/ ) ;J/ % S99
GENIE-predicted coherent and non-coherent | § osg 2 %WW Tﬁﬁi%# //
NC 17° production rate normalizations 8 ot 035 0.4

Reconstructed n° Invanant Mass [GeV]

(Data/MC: 0.90) (KS:0.999) (x¥nDOF: 25.42/34) (x2P"*: 0.856)


https://doi.org/10.1140/epjc/s10052-017-5481-6
https://microboone.fnal.gov/public-notes/

uBooNE’s yLEE Search

[MICROBOONE-NOTE-1087-PUB]
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2y1p 12.25E20 POT
MicroBooNE Simulation
Preliminary

2y1p Run1-5

Events

"] 1x SMNC A Radiative 1.07
[ NG 1.#° Coherent 68.17
] NC2+ 1884

BNB Other 10260

44444 Flux, XS & Detactor Systematics : 995.87

[EE0 x2 SMNC A Radiative (LEE) 2.14
[ NC 1 Non-Coherent 529.82
CCv, 1207743

B CC v Intrinsic 431

B2 Run 14243 Cosmic Data 169.12

2,0p 12.25E20 POT
MicroBooNE Simulation
Preliminary

2y0p Run 1-5
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https://microboone.fnal.gov/public-notes/

uBooNE’s yLEE Search

[MICROBOONE-NOTE-1087-PUB]

Side-by-side fit to 1y and 2y selections indirectly constrains NC z° background

Reco Bin j

Collapsed correlation matrix

uncertainties

Reco Bin i

Covariance matrix captures
detector and (highly
correlated) flux and
cross-section systematic

Effectively x2 reduction in 1y1p and 1y0p

systematic uncertainties!

Selection Total After
Topology | Uncertainty | Constraint
1y1p 35.4% 17.1%
1~0p 19.1% 10.8%
2v1p 21.2% -

2~0p 18.0% -

] 1xSM NC & Radiative 10.30

(I X2 SM NC A Radiative (LEE) 20.60

E ] 1x SMNC ARadiative 1225 [EZ x2 SM NC A Radiative (LEE) 24.50

Effective systematic uncertainty reduction before/after constraint!

P
180 g

I [0 NC 1° Coherent 0.00 [ NC 13 Non-Coherent 44.53 § | [0 NC 1° Coherent 22.73 [ NC 1x° Non-Coherent 113.99 2 5oo_|: NC 1° Coherent 3.84 [ NC 1x° Non-Coherent 846.47
[ C— Nc2+ 20000 [ cC v, 17°091 160F——1 NC2+x°269 N CC v, 1x°2485 o F 1 Nc2excazss B CC v, 1x°158.49
[ ] BNB Other 6.97 [ CC v/, Intrinsic 1.61 |- 5550 BNB Other 47.26 [ CC v/¥; Intrinsic 20.66 500[JEE] B8 Other 169.18 [ CC v Intrinsic 11.83
|- . Dirt0.00 (B3 Cosmic Data 0.00 a0 MEEEER Oin 11.39 B2 Cosmic Data 19.80 | B 03373 E3553 Run 14243 Cosmic Data 203.53
o 4444ky Constrained Systematics : 84.92 | 4%%%% Constrained Systematics : 300.11 [ 4444% Fux. XS & Detector Systematics : 1475.41
X 120 -
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r MicroBooNE Simulation 100~ MicroBooNE Simulation F MicroBooNE Simulation
= Preliminary E Preliminary 300) :_ Preliminary
. soF- 1y0p Run 1-5 L
— of- sobs
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E 40— o

E 100—

.................... 205 L 22222

T

-] 1x SMNC A Radiative 1.93 [ x2 SMNC A Radiative (LEE) 3.87

05 0.6 0.7 0.8 0.9
Reconstructed x° Momentum [GeV)

[G. Yarborough Poster #407,
W. Tang Poster #388]

] 1x SMNC A Radiative 1.07
[ NC 1#° Coherent 68.17
[C___] NC2+a°1884

[C] BNB Other 10260
. O 2238

44444 Flux, XS & Detactor Systematics : 995.87
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[ NC 1 Non-Coherent 529.82
B CC o, 17743

B CC v, Intrinsic 4.31

B0 Aun 14243 Cosmic Data 169.12

2,0p 12.25E20 POT
MicroBooNE Simulation
Preliminary

2y0p Run 1-5
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Reconstructed x° Momentum [GeV]
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uBooNE’s yLEE Search: Status and Projections

[MICROBOONE-NOTE-1087-PUB]

Analysis is frozen; 1y selections have been validated with “5%” data sets,
and analysis of Run 1-3 sidebands is ongoing. Stay tuned!

2 F ive 1. x2 SM NC A Radiative (LEE) 3.00 2 [E==——3 NC 1 Coheret 0.00 [ kG NowCohov 177 .
gm:: :r:"g?xﬂ:gcﬁozm%'w = NG NonCaherent 110.38 5§, == gﬁazo:uo; = = v, 100! o:: 1:1000 (1 shower + 1 track SeleCtlon) g
I'I'l|200___ glr:‘somuma == g&\ i’go's".::%“..ff:«u M= [—— R onsoogc A Ragiative 0.31 = g&m’%ﬁ'&.ﬂ. (LEE) 0.63 . . .

%5 Pl Sptomacs 311185 8 Run1 OnGeam Do 28400 A b S Sysaaca 299 || =8 FunOn deam Dua 200 1:5 (final selection) signal-to-background

t1p 0.41e20 POT .
MicroBooNE Preliminary improveme nt!

