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What are we going to learn today?

● brief re-introduction

● installation options

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

● please ask questions at any time!

Welcome to Corryvreckan

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

● modular structure 
— framework core
— modules for specific tasks

● highly flexible and configurable

● easy to understand 
— written in modern C++
— comprehensive documentation (> 100 pages!)

Reminder: What is Corryvreckan?

Corryvreckan
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● separation between
— framework core

— implementation of algorithms → [Modules]

● modules:
”plug-and-play” algorithms for specific tasks

● objects are stored temporarily:
— events, pixels, clusters, tracks

The Modular Approach
● select suitable modules for

— event building
— clustering
— tracking
— analysis (also multiple DUTs)
— …

● quick to set up and easy 
to configure
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● can create more complex reconstruction chains

● apply different modules to different devices in the same reconstruction

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

First place to go:

      https://cern.ch/corryvreckan

● News on releases

● Installation/Getting Started

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

Project Website

https://cern.ch/corryvreckan
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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
— installation instructions
— “Getting started”, FAQs
— module descriptions (fetched from repo)

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

— more details on code

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/
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Let’s explore the repo
https://gitlab.cern.ch/corryvreckan/corryvreckan

● doc/ documentation/user manual

● etc/ lxplus setup script, etc.

● jobsub/ job submission tool + README

● src/ all the source code

 → modules/    code and READMEs of all modules

● testing/ CI test configs

● README.md short introduction/getting started

● Contributing.md contribution guidelines

The Corryvreckan Repository

https://gitlab.cern.ch/corryvreckan/corryvreckan
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Read the documentation and 
explore the source code:

● src/ all the source code

 → modules/    code and READMEs of all modules

The Corryvreckan Repository



The Corryvreckan Framework - Jens Kroeger 12January 2020

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

https://cern.ch/corryvreckan
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Installation – 2) Compile from source code

● requires local ROOT 6 installation

● recommended if you want to develop your own code

● corry executable available in installation directory:

$ 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>

$ path/to/corryvreckan/bin/corry

https://gitlab.cern.ch/corryvreckan/corryvreckan.git
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Installation – 3) Use Corryvreckan on LXPLUS

● requires a CERN LXPLUS account

● 2 options:
— source CVMFS version

Note: 

— only modules active by 
default are available

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

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

— install on LXPLUS

→ same as local installation

$ git clone https://gitlab.cern.ch/
            corryvreckan/corryvreckan.git 
$ 
$ cd corryvreckan
$ source etc/setup_lxplus.sh
$ 
$ # continue as for local installation
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Installation – 4) Use docker image
● run software in container including all dependencies

● recommended for this tutorial

● needs “docker” executable
— install via $ sudo snap install docker

● start docker container: 
$ sudo ./start_docker_container.sh

● then use like usual terminal

docker run --interactive --tty \
    --volume "$(pwd)":/data \
    --name=corryvreckan \
    gitlab-registry.cern.ch/corryvreckan/corryvreckan \
    bash

Small                  cheat sheet:

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

2. Exit by typing
$ exit

3. List all containers using
$ docker container ls -a

4. Re-start exited container
$ docker start <container_name>

5. Re-attach to interactive container:
$ docker attach <container_name>

6. Removed (stopped) container):
$ docker rm <container_name>
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Installation – 4) Use docker image
● run software in container including all dependencies

● recommended for this tutorial

● needs “docker” executable
— install via $ sudo snap install docker

● start docker container: 
$ sudo ./start_docker_container.sh

Small                  cheat sheet:

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

2. Exit by typing
$ exit

3. List all containers using
$ docker container ls -a

4. Re-start exited container
$ docker start <container_name>

5. Re-attach to interactive container:
$ docker attach <container_name>

6. Removed (stopped) container):
$ docker rm <container_name>

If you run docker the first time:

$ sudo groupadd docker

$ sudo usermod -aG docker $USER

Then log out and back in and try:

$ docker run hello-world
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Let’s get started
Setting up an analysis...
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● 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:
01_atlaspix/ ← simple

02_clicpix2/ ← simple

03_desy/ ← advanced

● Go to data/ and download the example data files:
$ cd data/

$ ./download_example_data_01.sh   ← only this if connection is slow

$ ./download_example_data_02.sh

$ ./download_example_data_03.sh

Download the example data and configs

https://gitlab.cern.ch/jekroege/bttb8_tutorial_corryvreckan.git
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● 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)

Reminder: Configuring Corryvreckan
example configuration

example geometry
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● All configuration and geometry files in
01_atlaspix/

