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Welcome to Corryvreckan

What are we going to learn today?

brief re-introduction

particle
beam
Installation options E%J ‘ﬂ ‘H \ \ \ k | 1 1 1
C

setting up an analysis step-by-step
— Please follow along on your own laptop!

please ask questions at any time!

0.5 1
Xref Xhit [mm]
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Reminder: What is Corryvreckan? 7 ‘

A reconstruction and analysis tool T/
for pixel sensor test beam data

HH\ H\l”, | Pream
* modular structure t% H

— framework core

— modules for specific tasks

* highly flexible and configurable

* easy to understand

— written in modern C++

— comprehensive documentation (> 100 pages!)
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The Modular Approach

- event buildin
— framework core 9

_ _ _ - clustering
implementation of algorithms - [Modules] ~ tracking
* modules: — analysis (also multiple DUTs)
"plug-and-play” algorithms for specific tasks -
* objects are stored temporarily: * quick to set up and easy

— events, pixels, clusters, tracks to configure

) )

( All detectors | ( All detectors | ( All telescope planes’ DUT only

L FileReader ’l Clustering4D ’l Tracking4D ’l DUTAssociation
S S 7 J

DUT only ( All detectors ]

AnalysisDUT ’l FiIeWriterJ
J

—
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The Modular Approach

* can create more complex reconstruction chains

* apply different modules to different devices in the same reconstruction

Telescope planes 1 Telescope. pIaneQ rl'elescope plane S)
EventLoaderTimepix3 Clustering4D Tracking4D
_/ All detectors | y

( oo ) ( oo ) )

( bour

—)l DUTAssociation

}

[EventLoaderCLleisz—)L ClusteringSpatial J—
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Project Website

If you need information and don’t
know where to search...

First place to go:

https://cern.ch/corryvreckan

e News on releases
* Installation/Getting Started

* Links to code repository,
issue tracker, forum etc.

January 2020

)
Corryvreckan

The Maelstrom for Your Test Beam Data

Corryvreckan at the BTTB8
(9 Posted on January 24, 2020

It's a great pleasure to announce that Corryvreckan will be represented at the 8th Beam
Tests and Test Beams Workshop taking place in Thilisi, Georgia, from January 27th to 31st
2020: A general introduction talk will outline the software framework, give an overview of
its features and improvements since BTTB7, and explain the flexible event building
mechanisms. Two 2.5h tutorials will guide 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 EUDAQ?2 integration. [Read More]

Patch Release 1.0.2

4 Posted on January 23, 2020

Over the past month, many improvements and bug fixes have been made to
Carryvreckan. These 45 commits have been consclidated in Patch Release 1.0.2, which is
now available in the repository. The following notable improvements have been
implemented: CMake: updated targets including Eigen3 and ROOT allow C++11, 14, and
17 Testing: updated naming of spatial and time cut parameters to use absolute values
updated pass conditions Logging: [Read More]

| & Corryvreckan x| + _  m
&« C & project-corryvreckan.web.cem.ch/project-corryvreckan/ * 8
Corry\lreckan , ABOUT v DOCUMENTATION & REFERENCES v HELP & RESOURCES v
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https://cern.ch/corryvreckan

Repository

master cormyvreckan / src / modules / Clustering4D + v History  Q Findfile  Web IDE & o
u
.‘ Fix mixup of coordinates cabl7abd @
Simon Spannagel authcred 1 month ago

Name Last commit Last update

. o n I I n e d o c u m e n ta tl 0 n I n re p O [3) CMakeLists. txt Rename Timepix3Clustering -> Clustering4D 1 year ago
. [3 Clustering4D.cpp Spatial cuts: backwards compatibility for older names, print.. 1 month ago
https://gitlab.cern.ch/corryvreckan/corryvreckan

[3 Clustering4D.h Implementing simultaneous relative and absolute time cuts ... 2 months ago
d I h R E E D M E [2) README md Fix mixup of coordinates 1 month ago
[Z! README.md

Clustering4D

Maintainer: Daniel Hynds (daniel hynds@cern_ch)

* extensive user manual S
https://cern.ch/corryvreckan/usermanual/corryvreckan-manual.pdf

Description

This module performs clustering for detectors with valid individual hit timestamps. The clustering methed is either an arithmetic meanora a
_ f I | H H f f k 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
u e S C r I pt I O n O ra I I I e W O r 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

. . . .
—_ I n Sta | | a t I O n I n St ru Ctl O n S Split clusters can be recovered using a larger search radius for neighbouring pixels.

Parameters

_ { (; etti n g Sta rted n FA S ® 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 3.8 .
e time cut abs :Specifies an absolute value for the maximum time difference allowed between pixels for association to a cluster. Absolute
- d I d H t H f t h d f and relative time cuts are mutually exclusive. No default value.
m O u e e S C rI p I O n S e C e ro m re p O * neighbour radius col : Search radius for neighbouring pixels in column direction, defaults to 1 {do not allow split clusters)
* neighbour radius_ro

: 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:

° D Oxyg en co d ere fe rence S S ———

# Cluster charge histogram

https://cern.ch/corryvreckan/reference/ L

o Cluster multiplicity

— more details on code

[ClusteringdD
time cut rel = 3.8
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https://gitlab.cern.ch/corryvreckan/corryvreckan
https://project-corryvreckan.web.cern.ch/project-corryvreckan/usermanual/corryvreckan-manual.pdf
https://project-corryvreckan.web.cern.ch/project-corryvreckan/reference/

Documentation

* online documentation in repo U

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

- every modules has a README Coryvreckan User Menuul

Morag Williams (morag. williams@cern.c
Simon Spannagel
Jens Kroger (jens.