. 1¥1p “5%” data set

(final selection)

1000 t1p 0.41e20 POT
MicroBooNE Preliminary

171p “5%” data set
(1 track + 1 shower

0.5
200 tAanY |
; L selection) s WO
5 E H o : S “E 7
T 15F ! : 5 1.5F
§ 1€ L >3 L‘g‘y % E
e I1F AR E 7 L 1
€ ok , 44«&;,44%5%’%’%; %oj% %% 7
8 0 T . — - S 0, R - 7 A
105 11 115 12 125 13 135 14 145 0 100 200 300 400 500 60
Implied Invariant Mass of Photon-Proton Pair [GeV] (corrected) Corrected Calorimetric Shower Energy [MeV]
(Data/MC: 1.06) (KS: 0.526) (x2nDOF: 22.88/18) (42 P*™:0.195) (Data/MC: 0.68) (KS:0.978) (x¥nDOF:5.17/12) (2 P*™: 0.952)

[K. Sutton Poster #121]
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uBooNE’s yLEE Search: Status and Projections

[MICROBOONE-NOTE-1087-PUB]

Analysis is frozen; 1y selections have been validated with “5%” data sets,
and analysis of Run 1-3 sidebands is ongoing. Stay tuned!

8 F ——— 1x SMNC & Radiative 1.50 =0 x2 SM NC A Radiative (LEE) 3.00 2 [=———3 NC 1° Cohererjt 0.00 @ NC 1+ Non-Coherent 1.77
51400_ NC 1° Coherent 2.60 EEmmm  NC 12° Non-Coherent 110.38 5 C—— NC 2+ °0.00 S CC v, 11°0.04
2 | =— NC2¢x409 B CC v, 17°69.84 S s == gr:‘ao%zémon 1 &cnvmm&%om
Hhoo0 - Duizeszs 3 fun 1 Coume Data a1 44 s 5 PrSuNc araguneost | EES 2SMRC A hadaive e 000
| #5444 Flux&XS Systematics :3111.85 —@— Run 10n-Beam Data 3284.00 vy Flux & XS Systematics ; 2.93 —@— Run 1 0n-Beam D:
1000 #1p 0.41e20 POT 2 t1p 0.41e20 POT
356 MicroBooNE Preliminary ih MicroBooNE Preliminary
600 171p “5%” data set 171p “5%” data set = F ,
1 —— —— 8 - ———— BNB Flux at yBooNE (a.u) x3 SM rate (MiniBooNE LEE)
400 : < -
(1 track + 1 shower 05 (ﬁnal seIeCtlon) 2 40 GENIE ¢ (G18_10a_02_11a) Expected 90% C.L
200 : B SR )y L
' — = selectlpn) rrr7IT R A7 RS :i [~ ——=— Flux Averaged GENIE <0>  ««««-- Runs 1-3 (6.9e20 POT)
s F : 5§ “E 7 35— E.Wang et al. 1311.2151
= = 1 © - S— b
§ Li; - "’1" bt W % . / g . Mean Nucleon, C} 1o spread Runs 1-5 (12.3e20 POT)
- Y 7 e 1 7 L
€ ost i Q—%}#—;—' S 0.5% 2% /_é 2 30
o £ © ~ -
Q o T05 11 148 12 12 13 13 14 d45 2 %0 00 200 300 300" 500 ® <) P i Run 1-3
Implied Invariant Mass of Photon-Proton Pair [GeV] (corrected) Corrected Calorimetric Shower Energy [MeV] & yLEE ‘
(Data/MC: 1.06) (KS: 0.526) (nDOF: 22.88/18) (* P*™:0.195) (Data/MC: 0.68) (KS:0.978) (;nDOF:5.17/12) (42 P**: 0.952) 25[ ¢ Run 1-5
[K. Sutton Poster #121] 20 MicroBoolE Simulation
- reliminary
Projected sensitivity to NC A—Ny: 15F-
. 10-
o  30x more sensitive measurement of the 8 SM NC A—Ny
SM NC A—Ny rate than current T2K limit 5
[J. Phys. G: Nucl. Part. Phys. 46 08LTO01]
L

o Would be able to exclude the yLEE interpretation 0 08 Y- 5 T
in favor of the Standard Model at > 95% C.L. E, [GeV]


https://iopscience.iop.org/article/10.1088/1361-6471/ab227d/pdf
https://microboone.fnal.gov/public-notes/

Three (3) uBooNE eLEE Analyses Georgia Karagiorg

Three independent, complementary analyses are underway, targeting different topologies
(1e and Op, Np, or CC inclusive) and using different end-to-end reconstruction,

particle identification, and selection methods: ‘ ,
e

1e } & ¥
(1) Pandora Based | o5 ‘ ,,@“‘ Y
< &
; ‘ < X& .712'+

1e0p

(2) Deep Learning Based j | ‘ % 2p |
o

v, CC inclusive

(3) Wire Cell + Pandora Based (Hybrid)

1eNp X 1e
é‘f‘z

Strategy shared among all eLEE analyses: ‘ &&m |

O Reduction of cosmogenic background
&’ Reduction of z° background and validation through NC/CC =° sidebands
{ Constraint of intrinsic v, CC background through v CC sidebands

/ primary v, flux
= u" Hv

i v, background
o
e +V +V
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(1) Pandora Based eLEE Search

Pandora reconstruction with additional and improved topology- and calorimetry-based [MICROBOONE-NOTE-1085-PUB]
PID tools, for kinematics-agnostic selection.

Multi-channel selection targets:

1e0Op and 1eNp LEE topologies to search for an excess of v_ CC events at low energy

1eNp candidate data event

RUN 8617 SUBRUN 46 EVENT 2328

1e0p candidate data event

[N. Foppiani Poster #126]
[I. Caro Poster #112]
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(1) Pandora Based eLEE Search
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Pandora reconstruction with additional and improved topology- and calorimetry-based

PID tools, for kinematics-agnostic selection.

