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Photon simulation (in DD4hep and FLUKA)- Do we see all SR-photons  

Shyam Kumar,  Annalisa Mastroserio, Domenico Elia
INFN Bari, Italy

Geometry Name: epic_craterlake_tracking_only

epic tag: 23.07.2

https://docs.google.com/spreadsheets/d/1s8oXj36SqIh7TJeHFH89gQ_ayU1_SVEpWQNkx6sETKs/edit?pli=1#gid=238482234

Thresholds for Digi

https://indico.bnl.gov/event/20076/contributions/79338/attachments/48970/83411/EPIC_Tracking_Meeting_Shyam3August23.pdf

Last week presentation

https://docs.google.com/spreadsheets/d/1s8oXj36SqIh7TJeHFH89gQ_ayU1_SVEpWQNkx6sETKs/edit?pli=1#gid=238482234
https://indico.bnl.gov/event/20076/contributions/79338/attachments/48970/83411/EPIC_Tracking_Meeting_Shyam3August23.pdf
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Background Details (Kolija)

The hepmc file is 
here:S3/eictest/EPIC/EVGEN/BACKGROUNDS/bgmerged_ep_
noradcor.10x100_q2_10_100_run001_n_10000.hepmc
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Photon Transport
https://wiki.bnl.gov/EPIC/index.php?title=Synchrotron_Radiation#/media/File:SR_synrad_energy_spectrum.jpg

5-100 KeV

https://wiki.bnl.gov/EPIC/index.php?title=Synchrotron_Radiation#/media/File:SR_synrad_energy_spectrum.jpg
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Transport
Transport Codes: GEANT4 and FLUKA 

Each particle in hepmc file is transported using G4ParticleGun in GEANT4, there may be some default class for physics 
process and cuts

https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/ 

FTFP_BERT
QBBC
QGSP_BERT

http://geant4.in2p3.fr/IMG/pdf_PhysicsLists.pdf

Fun4All

https://sphenix-collaboration.github.io/doxygen/de/d55/Fun4All__G4__block_8C_source.html

DD4HEP also using QGSP_BERT

https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/reference_PL/FTFP_BERT.html
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/reference_PL/QBBC.html
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/reference_PL/QGSP_BERT.html
http://geant4.in2p3.fr/IMG/pdf_PhysicsLists.pdf
https://sphenix-collaboration.github.io/doxygen/de/d55/Fun4All__G4__block_8C_source.html
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Transport of Photons
In our case, Transport of Photons of energy 5 KeV-100 KeV (Synchrotron radiation)

Photon Interactions: Photeletric effect, Compton Scattering, Ralyleigh, Pair Production (Min energy 1.02 MeV)   

https://pdg.lbl.gov/2019/reviews/rpp2018-rev-passage-particles-matter.pdf Page 21

In Carbon:
Photo-electric effect: 10 eV-100 KeV
Compton Scattering: 100 eV-1 GeV
Rayleigh Scattering: below 500 KeV

https://pdg.lbl.gov/2019/reviews/rpp2018-rev-passage-particles-matter.pdf
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Estimation of Stopping Power and Range of Electrons

Simulated using NIST database
10 KeV electron range = 1.485 µm
100 KeV electron range = 78 µm

CSDA(continuous-slowing-down approximation) 
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Digitization

300 µm thick Si (MIP) 

300 µm thick Si MPV dE/dx = 86.0 KeV
50 µm thick Si MPV dE/dx = 14.0 KeV

 

50 µm thick Si MPV (MIP) Charge = 14.0 KeV/3.6 eV = 3888 e-h pairs
50 µm thick Si 5 KeV Photon = 5.0 KeV/3.6 eV = 1388 e-h pairs 

50 µm thick Si 0.65 KeV Photon = 0.65 KeV/3.6 eV = 180 e-h pairs 

 

Mean energy for e-h pair creation (Si):

If incident particle has mass ϵ = 3.6 eV (All Charged Particles)
If incident particle has zero mass ϵ = 1.1 eV (=Photosensors 1.6-3.2 eV)
 

https://link.springer.com/chapter/10.1007/978-981-
10-7665-7_9

Digitization (DD4HEP): For each MonteCarlo (MC) point take the energy 
loss apply threshold to register the hit (DD4HEP)

 

Full digitization parameters (Based on my old work (2013))
https://subversion.gsi.de/fairroot/pandaroot/development/shyam/PANDAROOT-Source@pandaroot/macro/run/all.par

https://github.com/eic/EICrecon/blob/main/src/algorithms/digi/SiliconTrackerDigi.cc#L33

