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Outline
• Aim and scope of DAQ simulations 

• Simulation chain: 

• Geometry 

• Physics 

• Background 

• Particle propagation (GEANT4) 

• Detector simulation (electronic response etc.) 

• Online hit finder 

• Some of the references: 

• https://docs.google.com/document/d/
1Av1mVvrzqvSCyZvDsk79aAc0AounFvFL_3r7vZEer8Y/edit
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Disclaimer: 
Simulation is a big effort, and it’s very 
hard to understand everything. I’m 
putting here the stuff that I think would 
have helped me at the beginning (and 
which I could find information about). 

A lot of content is from Diego Garcia-
Gomez and Andrzej Szelc, thanks to 
them!!

https://docs.google.com/document/d/1Av1mVvrzqvSCyZvDsk79aAc0AounFvFL_3r7vZEer8Y/edit
https://docs.google.com/document/d/1Av1mVvrzqvSCyZvDsk79aAc0AounFvFL_3r7vZEer8Y/edit
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Aim
• The aim is to help designing the DAQ and to be able to quantify its impact on the physics we are 

trying to extract. For example: 

• I change the noise on the wire, how does the trigger react? 

• Does my trigger cope with this many neutrons entering my detector? 

• How much data do I need to store if I want to do solar neutrinos? 

• DUNE is a very big experiment in terms of data: 

• Rate = 150 x 2560 x 2MHz x 12bit > 1 TB / s / 10kT module!! 

• Requirement: 

• Write on disk at 100GB/s 

• Total data / year < 30 PB 

• How to get such reduction of data? 

• What is the impact of this reduction of data on the physics?
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Scope
• We are fairly confident we can trigger on beam events: 

• Big events that are easily identifiable. 

• Represent a “small” proportion of the total data. 

• Challenge is to get the SN / lowE events 

• We don’t want to miss one!! 

• Close to the radiological backgrounds in energy. 

• Requires to read the DUNE detector for 30 sec without loss. 

• That’s why a lot of the DAQ stuff is about SN. 

• Now going to describe the simulation chain 
for SN (but that could be changed to beam 
event / cosmics )
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Efficient trigger

Good background rejection

Capacity to record a lot of data
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Simulation chain TPC
What happens in reality: 

• SN explodes 

• A large amount of 𝜈s arrive DUNE 

• A few of them interact in the detector 

• Mostly through 𝜈e  + Ar → e- + K* 

• Some radiological background happen 

• The particles move in the detectors and create 
the drift electrons + scintillation light 

• These electrons are drifted and reach the wires 

• The wires record the noise + whatever 
fluctuation the electrons created 

• Some algorithm is ran on a very fast electronic 
to recognise the electron pulses on top of the 
noise 

• Another algorithm uses these electron pulses 
and decides whether to issue a trigger
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What happens in LArSoft: 

• MARLEY 

• Radiological generator 

• GEANT4 

• DetSim 

• Trigger primitive algorithm 

• Clustering and burst trigger 
(next talk)
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Simulation chain PDS
What happens in reality: 

• SN explodes 

• A large amount of 𝜈s arrive DUNE 

• A few of them interact in the detector 

• Mostly through 𝜈e  + Ar → e- + K* 

• Some radiological background happen 

• The particles move in the detectors and 
create the drift electrons + scintillation light 

• The photons reach the PDS 

• Some algorithm is ran on a very fast 
electronic to recognise the photo-electron 
pulses on top of the noise 

• Another algorithm uses the PDS pulse info 
and decide to issue a trigger.
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What happens in LArSoft: 

• MARLEY 

• Radiological generator 

• GEANT4 

• SimPhotonCounter 

• OpDetDigitizer 

• Clustering and burst 
trigger (next talk)



Pierre Lasorak 12/11/2018

Geometries
• Geometry description for each LAr detector (𝜇BooNE, LArIAT, ICARUS, DUNE, etc.) 

• Reconstruction doesn’t depend on the geometry. 

• Uses GDML (Geometry Description Markup Language). 

• For the simulation 2 geometries: 

• One with TPC wires → determine the place of the wire etc. 

• One without wire (_nowires) → what is used in GEANT4 for generating particle (save 
time and RAM). 

