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. e This talk focuses mainly on the fully-automated
| ntrOd UCthn selection of data ve CC events from the NuM|

beam In MicroBooNE.

 \We demonstrate the ability to use dE/dx In
MicroBooNE to ditferentiate between electron-
- Ike and photon-like showers to enhance the
/ event selection.

o . A Monte Carlo closure test is presented with
~ R - expected sensitivity to the data cross section,
NN where the input cross section is extracted from
- the selection using MC.

MC

sample Topology » This will lead to the near-future measurement of
Reconstructed using Pandora

the first ve CC cross section on argon.
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Votivation

e Electron neutrinos are the golden channel
for CP-violation, mass ordering and low

mass sterile neutrino searches in liquio
argon detectors (DUNE, SBN).

v, CC o (xI 0~” cm2/nucleon)

 [hese measurements will use neutrinos in
the region of 1 GeV, where nuclear
iInteractions are most interesting.

* [he electron neutrino cross-section on
argon has never been measured before
(and there are only a few measurements on
other targets).
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MicroBooNE, SBN program Booster

<€~ ~=3 proton energy: 8 GeV

< "= . _ MicroBooNE

NuMI Neutrino Beam
NOvVA, MINERVA, MINOS+

Main Injector
proton energy: 120 GeV

DUNE Neutrino Beam

(Dlanned)
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NUI\/” & MiCFOBOONE MicroBooNE Coordinate System

Y

e MicroBooNE is located oft-axis from the NuMI beamline
by 8 degrees.

* The primary contribution of the flux comes from the NuM|
farget.

* Projecting into MicroBooNE coordinates, this is an angle
of ® ~ 27 degrees, 6 ~ 40 degrees.

 The NuMI absorber also produces a flux of kaon decay-
at-rest neutrinos, visible in MicroBooNE (and MiniBooNE).

MiniBooNE, PRL 120, 141802 Elevaﬁon View * Not To Scale
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NuMI & MicroBooNE _

10"
11 VM
10 Y
’VpL o
....... Ve <Energy ve+ve> Ve Fraction
1010 —_—
....... ’\/e

Off-axis NuMI Flux
at MicroBooNE

Neutrino Mode

—h
)
©

~900 MeV

—h
)
o

~0640 MeV 5%

®(v) / 50 MeV / cm? / 6x10%° POT
=

'1""2""3""-'4 5 6
Neutrino Energy [GeV]

 NuMI flux at MicroBooNE has wider high-energy tail than BNB.

 NuMI has much higher intrinsic ve component, resulting predominantly from kaon
decays.
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Selection Overview
equirements

e Inclusive ve + VeCC selection using the Pandora

reconstruction framework. Flash Matching
 No requirements are made for the number of tracks or Reconstruction

ancillary showers. Quality
 Note: the “leading shower” - the shower object with the Shower Hit

most associated TPC activity, it taken as the electron Thresholds

candidate.
Electron-like

. Showers
e Brand-new results from MicroBooNE!

Finalisation

 First time looking at ve + Ve events in liquid argon Cuts

using a fully-automated method.

Pandora, www-micropboone.tnal.gov/publications/publicnhotes Colton Hill - University of Manchester /
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 \We use the philosophy similar to previous
talks (see. Anne S. & Marco D. T.).

-
[

Fractional Flash Count per 0.5 ys
with respect to Cosmic Background
bo

o Attempt to match optical and charge , ,
" . " . . 0.9 - ! 15 L
iINnformation to the neutrino interaction. i with raapact tn the NuMI Trigper Tine ]

 Because NuMI beam window Is longer
than BNB, cosmic rejection Is even more
important.

o Future analyses will be able to employ
the Cosmic Ray Tagger (CRT) to tfurther
Improve cosmic rejection.

Hem NuMI: Run 5280 Subrun 106 Event 5502
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 Here we use a simple, but robust
form of flash-matching. 10"

e Signhal events are closer to the
flash than centre than cosmic
background events.

