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e Aim: reproduction of online DUNE-DAQ trigger chain in place for TPC simulation, and
analysis

e Simulation: apply existing trigger algorithms (ADCSimpleWindow,
ChannelAdjacency, etc) to simulation

® Performance studies, comparisons to data (— improved simulation)

e Analysis: make trigger objects (TPs, TAs, and TCs) available for offline analysis
® TP-stream data analysis, trigger validation studies, etc

e Development and testing of new algorithms

¢ | ast presentation: by Wes's at the DUNE Collaboration Meeting
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https://indico.fnal.gov/event/62283/contributions/299533/attachments/181363/248749/dunetrigger_DUNECollaborationMeeting_11Sep2024.pdf
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Technicalities

eBase code: github.com/wesketchum/dunetrigger.git
* H. Amar, S. Chhibra, D. Drobner, W. Ketchum, A. Oranday, M. Rigan, J. Shen, ...

*New development: branch schhibra/dag triggeralgs
¢S. Chhibra and J. Shen

¢ TP Maker: SimpleThreshold algorithm implemented

*TA and TC makers (following D. Drobner’s footprints):
eOnline: https://github.com/DUNE-DAQ/triggeralgs
¢ Offline: https://github.com/wesketchum/dunetrigger
*The online is made a git submodule of off1ine
*CMakeLists.txtand #include paths changed for online (bash scripts)
¢ Code developed for running the TA(C)Makers (utilising AbstractFactory)

e ProtoDUNE-II HD raw data file (used for today’s validation studies):
np04hd raw run028508 0000 dataflowO datawriter 0 20240730T160245.hd
£5
®Decoded using example/run pdhd tpc decoder.fcl
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https://github.com/wesketchum/dunetrigger
https://github.com/wesketchum/dunetrigger/tree/schhibra/daq_triggeralgs
https://github.com/wesketchum/dunetrigger/pull/8
https://github.com/DUNE-DAQ/triggeralgs/tree/production/v4
https://github.com/wesketchum/dunetrigger

Code structure

dunetrigger
C'\eate‘cma‘_{elism = Configure submodule to compile offline
replace_triggeralgs.sh
docs
dunetrigger
channelmaps Map out dead channels
triggeralgs DUNE-DAQ/triggeralgs as git submodule
TriggerAna
TriggerActivityTxtDump_module.cc
TriggerAnaTree_module.cc Analyzers
TriggerTPCInfoComparator_module.cc

TriggerTPCInfoDisplay_module.cc

TriggerSim
TAAlgTools
TCAlgTools
TPAlgTools
TriggerActivityMakerOnlineTPC_module.cc

TriggerActivityMakerTPC_module.cc . .
TriggerCandidateMakerOnlineTPC_module.cc Simulation modules
TriggerCandidateMakerTPC_module.cc
TriggerPrimitiveMakerTPC_module.cc

example

test
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Updated
Simulation/algo-

rithm flow In
LArSoft for TPC

Detector Simulation
(or DAQ data decoding)

raw: :RawDigits
TriggerPrimitiveMakerTPC module

TPA1gTPCTool

dunedaq::
trgdataformats::
TriggerPrimitives
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H. Amar, S. Chhibra, D. Drobner, W. Ketchum,
A. Oranday, M. Rigan, J. Shen, ...

TriggerActivityMakerOnlineTPC module

dunedaq::
trgdataformats::
TriggerActivityData

TriggerCandidateMakerOnlineTPC module

dunedaq: :
trgdataformats::
TriggerCandidateData

Also construct contained collections and
associations as required
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Code setup and running

e https://github.com/wesketchum/dunetrigger/blob/schhibra/dag_triggeralgs/docs/RE
ADME.md

