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Simulation Tool Overview
What is available, what requires updates and where are we going.



What is the Goal?
• To Guide the Detector Design  

Need to know which parts are crucial and where requirements are more 
relaxed. Where do we HAVE to spend the money and where can we save 
some? 

• To Understand our Event Topologies 
We know that there will be a  tail underneath the michel spectrum - 
but how do they get there? What other events may fake a  event? 

• To Develop our Reconstruction and Analysis 
How do we process the data such that we can get a hold of all the numbers 
we need. What algorithms are promising and which ones only sound 
promising?

π → eν
π → eν
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If you are looking at it offline
• Geometry Builder takes geometry definition file (e.g. 

default.json) and encodes it in a Geant4-readable way.


• The G4Pioneer macro file specifies all configurations 
for the Geant4 simulation such as Geometry file to 
read, physics list or beam configuration.


• The Geant4 Simulation (G4Pioneer) generates particles 
and tracks them through the defined geometry. It 
records steps (hits) in all declared sensitive detectors 
and writes them to a ROOT TTree in the simulation root 
file.


• Mixing and Reconstruction is based on Gaudi. It is 
configurable through user provided Gaudi option files. 
It converts the Geant4 events to something more 
realistic and tries to reconstruct and classify the 
events. The output is written to a dedicated reco 
TTree.

Geometry BuilderGeometry 
Definition

Geometry 
.gdml File

G4Pioneer

Geant4 Simulation

G4Pioneer 
Macro

Simulation 
ROOT file

Mixing and Reco

Reco ROOT file

Gaudi 
Option Files



The Baseline Geometry Design
Calo: 
25 X0 LXe

1 cm Al Walls

2 cm insulation vacuum

2 mm Be Windows

105 deg angle

10 cm inner radius

DTAR (ATAR Variant?):

3cm x 3 cm x 3mm Si block

1 cm Upstream

Tracker:

Set of concentric spheres mimicking 
the tracker materials.

ATAR:

48 staggered Layers consisting of 
100 strips (200 um wide, 120um thick)

Where are the ATAR/DTAR Cables, Readouts, Support Structures ?!

Upstream:

2 x 2 Magnets

Separator

Collimator


Missing:

Beam Windows

LXe emergency recovery



Geometry Configuration - Global
Example available in geometry/examples

Filename to be used

Global scale of the scintillation yield. 
Set to .1 if you want to prescale PDE

The Experimental Hall volume.

All elements MUST stay within

“Air” actually implies Vacuum



Geometry Configuration - ATAR
Developer: Adam, (Josh, Siddhant)

Target Position

Target Layout

Material Selection

Technology Selection



Geometry Configuration - Calorimeter
Developer: Patrick, ???

2 cm insulation vacuum
70.24 cm LXe = 25 X0

1 cm Aluminium Walls

2 mm Beryllium Windows

Crude Photosensor implementation.

Note: SiPM right now stands for any

photosensitive detector

Calo Layout



Geometry Configuration - Tracker
Developers: Jaydeep, Patrick, Josh

Layout selection

Position and Size

Layer Composition



Geometry Configuration - DTAR*
Developers: Josh, Patrick

Dictionary of all upstream elements

Use a degrader type element for DTAR

DTAR position

DTAR dimensions, 3 cm x 3 cm x 3 mm

Make it active

* Degrader TARget, one specific option of an 
upstream element.



Geometry Configuration - Magnets
Developers: Stefan

Magnet elements, disabled. 
Change tag to “magnet” to enable.

Quadrupole field strength

Magnet material

Position

Dimensions

Second Quadrupole of the Doublet.

Another Doublet follows



Geometry Configuration - Collimator
Developers: Stefan

Collimator element, disabled.

Change tag to “collimator” to enable.