Multi-channel selection targets:

[MICROBOONE-NOTE-1085-PUB]

1e0Op and 1eNp LEE topologies to search for an excess of v_ CC events at low energy

1eNp candidate data event

8
>
MicroBooNE Preliminary 5.89e+20 POT (]
mmm Cosmic: 0.6 B v, CC: 24 O 6
10 =V NC: 0.6 Ve CCOROp: 0.4 o
> m Out. fid. vol.: 1.1 ve CCORNp: 49.8 o
(] v, CCn% 1.1 MiniBooNE LEE: 8.8 ;
O g vNC % 3.2 7/, EXT: 0.5 Dy
o v, CC: 4.0 E
o
= o 1eNp Run 1-3 w
g >
=
€
w 4
=
2 o
o P —__—
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Reconstructed Energy [GeV]

Very pure v_ CC selection achieved, down to low energy!
Note: very little NC/CC 7° background

[N. Foppiani Poster #126]
[I. Caro Poster #112]

MicroBooNE Preliminary 5.89e+20 POT
mmm v NC: 0.7 . v, CC: 0.2
= v, CCn%0.7 ve CCOMOP: 9.1
v, CC: 1.3 Ve CCOnNp: 3.7
= Out. fid. vol.: 3.5 MiniBooNE LEE: 4.2
VNG 10 3.9 /s EXT:5.0

mmm Cosmic: 4.1

1e0p Run 1-3

0.50 0.75 1.00 1.25 1.50
Reconstructed Energy [GeV]

1.75 2.00

1e0p candidate data event
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(1) Pandora Based eLEE Search
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Pandora reconstruction with additional and improved topology- and calorimetry-based
PID tools, for kinematics-agnostic selection.

Multi-channel selection targets:

1e0Op and 1eNp LEE topologies to search for an excess of v_ CC events at low energy

1eNp candidate data event

10

N. Entries / 0.1 GeV

— i‘—'—
0 L el e

0.50

[MICROBOONE-NOTE-1085-PUB]

8

mmm Cosmic: 0.6
mmm v NC: 0.6
mmm Out. fid. vol.: 1.1
mm v, CCn% 11
v NC m°: 3.2 L7
v, CC: 4.0 *

MizroBooNE Preliminary 5.89e+20 POT

. v, CC:24

Ve CCONOp: 0.4

Ve CCOnNp: 49.8
MiniBooNE LEE: 8.8
EXT: 0.5

BNB: 11

1eNp Run 1-3
“signal-blind”

(=]

N. Entries / 0.1 GeV
N

075 1.00 125 1.50
Reconstructed Energy [GeV]

Open Run 1-3 high-energy sidebands show
reasonable data to Monte Carlo agreement!

1.75 2.00

[N. Foppiani Poster #126]
[I. Caro Poster #112]

< blinded region [\

- KC: 0.7rI

= v, CCn%0.7

vy CC: 1.3
== Out. fid. vol.: 3.5

v NC 1% 3.9 77
= Cosmic: 4.1 +

y 5.89e+20 POT
. v, CC: 0.2

Ve CCOMOp: 9.1
Ve CCONNp: 3.7
MiniBooNE LEE: 4.2
EXT: 5.0
BNB: 3

1e0p Run 1-3
“signal-blind”

i S S TSN

0.50 0.75 1.00 1.25 1.50
Reconstructed Energy [GeV]

1e0p candidate data event
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(1) Pandora Based eLEE Search

[MICROBOONE-NOTE-1085-PUB]

Pandora reconstruction with additional and improved topology- and calorimetry-based
PID tools, for kinematics-agnostic selection.

Multi-channel selection targets:

1eOp and 1eNp LEE topologies to search for an excess of v_ CC events at low energy

v, CC inclusive sideband for validating flux
and cross-section modeling and
constraining v, CC backgrounds

[S. Berkman Poster #410]

v, CC inclusive sideband for probing v_
across a wider range of energy

BNB Data, Run 5924 Subrun 2 Event 109 .
Reconstructed shower energy: 2.8 GeV MicroBooNE Preliminary 1.58e+20 POT
mm v, CCn°% 724.4 ve CCONOp: 0.4
2000 v, CCRun3 = Cosmic: 425.3 v, CCOp*: 1416.5
% = v NC: 3038.6 1, CC1p*: 38195
O - ;Ntcff’d’74l‘65402 = v, CC2p*:1026.1
g 15001 e e
e CC: 9.
g ——_o— Ve CCONNp: 5.2 EXT: 840.3
" 4 BNB: 9924
9]
-= 1000
€
v, CC candidate data event w
Z 5001 ’ '

0- 02 0.4 0.6 0.8 1.0 1.2 1.4
[W. Van de Pontseele Poster #116] Reco Range-Based v Energy [GeV]
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(1) Pandora eLEE Search: Status and Projections

[MICROBOONE-NOTE-1085-PUB]

Sideband studies ongoing to validate analysis before proceeding
to box opening. Stay tuned! Shower reconstruction and calorimetry

validated with dedicated z° selection
MicroBooNE 5.8e20 POT, Preliminary

Reconstructed ve Energy > 1.05 GeV 350 H MicroBooNE Preliminary 5.89e+20 POT
= H ve CCOOp: 0.8 v, CC: 182.9
\\ (On-Off)/MC: 0.74+0.15 - 3001 1 - ve EEOTSPZ 3.0 - vNcch“: 41522522
2/dof: 13.9/12, p: 0.31 I e cang Y CC A% 12984
| Y CC shows data-MC ’ 1 W * vtCC purity:%O.G% = 250 =ncars 0, B
. . | B Cosmic: 107.2
agreement in multiple < ~ 200 o
. . . . S 30 A 4+ BNBOn: 70 3 x° Run 1-3
= -= 150
kinematic distributions g e BNB Off: 6.5 = (relatively-normalized)
2 v, CC: 74.3 “'1001
. c 2 S . =
| [S. Berkman Poster #410] | § 20 N o 1 bl T14 .
10 v_CCRun1-3
e 2.0
. “signal-blind” £ | + i
. . \ 1.54
Signal-blind 1e0p and 1eN : .
. g . P P ° /2 3n/4 n € 101 -H4teeertos +#++ + ! ‘%" ‘H 4
high-energy) regions and v_ CC show 4 + 1T T
e 2 m 0.5
data-MC agreement in kinematic and &, . ' . ,
. . . . . S|+ ' 100 200 300 400 500
calorimetric distributions (see also gk 1%&&\:\}_&&\)\\ \ M,, [MeV]
slide 11) &, '

0 /4 /2 3n/4 n
[W. Van de Pontseele Poster #116] Reconstructed electron 6
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A side-by-side fit to 1eNp, 1e0p
and v CC selections indirectly
constrains 1eNp and 1e0p
background predictions