* The best cut value ditters when G| .
the flash centre is UPStream Or 2| o5l
downstream (here) of the I e e Tt
reconstructed neutrino vertex. S
0 20 40 60 80 100 120 140 160 180 200

2D Distance From Largest Flash to Reco Nu Vix [cm]
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v, CC
- v, CC Mixed
MICROBOONE Preliminary|zav, CC OutFv
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 Here we use a simple, but robust
form of flash-matching. 10"

e Signhal events are closer to the
flash than centre than cosmic
background events.

 The best cut value ditfers when G
: > 1 v2 /DOF=(142.411/39)
the tflash centre is upstream or 08
downstream (here) of the 2 = (/S asanas ates o e e SRt ean SRt
: 0,5
reconstructed neutrino vertex. e
-0 20 40 60 80 100 120 140 160 180 200

2D Distance From Largest Flash to Reco Nu Vix [cm]
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Selection Performance

* Following the flash matching cut and basic requirements of a reconstructed

flash, we remove 99.1% o

" the cosmic events.

 However, the selection purity is only about 4% at this stage (We still have a

way to go!).

o Cosmics are still the dominant background.

e We need to look at shower
more progress.

[ Jv,CC

I—Og Y I v, CC Mixed

MICROBOONE Preliminary|&z3 v, CC OutFv

NUMI POT=2.420 |g8 .2t

I NC
I NC 0
[ 1 NC Mixed
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] InTime

10

Entries [A.U.]

10”"

1072

guality cuts to make
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07|

e ]
2D Distance From Largest Flash to Reco Nu Vix [cm]
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' ze 88 Mixed
Shower Qual |ty 5 o1s—  MICROBOONE Preliminary _gagnfif“*v
* A minimum threshold on the g 018 | NuMIPOT=2.4€20 =K|‘E:CC
number of hits helps with two & 04| is Area Normalised  |E8 B~ ;j’ixe |
’[hings: 0.12 E_ ] ILrJ1r_:_rinrr?;ched
0.1
* |mproves quality of selected o-osi \
showers. 0.06 £+
0.04 |—
e Removes some tracks which 0.02 [

were reconstructed as = B B =
ShOWGI’S O 1 v2 /DOF=(75.581/29)
= 0 e . TT ..............
! RERE S o Sex = GRS G O = R )
. (0] Z 0) s I “+"’ g
 Shown here: number of hits for %[ s~ 7 * 4 H+++++ + _______________ Ll

the leading shower on the
collection plane only.
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Selection Performance

o After we apply the hit thresholds, the overall
purity increases to about 20%.

e Before - cosmic contamination was the dominant

v, CC

background.

[ ] .
5 018 MICROBOONE Preliminary %égﬁfuw
: . . g 016 - 4 NuMI POT=2.4e20 =K&;Cc
 Now - NC piO background is also becoming a = oub Area Normalised | e
relevant contaminant. o125 = Ut

* [herefore, we need to look at removing photon-
induced background showers.

(Data - MC)

"o 700 200 300 400 500 600 _ 700 _ 800 _ 900 1000
Leading Shower Hits - Collection Plane
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Calculation of Shower dE/dx
* Using the method outlined by ArgoNeul:;

e Constructa 1 x4 cm box in the shower
direction.

o Sample the charge depositions on the

WIres. :
e [aking the median charge and dividing by < /

the deposition length gives the dQ/dx of %
the shower.

* \We correct for the electronics gain factor
and recombination to calculate the dE/dx.

Colton Hill - University of Manchester 15




dE/dx In Ve selection

— Srimulated Electron Candidates
' — Simulated Gammas
e A Challepgmg background to s omulated Gan
remove for Ve selections are B B + 4 Photons, Data
N
photons showers. T;o
:
 ArgoNeuT first demonstrated the © | -1
ability to use dE/dx to separate < | | EE . ~
e\ectron—\.lke anql photon-like . | ] A == e |
showers in LAr in data. O*_ﬁ—ﬁ*kpi‘*‘z i L = SIS
dE/dx [MeV/cm]
e [hisS selection cut IS also critical ArgoNeuT Collaboration, First Observation of Low Energy Electron
: : : Neutrinos in a Liquid Argon Time Projection Chamber,
for MicroBooNE's ve selections. arXiv1610.04102v2
Colton Hill - University of Manchester 10




Shower dE/dx

e As anticipated, the ve signal events
are peaked in the MIP region.

