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Software Overview Talk FAQs ‘

 What'’s Allpix Squared & how does it work?
> Partl

What'’s new in Allpix Squared?
> Part i

 What'’s next on Allpix Squared?
« Afew things are already merged ...
> Part il
* Many features under development
> See several presentations in the next three days, i.a. by Simon on Wednesday


https://indico.cern.ch/event/1126306/contributions/4847031/

Allpix Squared

A Detector Simulation Framework




Motivation & History '

Initial Motivation: Monte Carlo simulation of silicon pixel detectors!

« Started at CERN EP-LCG — different groups from High Energy Physics got involved
= Different phases of detector R&D to cover
* Required a tool that at the same time is useful for ...
* Generic sensor R&D

* Integration of detector systems,
e.g. test beam setups

* Validating simulation algorithms

=2 2017: Allpix Squared 1.0 released with modular design & basic set of modules



Motivation & History '

* The devil’s in the details:
HEP community targets high-precision simulations & realistic behaviour

* Access to time-resolved information

x10~°
= Transient simulation, pulse storage, i

amplifier simulation ...

—=— TCAD
— APSQ + TCAD

* Inclusion of further physics effects

induced current [g]

= User-selected recombination, mobility and i
trapping models, Shockley-Ramo theorem ... 2r

* Interfaces to other frameworks o e
o o _ 0 10 20 30 40 50
= TCAD electric fields, weighting potentials drift time [ns]



Motivation & History

* The more the merrier:
New users & applications — many of them outside the HEP community

*  Demands interfaces to other software and frameworks
= Charge carrier input from file, different particle sources, flexible G4 interface
= Various output formats, storage options, interfaces to analysis frameworks

* Different detector types & geometries

= Monolithic & hybrid sensors, radial strips,
3D pixels, hexagonal pixels ...

* Different detector materials
= Sensor material as a simulation parameter

* Various applications

= Passive materials, magnetic field, cosmic rays, ...




The Allpix? Framework

* Modular & flexible Monte Carlo simulation software [~ aupixsquaredcore ) Modules
* M Od u Iarlty Module Instantiation Logic - [ Charge Deposition A
separate infrastructure from physics Uriae modules (7 it sensor materii

Modules executed per detector

Propagation

Detector Geometry Drift & diffusion of

charge carriers

T

Coordinate transformations

* Focus on usability & stability b tector propertoe. e ———
|
* Easy setup & configuration Messaging System T—’\ g it
. . . €
* Provide documentation (190p. user manual) Relay objects betwsen molies (" Digitisation
Preserve object history \\I\_) -
* Regular patch & feature releases —— | "AbG response
* User support in forum p— 0[] simutation outpur
Configuration Parsing B S!orage of objects,
K / L history & MC truth )



https://project-allpix-squared.web.cern.ch/project-allpix-squared/usermanual/allpix-manual.pdf

Particle Detection in Silicon Sensors
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The Simulation Chain ‘
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Energy Charge Signal Digitization
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The Simulation Chain

* Building blocks follow individual steps of the signal formation in detectors

* Algorithms for each step can be chosen independently
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The Simulation Chain

* Flexible simulation: modules configurable on per-detector level

* Multiple instances can be run in parallel (e.g. to simulate different front-ends)
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Configuration of the Simulation Chain

[AL1Pix]
log level = "INFO"

*  Building simulation chain from individual modules berias Fllas Hieloaropesconts
* Configuration file with modules in order of execution [Geomet ryBuilderGeanta]
. . world material = "air"
* Support for physical units
[DepositionGeant4]
i physics list = FTFP_BERT LIV
* Every parameter documented in manual particle type = "Pi+"
number of particles =1
. . beam energy = 120GeV
* Geometry configuration ..
* File with position/orientation of [ElectricFieldReader]
. L model="1linear"
individual detectors bias voltage=150V

depletion voltage=50V
* Model files define detector geometries | |
[GenericPropagation]
temperature = 293K
charge per step = 10
spatial precision = 0.0025um
timestep max = 0.5ns

* Several detector models pre-configured

[CimnlaTrancfarl



Sustainable Development of Allpix?

Goal: develop a sustainable software — that is... R

validated with prototype data & device simulations e
maintainable over a period longer than O(1 fellow) / O(1 PhD) o
well documented — 160p user manual

Achieve with...

Extensive documentation
Continuous integration
Rigorous code review
Clear & permissive license

—

—

Inpus Coprmteckharge

S S

rescorfuraton s detectu

Low barrier for new users

Automated tests

High code-quality

Re-usability




How to get started ...

