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Outline
• Virtual Machine 


• pythiaeRHIC


• Controlling parameters 


• Event structure: text and EICTree


• Detector simulation for sPHENIX-EIC 


• e+p DIS event in lab frame 


• e+p DIS event in detector


• Glimpse of tracking detector design



VM installation 
• Install VirtualBox: https://www.virtualbox.org/wiki/Downloads


• Download from summer school webpage:  https://indico.bnl.gov/
event/5877/ , -> Virtual Machine Download -> CFNS2019_v0731.ova


• Lunch your Virtualbox and load the ova file: File -> Import Appliance 

https://www.virtualbox.org/wiki/Downloads
https://indico.bnl.gov/event/5877/
https://indico.bnl.gov/event/5877/


Ubuntu 18.04



Pythia
• Pythia6 : https://pythiasix.hepforge.org 


• One of the generators commonly used for simulating high energy particles collision, 
e.g. e+p


• Manual: http://home.thep.lu.se/~torbjorn/pythia6/lutp0613man2.pdf


• PythiaeRHIC: (BNL EIC task force) 

• “pythiaeRHIC is the EIC science task force's programme for running PYTHIA. It is 

based on PYTHIA 6.4.28 and was modified to include radiative corrections using 
RADGEN.”


• Reference to BNL EIC Wiki: https://wiki.bnl.gov/eic/index.php/PYTHIA 


• Installed on the VM: /home/cfns/Install/pythiaeRHIC/1.0.0

• To run it: pythiaeRHIC < configuration.file

https://pythiasix.hepforge.org
https://wiki.bnl.gov/eic/index.php/PYTHIA


Pythia configuration file 
•Go to the work directory: 

> cd ~/Work/pythia_ep/ 

•Open the example configuration file tmp.txt
> vi tmp.txt  

1. Output ASCII file name

2. Lepton beam type

3. Beam energies for proton, electron

4. Event number, print-out 

5. x_min, x_max

6. y_min, y_max

7. Q2_min, Q2_max

8. F2 model, R-parametrization 

9. Radiative correction 0 off, 1 on

10. Pythia-Model = 0 standard GVMD 

generation in Pythia-x and Q2; = 1 
GVMD model with generation in y 
and Q2 as for radgen


11. A-Target and Z-Target

12. nuclear pdf parameter1: nucleon 

mass number A, charge number Z

13. nuclear pdf parameter2: correction 

order x*100+y x= 1:LO, 2:NLO y:error 
set


14. Select Processes to Simulate

15. Select sub-process 


…



Pythia output
•Run pythia: pythiaeRHIC_rcf is a slightly modified version of pythiaeRHIC

>pythiaeRHIC_rcf < tmp.txt > log.txt & 

•Open the log file: log.txt
> vi log.txt  



•Open the output file: 
> vi pythia.ep.20x250.1000events.RadCor=0.Q2=1e1-1d6.kT=1.0_1201.txt

Pythia output

Event description Event level variables

Particle level variables



• Build EICTree (TTree) from the output file:  txt -> root
> root -l —b -q BuildTree.C

    Make sure the “inputfile” has been set to the ASCII file produced by PYTHIA. 

Pythia output



Quick look at ep event
• Event “display” : eta: phi: p
> root -l plot_2D_event.C’(2)’



Quick look at ep events
• Eta-Phi Eta-Pt, Eta-P distribution
> root -l plot_eta_phi_pt.C



Quick look at ep events
• Particle specie (|eta| < 4.5) 
> root -l plot_pid.C



Quick look at ep events
• Event kinematics  
> root -l plot_event_kin.C



sPHENIX simulation 
framework — Fun4All

• Thanks to Jin Huang and Chris Pinkenburg for their 
supports. 


• Dedicated tutorial for Fun4All could be found at: https://
indico.bnl.gov/event/1237/overview  (2015 sPHENIX 
software and simulation workfest) 


• We will use sPHENIX Singularity container for today.

https://indico.bnl.gov/event/1237/overview
https://indico.bnl.gov/event/1237/overview


Start the singularity
> cd ~/Install/Singularity/

> singularity shell -B cvmfs:/cvmfs cvmfs/
sphenix.sdcc.bnl.gov/singularity/rhic_sl7_ext.simg

> source /opt/sphenix/core/bin/sphenix_setup.sh -n

http://sphenix.sdcc.bnl.gov/singularity/rhic_sl7_ext.simg


Event Display
> cd ~/Work/tutorials/eventgenerator_display/ 

> root -l 

> .x Fun4All_Generator_Display.C(1,"~/Work/pythia_ep/pythia.root")



Event Display
> cd ~/Work/tutorials/eventgenerator_display/ 

> root -l 

> .x Fun4All_Generator_Display.C(1,"~/Work/pythia_ep/pythia.root")