¢ 2

X MIP peak dominated by photons

from piO decay.

 \We can cut on the leading shower
=/dx to isolate the MIP peak.

d

Entries [A.U.]

(Data - MC)
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Shower dE/dx

e As anticipated, the ve signal events
are peaked in the MIP region.

¢ 2

X MIP peak dominated by photons

from piO decay.

 \We can cut on the leading shower
=/dx to isolate the MIP peak.

d

Entries [A.U.]

(Data - MC)

Colton Hill - Universit

o
w—h

0.08

0.06

0.04

0.02

v, CC

] v, CC Mixed

MICROBOONE Preliminary |E2 v, CC OutFV

. NuMI POT=2.4e20 =Sj2”(‘;‘c

7 | I NC
Area Normalised |EENC=°

NC Mixed
I Unmatched
InTime

5 6 7 8 9 10
Collection Plane dE/dx [MeV/cm]

of Manchester

18



v, CC
ShO\Ner d E/dx L MICROBOONE Preliminary -zgggﬁc\jf

NuMI POT=2.4e20 |gg. co.

8 NC

Area Normalised |EENC=°
NC Mixed

I Unmatched
InTime

« As anticipated, the ve signal events y

are peaked in the MIP region.

Entries [A.U.]

e 2 X MIP peak dominated by photons
from piO decay.

__+_
__+_

 \We can cut on the leading shower
dE/dx to isolate the MIP peak.

(i) 1 x2,_/DOF=(39.735/39) T+ d
] e T T B e T
S ol b Tl UL
(QU L0LB [ + ------------------------------- s & S
D e e R T R R e

5
Collection Plane dE/dx [MeV/cm]
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v, CC

_ v, CC Mixed
ShOWGI’ d E/dx D L MICROBOONE Preliminary -E CC OutFV
< osmic
. | <. NuM| POT=2.4€20 |="
As anticipated, the ve signal events ¢ A& — N
are peaked in the MIP region. 2 Area Normalised |EENC=
N | ] Unmatched
2 x MIP peak dominated by photons -_* InTime
from piO decay. -k
We can cut on the leading shower §
dE/dx to isolate the MIP peak.
Showers at low dE/dx are aligned with _, ofgregiariannrinnndinssr=sn
the collection plane wires - both dE. =~ S| 1™ Borzseresmo T+ T
e O L] T ) N S B B e ] |
and dx are difficult to measure. O ohat ---++*jﬁ*+$ﬁ+fﬁ+ ++‘+ _______ Lidd Lo
(O —O B L o TR
By including calorimetry information = g e

from the induction planes, we expect

to recover these events.
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Evolution of the selection
efficiency as a function of
the true electron energy.

>
O
o
Performance Is best above =
500 MeV. =
Most selection cuts cause a
relatively uniform decrease
in efficiency.

With improvements to
reconstruction, we expect
substantial gains in
efficiency.

O
o
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0.1

Colton Hill - Universit

Selection Efficiency

Reco v, in Fid. Vol.

MICROBOONE Preliminary

Vertex-Flash

—— Shower/Track to v

- —— Hit Threshold

. — dE/dx

B — Track Contain

__ |—I—| | Il

- 1 i

e

—_E_| —— T

- L :

— '—5—' —— ¢

=3 ¢

#IlllllllllllIIII|IIII|IIII|IIII|IIII|III
1 2 3 4

of Manchester

True Electron Energy [GeV]

21



. EBT@ §_>veraH selection purity Selection Performance

e [ argestincreases come from | !
— Efficiency —  Purity — Purity (Beam Only)

applying the hit thresholds 3 : o]
and the dE/dX CUt 08l ........ B ........ eIV NuMlPOTr:2I4Ie2aOy

. (Purple) Beam-only selection | - A — M _
ourity (~65%): 504 ......................................................................................................................................................................................................................

