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Short-Baseline Program & MicroBooNE
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MicroBooNE is a 2.56 m by 2.33 m by 10.36 m LArTPC.

It ran from 2015 to 2021 (main physics + R&D campaigns).
Its main physics goal is to determine whether the observed
MiniBooNE excess is electron-like or photon-like.

It will also perform cross section measurements of neutrino-
argon, BSM, and LArTPC R&D.
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https://doi.org/10.1103/PhysRevLett.128.241801

Scintillation Light in MicroBooNE

* MicroBooNE detects the VUV light
using 32 8" Hamamatsu R5912-02
MOD PMTs placed behind acrylic
plates painted with TPB +
polystyrene.

« Main usage: ldentifying in-time TPC
events by matching with light flashes
(to for x position, rejection of cosmic). e

« When a beam neutrino interacts, the ‘“'_'—"1/ L [E——
PMTs will see an increase in the B R event —|— Sy
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MicroBooNE preliminary
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Figure 7: Top: neutrino interaction timing distribution before the reconstruction. Bottom: neutrino
interaction timing distribution after the reconstruction. The 81 bunches composing the ~1.6 us beam

pulse sub-structure are well visible after the reconstruction.
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Demonstration of <2 ns timing resolution for
neutrino interaction in the MicroBooNE detector

8.1 Detector intrinsic timing resolution

A characterization of the timing resolution versus the total number of detected photons is made. The
parameter o versus the total number of detected photons, shown in Figure 12 right, is fitted using the
function:

®3)

The k; parameter is associated to the statistical uncertainty (< +/Npp). The constant term ko,
independent of the number of photons detected, is associated with the intrinsic resolution. As for
Rrot, the beam bunch width is subtracted from k, obtaining the final value for the intrinsic detector
timing resolution (Rjn:) for v,CC candidate events:
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https://microboone.fnal.gov/document/21014/

Light Detection System Calibration

* MicroBooNE has developed a continuous calibration of its light response
throughout its lifetime to:

— Ensure a proper understanding of the behaviour and stability of the light detection system
over time.
— Be able to use calibrated physical quantities (photo-electron) in data analyses.

+ Calibration consists of:
— Calibrate continuously the PMT gains while the detector is running.

— Use a data-driven calibration of the light response variations over time in terms of light
yield in PE/MeV.

e i

(1) MeV - y (2) photon transport (3)y - PE

JE H
3¢ Fermilab
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PMT Gain calibration

« PMT gain calibration algorithm has been implemented by:
— Fitting the response to the Single Photo-Electron (SPE) noise (~200 kHz SPE noise rate).

The fluctuations over time are caused by a combination of a change of the
temperature, HV, intensity/frequency of incident light.
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Time-Based Light Yield Stability Measurement — Method HBooNE

« We look at tracks that pierce the anode or the cathode and look at the amount of light
they produce (e.g. lowest and largest drift distance).

« These tracks can be selected without light information.

* Metric for light yield response: | Truncated Median
- Tracks sorted into time bins Anode /% camose | ool T [Micr'oBfooNE Data
with equal statistics (varying Preliminary
bin width). _.‘- i, o
- PE/cm evaluated using g
truncated median of distribution pvr, ™| X Cesme [ e 5,000 tracks
in each bin (disregards the - E 004
tail and avoids a potentially = y -
bias fitting). :,:"' : 200
; g . I__r | | | | |
0 1 2 3 4 5
PE/cm
2& Fermilab
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Time-Based Light Yield Stability Measurement — Results HBooNE

Light Response Change

* The truncated median is used to populate the 10
light response change by comparing to the . T o
ﬁrSt tlme bln w MicroBooNE Data

* Here we show the relative change for tracks ~101 t!f# {Pre“minafy
at the anode (black) and cathode (red). §_20 W

- By mid 2018, the light yield at the cathode is g W, w”?imwwm
nearly Y2 of what it was initially but then 2 -3 *, i
stabilizes. 2 W

- Important feature: the amplitude of the i s »
decline is different at the anode compared at =501 AR SN Ay
the cathode.
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Light Yield Calibration

* The calibration values, in blue, are simply
the average between the anode and
cathode tracks.

* Uncertainty in nature of position-
dependence motivates choice of average
as calibration. Difference accounted for
through systematic uncertainties.

* The calibration is model independent
(assumes no absorption).
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MicroBooNE Preliminary ¢ Run3

Effects of the Light Yield Decline on Analyses b Runs

111 + t +
« We account for the light decline with systematic samples. $ s t I
« We need to verify that our physics analyses are still valid are ; + * I ' j

not impacted by the decline.
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stable between runs and similarly with the 7% mass selection.
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Potential Sources of Decline

» What could cause the light decline?

JE H
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Potential Sources of Decline

« What could cause the light decline?

