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MicroBooNE is a LArTPC at Fermilab.
Main physics goal: investigate MiniBooNE low energy excess
at the GeV-scale neutrino energy.

Ran from 2015 to 2021 (neutrino beams + R&D campaigns).
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https://doi.org/10.1103/PhysRevLett.128.241801
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MicroBooNE’s Physics Program — Main Outputs uB@

Four independent analyses
(1 photon-like & 3 electron-like).  See Miquel Nebot-Guinot’s talk
from yesterday + Xiao Luo’s

[ Low Energy Excess ] tomorrow

See yesterday talks:
Marina Reggiani Guzzo +
Richard Diurba +

Michael Kirby MicroBooNE
[ v-Ar Cross Sections Physics

Program

Detector Physics + ——
Calibration + R&D | stk
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https://indico.cern.ch/event/1291157/contributions/5888121/
https://indico.cern.ch/event/1291157/contributions/5904015/
https://indico.cern.ch/event/1291157/contributions/5903974/
https://indico.cern.ch/event/1291157/contributions/5903974/
https://indico.cern.ch/event/1291157/contributions/5887873/
https://indico.cern.ch/event/1291157/contributions/5888124/
https://indico.cern.ch/event/1291157/contributions/5904117/
https://indico.cern.ch/event/1291157/contributions/5904450/
https://indico.cern.ch/event/1291157/contributions/5901100/

Detector Physics, Calibration, R&D Program - Outline —
Detector Physics + .
"

i Calibration + R&D

e

Light

e AP
EDrif
BNB data: Run 8661 Event 603
Charge Readout
v from Wire Planes

R&D lonization Charge

° Radon sea rch MicroBooNE’s

Scintillation Light
* LArimpurities MeV-Scale

e Light yield calibration .
* Nanosecond timing resolution * HVruns * Blips search program

Already published

Signal processing => JINST 13 P07006 (2018) & JINST 13 P07007 (2018)

Energy calibration = JINST 15 P03022 (2020)
Longitudinal diffusion measurement = JINST 16 P09025 (2021)

Detector uncertainties = Eur. Phys. ). C 82, 454 (2022) e, .
3¢ Fermilab
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https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8

Time-Based Light Yield Stability Measurement ”@
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We use light to trigger on beam neutrino events.
Light yield = cathode or anode piercing muons. = _4

Truncated median populates the light response
change by comparing to the first-time bin.

Important feature: the amplitude of the decline -6

% Change PE/cm

=50

is different at the anode vs cathode. ¢ Z 2 2 2 3 3
+ Cause still unknown but under-investigation.
$& Fermilab
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LAr Impurities in MicroBooNE uB@L

Samples

« We took a sample of argon from 1 | / . NoLike v""HC[PM"S"’aihéﬂyéﬁé@fMﬁék@N’E”Mﬁ”
the deteCtOI’ tO be analyzed - L .......................... ........................... ................ sa mp“@m C'EMAW.:

« We have found more nitrogen, %05 .......................... ..................................................................................
krypton and even xenon %0.4 __________________________ | Kr-Like Xé”[ik’é ...............................................................................
compared to commercial high £ ,,¢ | | ¢ ___________________ T J __________________________________________________________________________________
purity argon. 0.0 K LJ lu Lo - :

« These can quench (late light) 0 e 0 M1§°“ 20 25 %0
and/or absorb the Iight- 12 MicroBooNE Liquid Argon Purity

MicroBooNE in Progress

* 2 more argon samples being M“‘ M‘ r AN, i

analyzed for comparisons. | . —_— K A P i

» Light impurities different than .
charge impurities o[ ot affect the electron iifetime!
— High electron lifetime throughout

QC/QA
o
o
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Nanosecond-scale Timing Resolution ||~ =wwer | MB ONE _

40 - x2/ndf=20/6 .

- Achieved the time reconstruction of neutrino z*} il
interaction with a O(1 ns) resolution:
— Used prompt scintillation signal, corrected for the >}
light propagation + electronics response 205 0 (N;A;) e
— Obtained intrinsic resolution of 1.73+0.05 ns o P

Neutrinos arrive at MicroBooNE with a beam
structure. This structure can be resolved:
— Each beam spill length = 1.6 ps.

— Each spill -> 81 proton bunches of ~2 ns
width.

I I L
3500 4000 4500

Arrival Timing [ns]

MicroBooNE

213 « 10 POT]

lII|IIl]lII|III

N
4500

4000
Interaction Timing [ns]

For more details: Phys. Rev. D 108, 052010

JE H
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.052010

Nanosecond-scale Timing Resolution - Application B == —

T T T T

" 213 % 107 POT ]
Cut Window ]
El +-
=
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« MicroBooNE has significant background from cosmic 50_
rays due to being on the surface. :

« Beam structure can be used to mitigate backgrounds

8
—

Events /0.1 ns

— Reject events outside of the beam window with more so
precision. :
— Example: =20 cut applied on the v,, CC selection: R T
* 95.5% signal efficiency & rejects 46.6% of cosmic A | ...
background sf g HNLsimulation_ . o
§ b m=70MeV dh
- Search for BSM particles in the beam: 4

— Example: HNL will travel slower and reach the detector later.