Geant4 commands 
root [1] displaycmd()
draw 1m axis: 
 g4->ApplyCommand("/vis/scene/add/axes 0 0 0 100 cm")
zoom
 g4->ApplyCommand("/vis/viewer/zoom 1")
viewpoint:
 g4->ApplyCommand("/vis/viewer/set/viewpointThetaPhi 0 0")
panTo:
 g4->ApplyCommand("/vis/viewer/panTo 0 0 cm")
print to eps:
 g4->ApplyCommand("/vis/ogl/printEPS")
set background color:
 g4->ApplyCommand("/vis/viewer/set/background white")
root [2] 

Most of the Geant4 commands could be directly called. 

Refer to Geant4 tutorials for more information.  



Event Display with full detector  
sPHENIX-EIC

cd Work/macros/macros/g4simulations/
Singularity rhic_sl7_ext.simg:~/Work/macros/macros/g4simulations> root -l
root [0] .x Fun4All_G4_EICDetector.C(-1)
root [1] .L DisplayOn.C 
root [2] PHG4Reco* g4 = DisplayOn() Very slow ~minute 



Event Display with full detector  
sPHENIX-EIC

cd Work/macros/macros/g4simulations/
Singularity rhic_sl7_ext.simg:~/Work/macros/macros/g4simulations> root -l
root [0] .x Fun4All_G4_EICDetector.C(-1)
root [1] .L DisplayOn.C 
root [2] PHG4Reco* g4 = DisplayOn() 
root [3] Fun4AllServer *se = Fun4AllServer::instance();
root [4] se->run(1) Very slow ~minutes 



Design a Si Tracker
Singularity rhic_sl7_ext.simg:~> cd ~/Work/tutorials/Momentum
Singularity rhic_sl7_ext.simg:~/Work/tutorials/Momentum> root -l
root [0] .x Fun4All_G4_Momentum.C(-1)
root [1] .L DisplayOn.C 
root [2] PHG4Reco* g4 = DisplayOn() 
root [3] Fun4AllServer *se = Fun4AllServer::instance();
root [4] se->run(1)

53   double si_thickness[6] = {0.02, 0.02, 0.0625, 0.032, 0.032, 0.032}; //cm
54   double svxrad[6] = {2.71, 4.63, 11.765, 25.46, 41.38, 63.66};  //cm
55   double length[6] = {20., 20., 36., -1., -1., -1.};  // -1 use eta coverage to 
determine length
56   PHG4CylinderSubsystem *cyl;
57   // here is our silicon:
58   for (int ilayer = 0; ilayer < 6; ilayer++)
59   {
60     cyl = new PHG4CylinderSubsystem("SVTX", ilayer);
61     cyl->set_double_param("radius", svxrad[ilayer]);
62     cyl->set_string_param("material", "G4_Si");
63     cyl->set_double_param("thickness", si_thickness[ilayer]);
64     cyl->SetActive();
65     cyl->SuperDetector("SVTX");
66     if (length[ilayer] > 0)
67     {
68       cyl->set_double_param("length", length[ilayer]);
69     }
70     g4Reco->registerSubsystem(cyl);
71   }



Momentum Resolution
Singularity rhic_sl7_ext.simg:~/Work/tutorials/Momentum> root -l -b -q  
Fun4All_G4_Momentum.C'(1000)'
root [0] 
Processing Fun4All_G4_Momentum.C(1000)...

Singularity rhic_sl7_ext.simg:~/Work/tutorials/Momentum> root -l 
root [0] TFile fin("FastTrackingEval.root")
root [1] .ls
TFile** FastTrackingEval.root
 TFile* FastTrackingEval.root
  KEY: TTree tracks;1 FastSim Eval => tracks
  KEY: TH2D _h2d_Delta_mom_vs_truth_eta;1 #frac{#Delta p}{truth p} vs. truth #eta
  KEY: TH2D _h2d_Delta_mom_vs_truth_mom;1 #frac{#Delta p}{truth p} vs. truth p
root [2] tracks->Show(0)
======> EVENT:0
 event           = 1
 gtrackID        = 1
 gflavor         = -11
 gpx             = 3.43829
 gpy             = 5.75362
 gpz             = 0.0177823
 gvx             = -9999
 gvy             = -9999
 gvz             = -9999
 trackID         = 0
 charge          = 1
 nhits           = 0
 px              = 3.45495
 py              = 5.78271
 pz              = 0.0184097
 dca2d           = 4.55142e-05
root [3] tracks->Draw("sqrt(px*px+py*py)-sqrt(gpx*gpx+gpy*gpy) >> h(100,-1,1)”)

Run 1000 events…

Open the output root file …



This is just a quick skim!
More fun if you go deeper!


