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Current State

Problems with the current documentation

P Looks awesome in PDF, but website has rendering issues
P ATEX is not WYSIWYG:
P Needs build to review changes e.g. from merge requests
P Documentation can't be previewed in GitLab nicely
P Inconsistencies:
P Different formats: some parts are Markdown, some IATEX

P Separated website: hugo (news) vs BTEX (docs) vs Doxygen (API ref)
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Current State

Return to website
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- = 2 The parameters “w * indicate the size of the collection
electrode (i, the implant), V.. i the potential of the electrode and d is the thickness of the sensor
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Parameters

« model : Type of the weighting potential model, cither mesh or pad.

« file_name : Location of file containing the weighting potential in one of the supported field fle
formats. Only used if the model parameter has the value mesh.

 ignore_field_dimensions: Ifsett true, a wrong dimensionality ofthe input ield is ignored,
otherswise an exception is thiown, Defaults (o else.

« output_plots: Determines if output plots should be generated. Disabled by defaul

+ output_plots_steps : Number of bins along the z-direction for which the weighting potentialis
evaluated. Defaulis 0 500 bins and is only used if output_plots is enabled.

« output_plots_position: 2D Position in x and y at which the weighting potentia is evaluated along
the z-axis, By defaul,the potential is plotted forthe position i the pixel center, e. (0, 0). Only
used if output_plots is enabled.

Usage

An example to add a weighting potential form a field data file o the detector called “cl
belo.

s given
[WeightingPotentialReader]
name = "dut"

model = "mesh”
file name = "example weighting field.apf"
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Figure 1: Sidebar not scrolling down: not all entries are visible
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Current State
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6Physics Mo

Return to website

Gefector Televant oF this SIMUIATION, .. (e Sensing VoIume, the aiTerence between elTectve and total
concentration is expected to be negligible. Therefore the two values are treated as equivalent
throughout the lifetime models and the doping concentration i taken as the absolute value

Np - Ny

Whether a charge carrier has recombined with the lattce i calculated for every step of the simulation
using the relation

a0, ©8

p<l
where p is  recombination probability, drawn from a uniform disteibution with 0, 1], dtis the last time
step of the charge carrier motion and 7 the ifetime for the local doping concentration calculated by the
models described in the folowing, If Equation (6.8) evaluate to false, the charge carrer tll exists,if it
evaluates o true it has been recombined with the lttice.

Finite charge carierlfetime can be simulated by all propagation moues and comprise the following
models:

6.2.1 Shockley-Read-Hall Recombination

“This model describes the finite lifetime based on Shockley-Read-Hall or rap-assised recombination of
change carriers wih the lattce [31, 321, The lifetime i calculated using the Shockley-Read-Hall
relation as given by [33];

pa (©9)

where g and N are reference ion, for electrons and h

The parameter values implemented in Allpix” are taken from [34] as:

aflo

6.1 Charge Carer Mobily
6.1.1 Jacoboni-Canali Model
6.2 Canali Model

6.3 Hamburg Model

6.1.4 Hamburg High-Field Model
6.5 Masett Model

6.6 Avora Model

6.7 Extended Canali Model

6.1.8 Custom Mobility Models

62 Charge Carrer Lifetime &
Recombination

62.1 Shockley-Read-Hall Recombination
622 Auger Recombination

6.2.3 Combined SRH/Auger Recombination

[Evror parsing MathML_: not well-Tormed Line Number 5, Column 327-<mir class~"spllcns"><onid class~"spllcnid”

This model can be selected inthe configuration fle via the parameter recombinztion_model = "sth,

6.2.2 Auger Recombination

At high doping levels exceeding
[Ermor parsing MathML: not well-formed Line Number 1, Column 150:<math xmins- i/ wwwwaw3.rg/ 19981

= MaihCla

MMM dlsplay="inline

lext>5 < miext><msyle class="m

Figure 2: Some equation not rendering, preventing to scroll to the bottom

Stephan Lachnit

3rd Allpix Squared User Workshop

Allpi



Current State
000®

Return to website

Howdo T d dina file p ith the fectWri "

script?
Alpix® uses ROOT trees to directly store the relevant G objects as binary data in the file. This retains
all information present during the simulation run, including relations between different objects such as
assignment of Monte Carlo particles. I order to read such a datafle in an analysis scrips,the relevant
G-+ library as well as s header have o be loaded.