Is it the argon? Is it the PMTs?

JE :
3¢ Fermilab
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Potential Sources of Decline

13

What could cause the light decline?

Is it the argon?
Nitrogen?
eSIC;r:;thifjg ._'. - Xenon?
' |4 y

Carbon : .
di(mono)oxide? : Methane?
Oxygen?

Light transport? Quenching?
Absorption? Scattering?
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Is it the PMTs?
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Potential Sources of Decline

14

What could cause the light decline?

Is it the argon?
Nitrogen?
eSIC::;thing ._'. - Xenon?
~ 14 y

Carbon : .
di(mono)oxide? : Methane?
Oxygen?

Light transport? Quenching?
Absorption? Scattering?
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Is it the PMTs?

TPB degradation? PMT QE?
Digitization? Gain?

2= Fermilab



Impurities in MicroBooNE uBooNE

Samples
« The CIEMAT DM group has - S / . N2Like v""ﬂ@l?MSéﬁﬁéﬂVéﬁé@fMﬁéﬁéN’E"M\E_
kindly analyzed a Sample Of Our - 0.8 e .......................... ...................... S@mpﬂ@ m @“EMA ..... S@@ Ro._
argon after a discussion at a %05 T .......................... ................. Salf@ﬂﬂﬂ’s t@ﬂk next] .
previous LiDINE. Thank you toed Ll | Kelke SRR S
Roberto Santorelli i 1 I f_effff _______________________________________________________________________________
» They have found thatwe have || | MJ 9

more nitrogen, krypton and even 0 % 100 T 200 5 20
xenon compared to commercial ese 1]
hlgh purlty argon. by MicroBooNE in Progress
. 1.0 ”w w .
« These can quench (late light) ‘"m; : r { Wi
and/or absorb the light. L R R T

« We do not currently have an
absolute value of the

12 MicroBooNE Liquid Argon Purity

QC/QA
o
o

04 not affect the electron lifetime!

concentration but good guesses. S [ i
I ‘milab
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On-going Investigation Related to the Light Decline

« Cosmic muons could potentially bias the light yield spread (anode vs cathode) with:
— Cherenkov light.
— Saturate the PMTs with their long tracks.

* We currently have other analyses on going to study the light decline using other
samples:

— Protons from cosmic neutron producing shorter non-MIP particles tracks (see Li
Jiaoyang’s talk on Friday!)

— Michel electrons from stopping cosmic muons to give point source-like particles tracks.

« Since MicroBooNE is turned off, we have opportunities for further studies during
decommissioning (e.g. TPB ageing, impurities).

« All of this will be important knowledge for the long-term operation of SBN (SBND +
ICARUS) and DUNE.

JE H
3¢ Fermilab
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Summary

MicroBooNE is the longest running surface
LArTPC and has a lot to share with the

community.

Light yield calibration has been performed
from run 1 all the way to run 5! This is an
important step for MicroBooNE’s physics
results to release the second half of our
dataset.

Full cause of the decline is still unknown but
there are various investigations in progress.

A public note on this work can be found
MICROBOONE-NOTE-1120-TECH.

A paper is in the pipeline as well.
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https://microboone.fnal.gov/document/microboone-note-1120-tech/
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Short-Baseline Program & MicroBooNE uBooNE

Short-Baseline Neutrino (SBN) program at Fermilab consists of
3 LArTPCs at different baselines to probe the MiniBooNE
ctron Ilke excess and osallatlons with Am? "'1eV2 =

470m

Booster Neutrino Beam
I - N — .

Booster
Neutrino Beam

* MicroBooNE isa 2.56 m by 2.33 m by 10.36 m LArTPC.

* Itranfrom 2015 to 2021 (main physics + R&D campaigns).

* Its main physics goal is to determine whether the observed
MiniBooNE excess is electron-like or photon-like.

e It will also perform cross section measurements of neutrino-
argon and LArTPC R&D.
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uBooNE

MicroBooNE Physics Results

MicroBooNE has entered a
new era since the end of

data taking.

 We have released the first

round of our flagship
analysis: testing the
MiniBooNE LEE model
using Y2 of our dataset

We have published many
many other detector physics,
Cross section measurements
and BSM physics analyses
+ many more to come!