[M. Wospakrik Poster #204]

Full Systematics Fractional Covariance Matrix
MicroBooNE Simulation, Preliminary

1eNp-1e0p 1e0p 1eNp-v,

-

uncertainties
-
o

-
N

i

[MICROBOONE-NOTE-1085-PUB]

‘D before const. . after const. ‘

1eNp systematic uncertainties

M
0.4 0.6

-
14

B 0.8 1 1.2
Reconstructed Energy [GeV]
‘ MicroBooNE Preliminary 1.58e+20 POT
= v, CC % 724.4 ve CCONOp: 0.4
= Cosmic: 425.3 v, CCOp*: 1416.5
'V” CCRun3 v NC:338.6 v, CC1p*: 3819.5
; 0,
vNCn® 74.6 v, CC2p*:1026.1
mm out.fid. vol: 5402 L L S
v, CC: 9.3 g e
——_ o N EXT: 840.3

Ve CCOMNp: 5.2

BNB: 9924

1eNp 1eNp-1e0» 1e0p-v,,
2000
>
[
O
1500
[=)
12+ . . f PPN -
I i s800NE Preliminary 5.89+20 POT L4l Pr y 5.89e+20 POT 4
Cosmic: 0.6 v, CC: 2.4 -_— I{NC: 0.7 . v CC: 0.2 E 1000
104 = v NC: 0.6 ve CCONOp: 0.4 8 v, CCn% 0.7 ve CCOMOp: 9.1 7
> mmm Out. fid. vol.: 1.1 ve CCOnNp: 49.8 > v, CC: 1.3 ve CCOnNp: 3.7 3
() . v, CCr% 11 MiniBooNE LEE: 8.8 v = Out. fid. vol.: 3.5 MiniBooNE LEE: 4.2 Z 500
O g VNC % 3.2 7+ EXT: 0.5 ] 6 v NC 10: 3.9 7/ + EXT:5.0
— v, CC: 4.0 4 BNB: 11 — m Cosmic: 4.1 4 BNB:3
=} b 0
g 6 1eNp Run 1-3 g, 1e0p Run 1-3 20
- R . = . . E
£ N “signal-blind” 5 “signal-blind” &15
o] w S
=4 5 2, ‘ § 1.0
_ 1] 4 205
ol —— ] | , 0 . —:tf—\—of\_ ' 0.0
0.25 050 0.75 1.00 125 150 175 2.00 0.25 050 0.75 1.00 125 150 175 2.00

Reconstructed Energy [GeV]
[N. Foppiani Poster #126]

Reconstructed Energy [GeV]
[I. Caro Poster #112]

0.2 0.4 0.6 0.8 1.0 1.2 1.4

Reco Range-Based v Energy [GeV]


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

(1) Pandora eLEE Search: Status and Projections Seorgh forgedl *

[MICROBOONE-NOTE-1085-PUB]
‘D before const. . after const. ‘ ’

-
[=2]

Full Systematics Fractional Covariance Matrix
MicroBooNE Simulation, Preliminary

uncertainties
-
-y

A side-by-side fit to 1eNp, 1e0p
and v CC selections indirectly
constrains 1eNp and 1e0p
background predictions

-
N

_.

C

1eNp-1e0p 1e0p 1eNp-v,

[M. Wospakrik Poster #204]

1eNp systematic uncertainties ‘ ‘
1 -

-
14

O Fc L
. e . 02 04 06 08 1 1.2
‘ Projected sensitivity: ’ Reconstructed Energy [GeV]
. N~ .
Would be able to exclude the SM hypothesis R T —
° ° mm v, CCn0%: 724.4 ve CCONOp: 0.4
in favor of eLEE at 3.00 with Run 1-5 2000 mm Cosmic: 425.3 v, CC0p*: 1416.5
> v CCRun3 = v NC: 338.6 v, CC 1p*:3819.5
8 u e vNC % 74.6 - v: CC2p*:1026.1
/ \ = 1500 o e 0l SM02 g cepti 3978
121 s . T P g o Ve CCONNp: 5.2 EXT:.840,3
I o800NE Prefimi y 5.89e+20 POT LAl Preliminary 5.89e+20 POT k4 % BNB:g524
Jcosmic: 0.6 . v CC: 2.4 - I(NC: 0.7 v, CC: 0.2 E 1000
101 M v NC: 0.6 Ve CCOMOp: 0.4 8 == v, CC n% 0.7 Ve CCOMOp: 9.1 LE
> mmm Out. fid. vol.: 1.1 ve CCOnNp: 49.8 > v, CC: 1.3 ve CCOnNp: 3.7 &
(@) . v, CCr% 11 MiniBooNE LEE: 8.8 v = Out. fid. vol.: 3.5 MiniBooNE LEE: 4.2 Z 500
O g VNC % 3.2 7+ EXT: 0.5 ] 6 v NC 10: 3.9 7/ + EXT:5.0
= v, CC: 4.0 4 BNB:11 =l m Cosmic: 4.1 4 BNE:3
o o 0
%2 1eNp Run 1-3 8. 1e0p Run 1-3 ~20
= 2] “signal-blind” = “signal-blind” S 15
w w [S ——.
= =3 5 S 1.0 pee=amgre
5] Z
— [ 0703
— T T .
0- ; = ; ; 0 ! Y ) 00757 0.4 0.6 0.8 1.0 1.2 1.4
025 050 075 1.00 125 150 175 2.00 025 050 075 1.00 125 150 1.75 2.00 : 'Rete Rafge-Based v Eneray [GeVi
Reconstructed Energy [GeV] Reconstructed Energy [GeV] 9 ay

[N. Foppiani Poster #126] [I. Caro Poster #112]
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(2) Deep Learning Based eLEE Search

[MICROBOONE-NOTE-1086-PUB] . . L
End-to-end reconstruction and selection using image
analysis techniques

