Hands-On: Corryvreckan

The Maelstrom for Your Test Beam Data

10" BTTB Workshop Finn Feindt, DESY

21" June 2022 on behalf of the Corryvreckan Developers
Based on the work from: Jens Kroger, formerly Heidelberg University & CERN



What are we going to learn today?

 Introduction

- What is Corryvreckan?
- What’'s new since BTTB9?

] particle
beam

* Hands-on:
- Installation options
- setting up an analysis step-by-step

* Please ask questions at any time!
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What is Corryvreckan?

A reconstruction and analysis tool
for pixel sensor test-beam data

H particle

U

* modular structure
- framework core
— modules for specific tasks

[2] T T
=
c
[

* highly flexible and configurable

20000 |-

10000 -

* easy to understand SR

— written in modern C++

— comprehensive documentation (> 120 pages!)
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The Modular Approach

« modular structure: * select suitable modules for

- event buildin
— framework core 9

— clustering
- implementation of algorithms — [Modules] ,
- tracking
* modules: — analysis (also multiple DUTSs)
(user) algorithms for specific tasks -
* objects are stored temporarily: * quick to set up and easy
- events, pixels, clusters, tracks to configure

( All detectors | ( All detectors | r All telescope planes | r DUTonly | ( DUTonly | ( All detectors\

L FileReader )l Clustering4D )l Tracking4D )l DUTAssociation )l AnalysisDUT ’l FileWriter J
J y J J J
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The Modular Approach

* can create more complex reconstruction chains

* apply different modules to different devices in the same reconstruction

We will build this reco chain in Example 2:

Telescope planes 1 Telescope pIaneQ

rl'elﬂpiplaneg DUT

EventLoaderTimepix3 Clustering4D Tracking4D AnalysisDUT
_/ Al detectors | ) —

Correlations .
—)LDUTAssomatlonJ

( DUT ) ( DUT ) ( our )
LEventLoaderCLleisz—)L ClusteringSpatial J— —)LAnalysisEfficiench
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Corryvreckan - Google Chrome

Corryvreckan x| +
P u I W I i l < C & project-corryvreckan.web.cern.ch
j cﬂrryvre:karl C \ ABOUT v DOCUMENTATION & REFERENCES v HELP & RESOURCES v

)
Corryvreckan

Fi rst p I a Ce to g O : The Maelstrom for Your Test Beam Data

Corryvreckan at the BTTB9

(1 Posted on January 27, 2021

htt pS: / / cern.ch / corryvrec kan Like lastyear, we have the pleasure to announce that Corryvreckan willbe represented at

the 9th Beam Tests and Test Beams Workshop taking place in fully virtually this time,
from February 8th to 10th 2021. In a 2.5h tutorial you will be guided through the
framework and its functionality in depth. Newcomers will learn how to setup and
configure an analysis and everybody with prior knowledge of the software will have the
chance to learn more about the advanced event building mechanisms and the EUDAQ2
integration. [Read More]

* News on releases Release 2.0

[ Posted on January 4, 2021

. . About one year after our first stable release in December 2019, we are proud and happy

() I n Sta I | a tl O n/G ett I n g Sta rte d to announce that just before Christmas, on December 22nd, Corryvreckan version 2.0
was officially released. It goes along with a publication about the software, which has

been submitted to JINST and is available on arXiv: https://arxiv.org/abs/2011.12730. In

addition, a new Zenodo entry can be used as a further official reference to the software:

- https://zenodo. [Read More]
* Links:
INKS.:

— code repository ‘I\\I‘tle;\;lgg;‘eryvreckan Virtual Lab Course

(X1 Posted on July 9, 2020

- I SS u e t ra C ke r Newcomers to Corryvreckan and test-beam analysis, please continue reading. A brand-

new virtual lab course is now available at the University of Heidelberg as part of the
Fortgeschrittenen-Praktikum (“Advanced Physics Lab") for Bachelor students. But you

— fO ru m don't need to be a student in Heidelberg. If you want to get started with Corryvreckan or
test-beam analysis more generally, download it here and follow along. The lab course can
be performed from anywhere and at your own pace. [Read More]

- LI BN ]
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https://cern.ch/corryvreckan

Documentation

* online documentation in repo
https://gitlab.cern.ch/corryvreckan/corryvreckan

every modules has a README

* extensive user manual
corryvreckan-manual-v2.0.1.pdf

full description of framework
installation instructions

“Getting started”, FAQs

module descriptions (fetched from repo)

* Doxygen code reference
https://cern.ch/corryvreckan/reference/
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more details on code
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yireckan © Repository

master comyvreckan |/ src /[ modules
‘ Fix mixup of coordinates
Simon Spannagel author 1 monitt
Name Last commit

@ CMakeLists.txt
(3 Clustering4D.cpp
(3 Clustering4D.h

[ README md Fix mixup

[ README.md

Clustering4D

Maintainer: Daniel Hynds (daniel. hynds@cern_ch)
Module Type: DETECTOR

Detector Type: ail

Status: Functional

Description

Implementing simultaneous relative and absoly

Clustering4D + v

Rename Timepix3Clustering -» Clustering4D

Spatial cuts: backwards compatibility for older names, print..

f coordinates

e time cuts ...

Histery ~Q Findfile  WebIDE & ~

cabl7abd @

Last update

1 year ago

nonth ago

2 menths ago

nonth ago

This module performs clustering for detectors with valid individual hit timestamps. The clustering method is either an arithmetic mean oraa
charge-weighted centre-of-gravity calculation, using a positional cut and a timing cut on proximity. If the pixel information is binary (i.e. no valid
charge-equivalent information is available), the arithmetic mean is calculated for the position. Also, if one pixel of a cluster has charge zero, the
arithmetic mean is calculated even if charge-weighting is selected because it is assumed that the zero-reading is false and does not to
represent a low charge but an unknown value. Thus, the arithmetic mean is safer

Split clusters can be recovered using a larger search radius for neighbouring pixels

Parameters

* time cut rel : Number of standard deviations the time resolution of the detector plane will be multiplied by. This value is then used
as the maximum time difference allowed between pixels for association to a cluster. By default, a relative time cut is applied. Absolute and
relative time cuts are mutually exclusive. Defaults to 3.0 .

» time cut abs : Specifies an absolute value for the maximum time difference allowed between pixels for association to a cluster. Absolute

and relative time cuts are mutually exclusive. No default value.
* neighbour radius col : Search radius for neighbouring pixels in column direction, defaults to 1 (do not allow split clusters)

* neighbour radius row : Search radius for neighbouring pixels in row direction, defaults to 1 (do not allow split clusters)

» charge weighting : If true, calculate a charge-weighted mean for the cluster centre. If false, calculate the simple arithmetic mean.

Defaults to true.

Plots produced

For each detector the following plots are produced:

» Histograms for cluster size, seed charge, width (columns/X and rows/)

# Cluster charge histogram

= 2D cluster positions in global coordinates
* Cluster times

# Cluster multiplicity

Usage

[Clustering4D]
time cut rel = 3.0


https://gitlab.cern.ch/corryvreckan/corryvreckan
https://project-corryvreckan.web.cern.ch/project-corryvreckan/usermanual/corryvreckan-manual-v2.0.1.pdf
https://project-corryvreckan.web.cern.ch/project-corryvreckan/reference/

Documentation

* online documentation in repo
https://gitlab.cern.ch/corryvreckan/corryvreckan

- every mOdU|eS haS a README Corryvreckan User Manual

/ Morag Williams (morag.williams@cern.ch)

Simon Spannagel (simon.spannagel@cern.ch)
Jens Kroger (jens.kroeger@cern.ch)
- January 27, 2021
 extensive user manual

Version v2.0

corryvreckan-manual-v2.0.1.pdf
— full description of framework
— installation instructions
- “Getting started”, FAQs

- module descriptions (fetched from repo)

* Doxygen code reference
https://cern.ch/corryvreckan/reference/

— more details on code
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https://gitlab.cern.ch/corryvreckan/corryvreckan
https://project-corryvreckan.web.cern.ch/project-corryvreckan/usermanual/corryvreckan-manual-v2.0.1.pdf
https://project-corryvreckan.web.cern.ch/project-corryvreckan/reference/

Documentation

* online documentation in repo
https://gitlab.cern.ch/corryvreckan/corryvreckan

- every modules has a README

* extensive user manual
corryvreckan-manual-v2.0.1.pdf

— full description of framework

— installation instructions

- “Getting started”, FAQs

- module descriptions (fetched from repo)

* Doxygen code reference
https://cern.ch/corryvreckan/reference/

— more details on code

Corryvreckan: Main Page - Google Chrome

Corryvreckan: Main Page x | +

& c 8 project-corryvreckan.web.cern.ch/project-co

(A Corryvreckan 2o

O The Maelstrom for Your Test Beam Data

Main Page | Modules Classes ~ | Files = | Q' Search

Corryvreckan Documentation

Welcome to the Doxygen code reference of Corryvreckan. This is not an introduction to Corryvreckan, for this please refer to the user
manual.