In ROOT this can be done interactively by loading a data fle,the necessary shaed library objects and a
macto for the analysis:

S roo ot oot 2 ot 1] L

T eI, destort

A simple macro for reading DepositedCharges from a file and displaying their position is presented

below:
T fincude <TFilo b 2 include <TTree > 3. FIXME: adappath o e inclade fleof APSQ nsallton 5 include ”path
taouralpi squarsd DepostedCharg b 7. su

Read e of deposited chses: 11 Tlres* e tres = static. cast<TTree>(ile->Gex DepostedCharge ) 12

(e ee) (13 throw st sunime._ero"Could ot resd e 14115 16

Find banch for the deecor st 17 Thranch de_branch - d_tee->FindBranch(deecor_su0); 18

HCde_branch) (19 shros sduntim._ero"Could ot fin deector braneh'); 20 12122
Allccteabjct vetor ac ik o ROOT branch 23 stdvector<alpc- Depsled Charge®> dposied_chargs; 24

charges) 2326 "
ot =0 de_reeGetEnis(; ++) (20 de_neeGetEny(1 29/ Loop over il depoited chirge o
9 for(utot chnge  deposied_charges) {33 cout << Bvent << 32

ey =" < charge->geaChane) <<, "33 i = << charge->geiGlobalPasiion)
u sdendi )% 137)

A more claborate example for a data analysis sript can be found in the tools directory of the repository
and in Section 13.5 o this user manual. Scripts written in both C++ and in Python are provided.

How can T convert data from the ROOTObject format to other formats?

Since the ROOTObject format s the natve format of Alpix?, the stored data can be read nto the
framework again. To convert it to another format, a simple pseudo-simulation setup can be used, which
reads in data with one module and stores t with another

In order to convert for example from ROOTObjects to the data format used by the Corryvreckan
reconstruction framework, the following configuration could be used:

y 89 [CompvchanWre] 10
fle_me = outpu_dta_compeckanone” 1 eference = mydtecon”

056

1Al 2 mmber_ol_

[ROOTObjectReader]7 1 Inpul_data_tontbjects oot

aflo

121 Tnstallation & Usage
122 Configuration

123 Derector Models
12.4 Data Analysis

125 Development

12,6 Miscellancous

Figure 3: Code blocks missing newlines, line numbers are in copied code
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Current State
00000

Current website setup

P Main website (landing page, news, etc) via hugo

P API reference created with Doxygen and rendered to HTML

P Main documentation in IKTEX

P Module & example READMEs converted from Markdown to BTEX via pandoc
P Final KTEX document rendered to HTML page via TeX4ht

P HTML documentation and API reference pasted into hugo webdirectory
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New Website

P Documentation ported to Markdown [1]

P Using hugo for news and documentation

P Docsy theme [2] (made for technical documentations)

P Consistent theme across website, no more rendering issues

P New features, e.g. pretty warning boxes, search
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Modules | Allix Squared

Allpix Squared Documentation  Blog  Community.

 thissie. Documentation / Modules

Modules

Modules
Description of all available Allpix Squared modules,

This includes a d of well as

‘The modules are listed in alphabetical order.

Transfer with cross-coupling between pixels

CorryvreckanWriter
Writes pixel hits n the Corryvreckan format

CsADigitizer
Digitizer emulating a Charge Sensitive Amplifier

DatabaseWriter
Writes simulation objects to a PostgreSQL database

DefaultDigitizer
Digizer that creates a signal proportional to the callected charge

DepositionCosmics
Energy deposition from cosmic rays

DepositionGeant4
Energy deposition with Geantd

TranientPranapatic

DepositionPointCharge

Figure 4: Separate chapter overview, scrollable sidebar
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Stephan Lachnit

Qsearch this sie.
Documentation

Introduction
Installation

Getting Started
Framework

Physics Models & Material
Properties.

sor Materia

Charge Carrier Mobilty
Charge Carrler Lifetime &
Recombination

Trapping of Charge
Objects

Modules

Examples

Module & Detector Development
Development Tools & Continuous
Integration

Automated Testing

FAQ

Additional Tools & Resources

Appendix

Allpix Squared About  Documentation

Auger Recombination

At high doping levels exceeding 5 x 10 em® (@fossum ec], the
It as5umes thatth excess energy ceated by lecron-hol ecombinations s ransfered t anothr lectron (-¢procss or
another hole (-1 process). The total recombination rate s then given by [@ker]