*  CVMFS: binaries and dependencies available

$ source /cvmfs/clicdp.cern.ch/software/allpix-squared/2.2.2/x86 _64-centos7-clangl2-opt/setup.sh
$ allpix --version

Allpix Squared version v2.2.2
built on 2022-04-01, 12:43:46 UTC

* Docker images

*  Compile from source

* Dependencies on ROOT & Boost.Random
* Geant4 & Eigen are optional



Allpix Squared Through the Ages

* Steady development since 2016 — 43 releases

Started within CERN EP-LCG group — now main development at DESY

* User-driven:

* 45 contributors from various fields

Commits to master
Excluding merge commits. Limited to 6,000 commits.
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Latest Releases




Allpix? - Recent Releases

Allpix2 Version 2.1
* Released in November 2021
*  New module: DepositionCosmics

* Many other improvements to modules & framework

Allpix2 Version 2.2
* Released in February 2022
* Import of GDML geometries

* Custom mobility models
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<El'-1erge branch 'release22' .
mAdd Petr as contributor a
mBump version number
4 Deactivate linter for ROO
mﬁerge branch 'python_scri
I:‘Python analysis: Add checl
EMerge branch 'g4_final vo
EMCTrack: store final volur
mDepositionGeanM / TrackIl
EMerge branch 'sensor_inte
mﬁerge branch 'fix objects
mRadialstripDetector: fix -
l:‘objects: fix dependency ol
EMerge branch 'srh_tempera
mﬂanual: fix typos and ref
ﬁl“lerge branch 'g4 passive |
4 CI: Update manual builder
Iil'-'lanual: mention low-temp
mTests: adjust to slightly
mRecombination: satisfy i
IiManual: document temperat

mRecombination: add SRH ter


https://project-allpix-squared.web.cern.ch/project-allpix-squared/post/2021-11-17-allpix-squared-2.1-released/
https://project-allpix-squared.web.cern.ch/project-allpix-squared/post/2022-02-28-allpix-squared-2.2-released/

New Module: DepositionCos

* Simulation of cosmic rays with realistic particle and
energy composition

* Utilises the CRY framework

* Database of cosmic ray composition and
spectrum depending on altitude, latitude and date

* Interfaces to Geant4

= Inherits from DepositionGeant4 for sensor
handling and energy deposition

* See application in M. Caspar'’s talk



https://nuclear.llnl.gov/simulation/
https://indico.cern.ch/event/1126306/contributions/4847053/

Import of GDML Geometries ‘

GDML: Geometry Description Markup Language
* Library of basic geometrical shapes

* XML formatted geometry description:
shape, dimensions, positioning and orientation

* Features volume subtractions and mother/daughter
volumes

* GDML imports are treated as passive volumes only

* Application examples: phantom definition for imaging,
import of CAD models via GDML

* See presentation by F. Iguaz Gutierrez

* Side fact: included in the framework as
first merge request on github repo


https://indico.cern.ch/event/1126306/contributions/4847054/
https://github.com/simonspa/allpix-squared/pull/1

Custom Mobility Models '

*  From v2.0 on, mobility models are defined as individual classes and are loaded by
modules

*  New model: Custom mobility

* Example: replicate Jacoboni mobility model at 293 K:

mobility_model = "custom”
mobility_function_electrons = "[0]/[1]/pow(1.0+pow(x/[1],[2]),1.0/[2])"

mobility_parameters_electrons = 1.0927393e7cm/s, 6729.24V/cm, 1.0916

mobility function_holes = "[0]/[1]/pow(1.0+pow(x/[1],[2]),1.0/[2])"
mobility_parameters_holes = 8.447804e6cm/s, 17288.57V/cm, 1.2081

* Applications: definition of custom mobility model without compilation



Other Notable Features

*  MCTrack History:
Add option to store all track objects — enables backtrace for secondary particles

* DatabaseWriter: Fies | Fles |
. . - A 2! Draw Option: [F]| 2 W & DrawOption: -
Parallel Database Access for multithreading capability ‘jammzm,;, ST —

é..atelempeﬂ;l é..atelesmpeﬂ;f .
, . | T
DetectorHistogrammer. | eI I O O B oo
. h charge_map;1 E—J--achster_size:'_ 3
Group histograms A e
..... [ cluster_size_mc_map;1 {# °:m r_size_y;1
. . .....Dchster_size_x_mapil : ::::—::::La )
* Version & Dependency Reporting: e W Ec:m,:m:x_;ap;, |
- - . . {k cluster_size_x;1 P T R R cluster_size_y_map;1 »
allpix --version prints version of e S IR Qe
framework & dependendenies g = Do e
{ﬂ residual x vs x1 [ i 1 i [ efficiency_map;1
{ﬂ residual y vs yi1 ....{ﬁefﬁciency_\rs_x;l
| #residual x vs v v ...y efficiency vs vi1 v

*  Many more ... 1 SN | e s R
Filter: |m| Files (*.*) |E| Filter: | All Files (*.*
See release notes v2.1 & v2.2



https://project-allpix-squared.web.cern.ch/project-allpix-squared/post/2021-11-17-allpix-squared-2.1-released/
https://project-allpix-squared.web.cern.ch/project-allpix-squared/post/2022-02-28-allpix-squared-2.2-released/

Other Notable Features

*  MCTrack History:
Add option to store all track objects — enables backtrace for secondary particles

* DatabaseWriter: Fies | Fles |
4, % /= Draw Option: ’—B‘ &4 ?_@ Draw Option: ’—B‘

Parallel Database Access for multithreading capability e r—— £ —

lescopel;1
event_size_pixels;1

* DetectorHistogrammer:
Group histograms

* Version & Dependency Reporting:
a”plx __Version prints Version Of running or Gen Intel(R) Core(TM) i7-1185G7 @ 3.00GHz
frEirT]EE\A/()rL( é& (jEBF)EEr1(jEBY1(jEEr1iEBSS Copyright (c) 2016-2822 CERN and the Allpix Squared authoers.