* Assuming we perfectly — ; 5
remove all off-beam cosmics. <

e This could be the case for
data with the MicroBooNE'’s
cosmic-ray tagger (CRT).
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B NuMI: Run 5280 Subrun 106 Event 5302 Plane 0
MBOONA_;

run 11 Event 585

NuMI: Run 5982 Subrun 17 Event 871

nuBooNE
Llem NuMI: Run 5511 Subrun 15
uBooNE’/\/_/_
guie | T
a___.\.\\--_ L s w 4 | \
= i Rlgces uBooNE
L7 cm NuMI DATA: RUN 10811, EVENT 2549. APRIL 9, 2017. h
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v, CC
v, CC Mixed
— = — v_CC OutFV
S5 b MICROBOONE Preliminary |mm Cosmic
= NuMI POT=2.4e20
2 F Area Normalised NC Mixed
IE 016~ ] IU[:_r.natched
| | | 0.14:_ B 1 nTime
» Off-axis nature of NuMI gives rise o12F- e
to the shape of this distribution. 01F-
o.osf—
* [he peak In the signhal events iIs 006—| —t—
consistent with the NuMI target 004
direction. 0028
0
O 1
» Cosmic events are grouped 2| o e
around +/- 90 degrees, as they're &
often reconstructed as upwards or 2'
_ -150 -100 -50 0 50 100 150
downwards going. ‘ Leading Shower Phi [Degrees]

uB Coordinates
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NuMI Target Direction -

\ v, CC Mixed
— = — v_CC OutFV
S5 b MICROBOONE Prgliminary |mm Cosmic
= NuMI POT[2.4e20
2 F Area Nbrmalised NC Mixed
IE 016~ ] IU[:_r.natched
| | | 0.14:_ nTime
» Off-axis nature of NuMI gives rise o12F- e
to the shape of this distribution. 01F-
o.osf—
* [he peak In the signhal events iIs 006—| —t—
consistent with the NuMI target 0.04 ]
direction. 0028
0
O 1
» Cosmic events are grouped 2| o e
around +/- 90 degrees, as they're &
often reconstructed as upwards or 2'
. -150 -100 -50 0) 50 100 150
downwards going. ‘ Leading Shower Phi [Degrees]

uB Coordinates
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Shower ©

 The majority of beam events are
peaked in the forward direction - also
consistent with the NuMI prediction.

* Despite having few events, here we

also demor
ability to se
events.

strate MicroBooNE's
ect backwards-going

* The deficit of events around ~90
degrees comes from the angular
acceptance of showers parallel to
the collection plane wires.
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Shower ©

 The majority of beam events are
peaked in the forward direction - also
consistent with the NuMI prediction.

* Despite having few events, here we
also demonstrate MicroBooNE's
ability to select backwards-going
events.

* The deficit of events around ~90
degrees comes from the angular
acceptance of showers parallel to
the collection plane wires.
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Monte Carlo Cross Section Closure Test

e Data cross section still in final steps of
analysis, and Is coming soon!

 Monte Carlo cross section gives a

flavour for the final result on data. N — B
(0 —

* Using the full selection on MC, we can € X NT@"'Qet X (I)'/c+17c

test if the output of the calculation
equals the input.

* [his allows us to show expected
sensitivity.

Colton Hill - University of Manchester 28
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o Extracted MC cross section matches input.
* [his gives us confidence in the selection and up-coming data cross section.

e Jotal error bound provides expected sensitivity for data cross section.
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Conclusion

e Demonstrated MicroBooNE's

between electron-like and photon-
lIlke showers.

e Performed MC closure test
projecting future measurement of
the Inclusive ve CC cross section
on data.

* Displayed results for the most
ever Ve CC interactions selected
N data from a liguid argon time
projection chamber (~100)!
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Finding Ve S INn Manchester?
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Backup Slides
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NuMI: Run 5280 Subrun 106 Event 5302 Plane 0 NuMIl: Run 5280 Subrun 106 Event 5302 Plane 1
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