Riuger = Can’p + Gyw'

where C,, and C, are the Auger coeffiients. The first term corresponds to the e-e-h process and the second tem to the e-n-h
the Auger lfetime. be witten as:

process. P

where C, = G, + C, Is the ambipolar Auger coefficient, taken as C', = 3.8 x 103 cm®s~" from [@aziewior]

! have an infinite life time under this

model and the recombination equation wil always evaluate to tre.

file pa recomntnstion sace:

Combined SRH/Auger Recombination

model

the individual lfetimes calculated by the models via
TN +7,'(N)  for minority charge carriers

for majority charge carriers

where 7,,3(N) is the Shockiey-Read-Hall and (V) the Auger lifetime. The latter is anly taken info account for minority charge

carriers.

i Fecosbination_sode augor™

Recombination with Constant Lifetimes

(N) = 7. This model keys
section, for example:

Litetine electron and lifstine hole 1o be presentin

Blog

Community

Qsearch this sie.

Figure 5: No more broken math
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New Website
000@e00

Allpix Squared About  Documentation  Blog  Community  QSearch this ite

rch this site.

Building Modules Outside the Framework B prnentreseon

g Nt o) Allpix Squared provides CMake modules which allow to build modules for the framewrk outside the actual code repository. The
macros required to build a module are provided through the C

Introduction

FIND_PACKAGE(ALLpix) C! By this, be moved into and out from the module directory of the
Installation
Getting Started

Aminimal Ct P object library of the Allpix Squared framework
Framework

Is the following:

Bullding Modules Outside the

Framework ROOT or Boost Rand i

Physics Models & Material
Properties

Objects
Modules
Examples
Module & Detector Development

oding and Narming Conve

dded as CMiake targes and can be used by
the module. The required cHax_cxx_STAVDARD is automatically inferred from the settings used to build the framework.
Additional to the module

Ading a New Detector Mode!

P Toqs  Contnucws _
Integration

Automated Testing » X

o :WH Pl ted to host modules, separate repository [@ap2-external

Aditional Tools & Resources.

Appendix In order to load have and installed location than the d with the
framework tself, path has properly in the Alpx file:

Figure 6: Beautiful code blocks
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New Website
000080

Allpix Squared

Documentation  Blog  Community  Q Search this site

8 print entire section

Documentation £ no units are specified, values will always

o the ramewortc eado
rodueton Unexpected resuts. . specifying a bias voltage 33 bias_voLtage = 59 resuts in an applied voltage of O MY. Thercfore t s
st aways specify units s
Installation
Geting Started
e Theinternal bass it ofthe framework are Aot chosen for ser convenience b for maximum precision of the calcuiations and
in order toavoi the necessity of conversionsinthe code,
Main Configuraton
Detector Configuration Combinations of base units can b specifed by using the multplication sign * and the dvision sign / thatare parsed n near
[ — order (thus % should be specified as vvava/ ). The Iramemork assumes the default unit f the unitis ot explctly speciid. It
° o s not angles.
ting Up the Simulation Crai

Examples of specifying key/values pairs of various types are given below:

geing iy Levels
Storing Output Data

Framework

Physics Models & Materlal
Properties

Objects

Modules

Examples

Module & Detector Development

Development Tools & Continuous
Integration

Automated Testing

FAQ

Additional Tools & Resources
Appendix

Figure 7: Fancy warnings

Stephan Lachnit 3rd Allpix Squared User Workshop
New Allpix Squared Documentation and W

11

1



Live Demo ‘

To try it yourself, you only need git and hugo [3]:

git clone --recurse-submodules https://gitlab.com/stephanlachnit/apsq-docs-hugo.git
cd apsq-docs-hugo
hugo server

Now you can explore the page by visiting http://localhost:1313/.
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http://localhost:1313/

New format: Markdown

» Almost WYSIWYG

P Native to hugo

P Nicely rendered in GitLab

P Natively supports code highlighting

P Using GitLab Flavored Markdown (GLFM) [4] for math
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How to write Markdown?

# This is a large caption in Markdown
## This is also a caption but a bit smaller

Text in Markdown can be *italics* or **bold*x*.
Markdown supports [hyperlinks] (https://cern.ch/allpix-squared/).

Markdown support code highlighting "inline  and via blocks:
" cpp
auto hist = CreateHistogram<TH1D>("name", "title", 100, 0., 100.);
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M ow!

[e]e] le]e]e]

How to write Markdown?