December 9, 2019

« extensive user manual
https://cern.ch/corryvreckan/usermanual/corryvreckan-manual.pdf

Contents

— 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.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
https://cern.ch/corryvreckan/usermanual/corryvreckan-manual.pdf

— full description of framework o A s R

& (& @ project-corryvreckan.web.cern.ch/project-corryvreckan/reference/ w e 5

— installation instructions (= Corryvreckan s
“GEtting StartEd", FAQS O The Maelstrom for Your Test Beam Data

Modules Classes Files Q Search

| | |
— module descriptions (fetched from repo) 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 the 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
* Doxygen code reference
https://cern.ch/corryvreckan/reference/

Generated on Mon Dec 9 2019 16:33:03 for Corryvreckan by @]@!@m 1.8.11
— 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.pdf
https://project-corryvreckan.web.cern.ch/project-corryvreckan/reference/

The Corryvreckan Repository

& Corryvreckan/ Corrywreck x | + - o x
’ & gitlab.cem.chicorryvreckanfcorryvreckan r @

Let’'s explore the repo e + .

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

Y Project overview @ Corryvreckan @ av  asar 5 vek 14 ([EEEE

Project ID: 28552 | Leave project

Details

L4 doc / d O C u m e n ta ti O n/u Se r m a n u a I Activity 2,905 Commits ¥ 7Branches ¢ 33Tags [ 26.4 MB Files

The Maelstrom for Your Test Beam Data
Releases

Cycle Analytics

* etc/ Ixplus setup script, etc. -

master corryvreckan + v History ~Q Findfile WebIDE & ~

I I 1 I Me\qgkequesm ; :ﬁ:g:g;:c.w:gr:-ﬂmln|'ﬁnlmfler< (¥) bdbcozs @
* jobsub/ job submission tool + README

B README 8 MIT License [ CONTRIBUTING [ CI/CD configuration @ Add Kubernetes cluster
& Operations

* src/ all the source code e

£ Settings m gitlab-ci.d Cl: Add Eigen3 for GBL 1 month ago

W 3rdparty/GeneralBrokenLines Include GBL only locally for target 1 month ago
% d 1 d W crake Merge branch ‘clang_format_improv it into 'mas. 4 weeks ago
nd READMEs of all modules
mo u e S / C O e a W doc add missing packag 1 month ago
eic git hook: only format code in "src/ 1 month a
° t t ° n / C I te St C O n ﬁ S i jobsub jobsub: port some changes from CLICdp-Note-2019-. 1 month ago
e S l g g . src EventLoaderTimepix3: fix cast to double and division. 22 hours age
M testing Updated the testing output 1 month a
3 .clang-format Add clang-format file ars
3 .gitignore Cl: create data folder if it doesn't exist 1 year ago
@ .gitlab-ci.ym! Cl: Add Eigen3 for GBL 1 month ago
() 1 1 H [3 CMakeLists.txt Allow C++11 and 14 1 k
README . md short introduction/getting started e
° m 3 CONTRIBUTING.md Update CONTRIBUTING.md 1 month ago
@ LICENSE.md Add MIT license 2 years ago
. . : - H :
Y Cont rlbut lng . md C O n t rl b u tl O n g u I d e I I n e S B README.md Merge branch ‘master into gblintern 1 month ago
2 README.md

&« Collapse sidebar m
| ~n
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https://gitlab.cern.ch/corryvreckan/corryvreckan

The Corryvreckan Repository

| & src/modules/Clustering4! x

ES - o x

<« @ @ gitlab.cern.ch/corryvreckan/corryvrecka src/modules/Clusterin

& GitLab  Proje Groups

(D‘ Corryvreckan G Corryvreckan > Repository

Read the documentation and I e
explore the source code: 2 o bl -

Commits
Name Last commit Last update
Branches
* all the source code -
gs
Src et -l e
B CMakeLists.txt Rename Timepix3Clustering -> Clustering4D 1 year ago
Contributors
Graph B Clustering4D.cpp Spatial cuts: backwards compatibility for elder names, print. 1 month ago
i l / d n I R E Q D M E f I I I | Compare [ Clustering4D.h Implementing simultaneous relative and absolute time cuts 2 months ago
mo u e S C O e a S O a I I l O u e S Charts 21 README.md Fix mixup of coordinates 1 month ago
) Issues 12 [ README.md
I Merge Requests 3
Z cire Clustering4D

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

Detector Type: all

Status: Functional

¢ Operations
@ Packages

13 Settings Description

This module performs clustering for detectors with valid individual hit timestamps. The clustering method is either an arithmetic meancraa
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/Y)

