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Beamline Example: Testbeam at DESY

« Multiple devices required:

* Device Under Test (DUT)

« Beam telescope for tracking

» Trigger Logic Unit (TLU) for synchronization &
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« Timing Layer
» Power supplies

 Temperature sensors
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Example: Setup for the dSiPM test beam at DESY

.

« Data Acquisition (DAQ) software
spread across multiple computers
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Control Software at Beamline Setups

Challenges %::

« Setup often deployed and used by students
+ Different DAQ systems for different devices
* Frequent setup changes

* Integration depends on the facility

« Limited time for measurement (~ weeks)

=> Requires control software for synchronous operation
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+ Different DAQ systems for different devices
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« Limited time for measurement (~ weeks)
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Requirements E/

S5

Easy to use
Fast integration of new devices

Flexible for many use-cases

Stable operation and reliable error handling
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Constellation

« Control and Data Acquisition Framework
for dynamic small-scale experimental setups PR ——— :

Filters Messages Constellation Senders
° C O m eS W i t h ba tte rieS in Clude d' Level TRACE ~ | Sender Caribc~ Topic -All- v Text Reset Clear Messages th22 n .
) Time ~ Sender Level Topic Message Global Subscriptions

2025-05-16 08:29:32 Caribou.dSiPM_1 WARNING SATELLITE  1keys of the configuration were not used: use_tlu
Global Level WARNING ~

« Control & configuration

Adeniu...lescope - global- ~

AidaTLU.TLU -global- ~

Caribou.dSiPM_1 -global- ~

° Log g i n g & te I e m etry Constellation MissionControl v0.4 (Circinus) x

EudagN...Adenium -global- ~

Constellation Satellites State Run Identifier Run Duration

» EudagNa...iter.TLU - global- ~
th22 10 Running run_1 00:00:08

* Failure handlin S
u g Configuration Control » Influx.DB -global- ~
Configuration: |/home/stephan/dSiPM_tb.toml Select Deduce © Initialize @ Shutdown » Keithley.dSiPM_1  -global- ~
. Log: INFO v Log @ Launch | @ Land » Matter....Logger | -global- ~
b N etWO rk d ISCOVe ry Run Identifier: run Sequence: 1 O start O Sstop * MissionControl -global- ~
» TempMon.N2 -global- ~

Satellite connections

° - - Type ¥ Name State Last response Last message Heartbeat Lives
a a ra n S I I l I S S I O n Adenium Telescope Running SUCCESS Satellite started run run_1 successfully 5000ms 3

26 messages

AidaTLU TV Running SUCCESS Satellite started run run_1 successfully 5000ms 3

Caribou dSiPM_1 Running SUCCESS Satellite started run run_1 successfully 5000ms 3

EudaqNativeWriter dSiPM_1 Running SUCCESS Satellite started run run_1 successfully 5000ms 3

[ ] H Ot_SWa p p a b I e CO m po n e n tS EudaqNativeWriter Adenium Running SUCCESS Satellite started run run_1 successfully 5000ms 3
EudaqNativeWriter TLU Running SUCCESS Satellite started run run_1 successfully 5000ms 3

Influx DB Running SUCCESS transitioning 100ms 3

Keithley dSiPM_1 Running SUCCESS Satellite started run run_1 successfully 5000ms 3

[ EXte n S ive d OCu m e n tati O n & tu to ri a I S Mattermost Logger  Running SUCCESS Satellite started run run_1 successfully 5000ms 3
TempMon N2 Running SUCCESS Satellite started run run_1 successfully 5000ms 3
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Satellites

Participants in the data acquisition are called satellites

Operate autonomously (no central point of failure)

Operation governed by a Finite State Machine (FSM)

( NEW h initialize I INIT ) launch I ORBIT )
reconfigure
LSateIIite started ) LSateIIite initialized e land J Satellite powered

Implementation in C++ and Python available stop |start

Y

RUN w

LSateIIite taking data J

from constellation.core.satellite import Sat

class Dummy(Satellite):
pass
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Application: Sensor Testing @ DESY I

