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\X/I re—Ceu a nd PrOtO D U N ES see talks from Chao and Brett for more details on WCP/WCT

see talks from Hanyu (uB), Lynn (SBND), and Haiwang (DUNE FD) for WC implementation

- for Wire-Cell's perspective, ProtoDUNEs are second set of
LArTPCs for WC implementation

MicroBooNE

Y (vertical)

X (Egritt)

- first-gen: MicroBooNE

Z (beam)

- second-gen: SBN(D), ProtoDUNE, ..

- for MicroBooNE, Wire-Cell was used mostly as “prototype”;
hence Wire-Cell-Prototype

MicroBooNE Data

- many pieces that are specific for uB detector
- hard-coded, heuristic components

- ProtoDUNEs, along with SBND, are the first experiments to Sk N
have Wire-Cell-Toolkit to take place ~ R TG

- also, the first time Wire-Cell is being used other than one
specific detector

- develop WCT as universal & configurable framework
- crucial step for the ultimate goal for WC: ) | |
full WC implementation for DUNE Far Detector credit: Haiwang Yu
() Brookhaven Jay Hyun Jo >



: see talks from Chao and Brett for more details on WCP/\WCT
\X/I re_ Ce LL a n d P rOtO D U N ES see talks from Hanyu (uB), Lynn (SBND), and Haiwang (DUNE FD) for WC implementation

for Wire-Cell's perspective, ProtoDUNEs are second set of
LArTPCs for WC implementation

- first-gen: MicroBooNE
Wire-Cell Prototype and Toolkit

- second-gen: SBN(D), ProtoDUNE, .. prototype
o Allow for fast-pace development, MicroBooNE-specific.
for MicroBooNE, Wire-Cell was used mostly as “prototype’; o Contains: 3D imaging, clustering and pattern recognition.
hence Wire-Cell- Prototype @ Basis for MicroBooNE Wire-Cell physics analysis team.
toolkit

- many pieces that are specific for uB detector

@ Focus on long-term support and detector-generality.
e Contains: simulation, signal processing, 3D imaging.

- hard-coded, heuristic com pone Nts e Ongoing effort to “port” prototype algorithms, starting with clustering.

Shared
@ Approximately the same waf based build system.

ProtoDUNESs, along with SBND, are the first experiments to
have Wire-Cell-Toolkit to take place

o File based data exchange prototype — toolkit.

4

Avril 10. 2024 4/23
T —

- also, the first time Wire-Cell is being used other than one
specific detector Brett's talk yesterday

- develop WCT as universal & configurable framework

- crucial step for the ultimate goal for WC.
full WC implementation for DUNE Far Detector

~
(¢) Brookhaven Jay Hyun Jo 3


https://indico.bnl.gov/event/21492/contributions/86835/attachments/53789/92010/toolkit.pdf

see talks from Chao and Brett for more details on WCP/WCT

‘Wire-Cell-Prototype
—_— "

multi-track fitting

3D trajectory &

TPC simulation 3D imaging
dQ/dx fitting

DL-3D vertexing
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noise filtering
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charge-light matching

sighal processing
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Wire-Cell-Toolkit

see talks from Chao and Brett for more details on WCP/WCT

TPC simulation

noise filtering

sighal processing

After Noise Filtering 1-D Deconvolution 2-D Deconvolution
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. ProtoDUNESs

ProtoDUNE Single Phase (PD-SP) = ; // ZZ/’: PD-SP
- APA (Anode Plane Assembly) with 3 wire planes =\|ER / Vo W ’:;;,/
- 2 drift volumes with 3.6m drift each ;"-. - ’.:”i,f"’l“ 4 ic:;
- Light collection system embedded in APA, 3 designs tested []] | £ * _ / | :,;
ProtoDUNE Horizontal Drift (PD-HD) -/ e ‘ : i :

- APA with 3 wire planes
- updated electronics

- X-ARAPUCA light collection system

ProtoDUNE Vertical Drift (PD-VD)