This documentation describes all the classes and functions that are part of the framework. It is automatically generated from the
source code and is kept up to date with the latest changes to the software. The corresponding version where this reference belongs to
is shown in the page header.

Generated on Tue Dec 22 2020 11:53:21 for Corryvreckan by @]@!@m 1.8.15
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https://gitlab.cern.ch/corryvreckan/corryvreckan
https://project-corryvreckan.web.cern.ch/project-corryvreckan/usermanual/corryvreckan-manual-v2.0.1.pdf
https://project-corryvreckan.web.cern.ch/project-corryvreckan/reference/

The Corryvreckan Repository

Let’s explore the repository

https://gitlab.cern.ch/corryvreckan/corryvreckan

* doc/
* etc/
* jobsub/
* src/
— modules/

°* testing/

* README.md

- documentation/user manual i
- [xplus setup script, etc. lZ
— job submission tool + README :
- all the source code ;f
— code and READMEs of all modules .
- Cl test configs
- short introduction/getting started

°* Contributing.md - contribution guidelines

21" June 2022

Corryvreckan/ Corryvreckan - GitLab - Google Chrome

Corryvreckan &
Project ID: 28552

¥ Star 10

-o- 4,288 Commits V' 9Branches ¢7?37Tags [ 29.6 MBFiles [ 1.3GB Storage <7 5 Releases

The Maelstrom for Your Test Beam Data - http://cern.ch/corryvreckan
Read more
pipeline | passed

master corryvreckan History Find file o ov

@ degdaado | [3

Merge branch 'master’ into 'master’ |...
Simon Spannagel authored 1 day age

B README &3 MIT License [ CONTRIBUTING [A CI/CD configuration
Name Last commit Last update
& .gitlab/ci Cl: expose CTest results as JUnit report to display in MR 2 months ago

& 3rdparty/GeneralBrokenLines Include GBL only locally for target 1 year ago

& cmake Fix typo 2 months ago
& doc Merge branch ‘objectsDoc’ into 'master 1 day ago
& etc Fixup: update devtoolset in docker file 2 months ago
& jobsub Codespell: fix typos in jobsub 8 months ago
= src Add the TProfile efficiency back 1 day ago
& testing updated pass criteria for test to match corrected ndof de... 2 months ago
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https://gitlab.cern.ch/corryvreckan/corryvreckan

The Corryvreckan Repositor

src/modules/Clustering4D - master - Corryvreckan / Corryvreckan - GitLab - Google Chrome

& srcfmodules/Clustering4. x = +

Read the documentation, - T

| t h d . LV 4 Projects  Groups  Snippets  Help
expiore the source codae. =p |
L : O Corryvreckan > 0 Corryvreckan > Details
iy master corryvreckan / src / modules / Clustering4D History Find file & v
* src/ - all the source code
B )
0 j‘lust;ﬂnng}Re{Tdme‘: 11"|x typ: 15d992be | [y
lens Kroeger authored 1 month age
o g e g
- modules/ - code and READMEs of all modules f |
Name Last commit Last update
K7
@ & CMakeLists.txt Make more modules ignore AUX detectors 7 months ago
] C++ Clustering4D.cpp Clustering4D: add casts 4 months ago
. . .
) I t 4 D H il h Clustering4D.h neighor() method in Detector class 7 months ago
e.g. Clusterin click here
8 m+ README.md Clustering4D/Readme: fix typo 1 month ago
[ README.md
Clustering4D
Maintainer: Daniel Hynds (daniel.hynds@cern.ch)
Module Type: DETECTOR
Detector Type: all
Status: Functional
Description
This module performs clustering for detectors with valid individual hit timestamps. The clustering method is either an arithmetic
mean or a a charge-weighted centre-of-gravity calculation, using a positional cut and a timing cut on proximity. If the pixel
information is binary (i.e. no valid charge-equivalent information is available), the arithmetic mean is calculated for the position
Also, if one pixel of a cluster has charge zero, the arithmetic mean is calculated even if charge-weighting is selected because it is
assumed that the zero-reading is false and does not to represent a low charge but an unknown value. Thus, the arithmetic mean
is safer.
» Split clusters can be recavered using a larger search radius for neighboring pixels. Their width is defined as the maximum extent -
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https://gitlab.cern.ch/corryvreckan/corryvreckan/-/tree/master/src/modules/Clustering4D
https://gitlab.cern.ch/corryvreckan/corryvreckan/-/tree/master/src/modules/Clustering4D

What’s nhew since BTTB9?

Official Release v2.0 in December 2020 (and first patch release v2.0.1 on 4" February)

* reference paper accepted by JINST:
Corryvreckan: A Modular 4D Track Reconstruction and Analysis Software for Test Beam Data

arXiv:2011.12730
* Zenodo entry: https://zenodo.org/record/4384186

* Many updates since then! Checkout the newest version on git!

New Features:
(for a full description, see Release Notes)

* New module: AnalysisTracks: Module to study e.g. track-to-track distance
* New module: FilterEvents: Skip events, e.g. based on the number of tracks
* New DetectorRole: PASSIVE: For scattering on passive material

* Ongoing developments: Alignment parallelization, hexagonal pixels, waveforms

21" June 2022 Hands-On: Corryvreckan - Finn Feindt


https://arxiv.org/abs/2011.12730
https://zenodo.org/record/4384186
https://project-corryvreckan.web.cern.ch/project-corryvreckan/post/2021-02-04-version-2.0.1/

Let’'s get started

Installing Corryvreckan...

1) Virtual Machine

2) Download Binary

3) Compile from Source
4) Use on LXPLUS

5) Docker Image
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Installation - 1) Download the Virtual Machine

* works on any operating system with Virtual Box 6.1
- https://www.virtualbox.org/

— setup instructions here

* virtual machine image contains everything needed for this tutorial:
— Corryvreckan v2.0.1
- all dependencies
- data

- ideal to get started
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https://www.virtualbox.org/
https://www.virtualbox.org/
https://gitlab.cern.ch/ffeindt/bttb10_tutorial_corryvreckan/-/blob/master/SetupVirtualMachine.md

Installation - 2) Download the binary

 for Centos7 and SLC6: download binary release tarballs

— https://cern.ch/corryvreckan —» Help & Resources -» Download Releases

Corryvreckan - Google Chrome

Corryvreckan X +

Index of /project-corryvreckan/releases - Google Chrome
&« c & project-corryvreckan.web.cern.ch/p

ject-corryvre: X | +

Corryvreckan ABOUT v DOCUMENTATION & REFERENCES v  HELP & RESOURCES v 8 proj rryvreckan.web.cern.ch