• Hierarchical organisation of the volumes 

• Coordinate systems 

• Z direction: beam (same direction) 

• Y direction: height (positive is higher) 

• X direction: width (positive direction to make  
a direct coordinate system).
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29/08/18 A.M. Szelc, UK-LA Workshop, Asuncion 4

Geometry model in LArSoft
The geometry description is hierarchically organized:

https://cdcvs.fnal.gov/redmine/projects/larsoft/wiki/Geometry_Package 

There are sorting 
Algorithms in place that

Determine which one goes 
first in the code
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Geometries
• What a FD will look like: 

• 10kT = 150 APA = 2 APA high x 3 APA wide x 25 APA long  

• Wire pitch: 4.7 mm 

• PDS: 12 scintillators bars / APA 

• What we are using in the simulation (MCC10, MCC11, and probably upcoming productions too): 

• “1 x 2 x 6” = 2 APA high x 1 APA wide x 6 APA long 

• Wire pitch: 4.7 mm  

• PDS: 12 scintillators bars / APA
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y z

25 APA ()

2 APA ()

3 APA ()

1APA ()

6 APA ()

2 APA ()

Volume ratio: 0.12 
Area ratio: 0.12 
Wire ratio: 0.125

APA 
CPA 
Drift volume boundaries
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Before we go any further
• An event in LArSoft is a full drift window: 2.244ms 

• Photon hits timing → goes negative!! 

• That's because it takes some time for the electron to arrive to the APA → you 
need to generate events before to take into account the number of electrons 
from the previous events!! (don’t let this trick you)
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• First step of any particle physics experiment always involves a generator that have an assumption of 
the cross section, the luminosity (or flux). 

• Wide variety of generators: 

• For beam/atmospheric events: GENIE, NuWro 

• For SN neutrinos: Marley (we will discuss more about this one this afternoon) 

• For cosmic events: CRY 

• Nucleon decay: NDk 

• Particle gun: Single, TextFileGen 

• Radiological backgrounds 

• … and all the ones that I forgot 

• All of these we know are more or less wrong, and they have systematics included to the modelling etc. 

• In DAQ, we basically don’t care, we want to trigger, have a data flow etc. As long as the estimate 
resembles roughly what they will be in the detector. We also want DAQ to be stable against the 
systematic errors there are in these generators. 

• … as long as it’s deemed to be good enough, of course. 

• … and as long as you are not doing Solar (which depends heavily on the background rate).

Event generation
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All these live in 
LArSim/EventGenerator

• Relies on very different physics: 

• Nuclear physics + beam exposure → GENIE 

• SN core + Nuclear physics → MARLEY 

• SUSY + Nuclear physics → NDk (right?)
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(LAr)GEANT4
• Detector simulation: 

• GEANT → developed for all particles physics experiments 

• LArGeant → wrapper of GEANT4 in LArSoft. 

• Propagates the particles in the detector 

• Divide all detector geometry into voxels 

• Step the particles, one after the other 

• If a particle looses energy → create drift electrons and scintillation photons
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dEdX → nelectrons to drift + nscintillation photons
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Comparing Designs at the TallBo Facility

Waveguide DesignsPhoton Detector Modules

DEVELOPMENT OF A PHOTON DETECTION SYSTEM IN LIQUID ARGON

FOR THE LONG-BASELINE NEUTRINO EXPERIMENT

Denver Whittington, Ph.D. 
dwwhitti@indiana.edu

for the LBNE Collaboration

To facilitate photon detection in the large active volume of the LBNE 
far detector, the collaboration is exploring designs based on acrylic 
or polystyrene lightguides imbued with a wavelength shifting 
compound (TPB or bis-MSB). An array of silicon photomultipliers 
(SiPM) positioned at the end collects waveshifted light peaked at 
430 nm, propagated through the bar via total internal reflection.

Scintillation of Liquid ArgonThe LBNE Far Detector

“Free Run” Self-trigger

Special Thanks to Everyone Involved
➢ Indiana U.