- CRP (Charge Collection Plane) with 3 PCB (Printed Circuit
Board)

- 2 drift volumes, vertically drifting

- X-ARAPUCASs on the cathode & field cage

' Brookhaven
k’ National Laboratory Jay Hyun Jo



. ProtoDUNE-SP

see talk from Wengiang for more details on WC simulation & signal processing

first time implementing Wire-Cell outside uB

- Interface larwireccell was developed to support

WCT Inside of art structure

TPC simulation improved/updated

Jingbo Wang, DUNE CM 2019

U plane field response

V plane field response

§ 0 % 0 : Q{ :;
- field response b : 2 i
: i .
| | | ot S oa R ——
- electronic response (with entire waveform per  _., ¥ plns fald resonss ot o v
& —
C h a ﬂ ﬂ e l.) 5 0 3 ookt 20 coteutation Average response over the full
- - penrins e range of 2D responses
g’ : = isochronous track induced
N6 | ca Sl MU l_atl on . 2 current on the central wire
- :
signal processing
- "traditional” ROl implementation
- DNN ROl development
— .
Le) Srookhaven Jay Hyun Jo 7


https://indico.fnal.gov/event/18681/contributions/48627/attachments/30239/37216/WireCellSimulation.pdf

P rOtO D U N E—S P see talk from Wenqiang for more details on WC simulation & signal processing

first time implementing Wire-Cell outside uB ool EProtoDUNE-SP — Good: count: 15227
i mean: 0.0234
& 1000} RMS/mean: 0.051
- Interface larwireccell was developed to support § ool — Bad: count: 133
WCT inside of art structure st
.g n
. . . < 400}~
TPC simulation improved/updated :
200
- fileld response 090_15' 002 — 0% oo 0035

Gain [ke/(ADC count)/tick]

Figure 18: Distribution of fitted gains for good (blue) and bad/noisy (red) channels. The legend

- elect ron ic res pon Se (with enti re waveform per indicates the number of channels in each category and gives the mean (23.4 ¢/(ADC count)/tick))
and RMS/mean (5.1%) for the good channels.
channel)

10" &

: : - —— Data + SP
- hoise simulation

10”
: — Simulation + SP

sighal processing

Coherent noise

10

- "traditional” ROl implementation

~ w/o noise filtering

- DNN ROl development R X

MHz

L? Brookhaven Jay Hyun Jo 3
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P rOtO D U N E—S P see talk from Wenqiang for more details on WC simulation & signal processing

first time implementing Wire-Cell outside uB Wengiang Gu, DUNE CM

- Interface larwireccell was developed to support ~ After Noise Filtering _ After 2-D Deconvolution
WCT inside of art structure [ ke . J,-,e- 385 +. o
1800{ - » 30 1800 : j 30
TPC simulation improved/updated Wy . il |
== 1200} | : | 1200} | |
o | L i .'; : 0
- field response E oo \ ; *"T
| | | 600 \ Topology = L 600 -
- electronic response (with entire waveform per 00, | dependence"§-e / ,
C h anne l.) 960 : 410 460 510 560 " 960 410 460 510 560 ="
- nolise simulation
sighal processing
- "“traditional” ROl implementation
- DNN ROl development
(&) Brookhaver Jay Hyun Jo 3



P rOtO D U N E—S P see talk from Wenqiang for more details on WC simulation & signal processing

first time implementing Wire-Cell outside uB us i'g;ﬂal F:rgciefs;nwngTer{Tmei nce
- interface larwireccell was developed to support E = e

WCT inside of art structure R
TPC simulation improved/updated “ TEERS | ll I_ l l l |
- field response : II

0(0) 7(2) 3(6) S(r 0) 70( 79)0(36)0(49)5(63)0( 74)5(82)0(85)2(86)4(87)9(89 5

- electronic response (with entire waveform per e (0 degree
channel) PD-SP S|gnal Processmg Performance
% 0 [E—.... 10 — _-.- ..................... -

-10|—--

- noise simulation

N
o

N
o
IIIIIIIIIIIIII'IIII

Resolution [%)

sighal processing

-
o
LI ‘ |

o
|
.

