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Outline
Motion of charged particles in static electromagnetic fields 

Made to understand (analytical engine)

Meant for averaged squared physicists (ROOT/C++)

- Actual simulation tools
- Education and teaching

New features:
- Numerical (+analytical)  input E and B fields (CST, 
Comsol, …)
- E and B from simple geomtry  
  (B from wires, Laplace)
  (E, from equipotential surfaces, BEM)



  

Repository
Prerequisite: 
- ROOT/C++ (v6) installed
- GitHub account

  

git clone git@github.com:gkrossi/lorentz4.git
 

mailto: 
nicola.rossi@lngs.infn.it



  

Lorentz4 folder



  

make

How to compile



  

How to run
./lorentz4 0.0001 10 cfg/user.cfg user.root

exe Step [ns] Duration [ns] Config file Output

Optional



  

Relativistic formulas

Kinetic energy

Potential energy

Integration: Runge-Kutta 4th (RK4)



  

RF emission
Adiabatic
Condition

Non conservative
(friction)



  

Adaptive bin step
2 dt

dt dt



  

Source (src) folder  

Configuration
handling

Fields
(analytical, 
numerical)

Integrator
(RK4)

Math 
libraries

Trajectory
& observables



  

New 
config file



  

Demos (cfg)

cfg

init.cfg

Bconst.cfg
hemispheres.cfg 
nicola.cfg   
tully.cfg   
EparB.cfg       
hemispheres_ext.cfg  

ptolemy.cfg  
v_selector.cfg   
ext_fields.cfg       

RFcalib.cfg  
whirlpool.cfg
gauss.cfg       
katrin.cfg       
SimEB.cfg    
wonyong.cfg

 



  

Trajectory

Energy



  

Kpar

Kort

ϑ

μ



  

Frenet 
Params.



  

Kinematic spectrum



  

Curvature FFT
Curvature 

Residuals
After LOESS 
Detrend

FFT
(Sidebands)

To be implemented



  

E & B 
fields 
on track



  

MAC-E filter (katrin.cfg)



  

Dyn.E.M. Filter (ptolemy.cfg)



  

Looping on many events

./loop.sh
(parallel)

root plot.C
(TChain)

Add qsub for parallel 
computing



  

 External simulated fields

Rootfile

Tree rE, rB, E, B

Example

rE[0] = vector<double> x 
rE[1] = vector<double> y 
rE[2] = vector<double> z 

E = Ex:Ey:Ez
vector<vector<vector<double>>>

Instructions in 
ancillary/rootify



  

Interpolator

Fast trilinear 
interpolation algorithm



  

Config file
Options

Analytical only
Analytical + Simulated

B and E analytical and/or 
simulated in all 
combination



  

Simulation 
of 

the RF trap

(ext_fields.cfg)



  

E= 50 eV

E= 10 eV 

E= 12 eV

Selector for E = 10 eV

Hemispheres



  

ancillary

lorentz4

rootify simeb

SimEB (beta)
E and B fields 
generator



  

Descriptive geometry
B fields (Laplace)

Wires as parametric curves
ɣ(t) = (x(t), y(t), z(t))

E fields (BEM)

Equipotential conductive surfaces
(u, v) = (x(u, v), y(u, v), z(ɸ u, v))



  

Laplace formula

ɣ(t) = (x(t), y(t), z(t))



  

Boundary Element Method
P.D.E. with
Dirichlet’s 
conditions



  

Self interaction



  

Meshing

SimEB meshing

Matrix inversion

- Gauss-Seidel (NO spheres)
- Lower-upper (LU) 
decomposition



  

template.C

EXAMPLES:

ex0_square.C
ex1_einzel.C
ex2_helmoltz.C
ex3_tokamak.C
ex4_EparB.C
ex5_hemispheres.C
ex6_tpc.C
ex7_trap.C



  

Compile & run
cp template.C mytemplate.C (edit)
./compile.sh template.C
./template myout.root

Generate myout.root in lorentz4 input 
format (out.root oterwise)

./compile.sh drawfields.C

./drawfields myout.root
 

(Display fields)



  

hemispheres

Track simulation 
with lorentz4 



  

Examples

template square (DarkSide)



  tokamak Tpc (XENONnT) 



  

drawfields.C

tpc tokamak



  

Outlooks

● Cleaning (C++ standard)
● Improvement of algorithms
● Documentation (maybe arXiv)

Any other suggestion is really 
welcome!



  

Thank you 
for your attention
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