Cosmic Removal Pixel-level identification as
| highly ionizing track (HIP),
minimum ionizing track .
Pixel ID (MIP) or shower, using
| semantic segmentation
[A Hourlier Poster #417] 3D Reco [R. Itay Poster #282]
[arXiv:2002.09375] [MICROBOONE-NOTE-1091-PUB]
[
Multi-Particle ID :l:loliclcn;)rBaooNE Simulation
1u1p selection 1e1p selection Multi-particle identification
‘ in a single image using a ks
MPID Score |0. .10/0.02|0.03

convolutional neural

network MicroBooNE Simulation
[R. An Poster #187] Eofol|llexile]aNZF-Tgl=}
[MICROBOONE-NOTE-1080-PUB]
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(2) Deep Learning Based eLEE Search

[MICROBOONE-NOTE-1086-PUB]

Exclusively targets CCQE-like interactions,
utilizing CCQE-consistent kinematics in the
neutron rest frame to select pure and highly
correlated 1e1p and 1ulp samples; significantly
reduces effects of Fermi motion

Cosmic Removal

Pixel ID
mm Nucleon Rest Frame
T i B Lab Frame
el
AH lier Poster #417 v
[A Hourlier Poster ] 3D Reco L
[arXiv:2002.09375] g . X .
T = MicroBooNE Simulation
2 02 Preliminary
Multi-Particle ID g
01
00 - - :
| 0 250 500 750 1000 1250 1500 1750 2000
Quasi-elastic Scattering Consistency
1u1p selection 1e1p selection
\/([’.‘u‘)}:_r i I_:,QIJL‘—I)'-’ N ([‘:.‘,;)E_p = [‘:,’;""!" )‘-’ 4 ( :‘(’;)E-t - [5:";”1_1;1 )2
[D. Cianci Poster #283] [J. Moon Poster #517]

Completely independent from and
complementary to other eLEE searches!
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(2) Deep Learning eLEE Search: Status and Projections

[MICROBOONE-NOTE-1086-PUB]

Shower reconstruction and identification and
energy reconstruction are validated with a
dedicated z° selection [MICROBOONE-NOTE-1090-PUB]

Sideband studies ongoing to validate analysis before
proceeding to box opening. Stay tuned!

Excellent data-MC agreement with 1u1p selection. ”‘zdata/ch = 1.00)

- - ifi N MicroBooNE Preliminary
Important cross c.heck a!so for uBooNE- specific K. Mason Poster ¥617] (relativaly-normaized)
GENIE cross-section tuning

[MICROBOONE-NOTE-1074-PUB]

NC r° (11.62)

'_
o
o
o CC n° (56.56)
‘a - . Offvtx n° (25.03)
— A < OffVtx non-n® (9.69)
- v ; BNB Other (0.28) = Cosmic Background (5.66) . o
n{ Zdata/2MC = 0.88 BN v, MEC (142) == BNB Bad Reco (35.08) “/.. MC Systematic Error < == good non-n® (10.18)
BNB v, Res nt/- (0.37) ™= BNB 1LIP Off Vertex (4.21) MC Sys+Stat Error . ve events (1.99)
- VaRes ™ (0.37) oy BNB Not 1L1P (18.48) @ Run 1 Open Data (188) - W Cosmic Background (18.92)
® BNB v, Res n° (0.00) JE Flux + Cross Section Systematics
ve Intrinsic (0.01) MicroBooNE Preliminary ] @ data: 4.4e19 POT [Run 1] (134)
>
w

B

7° 5% data set

$ o

1u1p 5% data set

o) - ——

Events in 4.4e19 POT

[D. Cianci Poster #283] ’ ”
(@) 14 p-value: 0.263
S. Sys Error p! ) Xanp/19(dof): 1.181
- e [ ]
= " Total Error |
© 10 |
=
’ . o t )
R, iy ey A [a)
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m° mass (MeV)

20 00 0

®
06
y
0

p-value: 0.
X2/14(dof): 0.644

e T ,///#//*//,?f//? I y

e

Data/MC

Quasi-elastic Scattering Consistency
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[MICROBOONE-NOTE-1086-PUB]

Sideband studies ongoing to validate analysis before
proceeding to box opening. Stay tuned!

A simultaneous fit to very pure samples of (flux and

cross-section correlated) 1el1p and 1ulp events is projected

Events in 4.4e19 POT

to provide a powerful test of the MiniBooNE eLEE!

Bl BNB v, CCQE (177.79)
BNB v, MEC (2.04)

= BNB v, Res 1/~ (0.47)
BNB v, Res n° (0.09)
Ve Intrinsic (0.01)

BNB Other (0.37)
[ BNB Bad Reco (39.94)
B BNB 1L1P Off Vertex (4.63)
== BNB Not 1L1P (20.29)

EmE Cosmic Background (6.09)
“//. MC Systematic Error

MC Sys+Stat Error
@ Run 1 Open Data (232)

MicroBooNE Preliminary

1u1p 5% data set

500 600 700 %00 1000 ‘

p-value: 0.899
X2yp/14(doM): 0.557

é,t RS Ser taadad iod L G Ser Lz s .

00 500 500 1000

600 700
Reconstructed Neutrino Energy (MeV)

Excellent data-MC agreement for 1e1p with signal-
blind data sets (in all of 23 kinematic variables)!

= v, CCOE (17.2) = ExtBnb (0.0)
= v, Other (4.1)

v, CCQE (0.0)

v MEC (11)
W v Resn*(14) mmm Dirt(0.0)
v.Resn® (2.6) == Off Vertex (2.9)

. F— v, Other (0.6)
25| MicroBooNE Preliminary

1e1p Run 1-3
[J. Moon Poster #517] “signal-blind”
(relatively normalized distribution,
ins?nsitive to eLEE shape)

| | |

4 Run 14243 Blind Plots (34)

2 R W—

Data/Prediction

500 1000 1500 ZObO 2500
Quasi-elastic Scattering Consistency

3000

= v, CCQE 25.6) v MEC (0.2) v, Other (0.7)
Wy, Resn*(21) R Dirt(00)

Resn®(33) ™= Off Vertex (3.9)

MicroBooNE Preliminary = Extnb (0.0)

. blinded region >

=y, Other (6.2)
-y, COQE (0.0)

5

@

1e1p Run 1-3
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(high-energy region)