• Stuart Mufson, Jim Musser, Mark Gebhard, Brice 
Adams, Mike Lang, Brian Baugh, Paul Smith, 
Brian Baptista, Bryan Martin, John Urheim, 
Jonathon Lowery

➢ MIT
• Janet Conrad, Matt Toups, Ben Jones, Len Bugel

➢ Colorado State U.
• Norm Buchanan, Dave Warner, Ryan 

Wasserman, Dylan Adams, Jay Jablonski, Tom 
Cummings, Forrest Craft, Andrea Shacklock

➢ LBNL – Victor Gehman, Richard Kadel
➢ Louisiana State U. – Thomas Kutter
➢ Argonne Natl. Lab

● Gary Drake, Patrick De Lurgio,
Andrew Kreps, Michael Oberling,
John T. Anderson, Zelimir Djurcic,
Himansu Sahoo, Victor Guarino

➢ Fermilab
● Brian Rebel, Stephen Pordes,

Marvin Johnson, Ron Davis, Bill Miner

128 nm LAr scintillation light
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wavelength-shifted light (in bar), ~430 nm 

50 cm x 2.5 cm x 6 mm

The hodoscope-selected tracks provide direct comparisons between bars in each module, probe 
efficiency versus track position relative to the modules, and provide a data set of single-particle

events for detailed analysis of the liquid argon scintillation. Extraction
of absolute photon detection efficiencies is under investigation.

TPB (Cast)TPB
(Dip-Coated)

TPB
(Flash-Heated)

Bis-MSB
(Flash-Heated)

TPB (Cast)TPB (Dip-Coated) TPB (Flash-Heated) Bis-MSB
(Flash-Heated)

Average Light Collected per Track vs Position of Closest Approach to Bar

Transverse Position in Dewar [inches]
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Scintillation Signal Structure

Direct comparisons of various 
lightguide designs were conducted at 
the TallBo facility at Fermilab's Proton 
Assembly Building. The 84” TallBo 
dewar is filled with ultra high purity 
liquid argon and maintained by a LN2 

condenser. The dewar's large volume 
accommodates simultaneous 
operation of up to 16 different 
lightguide technologies. Runs in Oct. 
2013 and Mar. 2014 have provided 
valuable feedback on these designs.

Two 8x8 arrays of PMTs from the 
CREST balloon experiment were 
positioned on either side of the dewar 
as a cosmic ray hodoscope. This 
external trigger provided 
discrimination between showers and 
single particles, as well as track 
selection and reconstruction.
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Self-Trapped 
Exciton

Recombination

As a charged particle passes 
through liquid argon, it excites 
and ionizes argon atoms. Both 
recombination and self-trapped 
excitation lead to an excited Ar2 

molecule. The singlet molecular 
state decays with a mean 
lifetime of 7 ns, while the triplet 
state lifetime is about 1.6 μs. 
This excited Ar2* disassociates 

to two neutral argon atoms and 
emits an ultraviolet photon with 
a wavelength of 128 nm.

This photon signal tags the 
event time t0 for TPC event 

reconstruction.

The ratio of contributions 
from the two components 
depends on βγ and can aid 
in particle identification.

neutrinos

The Long-Baseline Neutrino Experiment will provide a premier 
facility for accelerator-based neutrino science. With a neutrino 
beam generated at Fermilab, a high-precision near detector, 
and a far detector at the Sanford Underground Research 
Facility, the experiment's 1300 km baseline will allow world-
leading measurements of neutrino parameters such as the CP-
violating phase and help resolve the neutrino mass hierarchy. 
The far detector will also have sensitivity to proton
decay and neutrino bursts from galactic supernovae.

A UV photon detection system 
will complement the millimeter-
scale spatial resolution of the 
TPC by providing a precise event 
timing signal from the LAr scin-
tillation to improve background 
rejection, sensitivity to super-
novas, and energy resolution.

Cross-section of the 
TPC showing six 
5m drift volumes

Simulated νe event in a LArTPC

The LBNE far
detector is a planned
multi-kiloton liquid argon
time-projection chamber located
underground on the neutrino beam axis.
Multiple TPC cells will provide high-precision event tracking.

When operated at cryogenic temperatures, the SiPMs exhibit excellent gain and noise 
characteristics, making resolution of individual photoelectron signals readily possible.