\-)j Index of /project-corryvreckan/releases
CO rr re c ka n = MAILING LISTS Name Last modified Size Description

yv [SSUE TRACKER a Parent Directory -
REPOSITORY ﬁ corryvreckan-1.0-x86 64-centos7-gcc7-opt.tar.gz 2019-11-29 17:28 1.7M
The Maelstrom for Your Test Beam Data o corryvreckan-1.0-x86 64-slc6-gcc7-opt.tar.qz 2019-11-29 17:28 1.7M
ﬁ corryvreckan-1.0.1-x86 64-centos7-gccy-opt.tar.qz 2019-12-09 16:35 1.7M
ﬁ corryvreckan-1.0.1-x86 64-slcb-gcc7-opt.tar.gz 2019-12-09 16:35 1.7M
corryerCKan at the BTTBg 4} corryvreckan-1.0.2-x86 64-centos7-gccy-opt.tar.qz 2020-01-23 17:08 1.7M
™ Posted on January 27, 2021 4} corryvreckan-1.0.2-x86 64-slcb-gcc7-opt.tar.gz 2020-01-23 17:08 1.7M
Like last year, we have the pleasure to announce that Corryvreckan will be represented at E Corryvreckan-1.6.3-x86 64-Centos7-geeB-opl.lar.gz  2020-04-10 09:40 1.7M
the 9th Beam Tests and Test Beams Workshop taking place in fully virtually this time, corryvreckan-1.0.3-x86 64-s1c6-gcc8-opt.tar.gz 2020-04-10 09:40 1.7M
from February 8th to 10th 2021. In a 2.5h tutorial you will be guided through the 'ﬁ' corryvreckan-2.0-x86_64-centos7-gcclO-opt.tar.gz 2020-12-22 12:67 2.3M
framework and its functionality in depth. Newcomers will learn how to setup and ﬁ corryvreckan-2.8-x86 64-slc6-gcc8-opt.tar.qz 2020-12-22 12:07 2.2M
configure an analysis and everybody with prior knowledge of the software will have the ﬁ corryyreckan-latest-xB6 64-centos7-gec7-opt, tar.gz  2020-82-09 03:45 1.9M
;hance th learn more about the advanced event building mechanisms and the EUDAQ2 ﬁ corryvreckan-latest-xBb 64-centos7-gccBoopt. tar.qz  2628-11-10 83:52 2.2M

integration. [Read More] ﬁ B )
corryvreckan-latest-x86 64-centos7-gccl@-opt.tar.gz 2021-01-28 03:43 2.3M
ﬁ corryvreckan-latest-x86 64-slc6-gcc7-opt.tar.gz 2020-02-09 03:45 1.9M
ﬁ corryvreckan-latest-x86 64-slc6-gccB-opt.tar.gz 2021-91-28 03:43 2.2M

Release 2.0

) Posted on January 4, 2021
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https://cern.ch/corryvreckan

Installation - 3) Compile from source code

* requires local ROOT 6 installation

* recommended if you want to develop your own code

git clone https://gitlab.cern.ch/corryvreckan/corryvreckan.git

cd corryvreckan
mkdir build && cd build/
cmake .. # change CMake flags as needed

make install —j<number_of_cores>

Uy Uy U U -

* corry executable available in installation directory:

$ path/to/corryvreckan/bin/corry
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https://gitlab.cern.ch/corryvreckan/corryvreckan.git

Installation - 4) Use Corryvreckan on LXPLUS

* requires a CERN LXPLUS account

* 2 options:
- source CVMFS version — install on LXPLUS

git clone https://gitlab.cern.ch/
corryvreckan/corryvreckan.git

S source /cvmfs/clicdp.cern.ch/software/
corryvreckan/<version>/x86_64-
<slc6/centos7>-gcc7-opt/setup.sh

cd corryvreckan
source etc/setup_lxplus.sh

U U U U - -Ur

# continue as for local installation

Note:

* only default modules available

(needed for Example 3)
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Installation - 5) Use docker image

docker

* run software in container including all dependencies
- like “light-weight virtual machine”

* needs “docker” executable

— Install via $ sudo snap install docker

Note:

* only default modules active
are available (like CVMFS version)

 start docker container:

S sudo ./start _docker container.sh

— e.g. not [EventLoaderEUDAQ2]
(needed for Example 3)

, _ * docker does not support graphics
then use like usual terminal _

for TBrowser to inspect output:
external ROOT installation
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Installation - 5) Use docker image Y docker

(¢)

* run software in container including all dependencies
- like “light-weight virtual machine”

Small &> docker cheat sheet:

1. Start corry in docker container:
$ ./start_docker_container.sh

* needs “docker” executable
2. Exit by typing

— install via $ sudo snap install docker $ exit
¢ Sta rt dOCker Contalner: 3. List all containers us|ng
$ sudo ./start_docker container.sh $ docker container ls -a

If you run docker the first time: 4. Re-start exited container

S docker start <container name>
S sudo groupadd docker

5. Re-attach to interactive container:

$ sudo usermod -aG docker SUSER $ docker attach <container name>

Then log out and back in and try:
< g 6. Removed (stopped) container:

$ docker run hello-world S docker rm <container name>
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Let’'s get started

Setting up an analysis...
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@Qownload the example data and configs

g4 — Skip this if using the virtual machine!

* example configs and scripts:
$ git clone https://gitlab.cern.ch/ffeindt/bttbl0_tutorial_corryvreckan.git

* In this repo we’ve got 3 examples we’ll go through:

01_atlaspix/ ~ simple
02_clicpix2/ <~ simple
03_desy/ -

* Go to data/ and download the example data files:
$ cd data/
$ ./download_example_data_01l.sh <« only this if connection is slow
$ ./download_example_data_02.sh
$ ./download_example_data_03.sh
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https://gitlab.cern.ch/ffeindt/bttb10_tutorial_corryvreckan.git

Reminder: Configuring Corryvreckan

example configuration
[Corryvreckan]
log level = "WARNING"
detectors file = "geometry.conf"
number of tracks = 900000

* TOML style = easy to read

* support of physical units (e.g. 25um)

« configuration file: _————

— global parameters

[EventLoaderEUDAQ2]

file name = "data/run0000456. raw"
inclusive = false

buffer depth = 1000

shift triggers = -1

- specifies modules and parameters

- sets input/output paths

example geometry
[WOO13 DO4]

— defines log level

* geometry file:

- number, types and
positions/rotations

— role of sensors

 »

of sensors

(DUT, reference, auxiliary)

21" June 2022

number of pixels = 256, 256

orientation = 10.9deg, 17.2deg, -1.3deg
orientation mode = "xyz"

pixel pitch = 55um, 55um

position = 886.5um, 270um, ©

spatial resolution = 4.8um,4.8um

time resolution = 1.56ns

type = "Timepix3"

role = "reference"
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Example 1 - Data and configuration files

* All configuration and geometry files in

01_atlaspix/
geometries/
01l_analysis_telescope.conf
02_analysis_withDUT.conf
03_online_monitor.conf
04_filewriter.conf

05_filereader.conf

 The data is in

21" June 2022

data/
01_data_atlaspix/

01_data_telescope/

Hands-On: Corryvreckan - Finn Feindt

Disclaimer:

The shown analyses are chosen
to be instructive and illustrate
the framework functionality.

Please don’t infer any sensor
performance estimates.