Very important to calculate the energy loss properly at the level of MC points (Generation) set physics and cuts properly
 

https://journals.aps.org/prl/abstract/10.1103/PhysRev
Lett.35.1522

https://link.springer.com/chapter/10.1007/978-981-10-7665-7_9
https://link.springer.com/chapter/10.1007/978-981-10-7665-7_9
https://subversion.gsi.de/fairroot/pandaroot/development/shyam/PANDAROOT-Source@pandaroot/macro/run/all.par
https://github.com/eic/EICrecon/blob/main/src/algorithms/digi/SiliconTrackerDigi.cc#L33
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.35.1522
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.35.1522
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Energy loss in DD4HEP
Simulation of Photons from 5KeV to 100 KeV from theta 80 to 90 deg

Generated Energy loss in vertex layers

2 Photons out of 200
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Energy loss in DD4HEP with 100k Photons (with beam pipe)

 Photons E = 1 KeV  Photons E = 5 KeV  Photons E = 10 KeV

 Photons E = 20 KeV  Photons E = 50 KeV  Photons E = 100 KeV
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Energy loss in DD4HEP
Initial assumption that Gold coated beam-pipe is stopping Photons (Beam Pipe removed)

Photons depositing 
energy in Silicon 

are increased

16 Photons out of 200
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Energy loss in DD4HEP with 100k Photons (without beam pipe)

 Photons E = 1 KeV  Photons E = 5 KeV  Photons E = 10 KeV

 Photons E = 20 KeV  Photons E = 50 KeV  Photons E = 100 KeV
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Event Visualization Window (Prints)

Thresholds shown by visualization window (Purely Visualization)

Default threshold (Purely Visualization)



08/08/23 EPIC Tracker Simulation 13

Event Visualization Window (Prints)

Thanks Barak to figure out how to 
change the threshold in GEANT4

SIM.physics.rangecut =  0.00001 = 10 nm

Default was 0.7 (mm)

https://github.com/eic/EICrecon/blob/track-qa-barak/src/te
sts/track_qa/npsim_mysteer_etarange.py#L396

Thresholds shown by visualization window (Purely Visualization)

https://geant4-forum.web.cern.ch/t/visualizing-recoil-protons/2501

https://geant4-forum.web.cern.ch/t/interpreting-range-cuts-with-energy-thresholds/5831

https://github.com/eic/EICrecon/blob/track-qa-barak/src/tests/track_qa/npsim_mysteer_etarange.py#L396
https://github.com/eic/EICrecon/blob/track-qa-barak/src/tests/track_qa/npsim_mysteer_etarange.py#L396
https://geant4-forum.web.cern.ch/t/visualizing-recoil-protons/2501
https://geant4-forum.web.cern.ch/t/interpreting-range-cuts-with-energy-thresholds/5831
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Event Visualization

zoom

Green color for Photon and Red for Electrons

1000 Photons 1-5 KeV Photon (80-90 deg)

SIM.physics.rangecut = 0.00001 (mm) = 10 nm

Green Photons and Red electrons
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Event Visualization

zoom

Green color for Photon and Red for Electrons

1000 Photons 5-10 KeV Photon (80-90 deg)

Green Photons and Red electrons

1 KeV Photon doesn’t deposition energy in Silicon layers looks cut off is 1 KeV

If we shoot photons of 5 KeV energy it give small hits in Si layers in the presence of beam-pipe



08/08/23 EPIC Tracker Simulation 16

FLUKA Settings

2KeV

Default cut
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FLUKA Simulations (Silicon)
FLUKA event display (with Photons of 2 KeV energy with 20 µm thick silicon). Magenta (Photons) and blue electrons

1. If you see the images there are few electrons emitted at the surface 
which are backward blue lines due to Photoelectric effect.

2. Each Photon absorbed in silicon is terminated by a blue line that means 
each photon is stopped through Photoelectric effect and electrons have a 
very short range in silicon at this energy (2KeV of Photon energy).

3. I can see some of the photons go inside silicon and are reflected back 
(Rayleigh Scattering).

http://www.fluka.org/content/manuals/online/EMFCUT.html 

The minimum threshold energy for transport and production of photons is 
100 eV. For electrons and positrons, it is 1 keV. from above link.

Event Visualization

http://www.fluka.org/content/manuals/online/EMFCUT.html


08/08/23 EPIC Tracker Simulation 18

FLUKA Simulations (Silicon)
FLUKA event display (with Photons of 2 KeV energy with 20 µm thick silicon). Magenta (Photons) and blue electrons

Event Visualization

cm
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FLUKA Simulations (Silicon)
FLUKA event display (with Photons of 2 KeV energy with 20 µm thick silicon). Magenta (Photons) and blue electrons
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FLUKA Energy loss (Silicon)

GeV

GeV

Ignore (KeV)
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FLUKA Energy loss (Silicon)

GeV

GeV

Ignore (KeV)
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Summary 

➢ Presented the studies on background radiation 

➢ Further need to repeat the studies using the lower threshold in GEANT4

➢ Will also look in FLUKA to understand in more detail

Thank You !!
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