Twenty photon detector 
modules (10 cm x 50 cm) 
will be installed inside 
each anode plane 
assembly of the far 
detector TPC. This 
scalable design yields a 
large active surface area 
sensitive to the 128 nm 
scintillation signal while 
reducing both the total 
required photocathode 
area and the system cost.

Example Waveform with Tagged Photoelectron signals
Argonne Natl. Lab SiPM Signal Processor, 150 MHz sampling With the fast response of the 

SiPMs and the high-resolution 
sampling of the custom data 
acquisition electronics built by 
Argonne National Lab, fine 
details in the time structure of 
the scintillation signal are easily 
resolved. The SiPM response 
to photoelectrons is linear, 
meaning the signal strength 
can be easily converted into a 
measure of detected photons.

Light emitted from the wavelength shifter must be 
generated inside the lightguide to be contained by 
total internal reflection. A number of novel designs 
are being pursued and tested by various groups.

Hodoscope Trigger

Direct comparisons
between bars in different
modules was facilitated
through special threshold-
based self-triggered runs.
Over time, the modules are uniformly 
and evenly illuminated by random 
cosmic rays passing through the 
dewar. After a minor correction for 
effects from the cylindrical dewar 
geometry, the distribution and rate of 
light collected by each lightguide is a 
direct indicator of its overall photon 
detection efficiency.

Results from the October 2013 TallBo visit identified the 
preferred quantity of waveshifter for the flash-heating method. 
The most promising designs to emerge from the March 2014 
tests were acrylic dip-coated with TPB and polystyrene cast with 
TPB (above). In each run, relative performance in the free run 
data agrees with observations from hodoscope-triggered tracks.

Polystyrene fibers doped 
with TPB (left)

 

32 square fibers are mapped 
onto 8 SiPMs. A 3 mm fiber 
width allows four fibers to be 
mapped to the full active area 
of each SiPM. (CSU)

Acrylic paddle coated with 
TPB, with imbedded WLS fiber 
(blue-to-green) (right) 

UV photons are converted at the 
surface to visible light, captured 
by a second WLS-doped fiber, 
and carried to two SiPMs, one 
located at each end. (LSU)

A sample of single-track 
events selected from the 
TallBo data using the 
hodoscope trigger shows 
the liquid argon response 
to minimally-ionizing 
muons. The fast and slow 
scintillation components 
are easily resolved after 
deconvolving each 
waveform with an SiPM 
response function and 
accumulating events.
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Acrylic or Polystyrene Bars (right)
 

Based on a 1” x 20” lightguide design by MIT, four lightuides are arranged 
together and read out by 12 SiPMs.

Dip-coating – Acrylic bars are dipped into a solution of TPB, toluene, and 
acrylic (MIT) or waveshifter and dichloromethane (IU).

Hand-painting – The dip-coating solution is instead applied by hand. (MIT)

Flash-heating – TPB or bis-MSB is spray-coated onto the surface of an 
acrylic bar, which is then briefly heated to partially melt the surface and 
imbed the waveshifter. (IU)

Casting – Polystyrene (LBNL) or acrylic (IU) bars are commercially 
manufactured by casting plastic doped with 1% TPB or bis-MSB.

Testing at Home Institutions

Readout of signals from 
an alpha source by the 
LSU paddle module, 
performed at CSU.
Combining signals from 
both ends compensates 
for attenuation in the fiber.

Attenuation in a bar measured
at IU using an alpha source.

LAr scintillation from cosmic rays 
detected at CSU using 4 of 32 
TPB-doped polystyrene fibers.
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Fast Component τ ≈ 8 ns (29%)

Intermediate Component τ ≈ 140 ns (8%)

Slow Component τ ≈ 1.6 μs (63%)

Time dependence of scintillation photon signal with three-component fit (each 
described by an exponential convolved with a normal distribution). Preliminary 
analysis finds agreement of the fast and slow components with reported 
lifetimes and relative contributions, as well as an intermediate component 
observed in various experiments, possibly instrumental in nature.