— Can look between bunches where the neutrinos from the
beam background is reduced. F

Events / ns

Timing [ns]

2= Fermilab
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MeV-Scale Physics — What can it be used for? z
Courtesy of W. Foreman
+ LArTPCs mainly look at ~GeV-scale events. v g ’
» ArgoNeuT pioneered looking at ~MeV-scale s ron b
bI_ip_s: v, CC indgced_ gammas &. — || .
millicharged particle interactions in the TPC. P M- P
« Identifying specific particle topological it iy

features and improve background rejection

could improve sensitivity to some BSM

signatures

— Potential in charge-sign discrimination for
M+/- & TH+/-

* MicroBooNE has implemented a
comprehensive MeV-scale physics
program:

— Expanded “MeV-blips” reconstruction.

30cm  Collection plane wire

Millicharge search
1.0x10% POT
ArgoNeuT 1
10° 10¢

“ArgoNeuT * =

2= Fermilab
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131801

MeV-Scale Physics with MicroBooNE — Radon Search MB ONE _

JINST 17 P11022 2022  MicroBooNE Data Phys. Rev. D 109, 052007
"l - g %is MicroBooNE D
g r Filter-bypass _E candidate o l‘l@ % R:::‘l?)pltr)]tg, perio?:lta
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© ; —— 30%-sized filter I 2
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Measured: ambient radon through Bi(B)-Po (o).
* Good B-spectrum reconstruction - These are very low
energy events for LArTPCs!
Measured: Bi-214 rate < 0.35 mBQ/kg at a 95% C.L. outside
of the Rn-doping period.

* Estimated Rn-222 rate < 1 mBQ/kg for DUNE.
2& Fermilab

Proof of concept: injected Rn during the
R&D campaign to look for Bi(B) - Po ().
signatures.

Unexpected result: had to bypass our
extremely good filters!
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https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11022
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052007

MeV-Scale Physics with MicroBooNE — Blip Searches MG oNE_

See Diego Andrade poster

) : : #170 tonight!
» Goal: distinguish nBool = proton-iike P = . e CORITIE hS
g v N e
. o or Long Track Proximity (LTP) —
proton and electron blips £ .0 . B H,H, e
= = Other
« MeV-Scale calibration using 2 oot |

Epip: 7.36 MeVee

ambient radiogenic blips
(E <3 MeVee).
I Beam-Off Run 26972 Subrun 32 Event 1643

e Data-driven PID method to ool Electron blip

107 5
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Blip distance to track [cm]

select proton-like blips 2009 -

. P . P Blip Size[cm] = /dx? + dw? € 0.08F z::f::r :::: prm;::y MicroBooNE
using cosmogenic nature ot e G ey 0 POBS
blips (> 3 MeVee). 2 )

0-005: N i
« Stay tuned for final results! - LA W A e
:003 T S \./'
— 4.4 2
1... Electron from MicroBooNE Simulation ‘“ Q-{
. on fro croBoo ulatio OO1E@A o g8 w/:\;—A A@ E\A o
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Reco blip energy [MeVee]
T H
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https://indico.cern.ch/event/1291157/contributions/5901100/

uB oNE _

5k 105kV

MicroBooNE’s R&D Campaign

Py
o Pickoff point current

1
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Glassman power
90kV

supply (cathode! 90kV,
oo o ey
80kV.
75kV,

« Operational Electrical field
— Due to HV instabilities during

commissioning, never operated at nominal
electrical field of 500 V/cm (128kV).

— Operated at 273.9 V/cm (70kV).

« Discharges seen above 70kV decided to
stay safe. ==

1265

» Electrical field ramp up to nominal o]

/]

Ramped back up.
Glassman power supply Trip at 105 kV after
analog current monitor 10 minutes
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1€4 002
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— Recombination, diffusion, SPE rate, etc. A0T i | | ot mrior} w
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— - =
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Summary MB ONE _

» MicroBooNE completed 7 years of data running in 2021.
— Record for the longest running LArTPC in a neutrino beam to date!

— Detector is in a decommissioning phase to understand certain features observed during
operation & look at the longevity of LArTPCs after 7 years.

» Rare and exciting opportunity to inform the greater community!
« Qur detector physics, calibration and R&D program is crucial for the success of all
our analyses + provide guidance to the next LArTPCs.
* New detector physics measurements + R&D studies already being published
many more on the way:
— Looking at light yield with isolated protons + Michel electrons = point-like events.
— EXxploring explanation of high SPE rate observed.
— Recombination at different E-field.
— Light yield decline explanation.
— Cherenkov light studies.

