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Why is measuring v_ and v_important?

Current and future long-baseline neutrino oscillation experiments measure v_ appearance in a v, beam
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To measure the CP violation in the lepton sector
Acp =

both v, =V and v, —V, are necessary
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v, cross-section measurements

There are only 8 v CC cross-section measurements to date:

Non-LAr target (x5): MINERvA (2016), T2K (2014, 2015, 2020), and Gargamelle (1978)

LAr target (x3):

cm?/Ar/degree

do/do

5 b

.09

.08

.07

.06

.05

.04

.03

.02

.01

x107°¢

E_ 0. [degrees] | dop, v, /db. [1(]_38 (:1112/Ar/°]

i 0-10 6.02 +2.771953

3 10— 20 1.80 + 1.427032

— 20 — 30 3.00 +2.4510:3

; GENIE

;_ —I— data (stat. err.)

i— —I— data (tot. err.)

- 13
£ events
Ellljlll\ll ........ | RIS USRI S U U SR NS ST s S B W
() 5 10 15 20 25

Phys. Rev. D 102.011101(R) (2020)

6, [degrees]

, ArgoNeuT (2020)

-39
x10

'g' 12 @ Data (stat. + sys.)
% 11} - GENE V2122

s ---GENIE v3.0.6

<

— 10F —Nuwrov19.02.1
=

S 9

=

E g 214
L= H — events
) 7k [ ]

@

8 6f

O

S 1

[ 4 B

|>

+ 3F MicroBooNE NuMI

22 Data 2.4x10% POT

Phys. Rev. D 104.05202 (2021

[10°° cm?/GeV/nucleon]

do
dE,

MicroBooNE NuMI Data: 2.0x10%° POT
§ Data(Stat. + Sys.)
—— GENIE v3.0.6 (B tune) x*/N
------ GENIE v3.0.6 %N, = 2.2/7
NuWro v19.02.2 ¥?/N,, = 2.2/7
=== GIBUU 2019 ¥%/N,, = 2.2/7

=240

243
events

Phys. Rev. D 105, L051102 (2022)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.011101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051102

Ve Cross-section measureme

LAr target (x3):

All of them are inclusive electron neutrino +
antineutrino cross-sections on argon. But separate

' v, oV, and v —v_ oscillation measurements are crucial to
‘ achlevmg the DUNE Physics Goals.

, ArgoNeuT (2020)

A\

Therefore, it is important to be able to

measure the inclusive electron antineutrino |

and the inclusive electron neutrino ‘
| cross-section on argon independently
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The NuMI| Beam

MicroBooNE is:

e On-axis to the Booster Neutrino Beam (BNB) and
e Off-axis to the Neutrino in the Main Injector (

NuMI has a significant component of electron antineutrinos
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What are we measuring?

Goal: inclusive measurement of the electron antineutrino cross-section
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Due to the absence of magnetic fields, LArTPCs are not able to distinguish a charged
particle from its antiparticle. But neutrino-nucleus interactions can provide us with a way to
tell them apart.
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Strategy

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————

vtV selection | Vv, Versus v, 5

Perform the likelihood fit on

Set of selection cuts that |
simulation to data to extract ;

! Develop a BDT to dlstlngwsh
. selects electron neutrino and

electron-neutrino from ;

. electron antineutrino events, electron-antineutrino events the cross-section for v_and
. and removes most of the | ‘'“-----oomoooooooiooooo v, (ongoing) !
i background |
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MicroBooNE NuMI Data: 2.0e+20 POT
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MicroBooNE NuMI Data: 2.0e+20 POT
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MicroBooNE NuMI Data: 2.0e+20 POT
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https://arxiv.org/abs/2110.13978
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v Versus v, selection
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v Versus v, BDT

The area normalised distribution of the BDT score
peaks towards larger values for signal (v,CC) and
towards 0 for background (v CC + rest)

Different shapes allow to apply the likelihood fit to
data to extract the cross-section (currently ongoing
stage of my analysis)
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Conclusions and summary

e Showed the v_ +v_CC selection that results in
a 90% pure sample with similar efficiency for v,
and v

e

e Developed a BDT to distinguish v.CC and v CC
interactions that resulted in a BDT score
distribution with different shapes for signal and
background

e Alikelihood fit to data will be performed to
extract the cross-section

e This will be the first ever measurement of v, on
argon

Thank you for your attention!
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