Blue: directly compared in 2014 TallBo
 run (see bottom-left of poster)

Scintillation light in LArTPC
• LAr scintillation, 2 components: 

• Fast light from singlet Ar2* state 

• Slow light from triplet state
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To facilitate photon detection in the large active volume of the LBNE 
far detector, the collaboration is exploring designs based on acrylic 
or polystyrene lightguides imbued with a wavelength shifting 
compound (TPB or bis-MSB). An array of silicon photomultipliers 
(SiPM) positioned at the end collects waveshifted light peaked at 
430 nm, propagated through the bar via total internal reflection.

Scintillation of Liquid ArgonThe LBNE Far Detector

“Free Run” Self-trigger
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128 nm LAr scintillation light
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50 cm x 2.5 cm x 6 mm

The hodoscope-selected tracks provide direct comparisons between bars in each module, probe 
efficiency versus track position relative to the modules, and provide a data set of single-particle

events for detailed analysis of the liquid argon scintillation. Extraction
of absolute photon detection efficiencies is under investigation.

TPB (Cast)TPB
(Dip-Coated)

TPB
(Flash-Heated)

Bis-MSB
(Flash-Heated)

TPB (Cast)TPB (Dip-Coated) TPB (Flash-Heated) Bis-MSB
(Flash-Heated)

Average Light Collected per Track vs Position of Closest Approach to Bar

Transverse Position in Dewar [inches]
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Scintillation Signal Structure

Direct comparisons of various 
lightguide designs were conducted at 
the TallBo facility at Fermilab's Proton 
Assembly Building. The 84” TallBo 
dewar is filled with ultra high purity 
liquid argon and maintained by a LN2 

condenser. The dewar's large volume 
accommodates simultaneous 
operation of up to 16 different 
lightguide technologies. Runs in Oct. 
2013 and Mar. 2014 have provided 
valuable feedback on these designs.

Two 8x8 arrays of PMTs from the 
CREST balloon experiment were 
positioned on either side of the dewar 
as a cosmic ray hodoscope. This 
external trigger provided 
discrimination between showers and 
single particles, as well as track 
selection and reconstruction.
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Self-Trapped 
Exciton

Recombination

As a charged particle passes 
through liquid argon, it excites 
and ionizes argon atoms. Both 
recombination and self-trapped 
excitation lead to an excited Ar2 

molecule. The singlet molecular 
state decays with a mean 
lifetime of 7 ns, while the triplet 
state lifetime is about 1.6 μs. 
This excited Ar2* disassociates 

to two neutral argon atoms and 
emits an ultraviolet photon with 
a wavelength of 128 nm.

This photon signal tags the 
event time t0 for TPC event 

reconstruction.

The ratio of contributions 
from the two components 
depends on βγ and can aid 
in particle identification.

neutrinos

The Long-Baseline Neutrino Experiment will provide a premier 
facility for accelerator-based neutrino science. With a neutrino 
beam generated at Fermilab, a high-precision near detector, 
and a far detector at the Sanford Underground Research 
Facility, the experiment's 1300 km baseline will allow world-
leading measurements of neutrino parameters such as the CP-
violating phase and help resolve the neutrino mass hierarchy. 
The far detector will also have sensitivity to proton
decay and neutrino bursts from galactic supernovae.

A UV photon detection system 
will complement the millimeter-
scale spatial resolution of the 
TPC by providing a precise event 
timing signal from the LAr scin-
tillation to improve background 
rejection, sensitivity to super-
novas, and energy resolution.

Cross-section of the 
TPC showing six 
5m drift volumes

Simulated νe event in a LArTPC

The LBNE far
detector is a planned
multi-kiloton liquid argon
time-projection chamber located
underground on the neutrino beam axis.
Multiple TPC cells will provide high-precision event tracking.

When operated at cryogenic temperatures, the SiPMs exhibit excellent gain and noise 
characteristics, making resolution of individual photoelectron signals readily possible.

Twenty photon detector 
modules (10 cm x 50 cm) 
will be installed inside 
each anode plane 
assembly of the far 
detector TPC. This 
scalable design yields a 
large active surface area 
sensitive to the 128 nm 
scintillation signal while 
reducing both the total 
required photocathode 
area and the system cost.