<« Collapse sidebar .
« Cluster charge histogram -
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Let’'s get started

Installing Corryvreckan...
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Installation - 1) Download the binary

* for Centos7 and SLC6: download binary release tarballs

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

\. G Corryvreckan x | + - o x
& C & project-cormyvreckan.web.cern.ch/project-corryvreckan/ r O
Corryvrel:kan o \ ABOUT v DOCUMENTATION & REFERENCES v HELP & RESOURCES v ) i
\ j’ | @ Indexof [project-corryvre: x | + - o x
FORUM < C @& project-corryvreckan.web.cern.ch/project-corryvreckan/releases/ W O
= MAILING LISTS .
or ryv recKan Index of /project-corryvreckan/releases
- REPOSITORY
The Maelstrom for Your Test Beam Data Name Last modified Size Description
3 Parent Directory -
PatCh Release 1,0.1 4} corryvreckan-1.0-x86 64-centos7-gcc7-opt.tar.gz 29-Nov-2019 17:28 1.7M
) Posted on December 9, 2019 ﬁ corryvreckan-1.0-x86_64-slc6-gcc7-opt.tar.gz 29-Nov-2019 17:28 1.7M
It has not even been a week since Corryvreckan Release 1.0. But we were not taking a ﬂ corryvreckan-1.08.1-x86 64-centos/-gcc7-opt.tar.gz 09-Dec-2019 16:35 1.7M
rest so we can announce our first patch release comprising 13 commits. The release is ﬂ corryvreckan-1.0.1-x86_64-slc6-gcc7-opt.tar.gz 09-Dec-2019 16:35 1.7M
favallable in the repository as of now. The foIIowmgllssugs, have peen fixed and ﬁ corryvreckan-latest-x86_64-centos7-gcc7-opt.tar.gz 21-Jan-2020 03:40 1.9M
improvements have been made: Track class: bug fix, chi2 and chi2ndof can now be 4} -
retrieved correctly when reading in a file with the [FileReader] [Read More] corryvreckan-latest-x86 64-slcb-gcc/-opt.tar.gz 21-Jan-2020 B83:40 1.9M
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https://cern.ch/corryvreckan

Installation - 2) 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 if needed

make install —-j<number_of_cores>

Uy Ur U U Ur

* corry executable available in installation directory:

$ path/to/corryvreckan/bin/corry

January 2020 The Corryvreckan Framework - Jens Kroeger


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

Installation - 3) Use Corryvreckan on LXPLUS

* requires a CERN LXPLUS account

* 2 options:
- source CVMFS version - Install on LXPLUS
$ source /cvmfs/clicdp.cern.ch/software/ $ git clone https://gitlab.cern.ch/

corryvreckan/<version>/x86_64— corryvreckan/corryvreckan.git

<slc6/centos7>-gcc7-opt/setup.sh $
$ cd corryvreckan
$ source etc/setup_lxplus.sh

Note: $

$ # continue as for local installation

— only modules active by

default are available . .
— same as local installation

— e.g. hot [EventLoaderEUDAQ2]
(needed for Example 3)
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Installation - 4) Use docker image *dOCkQ(

* run software in container including all dependencies

* recommended for this tutorial Small -&>docker cheat sheet:

° needs “docker" executa b|e 1. Start corry in docker container:

S source start docker container.sh

— install via $ sudo snap install docker 2. Exit by typing

. S exit
e start docker container:
S sudo ./start _docker container.sh 3. List all containers using
S docker container ls -a
docker run ——-interactive ——-tty \
——volume "$ (pwd)":/data \ 4. Re-start exited container
——name=corryvreckan \ $ docker start <container_name>

gitlab-registry.cern.ch/corryvreckan/corryvreckan \

bash 5. Re-attach to interactive container:
S docker attach <container name>

* then use like usual terminal 6. Removed (stopped) container):

S docker rm <container name>
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Installation - 4) Use docker image *dOCkQ(

* run software in container including all dependencies

* recommended for this tutorial Small -&>docker cheat sheet:

° needs “docker" executa b|e 1. Start corry in docker container:

S source start docker container.sh

— install via $ sudo snap install docker 2. Exit by typing
S exit

 start docker container:

S sudo ./start _docker container.sh 3. List all containers using

S docker container ls -a

If you run docker the first time:

4. Re-start exited container
S docker start <container name>

$ sudo groupadd docker

$ sudo usermod —-aG docker S$SUSER 5. Re-attach to interactive container:

S docker attach <container_name>
Then log out and back in and try:
6. Removed (stopped) container):

$ docker run hello-world $ docker rm <container_name>
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Let’'s get started

Setting up an analysis...
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Download the example data and configs

* example configs and scripts:

$ git clone https://gitlab.cern.ch/jekroege/bttb8_tutorial_ corryvreckan.git

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

01l_atlaspix/ ¢ simple
02_clicpix2/ ¢ simple
03_desy/ ¢ advanced

* 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/jekroege/bttb8_tutorial_corryvreckan.git

Reminder: Configuring Corryvreckan

* TOML style = easy to read
* support of physical units (e.g. 25um)

* configuration file:
— global parameters
- specifies modules and parameters
- sets input/output paths
— defines log level