Example 1 - Let’s have a look at the setup

3 -

—_— —— - —

D s S B

Timepix3 planes _

* Timepix3 telescope:
- data-driven readout
- pixel-by-pixel timestamp

 ATLASpix as device-under-test:

— data-driven readout

- pixel-by-pixel timestamp device-under-test (DUT) translation + rotation stage
particle
beam
<
scintillators 4 Timepix3 planes  pyT 3 Timepix3 planes  scintillator
+ PMTs (downstream) (upstream) + PMT
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Example 1.1 - Let’s start with the telescope only

01 analysis telescope.conf

[Corryvreckan]

° Conﬁguration ﬁle output_directory = “output”
detectors_f{file =
- g lobal para meters “‘geometries/01_alignment_telescope.geo”

histograms_f{file =
“01l_histograms_analysis_telescope.root”

- specifies [Modules] and parameters

. [Metronome]
- sets input/output paths cvent length = 20us
- defines IOg level [EventLoaderTimepix3]
input_directory = “../data/01_data_telescope”
[Clustering4D]
. time_cut_abs = 200ns
* all detectors are data-driven _
) [Correlations]
— need [Metronome] to define event
[Tracking4D]
min_hits_on_track = 6
spatial_cut_abs = 200um, 200um
Time time_cut_abs = 50ns
Event 1 Event 2 Event 3
A A A
' Y j j
\l etronome metronome frame metronome frame metronome frame ].
el B I N A T 1 R A ik

hit  hit hit hit +  hit hit  hit hit ' hit  hit hit
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Example 1.1 - Let's check the geometry

geometries/01 alignment_telescope.geo

 geometry file: [Timepix3_0]
number_of pixels = 256,256

_ number/size of piXElS orientation = 9.94299deg,187.403deg,-1.36501deg

orientation_mode = “xyz”
B pixel_pitch = 55um, 55um
deteCtor type position = 939.743um,285.05um, 0
L. . spatial_resolution = 4um, 4um
— position/rotation time_resolution = 1.5ns

. type = “Timepix3”
- role of particular sensors:

 DUT
 reference

[Timepix3_1]

[Timepix3_2]

auxiliary role = “reference”
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Example 1.1 - Let's run the analysis

* run analysis:

$ corry —-c 0l_analysis_telescope.conf

* event loop is updated continuously:

|1E:24:45.??5| {STATUS} ==

| Event loop |========================
|16:25:12.339|

(STATUS) Ev: 564.9k Px: 310.4k Tr: 17.6k (8.0312/ev) t = 11.298s

We'll look at this
You can interrupt gently by hitting Ctrl+C -« in more detail in a

. minute!
* alternatively use

Y

S corry -c 0l_analysis_telescope.conf —o number_of_events=25000

S corry —-c 0l1_analysis_telescope.conf —o number_of_tracks=250000

21" June 2022
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Example 1.1 - Let’s check the results

* terminal output:

|15:37:52.337| ISTII.TUS:I ===================| Fj_na]_j_gj_ng modules | ___________________

[16:37:53.317| (STATUS) Wrote histogram output file to /fhome/jens/Documents/bttb8 tutorial corryvreckan/@1 atlaspix/output/81 histograms analysis telescope.root

« ROOT file:

ROOT Object Browser

- o X
histograms of all modules s B 1 son st 2
g Files | Canvas_1 ®| Editor 1 [
EJ, ? @ Draw()ption:m Timepix3_0 Hit map
Qe - g R s Lo TR
[CAPROOF Sessions - : =
{Z3ROOT Files = E
E---ﬂg0I_hlsmgran's_analysls_teleswpe.root 200F
[ IMetraname; 1
Ela EventLoaderMimeptxa 150 [
E1-E3 Timepixa_o:1 *

(L] Timepia_z;1
-3 Timepts_3;1
-CATmepix3_4;1

----- Clustenng4D;1 50
Eg(=k1
----- [ZAcomelations; 1 P
_____ [ Tracking4D o
. Command |
E-Qnome v | Command (local): | E|
Ll I TR g
Filter: | All Files (* %) [+] |
| canvas_1 [ canvas_s | [x=22, y-3035.30

21" June 2022
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Example 1.2 - Now let’s add a device-under-test

» still all detectors are data-driven
— keep [Metronome] to define event

* in configuration file:
- add [EventLoaderATLASpix]

— add [DuTAssociation] to associate tracks to
hits on the device-under-test

- add analysis module(s)

Time :>

Event 1 Event 2 Event 3 Event 4
e e e G
. R Y RS N
] 1 ' 1 |
Metronome [ metronome frame metronome frame I metronome frame metronome frame ]
i - - - - e - e - - | - :
5 % [ [ ! 1 [
Timepix3 ! ' : '
(data-driven) | . ' :
L 1
hit  hit hit  hit hit  hit hit  hit ' hit hit hit  hit hit hit
[ e - = 1 = = = ' = = = =
ATLASPpix !
(data-driven) ;

hit hit it hit it hit hit  hit ! hit hit hit it hit hit

02 _analysis_telescope withDUT.conf

[EventLoaderTimepix3]
input_directory = “../data/0l_data_telescope”

[EventLoaderATLASpix]
input_directory = “../data/01_data_atlaspix”

[Clustering4D]

[Correlations]
time cut _abs = 200ns
[Tracking4D]

min hits on track = 6
spatial cut _abs = 200um,
time cut _abs = 50ns

200um

[DUTAssociation]

time_cut_abs = 200ns
spatial_cut_abs = 300um, 150um
[AnalysisDUT]

[AnalysisEficiency]

21" June 2022
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Example 1.2 - Now let’s add a device-under-test

geometries/02 _alignment_telescope withDUT.geo

* in geometry file: [imepixs 2]
- add [ATLASpix_ 0] » | [ATLASpix_0]
. number of pixels = 25,400
— mark as device-under-test (“dut”) orientation = —-0.0124905deg, 0.0684685deg, —0.52609deg
_ . _ . orientation_mode = "xyz"
- optionally define region-of-interest piX?lfpitchg;gng'40;”“553% o8
w .y : position = . um, —1. mm, mm
( roi )for anaIySIS mOdUIGS spatial resolution = 40um, 10um
time resolution = 200ns
role = "dut"
type = "ATLASpix"

roi = [1,1], [1, 398], [23, 398], [23, 1]

[Timepix3_3]
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Example 1.2 - Let’s check the result again

* now the terminal has some more information:

|17:21:35.912| (STATUS) ===================| Finalising modules |===================
|17:21:38.781] (STATUS) [F:DUTAssociation:ATLASpix_ 0] In total, 28385 clusters are associated to 28323 tracks.
|17:21:38.781| (INFO) [F:DUTAssociation:ATLASpix_0] Mumber of tracks with at least one associated cluster: 28323
|17:21:40.187| (STATUS) [F:AnalysisEfficiency:ATLASpix 0] Track selection flow: 86598

* rejected by chi2 -45801

* track outside ROI -529

* track outside DUT -28712

* track close to masked px -0

Accepted tracks: 12073

|17:21:40.187| (STATUS) [F:AnalysisEfficiency:ATLASpix_0] Total efficiency of detector ATLASpix ©: 99.9255%, measured with 12064/12073 matched/total tracks
|17:21:40.329| (STATUS) Wrote histogram output file to /home/jens/Documents/bttb8 tutorial corryvreckan/01 atlaspix/output/®2 histograms analysis telescope withDUT. root

ROOT Object Browser - o x

Browser |Eile Edit View Options Tools Help

Filss | canvas_1 (| Edtor1 ()

L RO OT ﬁ I e : 1 ?_.@ Draw Option: |colz - residualsy ___

. = :
(£ Comelanons;1 Entries 12612

- --[C2] Tracking4D;1
istograms of all modules .
423 AnalysisDUT 1
E-ZAATLASDE_0;1
i clusterMapAssoc; 1
o D clusterSizeMapAssoc;1
= D clusterChargeMapAssoc;1
- i hMapAssoc;1 40
R nvaprort :
|A pelRawValueAssoc:1 H
o D pixelRawValueMapAssoc; 1 }
|k assoclatedTracksVersusTim
|k residualsX; 1
|A residualsy; 1
|_k residualsPos;1
‘ residualsPosVsresidualsTim
|k resikdualsX 1pb 1
| daresduaisy 1ot 1 ~ | Command (local) | E|
LW ] D

Filter: | Al Files (*.1) ] |

Mean 0.0005218
Sid Dev 001176

#enirles
=

&0

20

T IR PR Y WSy 4 AT I AT TP I I
008 006 0.4 002 O 0Dz 004 006 008 01
wax-rm {men]

e

Command |

| | | | 4
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Example 1.2 - ways to quit the framework

[11:12:18.931] (STATUS) ======= | Event loop |========================
[11:12:21.607| (STATUS) Ev: 122.1k Px: 0.3k Tr: @.0k (0/ev) t = 2.442s5"C
[11:12:21.610| (STATUS) Interrupted! Finishing up current event...