—     geometries/
—     01_analysis_telescope.conf
—     02_analysis_withDUT.conf
—     03_online_monitor.conf
—     04_filewriter.conf
—     05_filereader.conf

● The data is in
data/

—     01_data_atlaspix/
—     01_data_telescope/

Example 1 – Data and configuration files

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

Please don’t infer any sensor 
performance estimates.
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● Timepix3 telescope:
— data-driven readout
— pixel-by-pixel timestamp

● ATLASpix as device-under-test:
— data-driven readout
— pixel-by-pixel timestamp

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

Timepix3 planes

device-under-test (DUT) translation + rotation stage
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● configuration file:
— global parameters
— specifies [Modules] and parameters
— sets input/output paths
— defines log level

● all detectors are data-driven
→ need [Metronome] to define event

Example 1.1 – Let’s start with the telescope only

[Corryvreckan]
output_directory = “output”
detectors_file = 
      “geometries/01_alignment_telescope.geo”
histograms_file = 
      “01_histograms_analysis_telescope.root”

[Metronome]
event_length = 20us

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

[Clustering4D]

[Correlations]

[Tracking4D]
min_hits_on_track = 6
spatial_cut_abs = 200um, 200um
time_cut_abs = 50ns

01_analysis_telescope.conf
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● geometry file:
— number, types and 

positions/rotations of sensors
— role of sensors 

(DUT, reference, auxiliary)

Example 1.1 – Let’s check the geometry

[Timepix3_0]
number_of_pixels = 256,256
orientation = 9.94299deg,187.403deg,-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”

geometries/01_alignment_telescope.geo
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● run analysis:
$ corry -c 01_analysis_telescope.conf

● event loop is updated continuously:

● You can interrupt gently by hitting Ctrl+C

● alternatively use
$ corry -c 01_analysis_telescope.conf -o number_of_events=570000

Example 1.1 – Let’s run the analysis

We’ll look at this 
in more detail in a 

minute!
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● terminal output tells us:

● ROOT file contains histograms of all modules:

Example 1.1 – Let’s check the results
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● 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)

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

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

[EventLoaderATLASpix]
input_directory = “../data/01_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]

02_analysis_telescope_withDUT.conf
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● in geometry file:
— add [ATLASpix_0]
— mark as device-under-test (“dut”)
— optionally define region-of-interest 

(“roi”) for analysis modules

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

geometries/02_alignment_telescope_withDUT.geo

[Timepix3_2]
... 

[ATLASpix_0]
number_of_pixels = 25,400
orientation = -0.0124905deg,0.0684685deg,-0.52609deg
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]
... 
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● now the terminal has some more information:

● ROOT file contains histograms of all modules:

Example 1.2 – Let’s check the result again
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Example 1.2 – Ways to quit the framework

● Ctrl+C (SIGINT):
— gently quit corry
— finish processing current event

and finalize properly
— recommended option

● Ctrl+\ (SIGQUIT):
— forcefully terminate corry
— leads to loss of all generated data
— generally not recommended
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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 

-l log.txt → file to log to besides standard output (terminal)

   -v “FATAL”,“STATUS”,“ERROR”, → logging verbosity level
“WARNING”,”INFO”,”DEBUG”   also per module: -o MyModule.log_level=”DEBUG”

   -o histogram_file=”hists.root” → global framework parameter

   -o 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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● 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%, %REFERENCE%

Example 1.3 – the Online Monitor

[OnlineMonitor]
update = 200
dut_plots = 
   [["EventLoaderATLASpix/%DUT%/hitMap", "colz"],  
    ["EventLoaderATLASpix/%DUT%/pixelToT"], 
    ["EventLoaderATLASpix/%DUT%/pixelMultiplicity","log"],
    ["EventLoaderATLASpix/%DUT%/hPixelTimes_long"]]

03_online_monitor.conf

● opens interactive window
(Note: does not work in docker container!)
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● we can write out reconstructed data at
any stage during the reconstruction

● in configuration file:
— add [FileWriter]
— objects of all previous modules will be written

to file

● explore output file with ROOT TBrowser

● read in for further analysis via the [FileReader](next slide)

Example 1.4 – The FileWriter

[Tracking4D]
min_hits_on_track = 6
spatial_cut_abs = 200um, 200um
time_cut_abs = 50ns

[FileWriter]
file_name = “04_output_tuples.root”

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

[AnalysisDUT]

[AnalysisEfficiency]

04_filewriter.conf
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● 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/

Example 1.5 – The FileReader

# [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]

05_filereader.conf

https://indico.cern.ch/event/813822/contributions/3648304/
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● All configuration and geometry files in
02_clicpix2/

—     geometries/
—     01_analysis_telescope.conf
—     02_analysis_withDUT.conf

