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MiniBooNE Low Energy Excess Anomaly

* MicroBooNE goal: :
Confirm or rule out “low “ .- Neutrino B8 Prias E
energy excess of ' :
electron-like events”
observed by MiniBooNE
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Neutrino Scattering from Ar

* Limited data is available on v-Ar scattering

* ArgoNeuT is the only other LArTPC to produce
cross section results with higher Ev

* We need to understand v-Ar interactions for

MicroBooNE physics analyses and future LArTPC
experiments ﬁike DUNE and SBN)

* Should test neutrino event generators
for future LArTPC experiments
* MicroBooNE presents the most

comprehensive tests of GENIE* with v.-Ar
data

11 ITD EMNED ATID
AL NEUTRINO GENERATOR

A. Rafique, KSU GENIE: Neutrino event generator: hitps://genie hepforee org/ 3


https://genie.hepforge.org/

Charged Current Interactions
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Nuclear Effects

Three Two Two Three
particle particle particle particle
topology topology topology topology

Ar nucleus
Ar nucleus

Argon is a heavy nucleus in which final state
interactions can change the final state
topology of the interaction

A. Rafigue, KSU



ermllab Neutrino Expenments
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MicroBooNE LArTPC

Beam direction

e

-_‘\“

Drift direction A Anode plane and PMTs

e 85 tonne active mass
* Has three wire planes:

3mm wire spacing gives us impeccable spatial resolution

Final plane collects charge to give calorimetric measurements
* Triggered by an array of PMTs

A. Rafigue, KSU




MicroBooNE Status

* Cosmic data collection started: August 2015

* Neutrino data collection started: October 2015

* Running stably since then

* Collected almost 10% protons on target

* Results presenting today use ~10% of the collected data
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Cosmics in MicroBooNE

e Cosmic backgrounds

come from: ] | /[ / /
* Near surface location Y /[/ | \ /
* 2.3 ms drift time \ \ ~
: ’ ;lli«»c»ﬁdi?

Challenge for MicroBooNE analyses:

* 97% of the triggered events have cosmic-only data events

* Remaining 3% events have both cosmics and neutrinos in
same event (~20 cosmics and 1 neutrino)

A. Rafigue, KSU 11



Candidate Neutrino Event Display

pBooNb Collection plane view
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Fully Automatic Track Reconstruction

Reconstructed tracks

Eur. Phys. ). C78, 1, 82 (2018)
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Recent Results from

MicroBooNE




v, CC Inclusive Cross Section Measurement

* First inclusive cross section AY
measurement from MicroBooNE

* Single differential measurement as |1

function of reconstructed muon B ¢
kinematics
X
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v, CC Inclusive Cross Section Measurement
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CC ® Cross Section Measurement

* The first measurement of total flux-integrated cross
section for CC single r® production on argon

* Allows the study of shower reconstruction performance
* NC r® production is a background for vi = ve oscillation

searches
M
' : U v
W, o Y
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|

“First Measurement of Muon Neutrino Charged Current Single Neutral Pion Production on Argon with the
MicroBooNE LArTPC” MICROBOONE-NOTE-1032-PUB (2018)
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CC ® Cross Section Measurement
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* Measured diphoton mass peak is consistent with 1® mass

 Compared the measurement with two sets of GENIE models
* Measurement is consistent within 1.6, with predictions from

both model sets
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v, CC NpOrt Selection (N>0)

* Important for studies of nuclear effects
* Lower KE threshold for protons % more phase space

* 46 MeV (~300 MeV/c momentum) -

e Useful for oscillation searches

MicroBooNE Preliminary
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Charged Particle Multiplicity (CPM)

* Analysis Goal: Count the number of reconstructed charged

particles exiting the target nuclei at the interaction point
¢ We tag u* ¥, and p; but n’and n are not included

 Kinetic energy thresholds: 69 MeV for p and 31 MeV for p*/ ni*
* Gives knowledge of vu-Ar interactions in form of directly

observable quantity

* First measurement of charged track multiplicity in vu CC
interactions in argon

Resonance
Interaction

-~
Ar nucleus

w

“Comparison of Muon-Neutrino-Argon Multiplicity Distributions Observed by MicroBooNE to GENIE
Model Predictions”, arXiv:1805.06887, submitted to PRD (2018)
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Cosmic Rejection Technique

e Perform two tests

 Look for Bragg peak (Pulse Height test)

* Look for pronounced muon scattering towards the end
of the track (MCS test)
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Model Predictions”, arXiv:1805.06887, submitted to PRD (2018)
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First CPM Distribution from v -Ar Data
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e Data favors lower multiplicity compared to all
e Simulation agrees with data at the 2o level

three simulations
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Azimuthal angle difference distribution
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Future Prospects

* Many more cross section analyses are in the
pipeline
* CC NpOm
* CC 2pOm
* NC elastic cross section
* Will use advanced reconstruction algorithms

 Pandora (Eur. Phys. J. C78, 1, 82 (2018))
 WireCell (arXiv:1804.02583 and arXiv:1802.08709)
e Convolutional Neural Network (JINST 12, P0311 (2017))

* Utilize full statistics of the experiment
* Utilize more sophisticated systematics evaluation

* Will test more neutrino generators in the near
future

* NuWro, GiBUU, NEUT etc

A. Rafigue, KSU 24



* MicroBooNE has been collecting neutrino data stably
for almost three years

* MicroBooNE is developing successful tools for
LArTPCs

e Automatic reconstruction

e Calorimetry
e Particle identification

* Many technical and physics results have been
produced

* First v—Ar cross section results have been presented
at Neutrino this year

* Implementing and testing different neutrino
generators for Ar is a near term goal

25
A. Rafigue, KSU



LLl
s
O
O
an
O
O
>
=
O
G—
S
>
4
C
(O
=
_I

KSU

A. Rafique,



Backup Slides



Neutrino interactions

Charged Current Interactions: Neutral Current Interactions:
1- via W, W bosons 1- via Z boson

2- Outgoing lepton flavor = incoming  2- No information of neutrino

v flavor flavor

3- Outgoing lepton charge = 3- No information of incoming v
incoming v nature (v, anti v) nature (v, anti v)

Candidate MicroBooNE CC event Candidate MicroBooNE NC event
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MicroBooNE Installation & Commissioning
s ¥ < B




GENIE Model Sets

MC Tunel Tuned
nuclear momentum Relativistic Fermi Gas | Local Fermi Gas
QE model Llewellyn-Smith Nieves
MEC model Empirical Valencia
resonance model Rein-Sehgal Berger-Sehgal
final state interactions hA hA2014

30



Analysis Chain

Select a long,
contained candidate
muon and associated

2. MCS test

V- enrlched
1. PH test

L

CR-
enriched

neutrino vertex

Event
classifier

Muon quality
filter

Pre-selection
filter

Start/end points lie in good
detector regions
* Vy<70cm (to reject cosmics)

Coll. plane hits > 80

31



Pulse height (PH) test

Rate of energy loss increases
along the track from upstream
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Multiple Coulomb scattering (MCS) test

Scattering is more pronounced
along the downstream end of
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Signal extraction model
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subsamples to: Final likelihood function:
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Expectations for observed charged particle

multiplicity distribution

No Unfolding

-y MiroBOONE, . MicroBooNE Simulaton
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Common feed-down occurrence is
due to efficiency*acceptance effects.
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Uncertainty estimates
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Track length distribution
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Track length distribution (GENIE prediction)
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