- "“traditional” ROl implementation

Probablllty of ZERO reconstructed charge
_20..__.(no RO'OpenedinSP) ...................... ...................... .................

- DNN RO development -5 — T T =E S

0,, (6,.,) [degree]

Inefficiency [%]
|
ES
I

(¢) Brookhaven Jay Hyun Jo Jingbo Wang. DUNE CM 2019 10



https://indico.fnal.gov/event/18681/contributions/48627/attachments/30239/37216/WireCellSimulation.pdf

P rOtO D U N E—S P see talk from Wenqiang for more details on WC simulation & signal processing

- first time implementing Wire-Cell outside uB H. Yu et al., JINST 16 P01036 (2021)
- interface larwireccell was developed to support fruth - reference RO| PNN RO
W/CT inside of art structure I(a)‘ ®  © \ '.(d)
- TPC simulation improved/updated 0 | . \\ I‘\ \\
- field response

- electronic response (with entire waveform per
channel)

- nolise simulation
- signal processing

- "traditional” ROl implementation

- DNN ROI development

2% Brookhaven
kf National Laboratory Jay HyUﬂ JO 11


https://iopscience.iop.org/article/10.1088/1748-0221/16/01/P01036

P rOtO D U N E—S P see talk from Wenqiang for more details on WC simulation & signal processing

first time implementing Wire-Cell outside uB

- Interface larwireccell was developed to support
WCT inside of art structure

TPC simulation improved/updated
- field response

- electronic response (with entire waveform per
channel)

- holise simulation
sighal processing

- "traditional” ROl implementation

- DNN ROI development H. Yu, CPAD 2021

PD-SP data: Run 5145 subrun 1 event 26945, v plane

125 Brookhaven
Lf National Laboratory Jay Hyun Jo
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ProtoDUNE-VD

see talk from Wengiang for more details on WC simulation & signal processing

- Inherited most of the workflow from PD-SP

- Initial development focused on bottom drift
electronics (BDE)

- top drift electronics (TDE) optimization in progress

- TPC simulation updated

- 2D/ 3D hybrid field response developed &
implemented

- noise modeling updates
- electronics response calibration

- nhoise filtering

- Initially DataPrep, now WC NF

- signal processing
- Initial evaluation shows promising result
- DNN ROI will further improve performance
- Imaging
- WCT-ported imaging available, first look

- performance evaluation ongoing

S. Martynenko et al., JINST 18 P04033 (2023)

Weighting Field of a U Wire

N TN,
* = e -~
) -
5 . o PRGN, .
¢ ™y
'
154} »
g i0

Strip
Direction

(a) Wire-based anode (b) PCB-based anode

computationally faster/reliable 2D+3D response model developed for field
response, validated with PD-VD data

Jay Hyun Jo
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ProtoDUNE-VD

see talk from Wengiang for more details on WC simulation & signal processing

inherited most of the workflow from PD-SP

- initial development focused on bottom drift
electronics (BDE)

- top drift electronics (TDE) optimization in progress
- TPC simulation updated

- 2D/3D hybrid field response developed &
Implemented

- noise modeling updates
- electronics response calibration
noise filtering
- Initially DataPrep, now WC NF
- signal processing
- Initial evaluation shows promising result
- DNN ROI will further improve performance
iImaging
- WCT-ported imaging available, first look

