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4. Initial Selection 5. BDT Training

6. BDT Response

, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.

—
o
L
=
%
=
D)
-
ad
—
o
)
c
=
—
—
qv]
a,
a
Z
q+]
—
0
qv]
L |
£
—
D)
-
N’
>~
—
o
o
)
—
Qo
0
qv;
—
—
o
o
]
—
D)
Y
S
O O tEE iramns == e ! T paee empEn e g . P oEE T BEEREERVT | felE TRt S PR
<: > — ) NC2+n°40.82 @ CC v, 1n°538.10 — ] NC2+na°27.84 SN CC v, 17°115.37 - . \ / i > — — —)
— > = 0.45 w | —— BNB Other 587.00 === CC v/¥ Intrinsic 28.21 - BNB Other 437.40 GG VU, Intrinsic 28.17
L BN BNB Other 557.00 =3 CC v/%; Intrinsic 28.21 1) 250 =———7 BNB Other 437.40 = CC v,/¥; ntrinsic 28.17 [ B Signal NC J'E BNB Background @ Dirt 110.02 B Run 1+2+3 Cosmic Data 1042.39 w - - c— /%
S 300 @ Dirt 110.02 G5 Run 1+3+3 Cosmic Data 1042.39 Dirt 133.21 Run §+8:3 Cosmic Data 1135.76 K g 9 . \ \ . I Dirt 133.21 B===9 Run 1+2+3 Cosmic Data 1135.76
g — 42447 Flux & XS Systematics : 309756  —@— Run 1+2+3 On-Beam Data 2923.00 e Flix & X Systematics : 2557.23 g Run 1243 On-Beam Data 2402.00 g C N // e Train BDT on 10 various kinematic and 10° 7 T XS Sysiemalcs 909796 @ Fun 123 OnBeam Beta 20250 F Pt DIGRSSIRIGEREES  —— NH RIS DR
250— 200[— ~ 0.4 . . . L . - 2ylp 5.84E20 POT — 10° =~ 2,0p 5.89E20 POT
= 2ylp 5.84E20 POT - V/ 5.89E20 POT < - 33 i - = op A
‘8 2o ' MicroBooNE Preliminary B / ﬁi?:?oBooNE Preliminary o - 7 2y1p calorimetric variables in simulation i ;‘ MicroBooNE Preliminary = MicroBooNE Preliminary
= . 150_ , ’[‘:.,'_: 150:— f’;:% $0.35:— é MicroBooNE Simulation - Preliminary e Choose variables with high separation T sz il
=4 PE E oA g . =
% e 1001 ol S e g 03— 7 power between signal and background = 7
E SRBEEE g Lasssesssee = T N % , i
SR 50 - e Example: track dE/dx (left) 10 |-
— 50 = - B 0.25— // = 4{ ’
Q) = d<> B \ nygon N :. e
. o dE/dx: Energy deposition per unit 5 s :
o o = 02— = 13) 1.55% / ; : /
L '8 8 15 : : : : : o / I.ength 8 S 72; : % / / 7/
vJ: S g Z LR L AL L AR L L B A s ‘r;"_,.r,,, /] l_ﬂ»;r‘ /7 4’_"&@ u / . o\t &) 1?7 : g
= £ é 0; RS RRT E »m_., g o 0155 / o Isolates events with proton tracks 5 8 °-5§ 7 : 5 5 5
o £ 5 ; 5 5 ; - - T : : : : : Y - / : : - - - - - - - ; : O @302 03 04 05 06 07 08 09 1
N A % 0.05 0.1 0.15 0.2 055 03 035 04 O 0% T o05 01 015 02 055 03 035 04 0-1:_ / (hlgher dE/dx) for 2y1p selection BDT Response BDT Response
8 Reconstructed n° Invariant Mass [GeV] Reconstructed = Invariant Mass [GeV] — / ) o Peak at 2 MeV/cm mostly from (Data/MC: 0.94)  (KS: 0.360) (*/nDOF: 16.06/30) (; P**: 0.982) (Data/MC: 0.94) (KS: 1.000) (x2nDOF: 24.56/30) (2 P*®: 0.746)
e QD (Data/MC: 0.94) (KS: 0.976) (x2nDOF: 25.97/34) (%2 P'*: 0.836) (Data/MC: 0.94) (KS: 1.000) (x2nDOF: 22.06/34) (x2 P**: 0.943) ' 5:_ 4 .. ; - '
g é | | /) minimally-ionizing muon tracks Background-like Signal-like Background-like Signal-like
» | ® Signal(red) dominated by cosmic and on-beam backgrounds o 2 4 6 8 10 12 14 16 <_L _L» <_L L’
- i e Pre-selection cuts: vertex containment, shower energy thresholds, conversion distances Reconstrueled Lracekex [Naviem) e Cut on BDT response to maximize efficiency times purity in final selection
D)
-~
- O
oD =
S
z 9 inal Selecti
z 2 7. Final Selection
o A
O o v %) = =T %) — P rraP ) = e
D B e e permm T B o pon e e i 2 Pl s emp EEn e