Position

Dimension

Hole Position / Dimension



The Geant4 based Simulation G4Pioneer

Geometry BuilderGeometry 
Definition

Geometry 
.gdml File

G4Pioneer

Geant4 Simulation

G4Pioneer 
Macro

Simulation 
ROOT file

Mixing and Reco

Reco ROOT file

Gaudi 
Option Files

Don’t mind the 
neutrinos (grey)

0 10 20 30 40 50 60 70 80 90 100
Edep (MeV)

10

210

310

410

510

Energy Deposit (Calo Only)

All
pienu



The Geant4 based Simulation G4Pioneer

• User selects:


• Geometry File


• Physics to be used


• Initial Condition


• G4Pioneer will create the particle 
according to the selected initial condition 
and propagate the particles through the 
geometry.
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MC Truth based Fast Reconstruction
• The last step of the Simulation and Proto-

Analysis framework under development.


• Produce samples with information easy 
to process by experts and younger 
colleagues alike


• Simulated samples can be analysed with 
standalone ROOT and the shared 
PIONEER library (no need to install Geant 
or Gaudi)


• Introduce important concepts that can 
become key metrics to benchmark our 
progress
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MC Truth based Fast Reconstruction

• Load events from the 
simulation file(s).


• Generate time separation 
between events.


• Align all event hits in time.


• Create a stream of Geant4 
steps (hits).


• No hits get merged, the full 
data is still available.

Event Mixing

Event Mixing

Simulation 
ROOT file

Reco ROOT file



MC Truth based Fast Reconstruction

Event Mixing

Detector 
Response

Hit Reco

Event 
Reconstruction

This will be run on 
simulation and actual 

data

Simulation 
ROOT file

• Turn the Geant4 hits into 
waveforms.


• Analyse waveforms to extract 
reconstructed hits.


• Reconstruct the full events 
based on the reco hits.


• Too complex for now - 
especially given that we don’t 
know the details of each 
detector.

Full Detector Response 
and Reconstruction

Reco ROOT file



MC Truth based Fast Reconstruction

Event Mixing Hit Merging

Detector 
Response

Hit Reco

Event 
Reconstruction

This will be run on 
simulation and actual 

data

Simulation 
ROOT file

• Merge hits based on some 
detector based criterion


• ATAR: Same strip (volume ID) 
within 1 ns.


• Tracker: within 0.5 mm and 5 
ns


• Calo: Same volume ID and 
within 10 ns.

Hit Merging

Reco ROOT file



MC Truth based Fast Reconstruction

Event Mixing Hit Merging

(Truth-) 
TrackletFinder

Detector 
Response

Hit Reco

Event 
Reconstruction

This will be run on 
simulation and actual 

data

Simulation 
ROOT file

• Collect hits based on truth 
values (G4 event/track ID) and 
store them in “tracklets”


• Only DTAR and ATAR can start 
tracklets, Tracker and Calo 
can be added as matching 
hits.


• Compute some track-specific 
quantities (e.g. StartPoint, 
StopPoint).

Truth-Tracklet-finder

Reco ROOT file



MC Truth based Fast Reconstruction

Event Mixing Hit Merging

(Truth-) 
TrackletFinder

(Truth-)

PatternFinder

Detector 
Response

Hit Reco

Event 
Reconstruction

This will be run on 
simulation and actual 

data

Simulation 
ROOT file

• Tracklets are gathered in 
patterns based on event ID.


• Output of those Truth-
Algorithms are optimistic but 
can serve as benchmarks for 
future reco algorithms.

Truth-Pattern-finder

Truth-Calo

TruthCalo

• Turns calo hits into calo 
reconstruction objects.


• Will be important for 
segmented calo designs.Reco ROOT file



MC Truth based Fast Reconstruction

Event Mixing Hit Merging

(Truth-) 
TrackletFinder

(Truth-)

PatternFinder

TruthCalo

Summary 
Collector

Detector 
Response

Hit Reco

Event 
Reconstruction

This will be run on 
simulation and actual 

data

Simulation 
ROOT file

• Match Calo deposits to 
patterns based on time 
information.


• Each calo deposit can match 
none, one or multiple patterns.


• Multiple summary objects are 
created in case of clearly 
distinct events.