● The data is in
data/

—     02_data_clicpix2/
—     02_data_telescope/

Example 2 – Data and configuration files

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

Please don’t infer any sensor 
performance estimates.
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● 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

— no pixel-by-pixel timestamp
(in this operation mode)

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

Timepix3 planes

device-under-test (DUT) translation + rotation stage
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● telescope detectors are data-driven
→ need [Metronome] to define event

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

Example 2.1 – Again let’s start with the telescope only

[Corryvreckan]
detectors_file = 
      “geometries/01_alignment_telescope.geo”
histograms_file = 
      “01_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

01_analysis_telescope.conf
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● CLICpix2 is frame-based
— this detector needs to define the events
— data from Timepix3 are filled in

● configuration file:
— remove [Metronome]
— place [EventLoaderCLICpix2]

above Timepix3
— Remember:

The 1st module defines the event!

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

# Remove this module:
# [Metronome]
# event_length = 20us

# Now the CLICpix2 defines the frames:
[EventLoaderCLICpix2]
input_directory = “../data/01_data_clicpix2”

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

02_analysis_telescope_withDUT.conf
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● CLICpix2 does not have pixel timestamps
(in this operation mode)

● configuration file:
— add [ClusteringSpatial]
— now need to specify which clustering for

which detector:

hierarchy: name > type > nothing

— also add DUT association + analysis module

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

[Clustering4D]
type = “Timepix3”

[ClusteringSpatial]
name = “CLICpix2_0”

[Correlations]

[Tracking4D]

[DUTAssociation]

[AnalysisDUT]

02_analysis_telescope_withDUT.conf
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● All configuration and geometry files in
03_desy/

—     geometries/
—     01_tlu_mimosa26_timepix3.conf
—     02_tlu_mimosa26_timepix3_atlaspix.conf

● The data is in
data/

—     03_data_desy/

Example 3 – Data and configuration files

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

Please don’t infer any sensor 
performance estimates.

Note:
This example uses the 
[EventLoaderEUDAQ2].

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

Alternatively, run in 
container.

https://github.com/eudaq/eudaq
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Setup at DESY using EUDAQ2:
https://github.com/eudaq/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

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

device-under-test

Mimosa26 planes
Timepix3

~ 67 cm

https://github.com/eudaq/eudaq
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Setup at DESY using EUDAQ2:
https://github.com/eudaq/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

Example 3 – Let’s have a look at the event building

https://github.com/eudaq/eudaq
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Setup at DESY using EUDAQ2:
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● AIDA TLU (“trigger logic unit”)
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● Mimosa26 telescope:
— triggered by TLU
— rolling-shutter readout
— no pixel-by-pixel timestamp
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— pixel-by-pixel timestamp

Example 3 – Let’s have a look at the event building

https://github.com/eudaq/eudaq
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● new situation:
— AIDA TLU is not a pixel detector
— use as “auxiliary” detector

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

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

[TLU_0]
...
type = “TLU”
role = “aux”

[Mimosa26_0]
...

alignment_tlu_mimosa26_timepix3_atlaspix.geo
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● configuration file:
— start with the TLU and “expand” the event

to match time slice of triggered data 
— add data from Mimosa26 based on trigger ID
— add hits from Timepix3 based 

on pixel timestamp

Example 3.1 – Now let’s check the config

[EventLoaderEUDAQ2]
name = “TLU_0”
adjust_event_times = 

[[“TluRawDataEvent”,-115us,+230us]]

[EventLoaderEUDAQ2]
type = “Mimosa26”

[EventLoaderEUDAQ2]
type = “Timepix3”

01_tlu_mimosa26_timepix3.conf

The 1st module defines the event!
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Example 3 – Differences in Tracking

SPS: 
all sensors provide hit timestamps for tracking

DESY: 
unambiguous track timestamp only with TPX3

● Examples 1-2: SPS
— 7 Timepix3 hits with precise timestamp
— track timestamp = average TPX3 timestamp

● Example 3: DESY
— Mimosa26 hits (3x 115µs) with 

multiple trigger timestamps 
— require Timepix3 for unambiguous track time
— track timestamp = TPX3 timestamp
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Example 3 – Differences in Tracking

● DESY
— Mimosa26 hits (3x 115µs) with 

multiple trigger timestamps 
— require Timepix3 for unambiguous track time
— track timestamp = TPX3 timestamp

[ClusteringSpatial]
type = “Mimosa26”
use_trigger_timestamp = true

[Clustering4D]
type = “Timepix3”

[Tracking4D]
require_detector = “Timepix3_0”
timestamp_from = “Timepix3_0”

01_tlu_mimosa26_timepix3.conf
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Example 3 – Differences in Tracking

● one more major difference:
— SPS beam: 120 GeV pions
— DESY beam: 5.4 GeV electrons

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

● in configuration:
— add momentum and track model

● in geometry:
— add material budget in (X/X0)

[Tracking4D]
require_detector = “Timepix3_0”
timestamp_from = “Timepix3_0”
momentum = 5.4GeV
track_model = “gbl”

01_tlu_mimosa26_timepix3.conf

[Mimosa26_0]
material_budget = 0.00075
...

