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Raw Data

Filter for SPS spill being ON/OFF
\ 4

Trigger raw decoder (get TP/A/C in art format)

Filter to remove ground shakes

v
TPC raw decoder (get RawDigits)
Timing raw decoder (get RDTimeStamps)

Background Removal Filters

Reconstructed Data

Figure by Ciaran Hasnip
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Filter Selections

Fiducial Volume Cut S|mp|e Window

’C2 (APA3) & TPC6 (APA4

A

ADC integral

(both TPC2 & TPC5)

ADC integral (a.u
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O Fiducial Volume Cut

 FVC - Charge -> Space-Charge Effect
O Simple Window

+ SW - Charge -> Since neutrinos are collimated, they deposit more charge within a narrower time window in the y-

direction
« SW -Chan ->To discard low-energy ground shake events
O Shower
+  Shower - FVC -> Space-Charge Effect
« Shower - Y Width -> Collimation of neutrinos
O Track
O Track — Angle -> Collimation of neutrinos

O Track — Chan -> To discard track induced showers
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Filter Methods

Mode-Median-Linear

031036, Subrun: 0001, Event: 0042

Gaussian-Gaussian-Linear

Run: 031036, Nlln\m 0001, Event: 0042

Discard: Tr
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Comparison Between Data &

Data:
« Run: 031036

O SPS beam off => cosmics only
O # events: 30627

rents

Sim:

+  Magnet Config: wnp04
O Neutrinos overlaid with cosmics
O # events: 3142 SR
O # triggered events: 870 (27.7%) |

Emanuel G. J. van Campenhout ProtoDUNE BSM Group Meeting | 30-4-2025 Slide: 7/23



TPC Normalization

Filter Method: Gaussian-Gaussian-Linear;  Data - Run: 031036
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Filter Method: Gaussian-Gaussian-Linear;  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {01,234}
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Data - Run: 031036
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Filter Method 4.5
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Sim - Mag: {wnp04}: Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1,2.3 4}
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Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0.1.2.3 4}

100
Filter Method

90 PF7 Data: Ganssian-Ganssian-Linear
NS Sim: Gaussian-Gaussian-Linear
“// Data: Mode-Median-Linear

SN Sime Mode-Median-Linear

¥72 Data: Mode-Median-Horizontal track
RN Sime: Mode-Median-Horizontal _track
77 Data: Mode-Median-Multiple _tracks
Sim: Mode-Median-Multiple _tracks

' Data: Mode-Median-PCA

 Sim: Mode-Median-PCA
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FVC - Charge
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Current cut
Optimal threshold

1.2ee+87 | Discarded: Data
2.12e+86 | Discarded: Data

8.82, sim
8.34, Sim = 8.21

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {01,234}

LO —e— Data
Sim
""" Data - Sim
----- Optimal: 2.12e400
----- Current Cut: 1.2e+07
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--- Running Optimum for TPC2 + TPC6 ---
Current cut = 1.20e+87 | Discarded: Data
Optimal threshold = 2.12e+@6 | Discarded: Data

a.ee
a.13

8.02, sim
8.27, sim

Sim - Mag: {wnp04}: Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1.2.3 4}

—— Data

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &

Sim

Data - Sim

Optimal: 2.12e406
Current Cut: 1.2e+07

FVC - Charge

Current:

*"*'—if-—o—o-‘—. ——
' 20 »»» Cut Combined discarded DATA: 2.12%

1.5
FVC Energy Threshold (a.u.) i B B
»»» Cut Combined discarded SIM : @.88%

1.0

--- Running Optimum for TPC5 ---
Current cut = 1.20e+87 | Discarded: Data = 0.83, Sim = 8.88
) Optimal:

Optimal threshold = 8.84e+86 Discarded: Data ©.86, Sim = 9.81
Filter Method: Gaussian-Gaussian-Linear;  Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1,2,3.4}

| ‘“’:ﬂ‘ 33> Combined discarded DATA: 19.24%
»»» Combined discarded SIM : 18.11%

Data - Sim

Optimal: 8.84e4+06
Current Cut: 1.2e407

led Events

L5 20
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Filter Method: Gaussian-Gaussian-Linear: Data - Run: 031036 &  Sim - M:

Simple Window — Charge

wg: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1,2,3.4}
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Simple Window — Charge

Current cut = 1.28e+87 | Discarded: Data = 8.64, Sim
Optimal threshold = 1.52e+87 | Discarded: Data = 8.86, 5im

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {01,234}
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--- Running Optimum for TPC2 + TPC6 ---
Current cut = 1.20e+87 | Discarded: Data
Optimal threshold = 1.52e+87 | Discarded: Data

0.60, S5im = @.12
@.83, Sim = @.28

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, mebar, numu, numubar}; Decay Mode: {0.1,2.34}

