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The MicroBooNE Experiment
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Goals of the Short Baseline Neutrino program:
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» low-energy excess observed by MiniBooNE

MicroBooNE

» sterile neutrinos
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» Cross section measurements
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The MicroBooNE Detector

A liquid argon time projection chamber

Sense Wires
u vy V wire plane waveforms

™

H 32 8"
e i Cryogenic
g PMTs
8192 wires (3 mm pitch) 170 ton LArTPC (total mass)
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The MicroBooNE Detector

uBOONP/\%

Time

AIES

Colour shows amount of deposited charge

Run 3469 Event 53223, October 21°%, 2015
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MicroBooNE Detector
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Motivations

» Neutrino oscillation goals require precise
measurements of neutrino (and
antineutrino) cross sections (e.g. DUNE
experiment).

» MicroBooNE can probe different theories
of nuclear effects in v-Ar scattering

» V-Ar is important as there are only limited
measurements and the future short and
long baseline neutrino programs will
both use argon for their neutrino
detectors
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Neutrino Interactions in MicroBooNE

Charged Current Events Neutral Current Events
V.U :U’_ VM VU
%% A
N N’ N N’

Run 3469 Event 53223, October 21", 2015 Run 5935 Event 2100 Aprll 16m 2016
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Neutrino Interactions in MicroBooNE
Neutral Current Events
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Run 3469 Event 53223, October 21", 2015 Run 5935 Event 2100 Aprll 16m 2016
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Neutrino Interactions in MicroBooNE

Charged current events

» Collection plane images
» Colour indicates amount of deposited charge

» Neutrino beam coming from the left

CC 0O pion

(S

18em Run 5326 Event 900, March 6th, 2016
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Neutrino Interactions in MicroBooNE

Charged current events

» Collection plane images
» Colour indicates amount of deposited charge

» Neutrino beam coming from the left

(S

Run 5326 Event 900, March 6th, 2016
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Neutrino Interactions in MicroBooNE

Charged current events

» Collection plane images
» Colour indicates amount of deposited charge

» Neutrino beam coming from the left

CC 0 pion
=
uBooNE
1§em Run 5326 Event 900, March 6th, 2016 mEoa
— Tt BooNE
P P~
u CC multi-track
CC 1 pion
13m Run 5177 Event 729, February 27th, 2016 | T Run 3493 Event 41075, October 23™, 2015
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Charged Current Interactions

V, CC-Inclusive Analysis

» First channel that will be addressed by the
MicroBooNE cross-section program

» Simple: looking for a long muon track

» We have an automated reconstruction and

event selection

18em Run 5326 Event 900, March 6th, 2016

Motivations
» Interesting physics measurement on argon, provides input for theory
» Will constrain the ve rate in MicroBooNE and other backgrounds

» Will provide a sample to study other specific channels (1, proton kinematics, ...)
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Charged Current Interactions

CC-inclusive event distributions

Data

(Beam On — Beam Off)
corresponds to 4.95x10"? POT,
about 2700 v,-CC candidate

events

MC
Neutrino interaction (GENIE 2.8.6),
cosmic (CORSIKA v7.4003).
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http://www-microboone.fnal.gov/publications/publicnotes

Charged Current Interactions

CC-inclusive event distributions

Stat. only error shown
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» Simulation scaled to same number of events as data

»  Cosmic background subtracted
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Charged Current Interactions

CC-inclusive event selection performances

MicroBooNE Public Note 1010: http://www-microboone.fnal.gov/publications/publicnotes

Acceptance x Efficiency

e

1
0.9

Efficiency

Stat. only error shown

, . [ efficiency of CCQE
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MicroBooNE simulation

Acceptance x Efficiency: 30%

® Cosmic @ Other
NC ® NuMu CC

Purity: 65%
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Conclusions

v

v,-CC inclusive measurement to kick off MicroBooNE cross-section

program with fully automated v,-CC inclusive event selection

v

Area normalised distributions show good data-MC comparison,

preliminary results, will improve for summer

v

v,-CC inclusive cross-section measurement is underway

v

Cross-section studies of many other channels are ongoing
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Ongoing analyses at MicroBooNE

» CC-inclusive differential cross section measurement (this talk)
» Charged Particle Multiplicity

» Proton kinematics (leading proton momentum)

» CCpi0

» NC elastic

» NuMI nue CC
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Charged Current Interactions

CC-inclusive event selection

(/ Flash finding N\
| Event has scintillation light (> 50 PE) during \I
| beam time window |
| /) |
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\\ Beam window //
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Flash to track matching
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Find tracks compatible with beam

\ window flash in Y-Z plane. /

Thanks to A. Schukraft
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Charged Current Interactions

CC-inclusive event selection

Containment

(/ Flash finding

| Event has scintillation light (> 50 PE) during

| beam time window

| i i \
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Find tracks compat|b|e with beam
\ window flash in Y-Z plane. /

Thanks to A. Schukraft
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Charged Current Interactions

CC-inclusive event selection

4 Flash finding
Event has scintillation light (> 50 PE) during
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beam time window
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Find tracks compatible with beam
\ window flash in Y-Z plane. /

Thanks to A. Schukraft
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Neutral Current Interactions

Simulation Data

MicroBooNE
Simulation

MicroBooNE Run 5935 Event 2100. April 16" 2016
Simulation
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The MicroBooNE Detector

\t\

32 8" Cryogenic \4\
PMTs + 4 light
guide "paddles”

8192 wires
(3 mm pitch)

170 ton LArTPC
(total mass)
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Fermilab

Fermilab Accelerator Complex

Main Injector

Neutrino
Experiments

Neutrino .
Experiments TO M | CrOBOON E
Booster
s TTRA T~ ToNOwA
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Motivations for MicroBooNE

LSND MiniBooNE
, Excess of Designed to Different baseline
Muon anti- ,
, electron anti- study the and energy but
neutrino beam ,
neutrino events LSND anomaly same L/E

Could be explained b Found excess in both neutrino
" y and anti-neutrino data

oscillations
L/E ~ 1 km/GeV “H ! © Newmmo
1752 5 + e Data (stat/err.)
5F - [ ve fromp™
15} - Data = 3 ve from K**
i - . 05 — Jv, fromK
é 12.5] Ve Oscillated % : ; =; misid
- R — A
L§<|j 9 : Ve BaCkg round _|(é) 12 l Antineutrino I:l- di: NY
= 7'55_ Other g) 1.0 + 0 other
S 5l 1] oe —— Constr. Syst. Error
[ 25 il - |
0 ;;-..,.f..<..i..:s:s:z:z:z:z:5:.-:;:::;:;:;:;:;:?55555 _‘ ’_k-##-l . l:I:'_§_|_l_| x
0-—4‘ | loj6‘ | 0.8 1 | l7i2 | l7i4‘ PhySReVC54 °%2 04 06 08 1.0 1?2 14 15 30 PhyS'ReV'Lett'102:
L/E [km/GeV] 2685- 2708,1996 E, [GeV] 101802,2009

Marco Del Tutto

215t March 2017



SBN - Neutrino oscillation
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“A Proposal for a Three Detector Short-Baseline Neutrino Oscillation Program in the
Fermilab Booster Neutrino Beam”, arXiv:1503.01520v1
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