« Testing of monolithic pixel sensor (e.g. H2M)
« Particle tracking with DESY-provided beam telescope
« Constellation highlights:

« Backwards-compatible output to EUDAQ2 files

« Mattermost notifications in case of failure

* Online trigger rate monitoring via InfluxDB/Grafana

Trigger Rate

350 Hz
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Jetzt
P2Pix Testbeam \
logger: @channel Run
test_beam_1232 started

Antworten

SchlieBen
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Application: Beamline for Schools @ ELSA L)

« Beamlines for Schools (BL4S) at the
ELSA accelerator (University of Bonn)

« Worldwide competition for students to carry out
small experiments at a beamline

 Oneteam @ ELSA with 8 days of beam

* Integration provided by University of Bonn
« Setup operated by high school students

« Constellation highlights:

« Easy-to-use graphical user interfaces

* Fast integration of the setup
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Application: Bent Crystal Characterization @ SPS CE/RW

« Characterization of bent crystals for beam manipulation

« Timepix3 beam telescope @ SPS North Area

« Up to 14 motion stages for crystal movement
and beam telescope alignment

« Constellation highlights:
« Fast integration of the setup

 InfluxDB/Grafana integration

« Stable operation as user facility BIPXL setup at SPS ( Juste Braach)
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Application: MADMAX Cryostat @ UHH AD || IM AX

 Upcoming Dark Matter Experiment "

14K {
. . \ 30K
12K \
niversity of Hamburg ~
0K 20K
:
\ \ 0K
[ ] L] L] L] 6K e
« Cryostat with liquid helium o
08/01  08/03  08/05  08/07  08/09 os/Mm 0813 08/15 08/17 o08/1a 08/21 08/01  08/03  08/05 08/07  08/09 o8/m 08/13 08/15 08/17 08/19 08/21
== MPTC 11A (2nd stage Cryocooler #3) MPTC 11B (Bottom LHe Reservoir)
° C t I I t' h . h I . ht . Pressure 4 K Circuit LHe Level
onstellation highlights:
1.8 bar ‘ a0%

po I NG AN N N N
* InfluxDB/Grafana integration - N N\' J

I -
—z

1bar
. . 0%
° M atte rm O St n Ot I f I C atl O n S 08/01  08/03  0B/05  08/07  08/09 08N 0813 08NS 0817  0BN19  0B/21 08/01  08/03  08/05  08/07  08/09 081 08/13 08/15 0817 08/19  08/21
- P1 == LEVEL_HE
Supply Inner Vessel 4 K Jacket Return Inner Vessel 4 K Jacket
.
250K
« Stable operation
[ — | 120 K M
200K S 100 K
o 80K
150K . 80 K
40K
100 K 20K
——— 0K
50 K . 08/01  08/03  08/05  08/07  08/09 08/ 08/13 08/15 08/17 og/le  08/21
. - == LakeShore218.T1 MPTC 3A (Return Inner Vessel 4 K Jacket Booster)
§ic = -
08/01  08/03  08/05  08/07  08/09 08/ 08/13 0815 0817 ogfa 0821 == LakeShore218.T1 MPTC 38 (Return Innar Vassal 4 K .Jacket Booster)
= MPTC 2 {Supply Inner Vessel 4 K Jacket) == MPTC 2B (Supply Inner Vessel 4 K Jacket) = LakeShore218.T2 MPTC 8A (Return Inner Vessel 4 K Jacket Mirror)

Online Monitoring of the MADMAX cryostat (David Leppla-Weber)
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Project Status

« Fully open source under EUPL-1.2

 Available on DESY GitLab

* Currently version 0.6.1 (Triangulum Australe)