¢ Setting up a development environment

eCloning dunetrigger and submodule triggeralgs@production/v4
e Making required changes for triggeralgs and code compiling

e Decoding raw data files from ProtoDUNE-II HD

e Running the LAr-trigger emulation on ProtoDUNE-Il HD data
¢ Running comparisons of online and offline trigger data

e Running the LAr-trigger emulation on simulation data
e Running analysis of trigger data from simulation
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https://github.com/wesketchum/dunetrigger/blob/schhibra/daq_triggeralgs/docs/README.md
https://github.com/wesketchum/dunetrigger/blob/schhibra/daq_triggeralgs/docs/README.md

example/run tpalg taalg tcalg online ADCSimpleWindow.fcl

tpmakerTPC:

{
module_type: TriggerPrimitiveMakerTPC

rawdigit_tag: “tpcrawdecoder:daq"

tpalg: {

tool_type: TPAIgTPCSimpleThreshold

threshold_tpg_plane0: -1 #(plane not used for TP generation)
threshold_tpg_plane1: -1 #(plane not used for TP generation)
threshold_tpg_plane2: 60

verbosity: 0
}
tamakerTPC:
{
module_type: TriggerActivityMakerOnlineTPC
tp_tag: “tpmakerTPC"
algorithm: “TriggerActivityMakerADCSimpleWindowPlugin”
algconfig_plane0: @local::algconfig_ta
algconfig_plane1: @local::algconfig_ta algconfig_ta:
algconfig_plane2: @local::algconfig_ta { -
algconfig_plane3: @local::algconfig_ta window_length: 60000
verbosity: 1 adc_threshold: 20000000
} }
tcmakerTPC: algconfig_tc:{}
{
module_type: TriggerCandidateMakerOnlineTPC
ta_tag: “tamakerTPC"
algorithm: “TriggerCandidateMakerADCSimpleWindowPlugin"
algconfig: @local::algconfig_tc
verbosity: 1
}
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Eventdump

*Online: 9933 TPs; 1 TA, made of 3276 TPs
¢ Offline: 8461 TPs; 1TA, made of 3276 TPs

PROCESS NAME........... | MODULE LABEL.. | PRODUCT INSTANCE NAME | DATA PRODUGCT TYPE.......iitiiiiiiie ittt s sne e | .SIZE
runpdhdtpcdecodermodule | daq........... | trigger. | raW: RDTIMESTAMP. .. .cctii ettt et e e e e e e e sneeeenees | ...

runpdhdtpcdecodermodule | trigrawdecoder | daq.................. | art::Assns<dunedagq::trgdataformats:: TriggerCandidateData,dunedaq::trgdataformats:: TriggerActivityData,void> | ....1
runpdhdtpcdecodermodule | daq........... [ | raw::DUNEHDFSFIIEINfO2.........oiiiieeeeee et

runpdhdtpcdecodermodule | trigrawdecoder | daqinTCs............. | std::vector<dunedaq::trgdataformats:: TriggerActivityData>

runpdhdtpcdecodermodule | trigrawdecoder | daq.................. | std::vector<dunedaq::trgdataformats::TriggerActivityData>................coccooiiiiiiiiiiis
runpdhdtpcdecodermodule | tpcrawdecoder. | daq.................. | std::vector<raw::RAWDIGIt>.........ooooiiiiiiii e

runpdhdtpcdecodermodule | trigrawdecoder | daq | std::vector<dunedaq::trgdataformats:: TriggerPrimitive>

runpdhdtpcdecodermodule | TriggerResults | .........ccccveee. | art::TrgQErRESUIS. ... eee e e

runpdhdtpcdecodermodule | trigrawdecoder | daq.................. | std::vector<dunedaq::trgdataformats:: TriggerCandidateData>.............c.cccccoveviirenneenienene [....1
runpdhdtpcdecodermodule | tpcrawdecoder. | daq | std::vector<raw::RDTIMEStamMP>........ccoiiiiiiiiieiie e | 10240
runpdhdtpcdecodermodule | trigrawdecoder | daqg....... | art::Assns<dunedaq::trgdataformats:: TriggerActivityData,dunedaq::trgdataformats:: TriggerPrimitive,void>.... | .3276
runpdhdtpcdecodermodule | tpcrawdecoder. | daqg | std::vector<raw::RDStatus>............cccooiiiiiiiiiiii .... | 10240
runpdhdtpcdecodermodule | trigrawdecoder | daginTAs............. | std::vector<dunedagq::trgdataformats::TriggerPrimitive>.............cccooiiiiiiiii i, | .3276