Example Waveform with Tagged Photoelectron signals
Argonne Natl. Lab SiPM Signal Processor, 150 MHz sampling With the fast response of the 

SiPMs and the high-resolution 
sampling of the custom data 
acquisition electronics built by 
Argonne National Lab, fine 
details in the time structure of 
the scintillation signal are easily 
resolved. The SiPM response 
to photoelectrons is linear, 
meaning the signal strength 
can be easily converted into a 
measure of detected photons.

Light emitted from the wavelength shifter must be 
generated inside the lightguide to be contained by 
total internal reflection. A number of novel designs 
are being pursued and tested by various groups.

Hodoscope Trigger

Direct comparisons
between bars in different
modules was facilitated
through special threshold-
based self-triggered runs.
Over time, the modules are uniformly 
and evenly illuminated by random 
cosmic rays passing through the 
dewar. After a minor correction for 
effects from the cylindrical dewar 
geometry, the distribution and rate of 
light collected by each lightguide is a 
direct indicator of its overall photon 
detection efficiency.

Results from the October 2013 TallBo visit identified the 
preferred quantity of waveshifter for the flash-heating method. 
The most promising designs to emerge from the March 2014 
tests were acrylic dip-coated with TPB and polystyrene cast with 
TPB (above). In each run, relative performance in the free run 
data agrees with observations from hodoscope-triggered tracks.

Polystyrene fibers doped 
with TPB (left)

 

32 square fibers are mapped 
onto 8 SiPMs. A 3 mm fiber 
width allows four fibers to be 
mapped to the full active area 
of each SiPM. (CSU)

Acrylic paddle coated with 
TPB, with imbedded WLS fiber 
(blue-to-green) (right) 

UV photons are converted at the 
surface to visible light, captured 
by a second WLS-doped fiber, 
and carried to two SiPMs, one 
located at each end. (LSU)

A sample of single-track 
events selected from the 
TallBo data using the 
hodoscope trigger shows 
the liquid argon response 
to minimally-ionizing 
muons. The fast and slow 
scintillation components 
are easily resolved after 
deconvolving each 
waveform with an SiPM 
response function and 
accumulating events.
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Discrete and Quantized Photoelectron 
Signal from a Pulsed 370 nm LED.

…

Acrylic or Polystyrene Bars (right)
 

Based on a 1” x 20” lightguide design by MIT, four lightuides are arranged 
together and read out by 12 SiPMs.

Dip-coating – Acrylic bars are dipped into a solution of TPB, toluene, and 
acrylic (MIT) or waveshifter and dichloromethane (IU).

Hand-painting – The dip-coating solution is instead applied by hand. (MIT)

Flash-heating – TPB or bis-MSB is spray-coated onto the surface of an 
acrylic bar, which is then briefly heated to partially melt the surface and 
imbed the waveshifter. (IU)

Casting – Polystyrene (LBNL) or acrylic (IU) bars are commercially 
manufactured by casting plastic doped with 1% TPB or bis-MSB.

Testing at Home Institutions

Readout of signals from 
an alpha source by the 
LSU paddle module, 
performed at CSU.
Combining signals from 
both ends compensates 
for attenuation in the fiber.

Attenuation in a bar measured
at IU using an alpha source.

LAr scintillation from cosmic rays 
detected at CSU using 4 of 32 
TPB-doped polystyrene fibers.
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Fast Component τ ≈ 8 ns (29%)

Intermediate Component τ ≈ 140 ns (8%)

Slow Component τ ≈ 1.6 μs (63%)

Time dependence of scintillation photon signal with three-component fit (each 
described by an exponential convolved with a normal distribution). Preliminary 
analysis finds agreement of the fast and slow components with reported 
lifetimes and relative contributions, as well as an intermediate component 
observed in various experiments, possibly instrumental in nature.

Blue: directly compared in 2014 TallBo
 run (see bottom-left of poster)

TallBo measurement 
D. Whittington 

Neutrino 2014 poster

D. Whittington 
Neutrino 2014 poster

Effect of HV, impurities 
can change the timing of 
the different components.
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LArGeant
• Creating the drift electrons: 

• Takes too long to keep track of all the electrons generated. 

