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Introduction

 WireCell signal processing for SBND docdb 36134

* Filters values were optimized using charge extraction metrics

* There’s corner cases where the traditional SP struggles: prolonged tracks, busy vertices, ...

* DNN ROI finding docdb 34162

* Provides faster optimization

» Improves performance for these corner cases
« Uses multi-plane matching information

* We're working to get DNN ROI implemented for both SBND and ICARUS

+ Expected to be especially helpful for ICARUS where induction planes are noisy
* Will contribute towards consistent 2-detector analysis docdb 37187
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WireCell Signal Processing

A given wire plane; Notation
All channels HF(LF): high(low) frequency

RMS: noise root mean square

ADC waveforms

1. 2D Deconvolution

Refinement of ROIs

2D deconvolution s
Excess Noise filtering — Filter in wire dimension > Apply !'“:'C_?Ut
Two types of filters in time dimension Gaussian filter )
!
Apply HF-cut _7/ . / i====H=M Apply ROIs
[ Wiener filter J— RMS calculation : _ )
' [
| : !
Yes No i 1 Yes No 3. Charge Extraction
Induction plan Intermediate ROIs||Final ROls
-~
( Apply loose - Baseline
indi itial * " subtraction
2. ROI Finding — | F-cutfilter ——Tb Initial ‘loose ROls ‘I Connectivity
- 1
( . 1 . e . 4
Apply tight 1 L , J Extension or Clean ROls
—  LF-cut filter ™ Initial ‘tight ROIS” U creation % N Deconvolved charge
1 : : Break ROIs » Shrink ROls
I ' -
v L

/ RMS calculation/L-'--

M. Jung | Lar-WireCell Meeting | August 29th, 2024




Limitations of the Traditional Method

* Procedure for the optimization of the traditional ROI finding algorithm is nontrivial
and computationally challenging
* filters are simultaneously optimized by coordinate descent approach
 decision of filter values from evaluation on different samples by eye

* Limited performance for some cases ex. prolonged tracks
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DNN ROI Finding

« DNN tool to address the limitations of the traditional method

* network learns and recognizes features of prolonged tracks from images
« faster and easier optimization process

* Tool developed by the protoDUNE experiment (JINST 16 PO1036)

 Integration into the data signal processing workflow is work-in-progress at SBND and protoDUNE
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https://iopscience.iop.org/article/10.1088/1748-0221/16/01/P01036/meta

Training Samples

* Training images made from simulated
neutrino events

* target images is made from setting a threshold
on simulated charge deposit

* input images are made from intermediate
stages of the traditional signal processing chain

1. Loose LF filter: preserve prolonged track signals
that are washed out my tighter filters

2. 2-plane match

3. 3-plane match: multiplane match outputs to
inform network of geometric constraints from
other planes
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DNN ROI @ SBND SP - MC

« UResNet trained for SBND Trained on BNB nu & e O olonged (e 08 avants)

cosmics (2000 events)
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DNN ROI @ SBND SP - MC
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Channels

Trained on BNB nu & cosmics (2000 events)

1
4 . . 1 iti
20001 sBND Simulation ! Traditional
) | DNN
Work in Progress -
1750 4 1
1
1
1500 : Plane 0
: 6,, € [75°,80°]
1250 i
i
1
1000 4 1
1
1
1
750 4 !
}
1
500 A !
1
}
250 A :
1
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
(Qdecon - Otrue)/Qtrue
i d |
. . | Traditiona
{1 SBND Simulation 1
1400 . ! DNN
Work in Progress ;
1200 i
i Plane 1
1
1000 - ! 0y € [75°,80°]
:
1
800 A :
:
600 H
1
1
}
400 4 !
1
1
200 i
1
1
1
1

0 T T T T T
-1.00 -0.75 -0.50 -0.25 0.00 0.25

(Qdecon — Qtrue)/Qtrue

0.50

0.75

1.00

Channels

Channels

Trained on BNB nu & cosmics (2000 events) + prolonged tracks (200 events)