runpdhdtpcdecodermodule | tpcrawdecoder. | daq.................. | art::Assns<raw::RawDigit,raw::RDTimeStamp,void>...........cccceeueriiieeicieecie e

RunTP.....cccccmrnnees | tcmakerTPC.... |

... | tomakerTPC.... |

... | tamakerTPC.... |
RunTP........ceeeue | tamakerTPC.... |
RunTP.....ccoccveene | TriggerResults | ........ccccceneee.
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Offline vs online performance: TP channel 1D

example/run triggerTPCInfoComparator.fcl

run028508; event 1 ChannellD
= h1 h2
900" Entries 9933 | | Entries 8461
— | Mean 5782 | | Mean 6562
800~ |stdDev 2557 |StdDev 1848
700~  Online Offline
600—
500 —
400—
300—
200— -
100 | 1/ L
0 : 1 L1 (NP I | 1 1 I [ 1 n 1 I 1 L 1 I 1 1 1 IL” 1
0 2000 4000 6000 8000 10000
APA-1 APA-3 APA-2 APA-4

e APA 2, 3 and 4 only: 8448 TPs offline; 8483 TPs online
e All offline TPs match to online TPs
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Offline vs online performance: TP start time

run028508; event 1 Start_time
180
— h1 h2
160 | Entries 8483 | | Entries 8448
— | Mean 1.076e+17 | | Mean 1.076e+17
140 Std Dev 0| | Std Dev 0
- Online Offline
120— ,
100(—
80—
60—
40—
20—
_Illllllll-IIII|IIII|IIII|IIII|IIII|IIII|IIII|||||><10.I5

107.6472 00334 2800334 AB0T X34 B 00334 B2 0B BHTRIN83 78 0034 B30T XA BHOTIA BI04 721033175

e APA 2, 3 and 4 only: 8448 TPs offline; 8483 TPs online
e All offline TPs match to online TPs
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Offline vs online performance: TPs 1n a TA

run028508; event 1; TA 1

*Online: 3276 TPs
o Offline: 3276 TPs

x 107.647210331689
Z‘T 107.647210331682
E 107.647210331675
107.647210331667

107.64721033166
107.647210331653
107.647210331646
107.647210331639
107.647210331631
107.647210331624

107.647210331617.

7000
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Offline

Time_peak:ChannellD {Event==1}

e ADCSimpleWindow algorithm

x10"
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Online

Time_peak:ChannellD {Event==1}
x10'
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Offline vs online performance: TPs 1n a TA

run028508; event 1; TA 1

*Online: 3276 TPs
o Offline: 3276 TPs

e ADCSimpleWindow algorithm

ChannellD —
- Entries 3276
B Mean 7500
120—
- Std Dev 119.1
100—
80—
60—
40—
20—
B IlllllllllllllllllllllllIIIII|III||IIII
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Offline vs online performance: total TAs

run028508; ALL events . ) _
«Online: 82 TAs e ADCSimpleWindow algorithm

¢ Offline: 82 TAs

le7

4.0 — decoded TAs
—— simulated TAs

3.5 — decoded TPs i |
3.0 - | “| |‘ ‘ “ | |
2.5 - i . |
i - | = Decode
2.0 A 4 ' - x Sim
1.5 ]

