
TRACS as a parameter estimation tool 

JULIO CALVO (CERN-EP-DT), MARCOS FERNÁNDEZ (IFCA-UC)

Michael Moll (CERN-EP-DT), Iván Vila (IFCA-UC)

Co-authors: Pablo de Castro, Alvaro Díez, Urban Senica) 

CERN-SSD: Solid State Detectors Support and R&D Group

TRACS - TRANSIENT CURRENT SIMULATOR

29TH RD50 MEETING – NOVEMBER, 21ST – 23RD 2016



Outline

• TRACS:

• What is it?

• How it works?

• Installation

• TRACS as parameter estimation tool:

• Motivation

• Parallelization

• Virtualization

• Modularization

• Global architecture

• First results

• Next steps

• Conclusions

Julio Calvo - 29TH RD50 Meeting November, 21ST - 23RD 2016

2



What is TRACS? 3

• A C++11 based software that carries out an effective

calculation of the induced current over irradiated and

non-irradiated silicon microstrip and pad detectors. It is

based on Shockley-Ramo’s theorem [1, 2].

• It started as a CERN Summer Student Project (2014-16).

It will be developed further during the end of 2016 and 2017.
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(Summer) Evolution of TRACS 4

2014 First version. Command line interface (CLI) and GUI flavors [3] developed.

2015 – Implementation of effective model for radiation effects on silicon detectors: Space 

charge distribution (parametrized as a function) and trapping effects (exponential factor). 
First application program interface (API) [4]. 

2016 – Basic parallelization of the code. Multithreading implementation able to run with 
multiple cores. Execution time reduced [5]. 
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How it works on CLI 5

TRACS reads in an user-defined “steering” file to set different properties for the elements

which define a simulation, such as, detector type and geometry, laser scan type, voltage,

simulation ranges…, etc.

Fig. 1: TRACS working scheme

Fig. 2: TRACS CLI execution screenshot
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Graphical Interface 6

• It is based on Qt4 libraries

• It allows for interactive simulations,

and quick testing.

• 2D and 3D interactive visualization in

external Windows with VTK library.

• Parameters of the detector and the

simulation can be changed on the fly.

Fig. 3: Screenshot of the potentials tab of the GUI where detector and 

simulation parameters can be configured.
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TRACS new installation procedure 7

Eased installation procedure of TRACS. Choices are:

1) Installation from sources (old method). Many dependencies, difficult.

2) Step-by-step instructions (TRACS in 5 minutes) in Ubuntu 14.04, just follow the

link: https://github.com/JulesDoc/Tracs/blob/master/docs/TRACS%20installation.pdf

3) Use CERN-VM. Download a TRACS “snap-shot” (=click and run), just follow the link:

https://github.com/JulesDoc/Tracs/blob/master/docs/VMachine%20SSD%40CERN%20manual.pdf
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• The challenge is to extract internal parameters from and edge-TCT measurements of a pad

microstrip detector. 

• We try to fit effective space charge profile and trapping, simultaneously using information 

from all waveforms. 

• This task is not affordable in a manageable time scale using TCAD.

Neff(z)

z

TRACS as a parameter estimation tool: Motivation
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9

TRACS (CLI) recently extended to use it as a parameter estimation tool, following the original

idea behind it.

Parameters are, at this moment, the coefficients of the effective space charge function

(polynomial Neff(z), free parameter) and trapping time (fixed parameter).

Fitting requires many iterations, thus, a fast turnaround time is mandatory. As a result, new

implemented features in TRACS have been achieved during the last months:

1. Parallelization (improvement) of the code with a significant reduction of the execution time.

2. Virtualization of the entire system (service to RD50 community is in mind).

3. Modularization of TRACS which can be called as an independent library. The fitting program is

the first successful example of this feature. To do the fitting, TRACS is called by an external

program.
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TRACS as a parameter estimation tool: Parallelization 10

• Multithreading execution improved using C++11 built-in support.

• TRACS can run in a machine with an arbitrary number of cores. Tests in a 32 cores VM

show fast improvement until 16 cores, slower gain up to 32 (likely due to multiple access

to common memory, scheduler policy, code dependencies…, however it fits with

Amdahl´s law at a given percentage of parallelized code).

320 waveforms, 1 bias voltage, 15 ns total simulated time, 50 ps steps.

Fig. 4: Gain of the system with respect to the execution time using a single core
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148 min. (1 core) to
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• A Virtual Machine (VM) enables one computer (host) system to behave like another computer 

system.

• CERN started working on OpenStack, as a new virtualization cloud technology, towards the end of 

2011.

• Up to 3 instances x 32 cores available for TRACS virtualization computing.