[11:12:21.610| (STATUS) Ev: 122.2k Px: 8.3k Tr: 0.0k (0/ev) t = 2.444s

[11:12:21.610| (STATUS) ===================| Finalising modules |===================
° Ctrl +c (SIG I NT) . I|12{.:1;:22.G|}'}'| (STATUS) Wrote histogram output file to /home/jens/Documents/bttb8 tutoria
. ysis telescope.root

[11:12:22.077| (STATUS) ===============| Wall-clock timing (seconds) |================
. |11:12:22.077| (STATUS) Metronome --  0.04757s = 0.000389ms/evt
— gently qL“t Corry |11:12:22.077| (STATUS) EventLoaderTimepix3 : Timepix3 @ -- 0.28141ls = 0.002303ms/evt
[11:12:22.077| (STATUS) EventLoaderTimepix3 : Timepix3 1 -- ©.27699s = 0.002267ms/evt
[11:12:22.077| (STATUS) EventLoaderTimepix3 : Timepix3 2 -- 0.30479s = 0.002494ms/evt
_ ﬁniSh processing CU rrent event [11:12:22.077| (STATUS) EventLoaderTimepix3 : Timepix3 3 -- 0.27372s = 0.002240ms/evt
[11:12:22.078| (STATUS) EventLoaderTimepix3 : Timepix3 4 -- 0.273285 = 0.002236ms/evt
and ﬁnalize properly [11:12:22.078| (STATUS) EventLoaderTimepix3 : Timepix3 5 -- 0.27130s = 0.002220ms/evt
|11:12:22.078| (STATUS) Clustering4D : Timepix3 @ -- ©.06246s = 0.000511lms/evt
|11:12:22.078| (STATUS) Clustering4D : Timepix3 1 -- ©.05449s = 0.000446ms/evt
. H |11:12:22.078| (STATUS) Clustering4D : Timepix3 2 -- ©0.05425s = 0.000444ms/evt
recommended Optlon |11:12:22.078| (STATUS) Clustering4D : Timepix3:3 -- 0.085352s = 0.000438ms/evt
|11:12:22.078| (STATUS) Clustering4D : Timepix3 4 -- 0.85330s = 0.000436ms/evt
|11:12:22.078| (STATUS) Clustering4D : Timepix3 5 -- 0.06170s = 0.000505ms/evt
|11:12:22.078| (STATUS) Correlations : Timepix3 @ -- 0.05661ls = 0.000463ms/evt
|11:12:22.078| (STATUS) Correlations : Timepix3 1 -- 0.054925 = 0.000449ms/evt
|11:12:22.078| (STATUS) Correlations : Timepix3 2 -- 0.05488s = 0.000449ms/evt
|11:12:22.078| (STATUS) Correlations : Timepix3 3 -- ©.05459s = 0.000447ms/evt
|11:12:22.078| (STATUS) Correlations : Timepix3 4 -- ©0.05364s = 0.000439ms/evt
|11:12:22.078| (STATUS) Correlations : Timepix3 5 -- 0.85346s = 0.000437ms/evt

0] 6]

[ ‘ trl + S I G UI I . |11:12:22.078| (STATUS) Tracking4D -- .10156s = 0.000831ms/evt
. |11:12:22.078| (STATUS) ======= —========sssssssoosoooooooooooo

- forcefully terminate corry

- Jleads to loss of all generated data |11:12:46.911| (STATUS) [I:Tracking4b] Initialising "Tracking4D"
111:12:46.911| (STATUS) ==================—————=| Event loop |=======================—-
|11:12:49.362| (STATUS) Ev: 113.4k Px: 0.3k Tr: 8.0k (0/ev) t = 2.2685 "\

— genera”y not recommended |11:12:49.362| (FATAL) Aborting!
Aborted (core dumped)
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Example 1.2 - Let’s play with the command line

* parameters from config file can be overwritten in the command line:

corry -—c config.cfg - path to configuration file
-1 log.txt - write terminal output to file

—-v “FATAL”,“STATUS”,“ERROR”, - logging verbosity level
“WARNING”, ”INFO”, "DEBUG” also per module: -0 MyModule.log level="DEBUG”

—o histogram_file="hists.root” - global framework parameter

-0 AnalysisDUT.chi2ndof_cut=3 - module configuration
specified by dot (.) between module and key

—g mydut.orientation=0deg, 5deg, 0deg — detector geometry parameter

- Play around for a few minutes!
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Example 1.3 - the Online Monitor

* opens interactive window
(Note: does not work in docker container!)

e we can also see the results |
while the analysis is running o r— e —r——r—

* configuration file:
— add [OnlineMonitor]

Lh 1t

8 55 5 8 8 5

- specify which plots you want to see o S Setee,
- supported keywords: - o
$DETECTOR%, $%DUT%, %REFERENCE$% B o

03 _online_monitor.conf

[OnlineMonitor] g . R
— 200 Overview Hitm. DX 20X | \TLASPix_0
— king Performance EventTi 0¥ | Exit Monitor J
[ ["EventLoaderATLASpix/%$DUT%/hitMap", "colz"], rescuat  cns o

["EventLoaderATLASpix/%DUT%/pixelToT"],
["EventLoaderATLASpix/%$DUT%/pixelMultiplicity", "log"],
["EventLoaderATLASpix/%$DUT%/hPixelTimes_long"]]

Hands-On: Corryvreckan - Finn Feindt
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Example 1.4 - The FileWriter

04 _filewriter.conf

[Tracking4D]
=6
- = 200um, 200
e we can write out reconstructed data “sons T
at any stage during the reconstruction [FileWriter]
= “04_output_tuples.root”
[DUTAssociation]
= 200ns
- in configuration file: - S00umsAstun
[AnalysisDUT]

— add [FileWriter]
[AnalysisEficiency]

— objects of all previous modules
will be written to file

* explore output file with ROOT TBrowser

* read in for further analysis via the [FileReadexr] (next slide)
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Example 1.5 - The FileReader

we can read in reconstructed data
and continue the reconstruction

in configuration file:
- add [FileReader]

— all objects from modules above
will be written to file

we can also read in simulated data from Allpix Squared

- Talk: What's new on Allpix Squared?

— Hands-On: Silicon Detector Monte-Carlo Simulations with Allpix Squared - Beginners

- Hands-On: Everything you would like to know about Allpix Squared - Advanced

05 filereader.conf

# [Tracking4D] <« not needed anymore!
# min _hits_on_track = 6

# spatial_cut_abs = 200um, 200um

# time_cut_abs = 50ns

[FileReader]
file_name = “output/04_output_tuples.root”

[DUTAssociation]

time cut abs = 200ns
spatial cut _abs = 300um, 150um
[AnalysisDUT]

[AnalysisEficiency]
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https://indico.cern.ch/event/945675/contributions/4159534/
https://indico.cern.ch/event/945675/contributions/4181048/
https://indico.cern.ch/event/945675/contributions/4181049/

Example 2 - Data and configuration files

* All configuration and geometry files in

02_clicpix2/

geometries/

0l_analysis_telescope.conf

02_analysis_withDUT.conf

 The data is in

21" June 2022

data/
02_data_clicpix2/
02_data_telescope/

Hands-On: Corryvreckan - Finn Feindt

Disclaimer:

The shown analyses are chosen
to be instructive and illustrate
the framework functionality.

Please don’t infer any sensor
performance estimates.