ADC Integral
(*2]
—2
|

63}
|
|

- -
- |
1.0 A a3l L] " |
0.5 1 : : n
il - T 1
0.0 2—-----!"’-'-.------- = m Sun |
0.5 1.0 15 2.0 2.5 3.0 35 - '0.'5‘ - '1.'0' - ‘1.'5' - '2.'0‘ - ’2.'5‘ - ‘3.'0' - '3.'5‘ -
time_start 1e9+1.0764721el7 time start 1e9+1.0764721e17
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example/run tpalg taalg tcalg online ChannelAdjacency.fcl

tpmakerTPC:
{

module type: TriggerPrimitiveMakerTPC
rawdigit tag: “tpcrawdecoder:daq"
tpalg: {
tool_type: “TPAlgTPCSimpleThreshold”
threshold tpg plane0: -1 #(plane not used for TP generation)
threshold tpg planel: -1 #(plane not used for TP generation)
threshold tpg plane2: 60
verbosity: 0
}

verbosity: 1

}

tamakerTPC:

{
module_type: TriggerActivityMakerOnlineTPC
tp_tag: “tpmakerTPC"
algorithm: “TriggerActivityMakerChannelAdjacencyPlugin”
algconfig_plane0: @local::algconfig_ta
algconfig_plane1: @local::algconfig_ta
algconfig_plane2: @local::algconfig_ta
algconfig_plane3: @local::algconfig_ta
verbosity: 1

tcmakerTPC:
{
module_type: TriggerCandidateMakerOnlineTPC
ta_tag: “tamakerTPC"
algorithm: “TriggerCandidateMakerChannelAdjacencyPlugin"
algconfig: @local::algconfig_tc
verbosity: 1
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algconfig_ta:

{
window_length: 60000
adjacency_threshold: 480
adj_tolerance: 5
prescale: 1
print_tp_info: false

}

algconfig_tc:

{
adc_threshold: 10000000
n_channels_threshold: 210
trigger_on_adc: true
trigger_on_n_channels: false

[
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Offline vs online performance: TPs in a TA

run028508; event 1; TA 1 . .
«Online: 3276 TPs e ChannelAdjacency algorithm

*Offline: 481 TPs e ADCSimpleWindow algorithm

Offline Online
Time_peak:ChannellD {Event == 1 && TAnumber == 1} Time_peak:ChannellD {Event==1}
x 107.647210331682 ’:‘1015 107.647210331689 ;1015
% 107.647210331675 ;— S E. 107.647210331682 ;—
£ 107.647210331667 - A \ ST 107.647210331675
107.64721033166 : N 107.647210331667
107.647210331653 i— 107.64721033166 ;—
107.647210331646 - 107.647210331653 i—
107.647210331639 107.647210331646 ;—
107.647210331632 107.647210331639 ;—
107.647210331625 107.647210331631 ;—
107.647210331617 107.647210331624
107 84721083161 107 471018t Fa6 a7t
ChannellD ChannellD
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Offline vs online performance: TPs in a TA

run028508; event 1; TA 1 . .
«Online: 3276 TPs e ChannelAdjacency algorithm

*Offline: 481 TPs e ADCSimpleWindow algorithm

ChannellD — ADC integral —
C Entries 3276 = Entries 3276
16— Mean 7501 h Mean 6105
- Std Dev 119.1 ﬁl Std Dev 1.031e+04
14—
C 10% —
12— =
10 i
o i
N 10 =
61— E
13 _ I\|_[|‘J
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O _I | 1 | 1 I llllllll I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 l 1 1 1 1 : 1 1 1 1 l 1 1 1 1 L ' 1 1 1 1 1 1 1 L |
7100 7200 7300 7400 7500 7600 7700 0 10000 20000 30000 40000 50000 60000 70000
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Simulation: TP generation

e Supernova pointing simulation (100 events)
eUsing LArSoft + DUNE-SW v10.00.04d00

e Using the latest fcls (with detector noise, no radiologicals):
eprodmarley nue es gvkm dunelOkt 1x2x6.fcl

* supernova g4 dunelOkt 1x2x6.fcl

*Detsim dunelOkt 1x2x6 notpcsigproc.fcl

threshold_tpg_plane{0,1,2}: 40

GVKM Supernova Spectrum, Marley eES ADC_integral
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Simulation: TP conicidence