* geometry file:

- number, types and
positions/rotations of sensors

— role of sensors
(DUT, reference, auxiliary)

January 2020

example con

= jens: ~[software/corryvreckan/testing Q

File Edit Options Buffers Tools Conf Help
[Corryvreckan]

log level = "WARNING"

log format = "DEFAULT"

detectors file
histogram file

"histograms_run9444.root"

[Metronome]
event length = 200us

[EventLoaderTimepix3]
input_directory = “"data/timepix3tel_ebeamlze"

[Clustering4D]
time cut abs = 100ns

[Tracking4D]

min hits on track = 6
momentum=120GeV

time cut abs = 200ns

track model = "gbl"®

spatial cut abs = 200um, 200um
volume scattering length=304m

-UU-:----F1 test_timepix3tel_ebeaml20_gbl.conf|
For information about GNU Emacs and the GNU sys|

"geometries/geometry_timepix3_telescope.conf"

&

The Corryvreckan Framework - Jens Kroeger

figuration

example geometry

= jens: ~[software/corryvreckan/testing Q = - o x ‘

File Edit Options Buffers Tools Conf Help

[Wee13 Doe4]

number of pixels = 256,256

orientation = 10.7471deg, 186.437deg,-1.33797deg
orientation mode = "xyz"

pixel pitch = 55um,55um

position = 923.402um,296.86um,0

spatial resolution = 4um,4um

material budget = 0.01068

time resolution = 2@ns

type = "Timepix3"

[Weel3 E@3]

number of pixels = 256,256

orientation = 11.0172deg, 186.658deg,-1.06937deg
orientation mode = "xyz"

pixel pitch = 55um,55um

position = -249.154um,488.592um,21.5mm

spatial resolution = 4um,4um

material budget = 0.01068

time resolution = 20ns

type = "Timepix3"

-UU-:----F1 geometry_ timepix3_telescope.conf Top L1 Git
For information about GMU Emacs and the GNU system, type C-h\
C-a.




Example 1 - Data and configuration files

* All configuration and geometry files in

01_atlaspix/
geometries/
0l1_analysis_telescope.conf
02_analysis_withDUT.conf
03 online monitor.conf
04 filewriter.conf

05 filereader.conf

* The dataisin

January 2020

data/
01_data_atlaspix/
01l_data_telescope/

The Corryvreckan Framework - Jens Kroeger

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

—— - —

__ Timepix3 planes

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

 ATLASpix as device-under-test:

— 7 ‘
- data-driven readout — i/ ==
- pixel-by-pixel timestamp deV|ce under-test (DUT) translation + rotation stage
particle
\ \ \ l l / -
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

L) ] " . C k
« configuration file: [Corzyyreckan]
output directory = “output”
- global parameters detectors_file =
o “geometries/0l1l_alignment_telescope.geo”

— specifies [Modules] and parameters histograms_file =
- sets input/output paths 01_histograms_analysis_telescope.root
- deﬁnesloglevel [Metronome]

event length = 20us

[EventLoaderTimepix3]

* a” deteCtOI‘S are data'd riven input directory = “../data/0l1_data_telescope’”
- need [Metronome] to define event

[Clustering4D]
Time >
[Correlations]
Event 1 Event 2 Event 3 Event 4
B B B B .
r he he T R [Tracking4D]
Metronome [ metronome frame I metronome frame I metronome frame I metronome frame ] mi n_hlt s_on_t rack = 6
Timepix3 | H HH H H H H H i H H ﬂ H H H i | spatial cut abs = 200um, 200um
(data-driven) i i i i | time cut abs = 50ns

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

* geometry file:

January 2020

number, types and
positions/rotations of sensors

role of sensors
(DUT, reference, auxiliary)

geometries/01 alignment_telescope.geo

[Timepix3_0]

number of pixels = 256,256

orientation = 9.94299deqg,187.403deqg,-1.36501deg
orientation_mode = “xyz”

pixel pitch = 55um, 55um

position = 939.743um, 285.05um, 0

spatial resolution = 4um, 4um
time_resolution = 1.5ns
type = "“Timepix3"

[Timepix3_1]

[Timepix3_2]

role = “reference”

The Corryvreckan Framework - Jens Kroeger




Example 1.1 - Let's run the analysis

* run analysis:

$ corry —-c 01_analysis_telescope.conf

* event loop is updated continuously:

|16:24:49.775| (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

$ corry —-c 0l_analysis_telescope.conf —o number of_ events=570000

January 2020
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Example 1.1 - Let’s check the results

* terminal output tells us:

|16:37:52.337| (STATUS) ===================| Finalising modules |
|16:37:53.317|

(STATUS) Wrote histogram output file to /fhome/jens/Documents/bttb8 tutorial corryvreckan/@1 atlaspix/output/@1 histograms analysis telescope.root
* ROOT file contains histograms of all modules:

ROOT Object Browser

Browser ‘Eile Edit View Options Tools

Files | Canvas_1 @| Editor1 [

40 % & Draw Option: [colz - Timepix3_0 Hit map
oot - — —
[ZPROOF Sessions h : L ek 1
£ ROOT Files _ Efoains e T . 5 67.03
- __B8.18