- performance evaluation ongoing

1DE

BDE

200 3 SE
180:_ 200-th wire (172.051 cm)] - -
' 100-th wire (172.051 cm] 2 ¢
160 -
,4027_._‘ 20-th wire (38.806 cm)
120 [ :
Lt PG 5-th wire (12.3057 cm)
100 “Aq % 2-th wire (7.00568 cm) ;
- N, . x
80l St ,;.,1'th wire (5.23866 cm) of
[ A - | ——— CRP2 coldbox
60:"" "‘».‘_.“;__.*‘_A 1 5;_
a0 el = PDVD TDE MC (14-bit x1/4)
- R PO :
20 0.5} \A
o- - 1 PRI T S SR ST . 0";1 L1L111111,111L1111L111l,LJ[
0 0.2 0.4 0.6 08 1 12 0 500 1000 1500 2000 2500 3000
Frequency (MH2) Channel
200
180 S 14
collection wire o F
160 100-th wire (172.051 cm) Z 1of
140 50-th wire (91.8065 cm) }’
| 1-th wire (5.23866 cm) 10
120
100 3J“
’ -
80P ol ——— CRPS5 coldbox
o \ ; ——— PDVD BDE MC (14-bit)
20 “; \ 2__ l
S— E
0 _llll llllllllllllllllllll lLll
0 01 02 03 04 05 06 07 08 09 % 500 1000 1500 _ 2000 2500 _ 3000
Frequency (MHz) Channel

noise modeling for BDE/T
approach, validated aga

DE with data-driven
INnst coldbox data

k? Brookhaven

National Laboratory

Jay Hyun Jo
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P rOtO D U N E—V D see talk from Wenqiang for more details on WC simulation & signal processing

- TPC simulation updated

L

l 1 1 1 l | - | — l | I — L l | I I — l | I T —
10 20 30 40 50

: : First Wavef , Ch 1 301 ;
inherited most of the workflow from PD-SP . et Waveform, Channel 3918 First Waveform, Channel 181
o _ S 7°°°§_ W 52":’:3 nn/ ::’: § 70005— f 5:':’:1?1 1103/ ::)g
- initial development focused on bottom drift < F e tea s 0000 2 : 5038 & 0.009
. 6000 — t 0 21e 01 99565 Oeo(()); 6000 A, 9.191e+04 + 1.797e+03
e [eCtI’O NICS ( B D E) 5000 E_ k: 0.3109 + 0.0038 a :fa 0‘725?:150%%
= k, 0.1635 + 0.0036 5000 K, 1.098 + 0.054
<000F— ks 904372 2 0.00052 - kg -0.02801+ 0.00195
, , , \ , , - kg 0.1635 + 0.0036 4000 — ke ~0.0279 + 0.0020
- top drift electronics (TDE) optimization in progress F E
OE L__/ °§

- 2D/3D hybrid field response developed &

| | Lo v b v by S1000—1_ 1 1 1
0 10 20 30 40 50

implemented Time (1s) ’ Time (us)
- noise modeling updates fit to take undershoot/overshoot behavior into account
- electronics response calibration
5000__ 500;— 600_— B
noise filtering 7000 [ RO, J : Sl i
6000;- ‘00*_ w— Alter Correction 500:_ = After Correction
- initially DataPrep, now WC NF s000E- One example : .
: waveform - 4001
o [ , 4000 our ¥ -
signal processing o S soof
E pore Lomrechon m»_ L L
- Initial evaluation shows promising result 20001 [ [
< —— After Correction - 2001~
- U ?
- DNN ROI will further improve performance ! 2 ool
Imaging o 10 20 30 0 50 Ys 19““11’“h3"1‘:[“2—15‘“ 23 24 25 :
Time (us) Fitted Shaping Time (us) q3 135 14 145 15 155 %6 165 17
. Fited Gain (mvVAC)
- WCT-ported imaging available, first look correction after the fit
& arameter o=0.11us -> 0.017us 0=0.32->0.075 mV/fC
- : P 0 On i (75% reduction in std. dev.)
- performance evaluation ongoing extraction (85% reduction in std. dev.)
S .
L' NBaI;?nDalif_Db?r\gteog Jay Hyun Jo 15



ProtoDUNE-VD

see talk from Wengiang for more details on WC simulation & signal processing

inherited most of the workflow from PD-SP

- initial development focused on bottom drift
electronics (BDE)