• Want to get rid of geometric effects from the Geant4 voxels. 

• Apply probabilities to get the number of electrons on the wire. 

• Clusters of 600 electrons: 

• That’s because a MIP perpendicular to the wire creates around ~30 clusters). 

• DEdx → nelectrons + electron life time + recombination + impurities + diffusion → 
nelectrons on the wire. 

• Smear applied “manually” 

• One cluster at the cathode gets a smear of 1.8mm in the  
longitudinal direction and 2.5mm in transverse direction. 

• For example, diffusion: 

• 𝜎L/T = (2 DL/T Xdrift / vx)1/2
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Electron “drift”

LarVoxelReadout::DriftIonizationElectrons()
dE/dx → recombination,lifetime correction [impurities] → nelectrons (charge) 

The way this then works is:
● Electrons are split in groups (default 600)
● They are projected to a Y,Z position at the position 

of the wire planes
● This position is then smeared using transverse diffusion

coefficients – this results in an effective diffusion 
of the whole deposition 

LarVoxelReadout::DriftIonizationElectrons()
dE/dx → recombination,lifetime correction [impurities] → nelectrons (charge) 

● Longitudinal diffusion is applied the same way to the x 
coordinate.

These charge clusters are then saved in sim::SimChannel objects (a protowire, if you will).

These contain sim::IDE objects – these contain the information about the true deposition 

(position, charge, trackID)
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DetSim
• Aim: getting from the electron reaching the wire → waveform 

sampled at 2 MHz. 

• Simulate the electronic response to a pulse. 

• Usually from a test bench reproducing the hardware in the experiment 
(doing this at the moment)
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Calculated(Electronics(Response(F(t)(
(MicroBooNE)((

Feed in a Dirac function to the electronics

Sample the response

• Stuff that are relevant for this: 

• Gain and “Shaping”
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DetSim
• What do the responses look like for a typical bunch of electrons? 

• Very different response! 

• Can compare Data/MC, using Garfield simulations
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!  This!keeps!track!of!how!the!charge!is!collected/induced(on!the!
wires!while!driYing!

!  Can!be!inserted!via!Tformula,!or!use!basic!step!funcNons!!
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Noise(
Much!more!advanced!shapes!exist!"!!
Garfield*!simulaNons!by!SLAC!group!
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DetSim noise
• Amplitude of the noise (rough estimate): 

• 600 electrons induction 

• 500 electrons collection 

• MCC10: parametrisation: 1/F𝛼 where 𝛼 = 0 (white noise) 

• One could add capacity of the wires etc: 

• 𝛼 =1 → pink noise 

• 𝛼 = 2 → brown noise (pedestal variation) 

• Later, added exponential noise: 

• exp(-𝛼F) + local peaks 

• 2 different ways to handle the noise simulation: 

• Extracting from the ProtoDUNE data. 

• Simulating from electronic and “first principles” … and try to reproduce ProtoDUNE data. 

• Coherent noise → variation of the noise coherently across channels (up to here, all the 
channels vary independently) 

• Pedestal: 16 channels together. 

• 40 (induction) or 48 (collection) channels are wire to the same mother board the mother 
board. 

• Quite hard to implement, hopefully soon in the simulations. 

• Detector noise (microphonic, etc, …) no study yet.
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Pink noise simulation

Miquel Nebot
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CalWire, Deconvolution, advanced hit 
finding, reconstruction…

• These are beyond the scope of DAQ and triggering. 

• Doesn’t run online (very slow) 

• Cannot be used for triggering. 

• Basic idea is to recover the “raw” signal: 

• Get rid of the noise → filters 

• Get rid of the shaping → deconvolution 

• The APA and DAQ consortia will inform this, but I’m not sure 
either will be directly responsible for this. 

• For more about reconstruction, see previous tutorial: 
https://indico.hep.manchester.ac.uk/conferenceOtherViews.py?
view=standard&confId=5346
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https://indico.hep.manchester.ac.uk/conferenceOtherViews.py?view=standard&confId=5346
https://indico.hep.manchester.ac.uk/conferenceOtherViews.py?view=standard&confId=5346
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Trigger Primitive Finder 
TPC

• Online hit finding is central for the triggering → allows us to have simpler (smaller) data 
objects to manipulate to issue trigger. 