20 9/18/22

Search for long-lived heavy neutral leptons and Higgs portal scal
Measurement of neutral current single T° production on argon with the MicroBooNE det
Observation of radon mitigation in MicroBool NE by a liquid ar?on filtration syster
Cosmic ray muon clustering for the MlcroBooNE liquid argon time roacllon chambar using sMask-RCNN
Novel approach for evaluating detect ina 'C using MicroBooNE data
First measurement of energy-dependent |nc\us|ve muon neutrino charged—currenl cross sections on arﬁ;)n with the MicroBooNE detector
Search for an anomalous excess of inclusive charged-current v, interactions without pions in the final state with the MicroBooNE experiment
Search for an anomalous excess of charged i-current quasi- -elastic ve interactions with the ing-based reconstruction
New theory-driven GENIE tune for Microl
Search for an anomalous excess of inclusive charged -current v, interactions in the MicroBooNE ex
Search for an excess of electron neutrino interactions in MicroBooNE using multiple final state topolo;
Wire-Cell 3D pattern recognition techniques for neutrino event reconstruction in large Cs
vetic shower and energy validation with Michel electrons and r° samples for the deep-leaming-based analyses in MicroBooNE
Search for neutrino-induced NC A radiative decay in MicroBooNE and a first test of the MiniBooNE low-energy excess under a single-photon hypothesis
First measurement of inclusive electron-neutrino and ino charged current ial cross sections in charged lepton energy on argon in MicroBooNE
Calorimetric classification of track-like signatures in liquid argon TPCs using MicroBooNE data
Search for a Higgs Portal Scalar Decaying to Electron-Positron Pairs in the MicroBooNE Detector
Measurement of the Longitudinal Diffusion of lonization Electrons in the Detector
Cosmic Ray Background Rejection with Wire-Cell LAr TPC Event Reconstruction in the MicroBooNE Detector
Measurement of the Flux-Averaged Inclusive Charged Current Electron Neutrlno and Antineutrino Cross Section on Argon using the NuMI Beam in MicroBooNE
Measurement of the Atmospheric Muon Rate with the MicroBooNE Liquid
Semantic ion with a Sparse C: ional Neural Network for Even( Recons(ruclion in MicroBooNE
High-performance Generic Neutrino Detection in a LAr TPC near the Earth's Surface with the MicroBooNE Detector
Neutrino Event Selection in the MicroBooNE LAr TPC using Wire-Cell 3D Imaging, Clustering, and Charge-Light Matching
A Convolutional Neural Network for Multiple Particle Identification in the MicroBooNE Liquid Argon Time Projection Chamber
Vertex-Finding and Reconstruction of Contained Two-track Neutrino Events in the MicroBooNE Detector
The Contlnuous Readout Stream of the MicroBooNE Liquid Ar%'m Time Projection Chamber for Detection of Supernova Burst Neutrinos
Measurement of Differential Cross Sections for Muon Neutrino GC Interachons on Argon with Protons and No Pions in the Final State
Measurement of Space Chat r?e Effects in the MicroBooNE LAr TPC Usin:
First Measurement of Differential Charged Current Quasi-Elastic-Like Muon eulrlnc Argon Scattering Cross Sections with the MicroBooNE Detector

Search for heavy neutral leptons decaying into muon-pion pairs in the MicroBooNE detector
Reoonslructlon and Measurement of O(100) MeV Electromagnetic Activity from Neutral Pion to Gamma Gamma Decays in the MicroBooNE LArTPC
hod to Determine the Electric Field of Liquid Argon Time Projection Chambers Using a UV L aser System and its Application in MicroBooNE
Cahbratlon of the Charge and Energy Response of the' MicroBooNE Liquid Argon Time Projection Chamber Using Muons and Proton:

First Measurement of Inclusive Muon Neu!nno Charged Current Differential Cross Sections on Argon at Enu ~0.8 GeV with the MlcmBooNE Detector
Design and Construction of the MicroBooNE Cosmic Ray Tagger System
Rejecting Cosmic Background for Exclusive Neutrino Interaction Studies with Liquid Argon TPCs: A Case Study with the MicroBooNE Detector
First Measurement of Muon Neutrino Charged Current Neutral Pion Production on Argon with the MicroBooNE detector
A Deep Neural Network for Pixel-| Level Particle in the Liquid Argon Time Projection Chamber
f Neutri ici Observed by N = to GENIE Model Predictions

IS "
lonization Electron Signal Processlng in Single Phase LArTPCs II: D: |n
lonization Electron Signal Processing in Single Phase LArTPCs I: Algorithm D and Q1
The Pandora Multi-Algorithm Approach to Automated Panem Recognition of Cosmic Ray Muon and Neutrino Events in lhe MicroBooNE Detector
Measurement of Cosmic Ray in the Mi NE LAr TPC Using a Small External Cosmic Ray Counter

Noise Characterization and Filtering in the MicroBooNE L\quld Argon TPC

Michel Electron Reconstruction Using Cosmic Ray Data from the MicroBooNE LAr TPC
ggved Mod%hamltlple Coulomb Scattering

201 7 201 8 201 9 2020 2021 2022 Differential cross seﬁlon measurement of chargegegﬁ[‘éqg Yﬁe'ﬂ?ﬁ?s‘%&?«é wtlthout final-state pions in MicroBooNE

using deep-I

Ferjmem using Wire-Cell reconstruction
jies

49 papers

Determination of Muon Mo um in the MicroBooNE LAr TP
Convol uﬁona eura{ elwoMs 'led to Neum]no Evenls ina qu&dU Rr rojection
Desian and lion of the.