1.0} —— Data

PR S S R e
S Pt g
Data - Sim
Optimal: 1.52e+07

Current Cut: 1.2e+07

SW - Charge

Fraction of Discarded Events

Current:

Simple Window Energy Threshold (a..) : >»> Cut Combined discarded DATA: 63.77%
»»» Cut Combined discarded SIM : 15.86%

--- Running Optimum for TPC5 ---
current cut = 1.20e+07 | Discarded: Data = 8.71, Sim =
Optimal threshold = 1.27e+87 | Discarded: Data = ©.77, Sim =

Optimal:

Filter Method: Gaussian-Gaussian-Linear;  Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue. nuebar, numu, numubar}; Decay Mode: {0,1,2.3.4}

L —— Data et

Sim N - >»> Combined discarded DATA: 8@.49%
Data - Sim ' »»» Combined discarded SIM : 28.97%

Optimal: 1.27e+07

Current Cut: 1.2e+07

3
Simple Window Energy Threshold (a.u.)




Running Optimum for TPC2 + TPC6 ---

Current cut = 9.50e4082 | Discarded: Data = ©.82, Sim = 8.83

Optimal threshold = ©.88e+@@ | Discarded: Data

Fraction of Discarded Events

Current cut = 4.75e+82 | Discarded: Data
Optimal threshold = 2.87e+@2 | Discarded: Data

Fraction of Discarded Events

1.00, Sim = 1.e@

Filter Method: Gaussian-Gaussian-Linear;  Data - Run: 031036
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& Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1.2.3.4}

—— Data
Sim
Data - Sim
Optimal: 0.00e+00
Current Cut: 9.5e4+02

Running Optimum for TPC5 ---
0.14, sim = 8.27
0.99, Sim = ©.99

Filter Method: Gaussian-Gaussian-Linear;  Data - Run: 031036

100 GO0
Simple Window Chan Threshold (a.u.)

—+— Data
Sim
Data - Sim
Optimal: 2.07e+02
Current Cut: 4.8e-+02

& Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0.12.34}
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Current:

»»» Cut Combined discarded DATA: ©£.53%
»3»3» Cut Combined discarded SIM : 8.16%

Optimal:

»»» Combined discarded DATA: 99.64%
»»» Combined discarded SIM : 99.77%

Note: This is quite bad; however,
the main goal of this filter is to
remove low energy ground
shake events, so | expect that if |
decrease the width of this filter
that the efficiency will get much
better!




--- Running Optimum for TPC2 + TPC6 ---
Current cut = 3.@@e+81 | Discarded: Data = ©.41, Sim = 8.24
Optimal threshold = 3.83e+81 | Discarded: Data = @.41, Sim = 8.24

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1,2.3 4}

1.OF

? Shower — FVC

Sim Current:
Data - Sim

Optimal: 3.03e4+01

Current Cut: 30601 »5»» Cut Combined discarded DATA: 48.91%
»»» Cut Combined discarded SIM : 34,25%

Fraction of Discarded Events

Optimal:

>»» Combined discarded DATA: 26.14%
»53» Combined discarded SIM : 19.88%

Lower Bound X Threshold [el Il.:\

e P E a2 | Discarded: Data = 6.63, Sin = 0.7 Note: This looks quite bad;
et - e | pner e - v s o however, the main goal of this
filter is fo remove events that

il start within the first 30cm of the
e TPC due to the space-charge
effect, so efficiency is not its
main goall

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1,2.3 4}
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e 2 Note: The normalization does
not seem to be 100%, but this is
because my fitting procedure
was not 100%, so the
difference is the number of
events with an incorrect fit.
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Shower — Y Width

Current cut 8.80e-01 | Discarded: Data @.46, Sim
Optimal threshold = 8.89e-81 | Discarded: Data = ©.39, Sim
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Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1.2.3 4}
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Track — Angle

Current cut
Optimal threshold

Filter Method: Gaussian-Gaussian-Linear:

Data
Data

8.47, Sim
8.61, Sim =

Data - Run: 031036
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8.16

& Sim - Mag: {wnp04}: Neutrino Flavour: {nue, nuebar, numu, numubar}; Decay Mode: {0,1,2.3.4}
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Track — Chan

Current cut 9.58e-81 | Discarded: Data = 8.83, Sim
Optimal threshold = 4.69e-81 | Discarded: Data = 8.14, Sim

a.e8
a.e8

Filter Method: Gaussian-Gaussian-Linear; Data - Run: 031036 &  Sim - Mag: {wnp04}; Neutrino Flavour: {nue. nuebar, numu, numubar}; Decay Mode: {0,1.2.3.4}
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O Parameter optimization

« Filter Parameters (simple window width)
«  Shower Parameters (bin size x, bin size y, central tendency x, central tendency y)

«  Track Parameters (muon track opening angle, horizontal track spacing)
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Thank you for your attention!
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