Example 2 - Let’s have a look at the setup

=

e
- —

Timepix3 planes _

* Timepix3 telescope: same asin Example 1
- data-driven readout

— pixel-by-pixel timestamp

* CLICpix2 as device-under-test:

- frame-based readout:
- shutter open/close

device-under-test (DUT) translation + rotation stage
no pixel-by-pixel timestamp

(in this operation mode) particle
beam

scintillators 4 Timepix3 planes
+ PMTs (downstream)

DUT 3 Timepix3 planes scintillator
(upstream) + PMT

21" June 2022
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Example 2.1 - Again let’s start with the telescope only

* telescope detectors are data-driven

— need [Metronome] to define event

* configuration file as before
(only path/to/data is updated)

01 analysis telescope.conf

[Corryvreckan]

detectors file =
“geometries/01_alignment_telescope.geo”

histograms_f{file =
“"0l_histograms_telescope.root”

[Metronome]

event_length = 100us

[EventLoaderTimepix3]
input_directory = “../data/02_data_telescope”

[Clustering4D]

[Correlations]

Time [iracklng4D]
[ E> min_hits on track = 6
spatial cut_abs = 200um, 200um
Event 1 Event 2 Event 3 Event 4 time cut abs = 60ns
e B e e

. RS T RS N

Metronome [ metronome frame metronome frame I metronome frame metronome frame ]
Timepix3 E

[ |

hit  hit

iy

hit  hit hit  hit

1]

hit  hit hit hit

(data-driven) ,
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]

hit  hit

|

hit

|

hit
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Example 2.2 - Now let’'s add the device-under-test

02 _analysis_telescope withDUT.conf

# Remove this module:

* CLICpix2 is frame-based # [Metronome]
# event_length = 20us

— this detector needs to define the events _ _
# Now the CLICpix2 defines the frames:

— i i : i [EventLoaderCLICpix2]
data from Tlmep|X3 are filled in input_directory = “../data/01_data_clicpix2”

[EventLoaderTimepix3]
input_directory = “../data/01_data_telescope”

* configuration file:

— remove [Metronome]

. Time
- place [EventLoaderCLICpix2] — >
above Timepix3
Event 1 Event 2 Event 3 Event 4
- Re mem be r. e A 3 e A 3 s A 3 e A 3
St u ' 1 [ 1 [ ' 1 1 1
Th e 1 m O d u | e d eﬁ n e S t h e eve n t . shutter shutter shutter shutter shutter T w— E—
open close open close open close  open alsea
CLICpix2 | ' ' ' ' ' '
(frame_gsid) [ data frame ETESI data frame (35331 data frame I g‘:ﬁgl data frame I f;:g]
Timepix3 E E E E E E | E E
(data-driven) , . : E . }“ : :
' hit hit  hit  hithit © hit *  hithit hit  hit hit hithit hit "hit hit * hit hit
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Example 2.2 - Now let’s add the device-under-test

* CLICpix2 does not have pixel timestamps 02_analysis_telescope_withDUT.conf
(in this operation mode) [Clustering4D]
type = “Timepix3”
[ClusteringSpatial]
name = “CLICpix2_0"
* configuration file: [Correlations]
- add [ClusteringSpatiall] [Tracking4D]
- now need to specify which clustering for [DUTAssociation]
which detector: .
[AnalysisDUT]

hierarchy: name > type > nothing

— also add DUT association + analysis module
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Example 3 - Data and configuration files

* All configuration and geometry files in

03_desy/
geometries/
0l_tlu_mimosa26_timepix3.conf
02_tlu_mimosa26_timepix3_atlaspix.conf
03_EventDefinitionM26.conf

04_clictd_tlu_mimosa26_timepix3.conf

 The data is in

21" June 2022

data/
03_data_desy/

Hands-On: Corryvreckan - Finn Feindt

Note:

This example uses the modules
e [EventLoaderEUDAQ2]

e [EventDefinitionM26]

which require EUDAQ2:
https://github.com/eudaqg/eudaq

Use:
— VirtualBox (already prepared)
- Compilation from source

Disclaimer:

The shown analyses are chosen
to be instructive and illustrate
the framework functionality.

Please don’t infer any sensor
performance estimates.



https://github.com/eudaq/eudaq

Example 3 - Let’s have a look at the setup

=—WN==X <P /
T|mep|x31 M|m0a2 planes \\‘1 X \'é

= & A'

Setup at DESY using EUDAQ2:

https://github.com/eudag/eudaq

 AIDA TLU (“trigger logic unit”)

- generates trigger signal from
scintillator coincidence

* Mimosa26 telescope:
- triggered by TLU
- rolling-shutter readout

- no pixel-by-pixel timestamp

* additional Timepix3 plane;: p;;;i::':e
— data-driven <

- pixel-by-pixel timestamp 2 scintillators 2 scintillators

Timepix3 with PMTs 3 Mimosa26 3 Mimosa26 with PMTs
planes planes
(downstream) (upstream)
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https://github.com/eudaq/eudaq

Example 3 - Let's have a look at the event building

. Time
Setup at DESY using EUDAQ2: P
https://github.com/eudaqg/eudaq Event 1 Event 2 Event 3
ey g K 2 ! ;
« AIDA TLU (“trigger logic unit”) Y Y Y
r R r R r R
a generates trlgger Slgnal from Mimosa2§ | triggered data Idead | triggered data Idead | triggered data !dead
scintillator coincidence o o [ i Iﬁme} [ - m[ i M

* Mimosa26 telescope:
- triggered by TLU
- rolling-shutter readout

- no pixel-by-pixel timestamp

° particle
beam
B 2 scintillators 2 scintillators

Timepix3 with PMTs 3 Mimosa26 3 Mimosa26 with PMTs
planes planes
(downstream) (upstream)
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https://github.com/eudaq/eudaq

Example 3 - Let's have a look at the event building

. Time
Setup at DESY using EUDAQ2: ' >
https://github.com/eudaqg/eudaq Event 1 Event 2 Eventd
Hogen g E o U |
« AIDA TLU (“trigger logic unit”) Y Y Y
. R . R r R
a generates trlgger Slgnal from Mimosa26 | triggered data Idead | triggered data dead | triggered data !dead
scintillator coincidence (riggered) [ B Itime] [ e :][ ggeredd time
i | o H 5 N H H
. Timepix3 ! : : i : :
* M I mosa 2 6 telescope: (data-driven) i }|1:i|[ }|1:i|t it i hit hit hiti hiti hit hiti

- triggered by TLU
- rolling-shutter readout

- no pixel-by-pixel timestamp

- : : article
- additional Timepix3 plane: ki
— data-driven €
- pixel-by-pixel timestamp 2 scintillators 2 scintillators
Timepix3 with PMTs 3 Mimosa26 3 Mimosa26 with PMTs
planes planes
(downstream) (upstream)
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https://github.com/eudaq/eudaq

Example 3.1 - Let’s have a look at the geometry

* new situation:

- AIDA TLU is not a pixel detector alignment_tlu_mimosa26_timepix3_atlaspix.geo
i 1 ”n [TLU_O]
— use as “auxiliary” detector
type = “TLU”
role = “aux”

* geometry file:
— no pixels/spatial resolution

[Mimosa26_0]

— but can have position, time resolution

— define its role as “auxiliary” or “aux”
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Example 3.1 - Now let’s check the config

] ) . The 1 module defines the event!
* configuration file:

- start with the TLU and “expand” the event 01_tlu_mimosa26_timepix3.conf
to match time slice of triggered data [EventLoaderEUDAQ2]

name = “TLU_O0”"

_ : H adjust_event_times =
add data from Mimosa26 based on trigger ID ([ TluRawbataEvent”,—115us, +230us]]

- add hlts frpm Timepix3 based [Event LoaderEUDAQ2]
on pixel timestamp type = “Mimosa26”

[EventLoaderEUDAQ2]
type = “Timepix3”

Time >

Event 1 Event 2 Event 3
AIDA TLU 1 2 3 1 =
(trlgger) { { }

r R r h r R

Mimosa26 ) sl ) dlesdl ) dead
(wiggered) [ triggered data Itifze] [ triggered data tifse triggered data .

= 1L LIEE ]|

hit  hit ' hit ! hit hit  hit! hit! hit hit!