¥ [px]

Eﬁg 01_histograms_analysis_telescope.root

Ea EventLoaderMimepta
= a'l‘lmepm_o;l »
: {A pixelToT_beforecalibration; 1
_‘ hitMap; 1
Eammepia_1;1
(2 Timepix3_z;1
(Ammepia_3;1
CdTimepia_4:1

...... [ Timepica_s:1
----- [ Chsterng4D;1

----- [CJcorelatians; 1

_____ [ Tracking4D T

=T, Command |
Ela hame
) I — >

Filter: [ All Files (*.1) [+] |

= Command (local): | E|

| Canvas_1 | Canvas_1 | | X=-32, y=-3935.39
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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
| E>

Event 1 Event 2 Event 3 Event 4
e e e e
. RS R RS R
Metronome [ metronome frame metronome frame I metronome frame metronome frame ]
Timepix3 E | 1 ] _E | | ] E | | E— !
(data-driven) | , : !

hit  hit hit  hit

hit it hit  hit hit  hit hit  hit ' hit  hit
ATLASpix !

(data-driven)

(- — — = < < < 1 -J -J 1= - [
hit hit  hit hit  hit hit  hit hit ! hit hit hit hit hit hit

02 _analysis_telescope withDUT.conf

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

input_directory =
[EventLoaderATLASpix]

input directory = “../data/0l1_data_ atlaspix”

[Clustering4D]

[Correlations]

[Tracking4D]

min _hits on track = 6

spatial cut_abs = 200um, 200um
time cut abs = 50ns
[DUTAssociation]

time cut abs = 200ns

spatial cut abs = 300um, 150um
[AnalysisDUT]

[AnalysisEfficiency]

January 2020
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Example 1.2 - Now let’s add a device-under-test

* in geometry file:
- add [ATLASpix 0]
— mark as device-under-test (“dut”)

- optionally define region-of-interest
(“roi’) for analysis modules

geometries/02 _alignment_telescope withDUT.geo

[Timepix3_2]

[ATLASpix_0]

number_of pixels = 25,400

orientation = -0.0124905deg, 0.0684685deg, -0.52609deqg
orientation_mode = "xyz"

pixel pitch = 130um, 40um

position = 335.278um,-1.55396mm, 105mm

spatial resolution = 40um, 10um
time resolution = 200ns

role = "dut"

type = "ATLASpix"

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

[Timepix3_3]

January 2020
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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 file contains histograms of all modules:

ROOT Object Browser - o x
Browser | File Edit View Options Tools Help
Files | Canvas_1 @| Editor 1
44 % 2 Draw Option: [colz : residuals
- B residualsy
- @ Enlries 12612
(acaneiatons;1 100 Mean 00005216
([Z Tracking+D;1 - StdDev  0.01176
-] DUTAssociation; 1
=424 AnalysisDUT:1 50

EHEJATLASPR_0;1

-Jij custermapassoc;

-[ ] custerszemapAssoc;s
~[_] eustercnargeMaphassac; 1
-l hMapAssac: 1 4
My nvapROL

|44 pxeRawValueAssoc;1
[ pveiRawvaeMapassoc;t |y
|4 associtedTracksVersusTim
ha resdualsit; i

Lk reskuals;1

Lk residuatsPos;1

‘ resilualsPosVsresidualsTim Command ‘
g reskualsXipit
| ha resdualsy1pi ~ | Command {local): ‘ D
L I >

Filter: | Al Files (=) [

@
2

5

r
5]

Lo ] smdenend® L1 i i 3ia 1
008 008 004 002 0 002 004 006 008 04
Yoy Yy 1]

e

[ \ \ \ 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

January 2020

—c config.cfg — path to configuration file
-1 log.txt - file to log to besides standard output (terminal)
-v “FATAL”, “STATUS”, “ERROR”, - logging verbosity level

“WARNING”, "INFO”, "DEBUG” also per module: -0 MyModule.log_ level="DEBUG”

-0 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, Odeg — 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

* configuration file:
— add [OnlineMonitor]

— specify which plots you want to see

— supported keywords:
$DETECTOR%, %DUT%, S%REFERENCES%

03 _online_monitor.conf

MIMOSA26_0: comelation X
can

Corryvreckan Testbeam Monitor

MIMOSA26_1: correlation X

MIMOSA26_2: correlation X

ATLASPIx_0: correlation X

i

caneiatont ,

MIMOSAZ26_3: correl lation X

13888808

MIMOSA26_4: correlation X

qqqqqqq

uuuuu

s 5 8.8 8§

ssssss

[OnlineMonitor]
= 200

[ ["EventLoaderATLASpix/%DUT%/hitMap", '"colz"],
["EventLoaderATLASpix/%$DUT%/pixelToT"],

["EventLoaderATLASpix/%DUT%/hPixelTimes_long"]]

["EventLoaderATLASpix/%DUT%/pixelMultiplicity”, "log"],
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Example 1.4 - The FileWriter