&
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0
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(3) Wire Cell + Pandora Based (Hybrid) eLEE Search

Employs tomography techniques to achieve highly efficient cosmic background removal, and assist Pandora-based
neutrino interaction reconstruction

2 ~ o o
v cluster track/shower particle-level fitted 3D v vertex reco
selection 5 : separation -« cIu_sterlng dv(_)/dx . and‘ PID 7% MIP
T . . A N A 1MIP
¥ < . g VSR g 2 MIP
»
/ - / /
N\ - 4 MIP
[MICROBO®NE-NOTE-1089-PUB] \
2 : , XZ view
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Employs tomography techniques to achieve highly efficient cosmic background removal, and assist Pandora-based

neutrino interaction reconstruction

o 1
v cluster track/shower
selection separation
. & .
W < .
»

¢

[MICROB(SQ{‘IE-NOTE-WSQ-PUB] :

generic v selection with “5%” dataset
‘ = 4000}

=——8— Beam-on data, 17305

= ]
2 3500
< 3000}
W)

2 2500}
o

Cosmic (beam-off data), 1987

osmic (beam-on MC), 589
[ v.ccinFy, 11379
[ vuNCinFV, 1620

- v, outside FV in cryo, 964
[ v, incryo, 257
I - in cin, 450

500

> . // /,
particle-level fitted 3D v vertex reco
cll‘J_grterlng d?/dx and' PID 7% MIP
i 5 o ¥ - 1MIP
E " 2 MIP
/ ff W
\ \\ « 4 MIP

: XZ view

Excellent performance demonstrated for Wire Cell generic
neutrino selection, promising for a v, CC LEE search!

<15% cosmic contamination over all visible energy
x8 improvement relative to [EPJ C 79, 673 (2019)]

L. Cooper-Troendle Poster #147]
[MICROBOONE-NOTE-1083-PUB,

[H. Wei Poster #264, ‘
MICROBOONE-NOTE-1084-PUB]



https://epjc.epj.org/articles/epjc/abs/2019/08/10052_2019_Article_7184/10052_2019_Article_7184.html
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(3) Status of Wire Cell + Pandora Based (Hybrid) eLEE Search

[MICROBOONE-NOTE-1088-PUB]

Wire Cell Cosmic

Removal
T 80% v, CCand
[G. Scanavini Poster #191] Pandora 88% v, CC efficiency Ongoing developments for
Neutrino Reco atthis stage Wire Cell pattern recognition and PID
| | are targeting improved v_ CC
v CC and z° performance... stay tuned!
v CC selection ° selection b
(7 removal
[K. Li Poster #119] :
[G. Scanavini Poster #191] v CC selection 25
2500 EE' Ya_r:ilel Poster #99] — ¢ é - [J. Hyun Jo Poster #183] MicrodBooNsEBlzum 5e19 POT
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X I v NC in FV(394.9) ] C B vNCrT .(12.5)
Y . . FY7) A 10F v, CC (14.5)
C 3x more v, CC data than ] C
560 —- in [PRL 123, 131801 (2019)]! 1 L v, CC “5%” data set
] v, CC “5%" data set -
] | i)
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Large-scale, continuous operation of a new detector technology enables astro-particle and exotic physics
measurements:

First heavy neutral lepton search in a LArTPC!

e Heavy neutral lepton search

d Majorana
[Phys. Rev. D101, 052001 (2020)] S
[«
e KOTO experimental anomaly %
[PRL 122, 2, 021802 (2019), KAON2019 Conference] & 5 reynron
= i Expected 1
follow-up & rMucobuclE, Expected 20
. . 300 350 300 350
e Baryon number-violating neutron- Sl ass (Mol

antineutron oscillation search [Phys. Rev. D101, 052001 (2020)]

Search for supernova neutrinos
[J. Crespo Poster #141, MICROBOONE-NOTE-1030-PUB]
and MeV scale physics [A. Bhat Poster #4, MICROBOONE-NOTE-1076-PUB]



https://link.aps.org/doi/10.1103/PhysRevD.101.052001
https://link.aps.org/doi/10.1103/PhysRevLett.122.021802
https://indico.cern.ch/event/769729/contributions/3510939/attachments/1904988/3145907/KAON2019_shinohara_upload.pdf
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1030-PUB.pdf
https://microboone.fnal.gov/public-notes/
https://link.aps.org/doi/10.1103/PhysRevD.101.052001
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uBOONE is leading the way in mastering the challenging but powerful LArTPC detector technology through the
development of novel reconstruction and data analysis techniques

and paving the way for the future Short Baseline Neutrino program [see talk by M. Betancourt]
and Deep Underground Neutrino Experiment [see talk by M. Mooney].

Exploiting the unique capabilities of LATPC technology, uBooNE has developed
full, end-to-end analyses searching for beyond-Standard Model physics
with the highest-statistics of neutrino interactions on argon ever collected and analyzed!

Multiple independent and complementary low-energy excess analyses, with high purity selections at
low energy for both electron and single-photon events, are on the cusp of unblinding!

e Word-leading constraint on the SM NC A—Ny process, never directly measured in neutrinos before!
e Powerful tests of the MiniBooNE excess as an enhancement of v_ CC events at low energy!