Summary Collector

Reco ROOT file



MC Truth based Fast Reconstruction

Event Mixing Hit Merging

(Truth-) 
TrackletFinder

(Truth-)

PatternFinder

TruthCalo

Summary 
Collector

Detector 
Response

Hit Reco

Event 
Reconstruction

Fast Det. 
Resp.

This will be run on 
simulation and actual 

data

Simulation 
ROOT file

Reco ROOT file

• Currently, all detector 
response is applied after the 
reconstruction when filling 
histograms, e.g. 10% energy 
resolution for ATAR, 2 % for 
Calo.


• We know that certain 
responses won’t be linear. (e.g. 
Gain Suppression in ATAR).


• Such effects can be dealt with 
in parallel to the hit merging 
and the impact on the result 
can be monitored immediately.

Future Project: Fast. Det. Resp



Dave Questions …
 … and how to answer (some of) them

Some of those are easy 
to solve with the current 
simulation.


Others need new features 
that require testing.


And then again some 
others require a deeper 
understanding and 
development of 
advanced reconstruction 
and analysis


And some are not in the 
scope of the simulation 
…



Dave’s Questions
An Example: Impact of a realistic window
This requires only a few changes in the geometry.


1. Identify the actual options. Ask your local technician. Check 
out PSI regulations on Cryo Safety.


2. Change Material and thicknesses of the window.


3. Run geometry-build and get .gdml files for optimistic, 
realistic and pessimistic scenarios


4. Run G4Pioneer. Update example.mac to load your .gdml 
file and use the signal generator. (You care only about the 
positrons, no need to worry about pion stopping)


5. Plot calo.Edep for all samples, cut on calo.time < 10 ns


Bonus: Go into calorimeter.py and allow for asymmetric 
windows, such that one window is thinner than the other. 



Another two …



DTAR Studies
A. DTAR Thickness:


1. Get in contact with Stefan about his latest favourite beam configuration.

2. Make a run with exaggerated DTAR thickness, Pions will stop in DTAR. Extract 

the amount of extra distance the Pions need to travel to land in the centre of 
ATAR.


3. Subtract that distance to obtain the optimal DTAR Thickness.


B. DTAR Position:

1. Create different geometries with different DTAR position, vary z-component only

2. Check where pions stop. (e.g. check the decay branch and select MotherPDGID 

211). How does the ratio between good stops (Centre ATAR) vs bad stops 
(elsewhere) change.


3. Run the full reconstruction. Find topologies where positrons scatter in DTAR and 
thus make it past the event selection although it should be rejected. (Advanced)



DTAR Studies
C. DTAR Segmentation and Particle Identification:


1. Check the configuration for a strip type upstream detector. It might be 
similar to what you want to do.


2. Run G4Pioneer and have a first look at energy deposit versus particle ID in 
the upstream branch.


3. Run the reconstruction. Can you identify tracklets that pass through the 
DTAR based on energy deposits/other observables?


D. DTAR Lateral size (also, mind ATAR cables/support)

1. Change the size of DTAR.

2. Run G4Pioneer and reconstruction with Stefan’s latest favourite beam.

3. Can you use DTAR information (see C.3) to identify beam related pileup?

4. Repeat B.3



Next Steps - Geometry
• How much space is needed for:


• Beam


• Cables


• Electronics


• Support Structures


• Xenon emergency recover


• How much space if left for Calo?


• How far can we extend the fiducial volume?



Next Steps - Photon Tracking?

• We know that Geant4 Energy deposit is 
insufficient. We have to consider effects 
based on photon statistics.


• Do we have to chase all photons?


• Investigating the use of GPUs to track 
down individual photons (Yuchen, Colin, 
Aleksey)


• Can we use a probabilistic model and 
save a lot of computational power?

Picture of optical photons in a test project provided by Aleksey



Next Steps - Post Geant4 Processing

• Event Mixing is working, needs some more flexibility to forge specific pileup 
events.


• Require fast detector response to deal with effects such as gain saturation. 
This should go in parallel with hit merging.


• Unified Post-Processing, add hooks for existing work by ATAR simulation 
group.


• More realistic tracklet and pattern reconstruction, not relying on MC truth 
values.


• Unified Analysis for benchmark tests