- top drift electronics (TDE) optimization in progress
TPC simulation updated

- 2D/3D hybrid field response developed &
Implemented

- noise modeling updates
electronics response calibration
noise filtering
- initially DataPrep, now WC NF
signal processing
- Initial evaluation shows promising result
- DNN ROI will further improve performance
iImaging
- WCT-ported imaging available, first look

- performance evaluation ongoing

2D Correlation Frequency
Waveform spectrum
h_orig
z ,
5 1400
Raw : o A
soof \
wf O\
o , m: sl |\&|\T‘-T_| L .'.'.l
vy -~z 000 Z0 S00 400 Sob b0 7o B03 300
h_raw Correlation Coefficient
CNR W/ 1000} f*\
s O
ASIC wl [\
grouping suc-E' \\

DJ 100 206 200 400 50C 500 FOC 80C 900

Frequency [kHz!

annn 2200 24nn 2R 280N annn

optimization of CNR by changing channel "grouping’

k? Brookhaven

National Laboratory

Jay Hyun Jo
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P rOtO D U N E—V D see talk from Wenqiang for more details on WC simulation & signal processing

inherited most of the workflow from PD-SP | Frequency
2D Waveform 1D Waveform Correlation spectrum

- initial development focused on bottom drift h_orig
electronics (BDE)

#2819

- top drift electronics (TDE) optimization in progress

- TPC simulation updated

Iy

>JAA ' ljl jll e lll lll s LAl L AJI“L lll s
OO 100 200 300 400 SD) 600 TOO BOO 200
Fraquency [kHz)

R % 14
0 100 126 -
FEMS Tl ds

- 2D/3D hybrid field response developed &
implemented |

—300 Correlation Coefficient

250 = 120

- noise modeling updates

200

150

- electronics response calibration

100 1

500—

- hoise filtering

]

03 Dll llllllll .ll‘llllll L4 lll LA Ll .l. IIIA
0 100 200 300 400 500 600 70O 800 900

) 20 40 & 80 100 120

¢ 2000 2200 24400 26500 26800 3002

- initially DataPrep, now WC NF FEws i o Froquency (k)

- signal processing Aitintadidedenbe

50

- Initial evaluation shows promising result 40

35

Raw
— AB filter

L

CNR

- DNN ROI will further improve performance 30 CNR with adaptive baseline
imaging " correction
- WCT-ported imaging available, first look 1:
- performance evaluation ongoing e 2;‘;,,;3&0
() Brookhaven Jay Hyun Jo 17



ProtoDUNE-VD

see talk from Wengiang for more details on WC simulation & signal processing

inherited most of the workflow from PD-SP

- initial development focused on bottom drift
electronics (BDE)

- top drift electronics (TDE) optimization in progress
TPC simulation updated

- 2D/3D hybrid field response developed &
Implemented

- noise modeling updates
electronics response calibration
noise filtering
- Initially DataPrep, now WC NF
sighal processing
- initial evaluation shows promising result
- DNN ROI will further improve performance
iImaging
- WCT-ported imaging available, first look

- performance evaluation ongoing
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ProtoDUNE-VD

see talk from Wengiang for more details on WC simulation & signal processing

- Inherited most of the workflow from PD-SP

- initial development focused on bottom drift
electronics (BDE)

- top drift electronics (TDE) optimization in progress
- TPC simulation updated

- 2D/3D hybrid field response developed &
Implemented

- noise modeling updates
- electronics response calibration
- nhoise filtering
- Initially DataPrep, now WC NF
- signal processing
- Initial evaluation shows promising result
- DNN ROI will further improve performance
- Imaging
- WCT-ported imaging available, first look

- performance evaluation ongoing

traditional ROI
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P rOtO D U N E—V D see talk from Wenqiang for more details on WC simulation & signal processing