2= Fermilab @ ENeErgY o™ & @ scence s rechnotory [0

Swiss NATIONAL SCIENCE FOUNDATION @ Faciliti OuUnci SOCIETY


https://indico.fnal.gov/event/43209/timetable/#175-icarus-and-the-fermilab-sh
https://indico.fnal.gov/event/43209/contributions/187862/attachments/129231/159110/DUNE_Neutrino2020_20_06_29.pdf
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Backup slides




MicroBooNE Run Periods
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Start of MicroBooNE
running, October 2015

Software trigger
at start of Run 1

Partial CRT

during Run 2
Full CRT during Run 3
and onward

Lower e lifetime
/. during Run 4
Brand-new, preliminary results shown today
span data sets from this period (6.9x10?° POT)
Run 1, 1.7x10%° POT Run 2, 2.7x10%° POT Run 3, 2.6x10%° POT Run 4, 3.2x10%° POT

Run 5, 2.2x10%° POT

A

Over its 5-year run, uBooNE has collected data
corresponding to 12.25x102° POT (past quality cuts)

v



MiniBooNE LEE unfolding Ceorgia Karagiordl 39

Use the MiniBooNE MC simulations to form a response matrix, and
given an underlying signal hypothesis, use D'Agostini's iterative

method and SVD unfolding to map to true underlying spectra.
[MICROBOONE-NOTE-1043-PUB]
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https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
https://link.aps.org/doi/10.1103/PhysRevLett.121.221801
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1043-PUB.pdf

Alternative LEE models
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E.g., Z’ mediated heavy neutrino production and decay into e+e- pair

[Phys.Rev.D 99 (2019) 071701, Phys.Rev.D 101 (2020) 11, 115025]

Neutrinos up-scatter into heavy state, which
promptly decays into a pair of electrons.
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[Figure by M. Hostert]
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Presence of hadronic activity

and pointing or forwardness/opening
angle of et+e- shower(s) can help
resolve between different models
and model parameters


https://link.aps.org/doi/10.1103/PhysRevD.99.071701
https://link.aps.org/doi/10.1103/PhysRevD.101.115025
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Single Photon Production - Theoretical Predictions Seorga Faragierg

[Phys.Lett.B 740 (2015)]

Feynman diagrams for hadronic currentof v+ N— v+ N+ y:

Z Y 7 Y ZL\ ¥
N/ NAN* \N N/ N, AN* \N N
T T NN

30

: : . , , . 12 : - , : , ‘ Photon emission processes from
o =1 68% CL 0 68% CL . .
24 | _F= our model | | 10 ¢ our model | 1 single-nucleon currents cannot explain
i i T P no N* i R L I no N* . .
5 et | Lo MB 5 s ™l L MB ] the excess of the signal-like events
2 v-mode 2 e[ v-mode : observed at MiniBooNE.
) 12 + [)
i o 47
61 Lo gL - However, multinucleon mechanisms,
N i 0 Ol 8 s v which provide a significant amount of the
02 04 06 08 1 12 14 02 04 06 08 1 12 14

£ Gev) E%%Gev) .CCQE‘—Ilke Cross sgctlon, await to be
investigated for this channel.


https://www.sciencedirect.com/journal/physics-letters-b/vol/740

Georgia Karagiorgi 42

Detector calibration and performance

wire number T
0 1000 2000 3000

e

m Detector calibration and understanding of detector R
effects and performance [JINST 15, P03022 (2020), First-time application
reconstruction, arXiv:1910.01430, JINST 15, P02007 (2020), - of remotely-operatable,
calibration, MICROBOONE-NOTE-1018-PUB, MICROBOONE-NOTE-1050-PUB] - steerable laserina
cross-section tuning ’ LArTPC A | cal E-fleld
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https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022
https://arxiv.org/abs/1910.01430
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/P02007
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1050-PUB.pdf
https://arxiv.org/abs/1910.01430
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/P02007
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022

Detector calibration and performance
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m Detector calibration and understanding of detector

effects and performance [JINST 15, P03022 (2020),
arXiv:1910.01430, JINST 15, P02007 (2020),

MICROBOONE-NOTE-1018-PUB, MICROBOONE-NOTE-1050-PUB]

Impact of Space Charge Effect (SCE) on reconstructed tracks

Cathode

1

MicroBooNE Preliminary — Monte Carlo
¢ pata

¢ Data - SCE corrected

(a) Abyy residual distribution

A. Squeezing in the B. Bowing toward
TPC transverse the cathode
direction

[MICROBOONE-NOTE-1018-PUB]

Simulation of E field variation

Simulated (E, - E;)/ E, [%]: Z=5.18m

25
X [m]
Simulated E, / E, [%]: Z=5.18m

Simulated (E, - E;)/ E, [%]: Z=0.10m

0.5 1 15 2

X[m]
Simulated E, / E; [%]: Z=0.10m

05 T 15 2 25
X [m]
Simulated E,/ E, [%]: Z=0.10m



https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022
https://arxiv.org/abs/1910.01430
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/P02007
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1050-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf

Detector Systematics

Georgia Karagiorgi

uncertainties has ben key for assessing our ability to test the MiniBooNE LEE

With flux and cross-section systematic effects well understood, evaluation of detector systematic

Employed a novel, data-driven method for detector systematics assessment based on comparisons

between data and simulated TPC waveform hits in terms of x, (y,z), Oyz, 0 . and dE/dx

Accommodates model-agnostic uncertainty evaluation for: diffusion, argon purity, space charge effects,

recombination, wire response, long-range induced charge effects, signal processing, deconvolution effects

Uncertainty improvements: 16.2% = 3.3% for v CC inclusive measurement!

o

Novel, data-driven, model-
agnostic method of evaluating
detector systematic uncertainties!
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Most sophisticated understanding of LArTPC detector effects and systematics to date!


http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1075-PUB.pdf
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e Final selected 1yOp sample, and example data events, “5%” data set
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5 [T C— NC2+1°0.17 CC v, 12°0.70

S : [—— BNB Other 1.31 3 CC v/¥, Intrinsic 0.65

w 10 | (N Dirt 0.42 =3 Run 1 Cosmic Data 0.32
| C— 1x SM NC A Radiative 0.42 [/ x2 SM NC A Radiative (LEE) 0.84
| #5544 Flux & XS Systematics : 9.84 —@— Run 10n-Beam Data 7.00

0p 0.41e20 POT
MicroBooNE Preliminary

D
Illllllllllll

nBooNE uBooNE

s N\licroBooNE Data MicroBooNE Data
15 m Run 5187 Subrun 188 Event 9430 24 Cm Run 5203 Subrun 89 Event 4499

{
N

N\

N
W\

o\

Data/Prediction
TITT IN{‘ TJIII'IH

\\

\\

N

N

o

N

N

N

N

N

N

N

700 150 200 250 300 350 400 450 500 550
Corrected Calorimetric Shower Energy [MeV]
(Data/MC: 0.71)  (KS:1.000) (,Z/nDOF:1.14/4) (2 P*": 0.888)