TRACS as a parameter estimation tool: Virtualization

Fig. 5: Different instances of TRACS virtual machine  
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12

TRACSsim.resize(num_threads);
t.resize(num_threads);
for (uint i = 0; i < num_threads; ++i) t[i] = std::thread(call_from_thread, i);
for (int i = 0 ; i < num_threads; ++i) t[i].join();

fit = new TRACSFit( FileMeas, FileConf , how ) ;

//Define parameters and their errors to Minuit
vector<Double_t> parIni = TRACSsim[0]->get_NeffParam();
Int_t nNeff = parIni.size() ;
vector<Double_t> parErr(nNeff, 60.) ;

//Pass parameters to Minuit
MnUserParameters upar(parIni,parErr) ;
// Do the minimization
FunctionMinimum min = mn() ;

1. Calling TRACS with

the number of

threads requested

by the user.

2. Call_from_thread is

the callback function

that encapsulates all

the simulation to be

done.

TRACS as a parameter estimation tool: Modularization
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TRACSsim.resize(num_threads);
t.resize(num_threads);
for (uint i = 0; i < num_threads; ++i) t[i] = std::thread(call_from_thread, i);
for (int i = 0 ; i < num_threads; ++i) t[i].join();

fit = new TRACSFit( FileMeas, FileConf , how ) ;

//Define parameters and their errors to Minuit
vector<Double_t> parIni = TRACSsim[0]->get_NeffParam();
Int_t nNeff = parIni.size() ;
vector<Double_t> parErr(nNeff, 60.) ;

//Pass parameters to Minuit
MnUserParameters upar(parIni,parErr) ;
// Do the minimization
FunctionMinimum min = mn() ;

Creation of the object to be fit

with the measurement file

according to the steering file. This

object includes the leastsquares

method where 2 is calculated.

TRACS as a parameter estimation tool: Modularization
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TRACSsim.resize(num_threads);
t.resize(num_threads);
for (uint i = 0; i < num_threads; ++i) t[i] = std::thread(call_from_thread, i);
for (int i = 0 ; i < num_threads; ++i) t[i].join();

fit = new TRACSFit( FileMeas, FileConf , how ) ;

//Define parameters and their errors to Minuit
vector<Double_t> parIni = TRACSsim[0]->get_NeffParam();
Int_t nNeff = parIni.size() ;
vector<Double_t> parErr(nNeff, 60.) ;

//Pass parameters to Minuit
MnUserParameters upar(parIni,parErr) ;
// Do the minimization
FunctionMinimum min = mn() ;

Assign initial parameters and errors

TRACS as a parameter estimation tool: Modularization
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TRACSsim.resize(num_threads);
t.resize(num_threads);
for (uint i = 0; i < num_threads; ++i) t[i] = std::thread(call_from_thread, i);
for (int i = 0 ; i < num_threads; ++i) t[i].join();

fit = new TRACSFit( FileMeas, FileConf , how ) ;

//Define parameters and their errors to Minuit
vector<Double_t> parIni = TRACSsim[0]->get_NeffParam();
Int_t nNeff = parIni.size() ;
vector<Double_t> parErr(nNeff, 60.) ;

//Pass parameters to Minuit
MnUserParameters upar(parIni,parErr) ;
// Do the minimization
FunctionMinimum min = mn() ;

1. Pass initial parameters and

errors to Minuit.

2. Start minimization

TRACS as a parameter estimation tool: Modularization
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TRACS

Least squares minimization using Minuit

Steering file

Fig. 6: Screenshot of fitting program execution

TRACS as a parameter estimation tool: Global architecture
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TRACS as a parameter estimation tool:

First results - ongoing work

• We tested the consistency of the new fit-machinery:

1) We used TRACS to simulate edge-TCT scan (INPUT).

2) Then we feed the minimization with input parameters 50% off their real values and let the 

program search for the right values.

Good start: convergence obtained in this configuration.

Microstrip n-on-p (5 strips simulated)

edge-TCT illumination (l=1064 nm)

Vdep= 250 V

Vbias = 300 V

Arbitrary RC shaping

Fig. 7: Fit example of one of the waveforms of an edge-TCT scan
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Time scale for future improvements 15

Near future:

• Fit stability: dependence on initial parameters.

• Compare to real measurements:

• Fit non-irradiated diode (measured with edge-TCT).

• Fit irradiated diode.

• Microstrips.

• A new version is on the way. Minimum number of element shared between threads.

Mid term goals, within one year:

• Add important missing features: diffusion, impact ionization…

• Analysis of a set of irradiated devices with controlled annealing conditions. Is it possible

to find a parametrization based on effective space charge change with fluence,

annealing, temperature….?

• Long term maintenance: compatibility with FEniCS 2016.1.
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Conclusions 16

• A full edge-TCT measurement has been fitted for the first time.

• Original ideal behind TRACS is now being implemented: Fitting real data to simulation, extracting 

internal parameters that are key to characterize the detector.

• TRACS is now straightforward to install.

• It can be called from user’s code as an independent library to calculate different parameters such 

as induced currents, drift velocities, etc.

• TRACS runs in parallel (12 times faster with 16 cores). 

• It has been virtualized in several instances, from 4 to 32 cores.

• TODO list:

• Fitting  stability.

• Fitting real data (non-irradiated, irradiated)

• Code polishing.
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