04 _filewriter.conf

[Tracking4D]
_ min hits on track = 6
* we can write out reconstructed data at spatial _cut_abs = 200um, 200um
any stage during the reconstruction St = o0ms
[FileWriter]
file name = "“04_output_tuples.root”
* in configuration file: [DUTAssociation]
time cut abs = 200ns
- add [FileWriter] spatial cut_abs = 300um, 150um
— objects of all previous modules will be written [AnalysisDUT]
to file
[AnalysisEfficiency]

* explore output file with ROOT TBrowser

* read in for further analysis via the [Filereader](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
https://indico.cern.ch/event/813822/contributions/3648304/

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]

[AnalysisEfficiency]
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https://indico.cern.ch/event/813822/contributions/3648304/

Example 2 - Data and configuration files

* All configuration and geometry files in

02_clicpix2/

geometries/

01 _analysis_telescope.conf

02_analysis_withDUT.conf

* The datais in

January 2020

data/
02_data_clicpix2/
02_data_telescope/

The Corryvreckan Framework - Jens Kroeger

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

——

- —

__ Timepix3 planes

* Timepix3 telescope: same as in Example 1
- data-driven readout

— pixel-by-pixel timestamp

* CLICpix2 as device-under-test:

- frame-based readout:
- shutter open/close

A

deV|ce under-test (DUT) translation + rotation stage

no pixel-by-pixel timestamp

(in this operation mode) I I particle
beam

scintillators 4 Timepix3 planes
+ PMTs (downstream)

DUT 3 Timepix3 planes scintillator
(upstream) + PMT

January 2020
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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

Time
Event 1 Event 2 Event 3 Event 4
e e e
r Y Y e
Metronome [ metronome frame metronome frame I metronome frame metronome frame

== 0000 B or 1l

hit  hit hit  hit hit  hit hit  hit hit hit hit  hit

[Corryvreckan]
detectors file =

“geometries/01l_alignment_telescope.geo”
histograms_file =
“"O0l_histograms_telescope.root”

[Metronome]
event length = 100us

[EventLoaderTimepix3]
input directory = “../data/02_data_telescope’”

[Clustering4D]
[Correlations]

[Tracking4D]

min_hits _on _track = 6

spatial cut_abs = 200um, 200um
time cut abs = 60ns
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Example 2.2 - Now let’s add the device-under-test

02 _analysis_telescope withDUT.conf

* CLICpix2 is frame-based # Remove this module:
# [Metronome]
— this detector needs to define the events # event_length = 20us
- data from TimepiX3 are filled in # Now the CLICpix2 defines the frames:

[EventLoaderCLICpix2]
input directory = “../data/0l1_data_ clicpix2”

¢ Conﬁguration ﬁ |e [EventLoaderTimepix3]

input directory = “../data/01_data_telescope”

— remove [Metronome]

Time

- place [EventLoaderCLICpix2] >
a bove TI me p IX3 Event 1 Event 2 Event 3 Event 4
- Remember: —— —— — ——
Th e 1 st mo d u Ie d eﬁ nes t h e even shutter shutter shutter shutter shu.tter shultter shultter shultter
oplen clt?se open cl9se open close  open close
(g}nffiiig) [ data frame

| d.eadI data frame I cl'eadI data frame I d'eadI data frame I d.ead]
imepix i i ' i i ; i ' ‘ i i
bt 1

'+ hit hit hit hithit * hit *  hithit hit  hit hit  hithit  hit vhit 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) [ClusteringdD]
type = “Timepix3"
] i ) [ClusteringSpatial]
* configuration file: name = “CLICpix2_0"
- add [ClusteringSpatiall] [Correlations]
— now need to specify which clustering for [Tracking4D]
which detector:
[DUTAssociation]
hierarchy: name > type > nothing
[AnalysisDUT]

— also add DUT association + analysis module

January 2020 The Corryvreckan Framework - Jens Kroeger



Example 3 - Data and configuration files

* All configuration and geometry files in

03_desy/

geometries/

01_tlu mimosa26_timepix3.conf

02_tlu mimosa26_timepix3_atlaspix.conf

* The datais in

January 2020

data/
03_data_desy/

The Corryvreckan Framework - Jens Kroeger

Note:
This example uses the
[EventLoaderEUDAQ2].

This requires a local installation
of EUDAQ2.
https://github.com/eudaqg/eudaq

Alternatively, run in -&*docker
container.

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

Setup at DESY using EUDAQ2:

https://github.com/eudaqg/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:
— data-driven
— pixel-by-pixel timestamp

January 2020

FﬂﬂﬁﬁT
Tlmep|x3

particle
beam

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

Setup at DESY using EUDAQ2: >

https://github.com/eudaqg/eudaq Bvent 1 Event 2 Event 3

AIDA TLU 1 5 3 4 5
(trigger)
- AIDA TLU (“trigger logic unit”) S SR SEN S S
- generates trigger signal from el IR oweason o] | wentonn |

scintillator coincidence

* Mimosa26 telescope:
- triggered by TLU
- rolling-shutter readout
— no pixel-by-pixel timestamp

particle
beam
o (
- 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 EUDAQ?2: | >
https://github.com/eudaqg/eudaq Event 1 Event 2 Event 3
(riggen) 1 2 3 4 5
- AIDA TLU (“trigger logic unit”) SN SUN U SENN— S
- generates trigger signal from e s [ [ i [ [ i ol
scintillator coincidence o H H N 5 H H 5 N H H
_ i i
° Mlmosa26 telescope hit bt D hit - hit Bt het i hit hit
- triggered by TLU
- rolling-shutter readout
— no pixel-by-pixel timestamp particle
_— . . beam
* additional Timepix3 plane: - | | | | | | |
- data-driven . 32 scintillators " , ZS(E’icEtillll\?IErors
- pixel-by-pixel timestamp MEPYS with PMTs 3 p'|r:r?22 ° 3Mp'|r:r?2§26 " ”
(downstream) (upstream)