- inherited most of the workflow from PD-SP . Top TPC, traditional ROI
- Initial development focused on bottom drift _ 201
electronics (BDE) = .
- top drift electronics (TDE) optimization in progress é —60
GEJ U plane
- TPC simulation updated —80 1 % V plane
W plane
- 2D/3D hybrid field response developed & | | Top TPC, DNN RO
implemented ° S olane
50 V plane
- noise modeling updates < W plane
> —40
- electronics response calibration ;g
& —60
- noise filtering B
-80
- Initially DataPrep, now WC NF 75 80 8o 84

Oxz [degree]

- signal processing

- initial evaluation shows promising result Compared with traditional RO,

- DNN ROl will further improve performance DNN ROl result shows much
* imaging lower inefficiency in all the TPCs/
planes for high angle tracks

- WCT-ported imaging available, first look

- performance evaluation ongoing
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ProtoDUNE-VD

see talk from Wengiang for more details on WC simulation & signal processing

- Inherited most of the workflow from PD-SP

- Initial development focused on bottom drift
electronics (BDE)

- top drift electronics (TDE) optimization in progress
- TPC simulation updated

- 2D/3D hybrid field response developed &
Implemented

- noise modeling updates
- electronics response calibration
- nhoise filtering
- Initially DataPrep, now WC NF
- signal processing
- Initial evaluation shows promising result
- DNN ROI will further improve performance
- Imaging
- WCT-ported imaging available, first look

- performance evaluation ongoing

truthDepos
truthDepos Imaging

Imaging

BDE, thetaXZ=18 TDE, thetaXZ=15

truthDepos truthDepos
imaging Imaging

SDE thetaxz-80  TDE, thetaxZ-80

L? Brookhaven

National Laboratory
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P rOtO D U N E— H D see talk from Bernali for more details on WC noise filtering for PD-HD

inherited most of the workflow from P D~ HD eise w piane o
PD-SP oo o] & U V | W
\X/C noise filtering replacing DataPrep, ..t I i d
performance evaluation in progress ; L J,J & .l M
i AR 0,
- initial study shows WC NF works “F ,before NE f
quite well with PD-HD coldbox data = — gorterNF ]
with minor tweaks LI * N,
- additional study, especially on 0 5
. . : . 180 Q 14f
coherent noise removal optimization, o My colactonwre 2 |
] 160~ -th wire : cm o 12
will soon take place wob-f Y 50-thwire (91.8065 cm) E
. y 1-th wire (5.23866 cm) 10
\X/ll.l. be fOl.l.OWed by 100F 8];
80 6-
oo - ——— CRP5 coldbox
. . . : |3
- electronics response calibration a0F : |
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ProtoDUNE-HD

see talk from Bernali for more details on WC noise filtering for PD-HD

inherited most of the workflow from
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What have we learned?

- many aspects of WCT implemented with PD-SP are solid & can be used as base frame for other
generations of ProtoDUNEs

- newly developed electronics per-channel calibration show good performance, should be used in future
- noise filtering is generally good across, but need careful detector-specific checks

- all PDs show good noise filtering performance

- PD-HD; some type of evaluation against DataPrep and CNR validation needed

- coherent noise removal may need the most careful checks & optimization; channel grouping, signal
protection, ,,

- DNN ROl is expected to boost signal processing performance
- development in near-final stage
- once finished, validation across different PDs and electronics can be performed

- for PD-VD, downstream WC is being ported, active efforts needed

125 Brookhaven
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Summary

- Wire-Cell has a huge success story with MicroBooNE, and ProtoDUNE will be one of the first
place to have Wire-Cell applied elsewhere

- ProtoDUNE provides testing ground for Wire-Cell-Toolkit, aiming for DUNE FD implementation

- upstream Wire-Cell, including TPC simulation/noise filtering/signal processing has been ported
successfully, it's performance shows promising result with different ProtoDUNE detectors

- optimization/improvements of these components are actively ongoing

- downstream Wire-Cell, which will enable full event reconstruction and physics analysis, Is
expected to be ported for PD-VD: providing a milestone for full Wire-Cell implementation for
DUNE FD

: ~ |
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