21" June 2022 Hands-On: Corryvreckan - Finn Feindt



Example 3 - Differences in Tracking

* Examples 1-2: SPS SPS:

all sensors provide hit timestamps for tracking
— 7 Timepix3 hits with precise timestamp

particle
- track timestamp = average TPX3 timestamp - H H H beam

Il H

scintillators 4 Timepix3 planes [T 3 Timepix3 planes  scintillator
(downstream) (upstream)

« Example 3: DESY DESY: . .
unamblguous track timestamp only with TPX3
— Mimosa26 hits (3x 115pus) with

multiple trigger timestamps
— require Timepix3 for unambiguous track tlme | | | | | | | pﬁ;:.c,:e
2 scintillators

— track timestamp = TPX3 timestamp

2 scintillators

Timepix3 with PMTs 3 Mimosa26 3 Mimosa26 with PMTs
planes planes
(downstream) (upstream)
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Example 3 - Differences in Tracking

 DESY 01 tlu mimosa26_timepix3.conf
. . [ClusteringSpatial]
- Mimosa26 hits (3x 115us) with tYPet=_“Mim°:é26”t .
multiple trigger timestamps gES_Trroger_trmestanp = true
. - - . . [Clustering4D]
- require Timepix3 for unambiguous track time type = “Tir?lepix3”
: — : [Tracking4D]
- track timestamp = TPX3 timestamp > | Cetmire detector = “Timepix3_0”
timestamp_from = “Timepix3_0"
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Example 3 - Differences in Tracking

01 tlu mimosa26 timepix3.conf

* one more major difference:
[Tracking4D] . .
— SPS beam: 120 GeV pions = "Timepix3_ 0"
= “Timepix3_0"
- DESY beam: 5.4 GeV electrons IR

- much lower momentum
— use general-broken-line tracking
instead of straight tracks
alignment_tlu_mimosa26_timepix3_atlaspix.geo
[Mimosa26_0]

. = 0.00075
* in configuration:
[Timepix3_0]
- add momentum and track model = 0.01068

* in geometry:
— add material budget in (X/X,)
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Example 3.2 - Adding a device-under-test

* ATLASpIX as device-under-test: 01 tlu_mimosa26_timepix3_atlaspix.conf

- data-driven [EventLoaderEUDAQ2] # the 1°° event loader
] ) ] name = “TLU_0”" # defines the event!
- pixel-by-pixel timestamp adjust_event_times =
[[“"TluRawDataEvent” ,-115us, +230us]]
- simply add another event loader [Event LoaderEUDAQ2]
type = “Mimosa26”
Sl E> [EventLoaderATLASpix] # Here the order
type = “ATLASpix” # doesn’t matter!
Event 1 Event 2 Event 3
AIDA TLU 1 2 3 4 5 [EventLoaderEUDAQ2]
ez i Ai i} type = “Timepix3”

0 ) r N0 ) -

Mimosa26 ) aend . dead . V dead
(triggered) [ triggered data Iti?le] [ triggered data tiié"le triggered data e
Timepix3 : ; ; E E E
(data-driven) ! . . : ; :

hit  hit " hit ' hit hit  hit! hit! hit hit!

ATLASPpix ; ; 5 5 5
(data-driven) U U ! i U U : U Ui
! hit  hit  hit ' hit & hit  hit! hit! hit hit!
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Example 3.3 - Using the

* new module EventDefinitionM26

- use pivot pixel information
for more precise event definition

 add before all event loaders

- Remember: The 1° module defines the event!

\\\[EventDeﬁnitionMZG] # the 1°° module
detector_event_time = “TLU” # defines the event!
file_timestamp = “path/to/TLUdata”

file_duration = “path/to/M26data”

[EventLoaderEUDAQ2]
name = “TLU_O0"

# Remove this parameter! Only add triggers now!
# adjust_event_times =
[[“"TluRawDataEvent”,-115us, +230us]]

[EventLoaderEUDAQ2 ]
type = “Mimosa26”

[EventLoaderATLASpix]
type = “ATLASpix”

[EventLoaderEUDAQ2]
type = “Timepix3”

EventDefinitionM26

03 EventDefinitionM26.conf

21" June 2022

Time ¢ :>
Event 1 Event n
ﬁ AIDA-TLU 1 2 n n+1 n+2
g -115.2 ps ,L +230.4 pis ,L \ added to
& | | | | previous event
,Lr: Mimosa26 [ triggered data 1 } { triggered data 1 /
= 1 1 1
= :
‘é ! 3x 115.2 ps ' ! [ triggered data n+1 J
2 | ‘
E Timepix3 D U ' N I:I I:| [
“ ! hit Mt ! hit it nit bt hit
track ' ,
reconstruction ' 4 4 X v X { X
AIDA-TLU 1 2 | depends on n n+1 n+2
m— ivot pixel
1 IS
=" ] 1
S a
S Mimosa26 %—)‘triggered data 1 [triggered datan [tnggerff data J
.a n
oh b i
= t 2x 1152 ps ! : :
.": ! | 1 1
S o (] [ 1 iRD 0
% v hit hit hit hit + it hit hit
track : ' '
reconstruction { /l X I : X ( J

For more details see arXiv:2011.09205
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52


https://arxiv.org/abs/2011.09205

Example 3.4 - Let's have a look at the event building

* CLICTD as device-under-test: The 1% module defines the event!

— no pixel-by-pixel timestamp
04 clicpix2_tlu mimosa26 timepix3.conf

- frame-based vehtioad-rEUDAGE]
- shutter opened randomly e setD o
— shutter closed by trigger -
[EventLoaderEUDAQ2]
* CLICTD should define events: name = "TLU_O
Time >
[
Event 1 Event 2 Event 3
' ' .
| < i i <
shutter shutter shutter shutter shutter shutter
open close open close open close
: v : v : \
CLICTD [ data frame Id.ead] [ data frame Icllead] [ data frame Idﬁad]
(frame- based) time time time
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Example 3.4 - Let's have a look at the event building

* CLICTD as device-under-test: The 1% module defines the event!

— no pixel-by-pixel timestamp

~ frame-based 04 clicpix2_tlu mimosa26 timepix3.conf

- shutter opened randomly gg;gni%giig?gmg‘%“
— shutter closed by trigger -
[EventLoaderEUDAQ2]
* CLICTD should define events: peme = “TLUO
Time [EventLoaderEUDAQ2]
| $> type = “Mimosa26”
Event 1 Event 2 Event 3
: Ny ' '
e ; ; <
shutter shutter shutter shutter shutter shutter
open close open close open close
: \ ! v ! \/
L [ data frame 1 d.ead] [ data frame { d.ead] [ data frame 1 d.ead]
(frame-based) time time time
Mimosa26 | dend i dead| :

(triggered) triggered data o triggered data il triggered data
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Example 3.4 - Let's have a look at the event building

e CLICTD as device-under-test:
— no pixel-by-pixel timestamp
- frame-based

- shutter opened randomly
- shutter closed by trigger

e CLICTD should define events:

Time
| t>

Event 1 Event 2 Event 3
— — —
| X

shutter shutter shutter shutter shutter shutter
open close open close open close
. Y i
CLICTD data frame d'ead data frame d'ead data frame d.ead
(frame-based) time time time

Y

Mimosa26 E . dead E . dead E . dead
(riggered) E [ triggered data Itime E triggered data fiie E triggered data i
Timepix3 . : \ E : E ;

(data-driven) ; }“ . i , :

hit  hit hit i hit hit  hit  hit : hit  hits hit

The 1% module defines the event!

04 clicpix2_tlu mimosa26 timepix3.conf

[EventLoaderEUDAQ2]
name = “CLICTD_0"

[EventLoaderEUDAQ2]
name = “TLU_0"

[EventLoaderEUDAQ2]
type = “MimosaZ26”

[EventLoaderEUDAQ2]
type = “Timepix3”

21" June 2022
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: L :
Corryvreckan in short carn more

O Visit our website:
reconstruction and analysis tool https://cern.ch/corryvreckan

for pixel sensor test beam data _
== Browse through our manual;

— Get the lastest version here

* highly flexible/configurable 3 Try our other tutorial:

~ separate m,OdU|eS for e_aCh — Get Started (no prior experience required)
reconstructions/analysis step
- many different event building options % Check out the repository;
https://gitlab.cern.ch/corryvreckan/corryvreckan
* comprehensive documentation Discuss in the forum:
+ beginner—friendly tutorials https://corryvreckan-forum.web.cern.ch/

~ Contact us:
* growing number of users/contributors corryvreckan.info@cern.ch
https://mattermost.web.cern.ch/corryvreckan
- Thanks to all of you!