CG < S — C— NC2+x°20.30 @ CC v, 17°75.62 q>'> — 1 NC 2+ =°20.30 @ CC v, 1a°75.62 S 80:_|:| NC 2+ =% 9.06 B CCv, 1x° 37.25 S 60—{C_——J NC2+x°9.06 . CCv, 1x° 37 25
S LUl 140 ————3 BNBOther 80.72 ===3 CC v//¥; Intrinsic 5.64 L = BNB Other 80.72 == CC v,/7; Intrinsic 5.64 L — [ BNB Other49.36 === CC v//¥; Intrinsic 2.07 LU [— ) BNB Other49.36 am CC \e/\ Intrinsic 2.07
o Q) - @ Dirt 16.09 o =—=A Run 1+2+3 Co?mlc Data 97.11 140 Dirt 16.09 . BF==<> Run 1+2+3 Cosmic Data 97.11 70 [~ Dirt 10.77 o == Run 1+2+3 Co?mlc Data 81.36 — @I Dirt 10.77 ===+ Run 1+2+3 Cosmic Data 81.36
m 120 — A Ay Flux & XS Systematics : 804.43 —@— Run 1+2+3 On-Beam Data 634.00 7 A Flux & XS Systematics : 804.43 —@— Run 1+2+3 On-Beam Data 634.00 £ ittty Flux & XS Systematics : 533.43 —@— Run 1+2+3 On-Beam Data 496.00 50__,4,9% Flux & XS Systematics : 533.43 —@— Run 1+2+3 On-Beam Data 496.00
% > (0oF % 2y1p 5.84E20 POT 120 2y1p 5.84E20 POT = =2 2y0p 5.89E20 POT - 2y0p 5.89E20 POT
— O — MicroBooNE Preliminary 100 B MicroBooNE Preliminary 50 MicroBooNE Preliminary == MicroBooNE Preliminary
O 80— N3 40— 30—
& — . = =
w 60— = amf 472 = -
Ly ©o - Ll - 20—
< M= 40F 20— -
Z g : = 10:_
© « 20y 20] 10~ = ,
3= == " » o5 = Demonstrated world's
aa § °F s - § °F S : . :
o v 5 155 5 15 %9%%; 5 15F o 5 15} ; highest-stats NC t° selection on
— 8 sz 7 'nfr" rq, / g 7= ; TN 8 1 74 g 1F W Ivfﬁ/lvg? //;:{}/ﬂ/ /}:/%W/ 7, g
2 = 5 o5t 4+’//;]ﬁ A %o W 7 S os) ; gz . S i 1 . Argon
= : : ; 1] f : : : : : : ] : ) — : : : : © : : : : : e .
2 = O O gGE o7 045 02 0% — 035 0.4 O 095 "20 30 40 50 60 70 80 90 100 O OG5 o7 095 02 0% 03 0% 04 O % 01 0z 03 04 05 06 07 08 Photon Showers I o Still more data to process!
> E Reconstructed n° Invarlant Mass [GeV] Primary Shower Conversion Distance [cm] Reconstructed a° Invariant Mass [GeV] Reconstructed 7° Momentum [GeV] il P . d u t b k d
-5 é‘j (Data/MC: 0.79) (KS: 0.995) (x2/nDOF: 23.00/34) (x2 P**: 0.924) (Data/MC: 0.79) (KS: 0.994) (x2/nDOF: 24.10/34) (42 P*®: 0.896) (Data/MC: 0.93) (KS: 0.901) (x2nDOF: 30.04/34) (x2 P'*: 0.662) (Data/MC: 0.93) (KS: 0.437) (x¥nDOF: 31.16/34) (»2 P*®: 0.608) roviaes excellent backgroun
O constraint for single-photon LEE
L .
P >\ O ° ° ° O ° O " =
S £ 2v1p " Invariant Mass Primary Photon Conversion 2v0p 7" Invariant Mass m° Momentum ~— search
U ° b :
o O e ~20% normalization difference between o L. . _ '
ol data/MC Distance e Normalization difference < 10% e 2yop selection 64.1% pure and 41.6% Proton Track
§ 3 o Within systematic uncertainties e Exponential shape, as expected e Gaussian fit to data: efficient (relative to initial selection)
+ 5 e Gaussian fit to data: e 2yi1p selection 62.9% pure and 68.0% o Mean: 140.2 + 2.8 MeV e Generally good agreement between
g ¥ 5 Mean: 137.6 + 2 1 MeV efficient (relative to initial selection) o Width: 49.9 £ 2.7 MeV data and simulation T
(1] : 0t 2,
. e Full expected dataset 12.25E20 POT Run 15318 Subrun 159 Event 7958
= o Width: 44.1 + 1.8 MeV
@ ~ ' R
C
o O
D~ — R eferences
o v y X
— C>J) A | - B ST GERR, U-S- DEPARTMENT OF Office of \J & € Fer ilab & Science & Technology ';‘ THE ROYAL :1: Agullar Arevalo et al., Ph.ys.. Reff. Lett., vol 121, p.- 221801, .2018 | |
koo EN ERGY Science N ye e I I . Y Facilitiss Council @] SOCIETY 2] Wang et al., “Photon Emission in Neutral-Current Interactions at Intermediate Energies,” PRC, vol. 89, p. 015503, 2014

\.

3] Accicari et al., European Phys. C, vol. 78, p. 82, 2018