[Timepix3_0]
material_budget = 0.01068
...

alignment_tlu_mimosa26_timepix3_atlaspix.geo
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● ATLASpix as device-under-test:
— data-driven
— pixel-by-pixel timestamp

→ simply add another event loader

Example 3.2 – Adding a device-under-test

01_tlu_mimosa26_timepix3_atlaspix.con
f[EventLoaderEUDAQ2]  # the 1st event loader

name = “TLU_0”  # defines the event!
adjust_event_times = 

[[“TluRawDataEvent”,-115us,+230us]]

[EventLoaderEUDAQ2]
type = “Mimosa26”

[EventLoaderATLASpix]  # Here the order
type = “ATLASpix”   # doesn’t matter!

[EventLoaderEUDAQ2]
type = “Timepix3”
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● CLICTD as device-under-test:
— no pixel-by-pixel timestamp
— frame-based

→ shutter opened randomly
→ shutter closed by trigger

● CLICTD should define events:

Example 3.3 – Let’s have a look at the event building

[EventLoaderEUDAQ2]
name = “CLICTD_0”

[EventLoaderEUDAQ2]
name = “TLU_0”

02_clicpix2_tlu_mimosa26_timepix3.conf

The 1st module defines the event!
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reconstruction and analysis tool      
    for pixel sensor test beam data

● “plug-and-play” modules

● very flexible/configurable
→ many different event building options

● high level of documentation

● growing number of users

● contributions welcome

Summary – Corryvreckan

Learn more:

Visit our website:
https://cern.ch/corryvreckan

Check out the repository:
https://gitlab.cern.ch/corryvreckan/corryvreckan

Discuss in the forum:
https://corryvreckan-forum.web.cern.ch/

Contact us:
corryvreckan.info@cern.ch

Corryvreckan

https://cern.ch/corryvreckan
https://gitlab.cern.ch/corryvreckan/corryvreckan
https://corryvreckan-forum.web.cern.ch/
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Backup
in case there are some questions...
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● versatile, open-source, linux-based

● fast & simple implementation of new detectors
→ “fast prototyping”

● universal:
— FPGA board
— Control & Readout (CaR) board
— “most of the” firmware/software

● chip-specific:
— chip board
— “some” firmware/software blocks

Caribou – the readout system
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SPS vs. DESY II

SPS:

● typical beam condition:
120 GeV pions @ few MHz

● telescope in operation 
2014-2018

DESY:
● typical beam condition:

5.4 GeV electrons @ few kHz

● use for CLICdp testbeam 
campaigns during 
LHC LS2 2019-2020

 → much lower rate & energy

Timepix3 planes

device-under-test

device-under-test

Mimosa26 planes
Timepix3

~ 35 cm

~ 67 cm

translation + rotation stage
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SPS vs. DESY II – Readout
continuous readout, timestamps synchronous with global clock

SPS:
● Trigger Logic Unit (TLU) → provides global clock (time sync.)
● 3 scintillators + PMTs → trigger timestamps
● 7 Timepix3 planes → excellent spatial + timing resolution
● DUT → Investigator, Cracow SOI, Timepix3,   

      CLICpix, CLICpix2,  ATLASpix

DESY:
● AIDA TLU → provides global clock (time sync.) 

        + triggers Mimosa Readout
● 4 scintillators + PMTs → input to TLU
● 6 Mimosa26 planes → good spatial res. (2x 115µs bins rolling shutter)

● Timepix3   → used to assign ns timestamp to tracks
● DUT   → CLICpix2, ATLASpix, CLICTD

 → additional subsystem
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SPS vs. DESY II – Differences in the Analysis

Tracking:

● SPS: 
➔ 7 Timepix3 hits with precise timestamp

➔ track timestamp = average TPX3 timestamp

● DESY: 
➔ Mimosa26 hits (3x 115µs) with 

multiple trigger timestamps 

➔ require Timepix3 for unambiguous track time

➔ track timestamp = TPX3 timestamp

SPS: 
all sensors provide hit timestamps for tracking

DESY: 
unambiguous track timestamp only with TPX3