13 19/07/2024 Vincent Basque | MicroBooNE Detector Physics & Calibration @ ICHEP 2024
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Questions?

2= Fermilab

Vincent Basque | MicroBooNE Detector Physics & Calibration @ ICHEP 2024

19/07/2024

14



Backup
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MicroBooNE Decommissioning Effort MB oNE _

 Earlier this year, the MicroBooNE detector entered a decommissioning phase.
— This will allow us to characterize the detector after 7 years of operation.
— Potential to understand some of the unresolved mysteries.

» Before venting the cryostat, we took some argon samples that are currently being
analyzed through different characterization techniques (e.g. GC/MS).

* The cryostat is now back at ambient temperature, and we are planning to open
ports to have a look at the TPC.

* Plans are still brewing, but we want
to look at the wire planes and our light
detection system:

— Trying to determine what 7 years in LAr
has done to them.

JE H
3¢ Fermilab
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Detector Physics, Calibration, R&D Program - Outline

Detector Physics +
Calibration + R&D

Scintillation Light lonization Charge
« Light yield calibration * Radon search [Fciosostes
e Light impurities contamination * Blipssearch J program
e Nanosecond timing resolution * R&D campaign

Won’t have time to cover today:

e Signal processing = JINST 13 PO7006 (2018) & JINST 13 P07007 (2018)
 Energy calibration = JINST 15 P03022 (2020)

* Longitudinal diffusion measurement = JINST 16 P09025 (2021)
 Detector uncertainties = Eur. Phys. J. C 82, 454 (2022)

JE H
3¢ Fermilab
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https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8

Running over 5 years of Beam Data!

« Expect to have
full dataset
analyses start
to come out in

18

2024!

19/07/2024

3.0E18
—— BNB Delivered POT —— BNB POT on tape
2.5E18
Run1 Run2 Run3 {:
2.0E18

1.5E18

1.0E18

|
5.0E17 ! I l
0.0E0O
e 0 MR 6\'110\\%\'10\9\'1 R @01 fgﬂ (Le\‘l 11\'L R

Al N

Vincent Basque | MicroBooNE Detector Physics & Calibration @ ICHEP 2024

-
-

9 9 a0
N
\\\'L 2 Af,,pﬂ s RN \q\";ﬂ»\o\?

8.0E20

6.0E20

4.0E20

2.0E20

0.0E00

2= Fermilab



Low Energy Excess Searches Through Electrons
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MicroBooNE Timeline

Operations
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A Proposal for a New Experiment

sing the Booster and NuMI Neutrino Beamlines: MicroBooNE

Link to proposal
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hnlmbin

Filling + Commissioning

Vincent Basque | MicroBooNE Detector Physics & Calibration @ ICHEP 2024

le Edit View Search Terminal Help

ENTER [stop] TO STOP THE RUN:

Current (Run, Subrun) is (28819, 264) 've been running 47.57 minutes.
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https://microboone-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=185&filename=MicroBooNE_10152007.pdf&version=1

Beam Excess

Low Energy Excess (LEE) and You — Anomalies ”B@\/—/

Phys. Rev. D 64, 112007 (2001) Phys. Rev. C 105 6, 065502 (2022) Phys. Rev. D 103, 052002 (2021)
1.2¢ S :

[ I . Datll (stat err.)I !
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I ° misid -
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LSND -> stopped pion source. Gallium detectors -> calibration MiniBooNE -> neutrino beam.

Observed excess of v, ina v, sources in detectors. Observed excess of v,(V,) in a
beam. Observed deficit of v,. v, (v, )beam.
3¢ Fermilab
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.065502

Low Energy Excess (LEE) and You — MiniBooNE uB oNE_

3".. Phys. Rev. D 103, 052002 (2021)
— ong ‘
N e 9 ' LA I B S B B B B A .- T D'at!a(;ta'te'm)' LA N
Signal % 3 - — { = E
" Tad = vsfrqn)K° ]
| _—7 ..\ _— [ r° misid ]
: CCOA->Ny
; [ dirt

Wy -
Background ~ XA,)‘ =Sh

MiniBooNE is a Cherenkov detector.

Hard to differentiate between MiniBooNE -> neutrino beamn.
electron and photons. Could we use a Observed excess of v,(7,) in a
v, (v, )beam.

new detector technology instead?
2& Fermilab
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.73.045805

PMT Gain calibration nB oNE_

« 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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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
length for lowest and longest drift
distances, respectively.
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First demonstration of O(1 ns) timing resolution
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FIG. 12. Interaction timing resolution as a function of the total
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