The Corryvreckan Framework - Jens Kroeger
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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

— use as “auxiliary” detector [TLU_O]
. t e = W“wpLu”
* geometry file: rsﬁe -

— no pixels/spatial resolution
— but can have position, time resolution
— define its role as “auxiliary” or “aux”

[Mimosa26 0]
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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 0"

adjust_event_times =

— add hits from Timepix3 based [ [“TluRawDataEvent"”, -115us, +230us] ]
on pixel timestamp

- add data from Mimosa26 based on trigger ID

[EventLoaderEUDAQ2]
type = “"Mimosa26"”

Time
| E> [EventLoaderEUDAQ2]
Event 1 Event 2 Event 3 type = “Timepix3”
AIDA TLU 1 2 3 4 5
(trigger) { { }

. h [ 1 [ )

Mimosa26 ) dead ) d d\ ) 7 dead
(triggered) { triggered data tii:e { triggered data ti?le triggered data time
Timepix3 E ' E E E

(data-driven) ! . : :

hit it ' hit : hit hit it hit hit hit!
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Example 3 - Differences in Tracking

* Examples 1-2: SPS SPS:

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

H H H particle
- track timestamp = average TPX3 timestamp = _¢ 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
. . . . . ticl
— require Timepix3 for unambiguous track time | | | | | | | pﬁ;;.cne
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

[ClusteringSpatiall]

— Mimosa26 hits (3x 115us) with

. . . type = “"Mimosa26"
multiple trigger timestamps yp

use_trigger_timestamp = true

- require Timepix3 for unambiguous track time

. . [Clustering4D]
— track timestamp = TPX3 timestamp type = “Timepix3"
[Tracking4D]
require detector = “Timepix3_0"
timestamp from = “Timepix3_0"
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Example 3 - Differences in Tracking

* one more major dl'ﬁ:erence 01 tlu mimosa26 timepix3.conf
. [Tracking4D]
- SPS beam: 120 GeV pions — “Timepix3_ 0"
. = “Timepix3_0"
— DESY beam: 5.4 GeV electrons — 5 4GeV
I \\gbl"

- much lower momentum
- use general-broken-line tracking
instead of straight tracks

alignment_tlu_mimosa26_timepix3_atlaspix.geo

[Mimosa26_0]

. - . = 0.00075
* in configuration:

- add momentum and track model
[Timepix3_0]

= 0.01068

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

[ ] I i - - " . . B .
ATLASpIX as device-under-test: 01 tlu mimosa26 timepix3_atlaspix.con
— data-driven [Event LoaderEUDAQ2] # the 1°°* event loader
. . . = W n ; 1
_ plxel-by-plxel tlmestamp nan.le TLU O | # defines the event!
adjust_event_times =
. [[“"T1luRawDataEvent!,-115us, +230us]]
- simply add another event loader ' '
Time [EventLoaderEUDAQ2]
1
> type = “"Mimosa26"”
Event 1 Event 2 Event 3
Alggg:}U 1 2 3 4 5 [EventLoaderATLASpix] # Here the order
i i i type = “ATLASpix" # doesn’'t matter!

r R f h r R
l\z{:;l;ieadz)s [ triggered data (tii(:zg [ triggered data (tii(:g [ triggered data (tii(reﬁg [Event Loader EUDAQZ]

; I ; ; B ; ] o type = “Timepix3”
Timepix3 | : ' : : T
(data—dfi'ven) E E E H E ME E

: hit  hit * hit ; hit hit  hit: hit hit hit!
ATLASpix i H i i i Mi i
(catediven ; hit bt hit  * hit : hit it hit hit hitt
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Example 3.3 - 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
02 clicpix2_tlu_mimosa26 timepix3.conf

- frame-based
— shutter opened randomly [EventLoaderEUDAQ2]
— shutter closed by trigger name = “CLICTD_0"
* CLICTD should define events: [Event LoaderEUDAQ2]
. name = “TLU 0"
Time >
[
Event 1 Event 2 Event 3
. . .
e < s i X
shutter shutter shutter shutter shutter shutter
open close open close open close
CLICTD [ data frame Id.eadJ I[ data frame Id.eadJ | data frame d.ead
(frame- based) time time time
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Example 3.3 - 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 / 02 clicpix2_tlu mimosa26 timepix3.conf