21" June 2022 Hands-On: Corryvreckan - Finn Feindt


https://cern.ch/corryvreckan
https://gitlab.cern.ch/corryvreckan/corryvreckan/-/jobs/artifacts/master/raw/public/usermanual/corryvreckan-manual.pdf?job=cmp%3Ausermanual
https://www.physi.uni-heidelberg.de/Einrichtungen/FP/anleitungen/F96.pdf
https://gitlab.cern.ch/corryvreckan/corryvreckan
https://corryvreckan-forum.web.cern.ch/
mailto:corryvreckan.info@cern.ch

Backup

In case there are some questions...
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Example Publications

for which Corryvreckan has been used

Florian Pitters:

Time Resolution Studies with Timepix3 Assemblies with Thin Silicon Pixel Sensors
JINST 14 (2019) 05, P05022

DOI: 10.1088/1748-0221/14/05/P05022

* Mathieu Benoit: PhD Theses

Pixel detector R&D for the Compact Linear Collider

JINST 14 (2019) 06, C06003 Florian Pitters:

DOI: 10.1088/1748-0221/14/06/C06003 Silicon Detector Technologies for Future Particle
- Magdalena Munker: Collider Experiments

Vertex and tracking detector R&D for CLIC https.//cds.cern.ch/record/27147037In=en

Nucl.Instrum.Meth.A 980 (2020) 164475 * Thorben Quast:

DOI: 10.1016/j.nima.2020.164475 Qualification, Performance Validation and Fast

Generative Modelling of Beam Test Calorimeter
Prototypes for the CMS Calorimeter Endcap Upgrade
https://cds.cern.ch/record/27250407?In=en

* Morag Williams:
R&D for the CLIC Vertex and Tracking detectors
JINST 15 (2020) 03, C03045

DOI: 10.1088/1748-0221/15/03/C03045 * Morag Williams:
Evaluation of Fine-Pitch Hybrid Silicon Pixel Detector

Prototypes for the CLIC Vertex Detector in Laboratory
and Test-Beam Measurements
(work-in-progress)

* Jens Kroger:
Silicon Pixel R&D for the CLIC Tracking Detector
JINST 15 (2020) 08, C08005
DOI: JINST 15 (2020) 03, C03045
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https://cds.cern.ch/record/2714709?ln=en
https://cds.cern.ch/record/2725040?ln=en

Caribou - the readout system
versatile, open-source, linux-based HH

* fast & simple implementation of new detectors
FPGA/SoC board

- “fast prototyping” " AXilinx 2C706
power supply (12V) / J’

 universal: \
- FPGA board
—  Control & Readout (CaR) board CaR board

“most of the” firmware/software

* chip-specific:
- chip board

2= == R T ==

“some” firmware/software blocks B = iy ' 1\ .
. ' _/ FMC cable ,

pixel sensor B3

(optional, 3m+)

21" June 2022 Hands-On: Corryvreckan - Finn Feindt



[ . TN AR N S N

—- —

Timepix3 planes ——

SPS vs. DESY I

SPS:

* typical beam condition:
120 GeV pions @ few MHz

| particle :
beam
* telescope in operation I I t t t th 1 j =

scintillators 4 Timepix3 planes  pT 3 Timepix3 planes  scintillator

2014-2018 Feu e wpstresm) P device-under-test translation + rotation stage

DESY: By |

Tim
* typical beam condition:
5.4 GeV electrons @ few kHz

* use for CLICdp testbeam _ | | | | | | | | | H eam it 19
Campaigns during Zscintillla!ors 2 scintillators - E l‘ : ,7 7

. o ¥ Mimosa26 planes [\
epix3 /. A 1
i :\%' 2 "Em ;

\ e
kn

Timepix3 with PMTs 3 Mimosa26 3 Mimosa26 with PMTs

LHC LS2 2019-2020 oy e

idevice-under-test N

7 iy Arreamms e ——— -
21" June 2022 Hands-On: Corryvreckan - Finn Feindt

- much lower rate & energy



SPS vs. DESY |l - Readout

continuous readout, timestamps synchronous with global clock Trigger Logic Unit readgjfgj,ardsl_
SPS: readout board
* Trigger Logic Unit (TLU) - provides global clock (time sync.) - i L o
* 3 scintillators + PMTs - trigger timestamps
* 7 Timepix3 planes - excellent spatial + timing resolutiol ﬂ Moeam
 DUT — Investigator, Cracow SOI, Timepix3, H
CLICpix, CLICpix2, ATLASPpix scintilators 4 Tmepix3 planes 3 Timepi panes scnilatr
DESY:
* AIDA TLU — provides global clock (time sync.) a=:=
+ triggers Mimosa Readout ispm [N DAQ icmbou
* 4 scintillators + PMTs - input to TLU oot povest
* 6 Mimosa26 planes — good spatial res. (2x 115us bins rolling shutter) ==
* Timepix3 - used to assign ns timestamp to tracks " M particee
- DUT - CLICpix2, ATLASpix, CLICTD = R 1
- additional subsystem Timepmzxiﬁwﬁgij:gﬁ{iﬁ:j) o s e

21" June 2022 Hands-On: Corryvreckan - Finn Feindt




SPS vs. DESY Il - Differences in the Analysis

Tracking:
SPS:
all sensors provide hit timestamps for tracking
* SPS H H H particle
2 7 Timepix3 hits with precise timestamp - beam
2 track timestamp = average TPX3 timestamp H H H

scintillators 4 Timepix3 planes [T 3 Timepix3 planes  scintillator

(downstream) (upstream)
 DESY:
> Mimosa26 hits (3x 115us) with DESY: | |
mu|tip|e trigger timestamps unamblguous track timestamp onIy with TPX3
2 require Timepix3 for unambiguous track time
. _ . particle
> track timestamp = TPX3 timestamp | | | | | | | articl
2 scintillators 2 scintillators
Timepix3 with PMTs 3 Mimosa26 3 Mimosa26 with PMTs
planes planes
(downstream) (upstream)
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GitLab Continuous Integration

* ensures compilation, formatting, functionality (all stages explained in backup)

* pipeline runs through for every commit

for every commit |

— for every merge request or tag —
Compilation Testing Formatting Documentation Packaging Deployment
@ cmp:cc7-docker | & @ tstalign ) @ fmt:cc7-lvm-lint | &£ @ cmp:doxygen | &7 @ pkg:cc7-gec ) @ deploy-cvmfs | 47
@ cmp:cc7-gee o @ tstio = @ fmt:centos7-lv... | &2 @ cmp:usermanual | &7 @ pkg:slcé-gee o @ deploy-docker-l.. | &
@ cmp:cc7-livm o @ tat:sim o @ fmt:codespell |43 @ deploy-eos o
@ cmp:mac1015<c.. & @ tsttracking =

@ cmp:slce-gece = V GltLab

21" June 2022 Hands-On: Corryvreckan - Finn Feindt



GitLab Continuous Integration - all stages

« Compilation * Documentation
— compile source code on Scientific Linux 6, - compile user manual from LaTeX
CentOS7, and Mac OS X with GCC, Clang, sources and generate Doxygen code
and AppleClang reference
* Testing * Packaging
— analyse test data sets and compare — generate release tarballs
output to pass conditions
] * Deployment
* Formatting . .
_ _ — publish new version of CVMFS, new
— check format against defined syntax docker image in registry, new user
rules (e.g. tabs « whitespaces) to avoid manual and code reference on the
changes caused e.qg. by different website and release tarballs

indentation, and apply linting

v GitLab

21" June 2022 Hands-On: Corryvreckan - Finn Feindt
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