I immunities

*  Many more ... e o el e e et
See release notes v2.1 & v2.2 — Ny Jurissietion.


https://project-allpix-squared.web.cern.ch/project-allpix-squared/post/2021-11-17-allpix-squared-2.1-released/
https://project-allpix-squared.web.cern.ch/project-allpix-squared/post/2022-02-28-allpix-squared-2.2-released/

Sneak Preview




Charge Carrier Trapping ........oos ‘

number of events

Different trapping models implemented
* Ljubljana / Kramberger 7
*  Dortmund / Krasel

* Interpolation of CMS Tracker measurements

* Mandic / high fluences )

..... ! Time until trapping of charge carriers
10°

* Possibility to define custom trapping functions via configuration

charge carriers
T

* Scaling with fluence & temperature (where applicable)

* Note: this only describes trapping!
Effects such as changed electric fields have to be provided separately, : _
either through field map from TCAD or analytic approximation of E-field |

time [ns]

* Merged: MR 624


https://www.sciencedirect.com/science/article/pii/S0168900201012633
https://ieeexplore.ieee.org/document/1369434
https://iopscience.iop.org/article/10.1088/1748-0221/11/04/P04023
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11018
https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/624

Charge Carrier Trapping ‘

Trapped charge carriers

Different trapping models implemented

z (mm)

* Ljubljana / Kramberger
*  Dortmund / Krasel
* Interpolation of CMS Tracker measurements oo

* Mandic / high fluences

o

* Possibility to define custom trapping functions via coni o

* Scaling with fluence & temperature (where applicable) ]

* Note: this only describes trapping!
Effects such as changed electric fields have to be proy
either through field map from TCAD or analytic approx

* Merged: MR 624


https://www.sciencedirect.com/science/article/pii/S0168900201012633
https://ieeexplore.ieee.org/document/1369434
https://iopscience.iop.org/article/10.1088/1748-0221/11/04/P04023
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11018
https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/624

Sensor Materials

*  The Allpix Squared Siieerr Semiconductor Detector Simulation Framework now
allows for the definition of other sensor materials than silicon

b Defl n|t|0n Of sensor mate”als |mpaCtS s Table 6.1: List of default sensor material properties implemented in Allpix?
. . Charge Creation

* Materlal 14 Geant4 geometry Material Energy [eV] ‘ Fano factor Sources
. i Silicon 3.64 0.115 [23],

* Charge carrier creation energy default Gallium Arsenide 12 0.14
Cadmium Telluride 4.43 0.24 ,
* Fano faCtor dEfaUIt Cadmium Zinc Telluride CdggZng2Te 4.6 0.14 ,
Diamond 13.1 0.382 [32],
* Short list of supported materials Siticon Carbide (4F-5(C) i i 53

2 New materials can easily be added by users (see FAQs in manual)

* See contribution by P. Smolyanskiy on GaAs:Cr Timepix3 detectors


https://indico.cern.ch/event/1126306/contributions/4847038/

Summary ‘

* Monte Carlo simulations remain a crucial tool in the development cycle of particle
detectors

* Allpix Squared sees and benefits from users from different applications & fields
= Plenty of new features have been triggered by users’ ideas or requests

* Steady development & support
*  Two feature releases 2.1 & 2.2 since 2 Allpix Squared Workshop in 2021
* Allpix Squared forum increasingly active — user support & bug reporting

* Plenty of new features on the horizon
* Let's gather some more ideas in the coming three days


https://allpix-squared-forum.web.cern.ch/

Allpix Squared Resources ‘

Website List of reference publications
https://cern.ch/allpix-squared https://cern.ch/allpix-squared/page/publications/

Repository
https://gitlab.cern.ch/allpix-squared/allpix-squared

=

A4
‘* Docker Images
D

>

%

https://gitlab.cern.ch/allpix-squared/allpix-squared/container_registry
User Forum:

https://cern.ch/allpix-squared-forum/
Mailing Lists:
d I I p iX'Sq uare d -users https://e-groups.cern.ch/e-groups/Egroup.do?egroupld=10262858

all p iX-Sq uared-develo PEersS nttps://e-groups.cern.ch/e-groups/Egroup.do?egroupld=10273730

User Manual:
https://cern.ch/allpix-squared/usermanual/allpix-manual.pdf



https://cern.ch/allpix-squared
https://gitlab.cern.ch/allpix-squaredsimonspa/allpix-squared
https://gitlab.cern.ch/allpix-squared/allpix-squared/container_registry
https://cern.ch/allpix-squared-forum/
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10262858
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10273730
https://cern.ch/allpix-squared/usermanual/allpix-manual.pdf
https://cern.ch/allpix-squared/page/publications/