• For triggering, only collection wires will be used: 

• Smaller noise 

• Simpler shape 

• Smaller instantaneous data volume. 

• Few “basic steps” that can be ran online: 

• Pedestal subtraction 

• Filtering 

• Hit finding
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“Hit” is a data object which contains: 
 - Time (tick) 
 - Time extent (RMS) 
 - Amplitude or integral (or both) 
 - Channel number
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Trigger Primitive Finder 
TPC

• More details about the hit finder (Phil Rodrigues) 

• Designed to be implemented online with a relatively simple 
algorithm: 

• FPGA / GPU 

• Simple data type (short int) 

• Pedestal subtraction: 

• “Running median” calculation over the waveform 

• Look a the signal 6 ticks ahead, if the waveform has a variation greater than a number of ADC stop updating. 

• Effectively a high pass filter (will filter low frequency component) 

• Finite Impulse Response filter (FIR): 

• Average the hits in a clever way to get rid of high frequency noise. 

• In the baseline the number of hits history needed is 7 (we say 7 taps FIR filter) 

• Hit finding step: 

• If the resulting waveform goes over the threshold, call this a hit and pass it downstream.
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FIR filter

Pedestal estimation (pink) 
Waveform (blue)

FIR filter: 
ADCn = 2ADCn-1 + 9ADCn-2 + 23ADCn-3 + 31ADCn-4 + 23ADCn-5 +
       9ADCn-6 + 2ADCn-7
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Photon simulations
• We are back at the LArGeant step, i.e. we have the number of photons that are created at a 

position in the detector, from scintillation. 

• How does this gets us to the light we see in the detector? 

• Can’t simulate each photons (24k photons / MeV of particle lost). 

• → “Fast Optical Simulation” and “Photon Libraries” to avoid having to follow each photons 

• Photon Libraries:  

• Stores the visibility of photons for each voxel: i.e. the probability for a photon to be detected. 

• Advantage: Say you have a better detector, the visibility will be better, you just need to change the library. 
You can in fact “resimulate” all the photon on top of the one you had before. 

• Hit finding… I really don’t know, if somebody knows this, intervene now.
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Examples of Light Simulation

D. Garcia-Gamez

Cathode Center

29/08/18 A.M. Szelc, UK-LA Workshop, Asuncion 33

Examples of Light Simulation

D. Garcia-Gamez

APA / PDS

Diego Garcia-Gamez
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Truth matching 
Backtracker

• This slide is more about the LArSoft itself. 

• The truth matching is a bit complicated, since we don’t follow each electrons 

• After doing fancy hit finding, how do you know which hit belong to which events? 

• Trigger primitive knows nothing about the “truth” waveform, only input is the waveform itself (rather than something 
that says which electrons came from where).
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RMS

• Truth matching is achieved by the 
“backtracker”: 

• Looks at the hit timing and the hit 
extent (RMS) to make the truth 
matching. 

• It looks back in the deposited electron 
and see which electrons are 
consistent in time and wire. 

• Sometimes it doesn’t work as 
expected. One has to a bit careful 
when doing some custom hit finding 
(essentially if your hits are too short, or 
you RMS estimation is not accurate). 

• PDS → basically the same principle.

Backtracker 
tolerance

Electrons deposited 
- not backtracked 
- backtracked
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Conclusion
• Simulating LArTPC is quite complicated. 

• Requires extensive knowledge of the LAr properties if you don’t want to waste 
unreasonable amount of time and CPU and RAM: 

• Drifting electrons 

• Propagating scintillation light 

• Makes the code quite segmented and with different many steps. 

• Don’t worry we have all been there. 

• Electronic simulation is also quite complicated, and it’s still being developed quite 
extensively as ProtoDUNE data arrives and decision are made on the hardware. 

• Hopefully it’s a bit clearer now. 

• In the tutorial, we will try to touch some aspect of the hit finder and some of the 
backtracker 

• You will run all the simulations that are required for TPC hit finding in the case of SN 
events, as we have seen this is one of the main challenge for DUNE (let alone solar 
neutrinos).
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