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

Georgia Karagiorgi

e Final selected 1y1p sample, and selected data events, “5%” data set
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Two-hypothesis testing: yLEE

Georgia Karagiorgi

[MICROBOONE-NOTE-1087-PUB]

With Run 1-5 data set,
MicroBooNE would be able to:

Reject x =0 in favor of
yLEE x =3, assuming yLEE
is true, at 3.60

Reject SM (x ,=1) in favor of
yLEE x =3, assuming yLEE
is true, at 2.30

Reject yLEE (x ,=3) in favor
of x =0, assuming x =0 is
true, at 3.20

Reject yLEE (x ,=3) in favor
of SM (x ,=1), assuming SM
is true, at 210
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pLEE Systematic Uncertainties
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[MICROBOONE-NOTE-1087-PUB]

Systematic uncertainties in yLEE analysis, Run 1-5, before constraint

Selection | Flux GENIE Detector | Monte Carlo || Total

Topology cross-section Statistics

1~v1p 7.2% 23.6% 25.1% 4.6% 35.4%

1~v0p 6.4% 15.7% 8.3% 3.7% 19.1%

2v1p 6.5% 18.6% 7.5% 1.6% 21.2%

2v0p 6.0% 15.5% 6.0% 2.0% 18.0%

Systematic uncertainties after constraint

Selection Total After
Topology | Uncertainty | Constraint
1v1p 35.4% 17.1%
1~0p 19.1% 10.8%
2v1p 21.2% -
2v0p 18.0% -



https://microboone.fnal.gov/public-notes/
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Correction to GENIE coherent and non-coherent NC 7° rates

[MICROBOONE-NOTE-1087-PUB]

e The 291p and 2y0p selections for the yLEE analysis provide complementary sensitivity to coherent and
non-coherent NC z° production.

e A simultaneous fit to 2y1p and 2y0p distributions enables measurement of NCa° coherent and
non-coherent normalizations.
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This data-driven correction is applied to the final 1p1p, 190p, 2y1p, and 2y0p distributions
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Correction to GENIE coherent and non-coherent NC 7° rates

[MICROBOONE-NOTE-1087-PUB]

e The 291p and 2y0p selections for the yLEE analysis provide complementary sensitivity to coherent and
non-coherent NC z° production.

e A simultaneous fit to 2y1p and 2y0p distributions enables measurement of NCa° coherent and
non-coherent normalizations.
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This data-driven correction is applied to the final 1p1p, 190p, 2y1p, and 2y0p distributions
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Correction to GENIE coherent and non-coherent NC 7° rates

[MICROBOONE-NOTE-1087-PUB]

e The 291p and 2y0p selections for the yLEE analysis provide complementary sensitivity to coherent and
non-coherent NC z° production.

e A simultaneous fit to 2y1p and 2y0p distributions enables measurement of NCa° coherent and
non-coherent normalizations.
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This data-driven correction is applied to the final 1p1p, 190p, 2y1p, and 2y0p distributions
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Constraining dirt backgrounds to the yLEE search
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[MICROBOONE-NOTE-1087-PUB]

Events

Data/Prediction

e Dirt-enhanced selections are used to validate i
7
o . g A Photon Shower
dirt background predictions -0 A Proton Track
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v, CC inclusive selection, data to Monte Carlo

comparisons for Run 1-3

MicroBooNE 5.8e20 POT, Preliminary
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BNB Data, Run 5360 Subrun © Event 45
Reconstructed shower energy: 0.48 GeV

BNB Data, Run 5924 Subrun 2 Event 109
Reconstructed shower energy: 2.8 GeV

BNB Data, Run 5326 Subrun 92 Event 4638
Reconstructed shower energy: 0.11 GeV
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1e0p, 1eNp, and v_ CC
inclusive selection
efficiencies

v, CCinclusive
energy and
angular
resolutions
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Examples of 1e0p and
1eNp final selected (data)
events

MicroBooNE data : Run 5161 Event 447 " MicroBooNE data : Run 5729 Event 6086

(a) 1eNp candidate event. (b) 1leNp candidate event.

BNB Data, Run 8986 Subrun 113 Event 5695 BNB Data, Run 6769 Subrun 52 Event 2613
Reconstructed shower energy: 1.16 GeV Reconstructed shower energy: 1.37 GeV

(c) 1leOp candidate event. (d) 1eOp candidate event.
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° v, CC inclusive selection, data to Monte Carlo comparisons for Run 3
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With Run 1-3 data set, MicroBooNE would be
able to:

® Reject SMin favor of eLEE, assuming
eLEE is true, at 2.30

® Reject eLEE in favor of SM, assuming SM
is true, at 1.90

With Run 1-5 data set, MicroBooNE would be
able to:

® Reject SMin favor of eLEE, assuming
eLEE is true, at 3.00

e Reject eLEE in favor of SM, assuming SM
is true, at 2.40
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[MICROBOONE-NOTE-1086-PUB]

Correlations Between Energy Reconstruction Equations With and Without Boosting

Definitions Related to Neutrino Energy
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12 2 2 7 i
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. —0\2 " 2 _ 2 -
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[MICROBOONE-NOTE-1088-PUB]

v,-CC-in-FV Efficiency (After WCP) as a Function of Reco Visible Energy
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[MICROBOONE-NOTE-1040-PUB, JINST 13, PO5032 (2018)]

Directly reconstruct in 3D using techniques from Tomography.
Ambiguities in 3D reconstruction due to missing information can be
mitigated by using charge information and the technique of
compressed sensing,” well known in computer science and

statistics fields.

(Simplified, 2D example:)
ul

Vector of hit wires
from all planes ul 000111

\ u2 111000

vi[=]001001
v2 010010
v3 100100

Wire-to-Cell matrix, /

determined by wire geometry

u2

@ @ Fake Hits_ V!

H1
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v3

@
@

True Hits @

H4 |

H5
H6

AN

v2

Vector of hit charge

Y (vertical)

X (drift)

Y (vertical)

X (drift)
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