1 . 1 ] T — |
8001 SBND Simulation i BEE“W”“ g %1 sBND Simulation | gsim°"“ 12004 SBND Simulation ! E:z“w”“ 1
1 1
Work in Progress . Work in Progress ! Work in Progress ! ]
700 1 1 : )
1 ! 1000 ]
] 2000 A ] 1
600 4 ; Plane 0 ! i Plane 0 ! Plane 0 | !
: 6)(ze [85°,87°] 1 : GXZE [75°,80°] : 6. € [85°,87°]
1 1 | 800 1 1
5001 . @ 1500 - - 2 i
1 | S : 2 1 | |
400 - i 5 - 5 6001 :
! LI i 5 : 1
1
1 ] 1
300 : | | 1000 : : | |
| I i 400 | I
200 : I i i ]
1
i 5001 ! 200
1
100 - ! 1 : : ]
1
: 1 : ! 1
!
S ; ; y ! - : ; ( 1 0-— T T T ' T T T T 0 -1.00 -0.75 —0.50 —0.25 0.00 0.25 050 075 1.00 N
-1.00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00 -1.00 -0.75 -0.50 —0.25 0.00 0.25 050 0.75 1.00 ' ' : ' : : ' '
(Qdecon — Qtrue)/Qtrue | | (Qdecon — Qtrue)/Qtrue (Qdecon — Qtrue)/Qtrue | |
. 1 1
et 1 ]
600 ; ; ! Traditional g . . iti p . . iti
SBND Simulation ! DNN B 17501 sgND Simulation i ‘[I')r;s‘monal 8001  SBND Simulation | g;:l't'onal 1
. 1 1
Work in Progress i 1 Work in Progress - 700 Work in Progress ! 1
500 H ] 1500 ! : I
1
: Plane 1 I | Plane 1 600 - | Planel | g
° ° 1 1
I 1250 o ane o 7o
400- B 6 € (85871 I | 6 € [75°,80°] . 6.€ (858771 |
i " : ., 5001 ! 1
i %5 1000 1 ! E i
300 - i 15 : & 400 i 1
0 S 1 s} H 1
: I~ 750+ ! 200 1
1 1
200 A ! 1 i : 1
}
1 4
: § 500 : 2004 i 1
1
100 i 1 : i 1
1 4 4
: g 20 : 100 : 1
1 ! 1
] ' ' ' | ' ' : . ] 0 ; 01— _ _ _ ' . . . — 1
-1.00 -0.75 =0.50 ~0.25 0.00 025 050 075 1.00 1 ~1.00 —0.75 —0.50 —0.25 000 025 050 075 1.00 100 -0.75 -0.50 —025 000 025 050 075 100
(Qdecon — Qtrue)/Qtrue (. — Quue)/O (Qdecon — Qtrue)/Qtrue
I decon true. true I

M. Jung | Lar-WireCell Meeting | August 29th, 2024




DNN ROI @ SBND SP - Data
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DNN ROI @ SBND SP - Data

- U, CC Np Candidate

Traditional ROI Finding DNN ROI Finding
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DNN ROI @ SBND SP - Data

. 1, GC 1u1p1z’ Candidate

Traditional ROI Finding DNN ROI Finding
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DNN ROI @ SBND SP - Data

* DNN is confused by dead wires that don’t exist in MC

Traditional ROI Finding DNN ROI Finding
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Summary & Outlook

* DNN-based ROI finding looks promising for improving signal processing
performance on some corner cases ex. prolonged tracks, busy regions, etc.

* SP using DNN ROI finding is integrated into the SBND workflow
* Remaining questions

* Is there tradeoff between performance improvement on different corner
cases? — Avinay

* Is the resource usage reasonable for integration into the workflow? —
Haiwang, Nate, Gray

* How to evaluate the performance on data?

* How to make the method robust to detector variations, MC/data discrepancy?
» dead wires

M. Jung | Lar-WireCell Meeting | August 29th, 2024



Training Samples

1, make time slices

* Training images made from simulated
neutrino events

* target images is made from setting a threshold
on simulated charge deposit

* input images are made from intermediate channel
stages of the traditional signal processing chain

1. Loose LF filter: preserve prolonged track signals
that are washed out my tighter filters 2, Matching active wires (with

2. 2-plane match initial ROI) from multiple planes
3. 3-plane match: multiplane match outputs to

inform network of geometric constraints from
other planes

__active wire in the time-slice :
ref. plane, target plane

fffff in-active wire in the time-slice
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3, On target plane, tag 3-Plane
matched ROIs (MP3) or 2-Plane
matched ROIs (MP2)
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