[ talk.md es Lock Replace Delete

This is a large caption in Markdown

This is also a caption but a bit smaller

Text in Markdown can be italics or bold. Markdown supports

Markdown support hlighting inline and via bl

hist

Figure 8: How the previous Markdown code renders on GitLab
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How to write GLFM?

# GLFM and hugo support front matter written in YAML
title: "This is the title for the corresponding webpage"

GLFM supports LaTeX inline math like $ \frac{1}{2} $. GLFM also
supports free standing equations:

“math
\mu_ e {-1}(E) =1 / \mu_{0,e} + E / v_{sat}

Stephan Lachnit 3rd Allpix Squared User Workshop
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How to write GLFM?

B talk2.md Lock Replace Delete

tle for the

GLFM supports LaTeX inline math like % GLFM also supports free s ng equations:

. (E) = 1/poe +

Figure 9: How the previous GLFM code renders on GitLab
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IKTEX features missing in GLFM

P Automatic chapter and section numbering
P Proper captions for figures

P Citations using a bibliography

P siunitx (not supported by KaTeX)

Stephan Lachnit 3rd Allpix Squared User Workshop
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https://github.com/KaTeX/KaTeX/issues/817

Generating a PDF
[ ]

What about the PDF?

P PDF will be created by converting GLFM to ATEX via pandoc [5]
P Sadly GLFM is not support by pandoc yet
P> Some problems (most can be fixed with pandoc filters or regex):
P GLFM'’s math format is not recognized
P YAML front matter is ignored
P Internal references are converted to \href
P Pictures don’t have max width / height set

P Warning boxes don't work

Stephan Lachnit 3rd Allpix Squared User Workshop
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https://github.com/jgm/pandoc/issues/3977

Outlook
[Js)

State of the new implementaion ‘

» GitLab MR 1734
P Documentation fully converted
P Many tiny (already existing) mistakes fixed
P Website prototype working
» TODOs:
P Fix CMake to recognize new files
P Clean up hugo tree and create MR for website repo

P Adjust Cl to trigger correct pipelines for deployment

P Expect the new documentation to land in master in the next weeks!
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https://gitlab.cern.ch/allpix-squared/allpix-squared/-/merge_requests/734

Outlook
oe

Things to come ‘

P Fix wrongly converted Markdown in IATEX source for the PDF
P Improved quick start, about page, screenshots page, etc.
P Documentation for each version (starting from the next one)

P Doxygen APl Reference in hugo with Doxybook?2 [6]
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Additional Material

Internal references in Markdown

# Some Chapter

## Some section

[This is a reference to this chapter.] (#some-chapter)
[This is a to the section below.] (#another-section)

## Another section

[Reference to chapter in other file.](./file.md#another-chapter)
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Allpix Squared

allpix::SensorCharge

allpix::SensorCharge

Modul:objcts

L T T ———
[ T———

nharited by alpi:DepostedCharge,aliss PropagaiecCharg

Public Functions

Name

About  Documentation  Blog  Community

Corstruct et ot charges 2 cencor,

Gt locaI posican f ta s of crrges i e sensor.

ROOT:Math:A12P0  getGlobalPositont const
(et e giobal postion o he s of charges i he snsor.

Camartype ety const
et ne oo of chorgo corcr,

sgred it getcharget const
Gl amountof chargesstored,

oLt sign of e charge fo e of chargecarrers.
coutie etSlobalTimen corst.

Gettimeafter str: o aventn glbal refererce ram.
coutle gettocatTimen const.

Cetlcalome i the sensor
sl prin{st-osteam & ou) cont ovaride

Pt ASCI representton o e-corC 1o 0 e e

pestion, CrrirTy Jelocal ime, doutle kel time)

Q searc s
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Figure 10: APl Reference in Docsy via Doxybook2
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Lua filter for recognizing GLFM math with pandoc ‘

-= From https://qgist.github.com/lierdaksl/00d8143/650488e0b854a3b4bf355cf6#file-gitlab-math-lua

function Math(el)
if el.mathtype == "InlineMath" then
if el.text:sub(1,1) == '"' and el.text:sub(#el.text) == ' ' then
local text = el.text:sub(2,#el.text-1)
return pandoc.Math(el.mathtype, text)
else
local cont = pandoc.read(el.text)
return { pandoc.Str("$") } .. cont.blocks[1].content .. { pandoc.Str("$") }
end
end
end

function CodeBlock(el)
if el.classes[1] == "math" then
return pandoc.Para({ pandoc.Math("DisplayMath", el.text) 1})
end
end
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