5+ papers draft on light in MicroBooNE coming up!
2& Fermilab
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Scintillation Light in MicroBooNE (2)

21

MicroBooNE sitting on the surface see’s a
high rate of cosmic background.

It is important to be able to distinguish those
with neutrino beam events.

When a beam neutrino interacts, the PMTs will

see an increase in the amount of light in the
expected beam-spill time window.

Triggering Threshold > 5 PE for 1 PMT.

Prompt light O(ns) is collected to provide the
trigger and timing complimentary to the TPC
information.

Unbiased EXT MicroBooNE PMT readout
Non-beam event —— event 4315 run 6070
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Unbiased BNB MicroBooNE PMT readout

3000 Beam event —— event 3629 run 5208
2800 | activity in coincidence
with the BNB beam
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Time-Based Light Yield Stability Measurement — Results nBooNE

Light Response Change

4 Anode
4 Cathode

* |t shows that our light yield has been declining 10
after the end of run 1
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Time-Based Light Yield Stability Measurement — Results HBooNE

Light Response Change

4 Anode
4 Cathode |

* |t shows that our light yield has been declining 10
after the end of run 1 with a sharper decline

during run 2.
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Time-Based Light Yield Stability Measurement — Results 1BooNE

« It shows that our light yield has been declining 10 Hight Response Change

after the end of run 1 with a sharper decline
during run 2. Some stability has been
obtained throughout run 3 and run 4 until the  _j,
end of run 5 where the light yield has nearly
2 at the cathode.

« The gaps between each run represent the
annual beamline shutdown.

I I
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Light Yield Modelling & Decline as Systematic Uncertainty HBooNE

variation: LY

2500
» MicroBooNE uses 3 light detector Z 2000
variation samples to account for .
systematic uncertainties on light z
modelling and the light yield decline. g%
— Light yield down: 25% reduction of MC 8 500
to match with data. 0
0 .1000_ 2000
— Modified Rayleigh scattering length: e

variation : Rayleigh 1000

10000

120 cm scattering value to compare with
nominal 60 cm™.

— Modified attenuation: 20% - 40%
quenching and 8 m - 13 m absorption
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Light Triggering in MicroBooNE

MicroBooNE collects a lot of data but not all of it
can be saved and processed.
Two software triggers exist in MicroBooNE based

on amount of Photo-Electrons (PE) measured by
the PMTs from prompt light in beam-window:

1. Online -> >~5 PE to not be rejected for BNB.

2. Offline ->>20 PE to be processed and used in
current analyses to further reduce computing load.

What is the 20 PE triggering efficiency?

Measurement is compared with MC to test of light
propagation models for MicroBooNE (e.g. Rayleigh
scattering length, light decline).
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Photo Electrons
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https://iopscience.iop.org/article/10.1088/1748-0221/5/06/P06003/
https://iopscience.iop.org/article/10.1088/1748-0221/5/05/P05003
https://iopscience.iop.org/article/10.1088/1748-0221/8/07/P07011/

nght Yield in MicroBooNE nBooNP

Visibility Library MicroBooNE

MicroBooNE in progress
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« Mapping of the light yield is calculated using a convolution of the Electrical Field

map, geometrical acceptance of the PMTs and light propagation from Geant4.
2& Fermilab
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Time-Based Light Yield Stability Measurement — Sample uBooNP

» MicroBooNE uses Anode-Cathode-Piercing- . Anode Cathode
cosmic muons to calibrate the light yield 4 "
(reconstruction minimally dependent on light).

* We look at both tracks at the anode and at the
cathode and look at the amount of light they
produce (e.g. lowest and largest drift distance). pyre

 Tracks are removed that have:
— Length: L< 40 cm or L> 400 cm;

— Total number of photons: PE > 10000 for Anode-
piercing or PE > 1000 for Cathode-piercing tracks;

— Start or end within 50 cm of the cathode for
Anode-piercing or anode for Cathode-piercing
tracks.

Cosmic
muons

44344
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Time-Based Light Yield Stability Measurement — Sample uBooNP

« MicroBoc ONF catode |
cosm iC m TPC-tagged cathode-crossing /
(reCOI’]Strl cosmic-ray muon

« We look ¢

cathode ¢
produce (

* Tracks ar
— Length:

— Total nt
plercing

— Start or

Anode-
tracks.

cathode location [256 cm)] at trigger-time

EXT data run 6455 event 3107
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