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Intro to MicroBooNE

e 170 ton liquid argon time projection chamber (LArTPC), operating
along Fermilab's Booster Neutrino Beam (BNB) since 2015
e One of the key goals is a test of the MiniBooNE low-energy excess
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MiniBooNE Low Energy Excess

e MiniBooNE is a Cherenkov

Events/MeV

detector along the BNB, s

operating since 2002
e Observed excess of ’
neutrinos at low energy [1]
e Photon-like and
electron-like
interpretations
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MiniBooNE Low Energy Excess
Hard to distinguish | Photon backgrounds |-
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[1]Phys. Rev. Lett. 121, 221801 (2018)
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NC A Radiative Decay

e Neutral Current (NC) ANy 0 f—— wese siaion ~
s a Standard Model (SM) | [T Dot WcLimt e .
source of single photons. £ © b3 g o L

e Never measured directlyin 210 leK Q0% C.L. J-e .
neutrinos before ”\g ; :

o 2019 T2K 0% C.L. [2] is %210-2 ¢ ................................. E
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e 3x SM prediction of A—Ny f - 3
could explain MiniBooNE 104 N ™

107 10°

Low Energy Excess [3]

[2]larXiv:1902.03848, [3IMICROBOONE-NOTE-1043-PUB
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NC A Radiative Decay

e Neutral Current (NC) ANy 10 = Wyesaraimion =
is a Standard Model (SM) ¢ [ PRI |esmmmm—— .
source of single photons. & RS, TR e I, 2 o )

e Never measured directly in Télo—l N e U -
neutrinos before ”\g :

e 2019 T2K90% CL. [2]is 10 =
O(100x) the SM prediction © N =ml .

e 3xSM prediction of Ay 0 E NNN—— -
could explain MiniBooNE Y. N
Low Energy Excess [3] 10” Niutrino energy [Go¥] 10°
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NC A Radiative Decay in MicroBooNE
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NC A Radiative Decay in MicroBooNE

I Incoming neutrino V
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NC A Radiative Decay in MicroBooNE
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NC A Radiative Decay in MicroBooNE
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Single Photon Topologies in MicroBooNE

LBoONE

Py

Selected data 1y1p NC A radiative
signal candidate with 1 shower

25 cm MicroBooNE Data, Run 5462 Subrun 14 Event 732
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Single Photon Topologies in MicroBooNE

LBoONE

Py

Selected data 1y1p NC A radiative
signal candidate with 1 shower

25 cm MicroBooNE Data, Run 5462 Subrun 14 Event 732
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1y1p Topological Selection




Single Photon Topologies in MicroBooNE

Selected data 1yop NC A radiative signal
candidate with 1 shower

uBooNE

MicroBooNE Data
15 m Run 5187 Subrun 188 Event 9430
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Single Photon Topologies in MicroBooNE

Selected data 1yop NC A radiative signal
candidate with 1 shower

uBooNE

MicroBooNE Data
15 m Run 5187 Subrun 188 Event 9430

1yop Topological Selection
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Selection Stages

-~

D Find

Take )
candidate
reconstructed )
vertices
tracks and )
matching 1y
showers [4] :
topologies

J

Apply
pre-selection
cuts to
remove
obvious
backgrounds

Remove
backgrounds
using tailored

boosted
decision trees

(BDTs)

N

\.

Goal is a high sensitivity search for NC A—Ny events over background

prediction, fit to an excess using in-situ NC nt° constraint

[4]1The Pandora multi-algorithm approach to automated pattern recognition of cosmic-ray muon and neutrino events in the
MicroBooNE detector. Eur.Phys.J. C78 (2018) no.1, 82
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Selection Stages
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[4]1The Pandora multi-algorithm approach to automated pattern recognition of cosmic-ray muon and neutrino events in the
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Topological Selection Stage
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Topological Selection Stage
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Selection Stages
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Selection Stages

Apply Apply fiducial and
pre-selection

cuts to

calorimetric cuts

remove ——— targeting cosmic,
obvious dirt, and CC

backgrounds backgrounds
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Background Rejection BDTs

=R R —— w»'* | e BDTs targeting key
B J backgrounds trained

" e, ‘n%i‘c‘ioé’é‘éﬁé°p‘r’é’.hnary independently for each

] o -7 75" topology, cuts optimized

E simultaneously

= e For 1y1p train 5 BDTs: ,
¢ EETHTA T T+TT+THH mis-ID, and all other BNB
R T s "R backgrounds