[
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Simulation: TP sum(adc 1integral) vs Ee per event

— InductionU__
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Summary

eInitial development of LAr-trigger is done!
*Decoding tools, enabling offline analysis using trigger records and TP-stream
files
*Reproduction of TPs (SimpleThreshold algorithm), and TA(C)s (sharing the
online code!)
*Validated using ProtoDUNE-II HD data
*Initial simulation-based analysis results shown using Supernova pointing
events
To-do:
*(Absolute)RunningSum TPG algorithms implementation (needed for induction
planes)
*Pending PR#16 targeting LArSoft v10 (geometry service replaced with the
WireReadout class to perform channel mapping)
*Some code integrity clean up (remove old code, structure fcl files...)
*Preliminary physics-goal studies (SN burst trigger efficiency, low energy beam
particle triggering, solar, etc.)

*We plan to make dunetrigger a part of official dunesw and production
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https://github.com/wesketchum/dunetrigger/pull/16

Backup

FD Sim/Reco Meeting, 18/11/2024

Simranijit s Chhibra (QMUL); James Shen (UPenn)

22



Simulation/algo-
rithm flow in
LArSoft for TPC

Detector Simulation
(or DAQ data decoding)

raw: :RawDigits

TriggerPrimitiveMakerTPC module

TPA1gTPCTool

dunedaq::
trgdataformats::
TriggerPrimitives
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H. Amar, S. Chhibra, D. Drobner, W. Ketchum,
A. Oranday, M. Rigan, J. Shen, ...

TriggerActivityMakerTPC module

TAA1gTPCTool

dunedaq::
trgdataformats::
TriggerActivityData

TriggerCandidatcecMakerTPC module

TCA1lgTPCTool

dunedaq: :
trgdataformats::
TriggerCandidateData

Also construct contained collections and
associations as required
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Offline vs online performance: TPs 1n a TA

run028508; event 3; TA 1

*Online: 2706 TPs
o Offline: 2730 TPs

e ADCSimpleWindow algorithm
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Offline Online
Time_peak:ChannellD {Event==3} Time_peak:ChannellD {Event==3}
x 107.647210451148 ;1015 107.647210451148 ;1015
% 107.647210451141 i— 23 23 107.647210451141 i— iy
E 107.647210451134 = - 107.647210451134 =
107.647210451126 i— PR 107.647210451126 ;— B Y g
107.647210451119 107.647210451119
107.647210451111— 107.647210451111—
107.647210451104 107.647210451104
107.647210451097 - 107.647210451097 -
107.647210451089 ;— 107.647210451089 i—
107.647210451082 i— 107.647210451082 i—
107.647210451074 '68100 — '70'00 : 107.647210451074 - 68'00 :
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Offline vs online performance: TPs 1n a TA

run028508; event 3; TA 1 . ) _
«Online: 2706 TPs e ADCSimpleWindow algorithm

¢ Offline: 2730 TPs

ChannellD — ADC integral —
140[— Entries 2706 = Entries 2706
- Mean 7325 L Mean 7411
B StdDev  176.8 Std Dev 1.119e+04
120—
100 102 =
80— C
60 - 10 ==
a0 C
20—
B e
0 L 1 I 1 1 I 1 1 1 LUl 1 1 L l I 1 1 l 1 1 L | 1 L L : 1 1 1 I I 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 L l 1 L L
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FD Sim/Reco Meeting, 18/11/2024 Simranjit s Chhibra (QMUL); James Shen (UPenn) 25



Simulation: TP conicidence

time

time

time

1801%01 5.0 1817.5

FD Sim/Reco Meeting, 18/11/2024

1822.5 1827.5

Simranijit s Chhibra (QMUL); James Shen (UPenn)

WirelD

600
400

200

1000
800
600
400

200

4000
3000
2000

1000

26