— shutter opened randomly [EventLoaderEUDAQZ]
- shutter closed by trigger name = “CLICTD_0"
: . E tLoaderEUDAQ?Z
* CLICTD should define events: LrventhoadertbAO: ]
name = “TLU_0"
Time >
[
[EventLoaderEUDAQ2]
Event 1 Event 2 Event 3 i e
type = imosa
r_Jﬁ F—Jﬁ F_)ﬁ Yp
Mo | i 5 5 X
shutter shutter shutter shutter shutter shutter
open close open close open close

CLICTD { data frame } d.ead] [ data frame 1 d.eadJ data frame d.ead
(frame-based) time time time

Mimosa26

: dead| ! : dead| ! :
(iriggered) E triggered data Itiize] E [ triggered data time E{ triggered data ]
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Example 3.3 - Let's have a look at the event building

* CLICTD as device-under-test:
— no pixel-by-pixel timestamp

- frame-based
- shutter opened randomly
- shutter closed by trigger

e CLICTD should define events:
I Time >

Event 1 Event 2 Event 3
— — —
< s <

shutter shutter shutter shutter shutter shutter
open close open close open close
: v : : \
CLICTD data frame d'ead data frame d.ead data frame d.ead
(frame-based) time time time
v '

Mimosa26 E ) dead E . dead E . dead
(triggered) E [ triggered data Itime E triggered data - E triggered data -
Timepix3 E : : E E

(data-driven) ' ! H N .

hit  hit hit i hit hit  hii  hit : hit  hit hit

The 1% module defines the event!

/ 02 clicpix2_tlu_mimosa26 timepix3.conf

[EventLoaderEUDAQ?2]
name = “CLICTD_O0"

[EventLoaderEUDAQ?Z]
name = “TLU_0"

[EventLoaderEUDAQZ]
type = “Mimosaz6”

[EventLoaderEUDAQ2]
type = "“Timepix3"

January 2020
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Corryvreckan

Summary - Corryvreckan

reconstruction and analysis tool
for pixel sensor test beam data

Xref Xhit [mm]

* “plug-and-play” modules Learn more:
* very flexible/configurable O\ Visit our website:
— many different event building options https://cern.ch/corryvreckan

A Check out the repository:
* high level of documentation https://gitlab.cern.ch/corryvreckan/corryvreckan

Discuss in the forum:
* growing number of users https://corryvreckan-forum.web.cern.ch/

contributions welcome >4 Contact us:
corryvreckan.info@cern.ch
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https://cern.ch/corryvreckan
https://gitlab.cern.ch/corryvreckan/corryvreckan
https://corryvreckan-forum.web.cern.ch/

Backup

In case there are some questions...
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Caribou - the readout system
versatile, open-source, linux-based HH

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

- “fast prototyping” W Xilinx ZC706
power supply (12V) / J’

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

“most of the” firmware/software

* chip-specific:
- chip board

i £

7 i W

& A .
: FMC cable =

(optional, 3m+)

‘ m . '- 2
o u B
“some” firmware/software blocks :

pixel sensor
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N = S =

- —

Timepix3 planes ______

SPS vs. DESY I

SPS:

* typical beam condition:
120 GeV pions @ few MHz

I particle
beam
* telescope in operation I I t t t th 1 j

scintilators & nepis Dianes  DUT 3 Timepix3 planes scintilator e el ’ — g
2014-2018 (upstream) device-under-test translation + rotation stage
DESY:  p— T" Mlmosa26 planes \?‘
. Tlmep|x3 y

* typical beam condition:
5.4 GeV electrons @ few kHz

article 7.0 ! ‘ |
* use for CLICdp testbeam _ | 1 | | | | | | | n e S| M
Campaigns during ZSCintillla!ors 2 scintillators = “““

Timepix3  with PMTs 3 Mimosa26 bUT 3 Mimosa26 with PMTs
LHC LS2 2019-2020 Prtre e
= (downstream) (upstream)

- much lower rate & energy
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SPS vs. DESY Il - Readout

discriminators

coincidence

continuous readout, timestamps synchronous with global clock Trigger Logic Unit

40 MHz clock

SPS:

* Trigger Logic Unit (TLU) - provides global clock (time sync.)
* 3 scintillators + PMTs - trigger timestamps
* 7 Timepix3 planes

PMT | PMT

- excellent spatial + timing resolutiol

unit

SPIDR

readout boards

|_

 DUT — Investigator, Cracow SOI, Timepix3,
CLICpix, CLICpix2, ATLASpix

scintillators

4 Timepix3 planes

(downstream)

L

Caribou

readout board

PMT

particle
beam

H

DUT 3 Timepix3 planes scintillator
(upstream)

DESY:
* AIDA TLU

- provides global clock (time sync.)
+ triggers Mimosa Readout

* 4 scintillators + PMTs - input to TLU

AIDA TLU

II|I 11

T T
[11

SPIDR
readout
board

* 6 Mimosa26 planes — good spatial res. (2x 115us bins rolling shutter)
* Timepix3 - used to assign ns timestamp to tracks

[ NI DAQ
Caribou
readout
board
L ]

<z
 DUT — CLICpix2, ATLASpix, CLICTD

2 scintillators

- additional subsystem
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Timepix3 with PMTs 3 Mimosa26

planes
(downstream)

DUT

particle
beam

3 Mimosa26

planes

(upstream)

2 scintillators
with PMTs




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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