NCn° BDT Score Here Sho\x/ing examp[e of 1yip

NC nt° rejection BDT response
NC n° Background NC A Radiative Signal
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NC n° Background

" TR Tl ®© NCm—oy+yisakey
l,lBOONA.J radiative signal candidate background

e If second photon
shower is missed/
mis-reconstructed,
looks identical to
signal

v, +p— Vu_+ A+1

22 cm Yl e 70

MicroBooNE Data, Run 5762 Subrun 114 Event 5732 Y+
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NC nt°® Rejection BDT

%) = — &£ 24— 1x SMNC A Radiative 0.55 [ x2 SM NC A Radiative (LEE) 1.11
= 1 1xSM 0NC A Radiative 0.92 [/ x2SM oNC A_Radlatlve (LEE) 1.84 c = ——3 NC 17 Coherent 0.08 NC 1 7° Non-Coherent 10 55
) 1 NCim %:oherent 1.09 1 NC 1« Ng)n Coherent 48.09 q>_) 22 ET—— NC2+190.00 __ CCv, 1 0237
(T — gﬁ;g&e?'gg . I:I_ 88 zzll_“m:r?éfl (i W oo[E =0 BNBOther7.80 = CC v./¥; Intrinsic 1.58
10" = o Dt 1592 E=== Run 1 Cosmic Data 101.68 — EEEEN Dirt1.17 - Run T Cosmic Data 4.48
Akt Flux & XS Systematics : 283.39 —@— Run 1 On-Beam Data 283.00 18 :—"7‘7""'7 Flux & XS Systematics : 29.68 —@— Run 1 On-Beam Data 27.00
1 —
102 ty1p 0.41e20 POT b Kny_‘l p 3'41 ﬁéoppol_T _
MicroBooNE Preliminary 14E- SISO pelinary
12
L 10
8
1 6
4=
10" 2=
= | I SN S S S m—"—" —————
= a—t— 1 T T T 0 L L e =
c = : H l T 1 : I 1A g -
RS = : : : : : : ;/ = 15 : : : : : : Py i
B 1.5F E : : ) /4 L 9k v : : i L,
S F Y ki AN NN B B /,/////////////://////// ek ////////////////// 77/,
9 1_ /’/.‘/ // .////7 ;7/ nh_ _////A///////////////////'//_//:'/// /////////// ////////
& GEE. ey T 8 osE : | T s s s
3 VoF ) : cu = : 5 : : : P 5
8 F i i i i E I N I 1727 =T L : ' : : a— :
= 00 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1 108 1al 115 12 125 13 138 14 145

Implied Invariant Mass of Photon-Proton Pair [GeV] (corrected) NCr® Only Cut
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NCn° BDT Score
(Data/MC: 1.00) (KS:0.944) (x2nDOF:9.91/24) (x2 P"®: 0.995)

Optimized BDT cut at 0.467 removes 78.8% of NC n® background events relative to
pre-selection cuts stage. Other remaining backgrounds targeted by dedicated BDTs.
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Selection Stages
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Goal is a high sensitivity search for NC A—Ny events over background
prediction, fit to an excess using in-situ NC nt° constraint
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Final Selection

==Lt e Showing results using 5%
3 2o B0 =, 9 g 5%
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e NC n° events comprise >85%

Reconstructed Shower Energy selected backgrounds
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Flnal Selectlon 320/0 Purlty 130/0 Purlty
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Majority of sensitivity comes from 1y1p selection given higher purity but combined fit with
1y0p gives maximal sensitivity to NC A—Ny.
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Projected Final Selection for Full Data Set
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e Fit simultaneously to NC ° components of single photon (1y) and dedicated NC 1t° (2y)
selections
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MicroBooNE Projected Bound
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MicroBooNE Projected Bound
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Summary and Conclusions

e MicroBooNE well-situated to provide world-leading constraint NC
A—Ny, never directly measured in neutrinos before

e Forthe full data set (12.25e20 POT), projected to exclude the
MiniBooNE LEE under NC A—Ny hypothesis at >95% C.L.

e Currently unblinding sidebands as a step towards opening the
signal box for the first result with runs 1-3 (6.8e20 POT)

e Please refer to public note for more details:
MICROBOONE-NOTE-1087-PUB
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1087-PUB.pdf
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Precuts Selection Stage
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Dirt Backgrounds
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| Dirt Region
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In-Situ NC t° Measurement
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