* Mostly feature complete

« Version 1.0 planned for spring 2026

« Continuously tested -
(~85% code coverage) °
- Continuously deployed  °
on PyPI, FlatHub and @
as Docker image :
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build

build:alma9-gcc14

build:almal0

build:debian-clang-
libexx

build:fedora-clang

build:fedora-gcc

build:fedora-mingw

build:python-3.11

build:ubuntu-22.04

build:ubuntu-24.04

Q

Q

Q

Q

Q

Q

test

(<]

test:alma9-gccld

test:almal0

test:debian-clang-libcxx

test:fedora-clang

test:fedora-gcc

test:python-3.11

test:python-3.12

test:python-3.13

test:python-3.14

test:ubuntu-22.04

O 0 0 0 0 0 0 0 00

test:ubuntu-24.04

lint

O 0 0 0 o

Patch Release 0.6.1 for Constellation Triangulum Australe

il 2025-10-08 & =
. R

This patch release contains a series of import bug fixes and minor improvements for our last release.

Constellation Preview Release 0.6

il 2025-09-24 2

We are happy to announce the release of Constellation version 0.6, named Triangulum Australe.

format docs deploy
lint:clang-scan-build ] © format:black Z ® docs:doxygen c o gsﬁlao&:sbund\e‘mmgw'
lint:clang-tidy (s ® format:clang-format (s @ docs:html s ® deploy:docker
lint:coverage-cpp ) ® format:codespell () ® docs:pdf () © deploy:docker_ci
lint:coverage-py (s @ format:flake8 (s @ docs:spelling (s
lint:coverity-scan s ® format:isort c
lint:mypy (s ® format:reuse (s
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https://gitlab.desy.de/constellation/constellation
https://flathub.org/apps/de.desy.constellation
https://pypi.org/project/ConstellationDAQ/
https://constellation.pages.desy.de/operator_guide/get_started/install_from_docker.html

Summary

« Constellation is a control and data acquisition framework
tailored towards beamline and lab setups

https://constellation.pages.desy.de

Framework with batteries included

. . Constellation News Satellites Operator Docs Application Development Framework Reference = Q Search
« Extensive documentation 7 —
A > Constellation Operator Guide

Section Navigation

 Used in several beamlines and setups
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Installing from Flathub
Installing from PyPI

Installing from Source

Tutorials

Starting & Controlling a Satellite

Using MissionControl

Using Observatory

Concepts
The Constellation
The Satellite
The Controller
Autonomous Operation
Logging & Verbosity Levels
Telemetry

Data Processing

How-To Guides

Constellation Operator Guide

Welcome to the Constellation Operator Guide. This guide is intended to provide a
comprehensive overview of the framework for people who will set up and operate

Constellations, control satellites and monitor the performance of the system.

e See also

Separate guides are provided for those who intend to inte heir own

develop new satellites as well as for those who wish to contribute to the development

ation and require more in-depth technical information.

This guide is structured in four different parts, each of which serve a different purpose:

« The installation and initial setup of Constellation is described in the Getting Started
section.

« Tutorials teach how to use Constellation using practical examples, starting from simple
situations such as starting and controlling a single satellite, and gradually moving to more

complex examples & setups.

« The Concepts section provides detailed explanation of the workings of the framework and

the thoughts behind its structure. This is not the technical documentation of the

Constellation core comnonents. it describes their functionalitv and helns in develonina an


https://constellation.pages.desy.de/

Backup



Mattermost Notifications

edda_spammer BOT 10:33
Mattermost.Logger connected as logger

Caribou.dSiPM 1 BoT 10:33 [@IMPORTANT)

@channel 1 keys of the configuration were not used: use_tlu

edda_spammer BOT 10:33
@channel Run run_3 started

edda_spammer BOT 10:33 (@ IMPORTANT
@channel Interrupted! Previous state: RUN

TempMon.N2 BOT 10:33 [& URGENT

@channel Critical failure: Temperature above critical threshold!

Write to EDDA SPAM
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Grafana Online Monitoring

TLU Scalars

167461 1968495

Trigger Rate

700 Hz

POST_VETO PRE_VETO SCALAR_O SCALAR1

H2M Bias Voltage H2M Bias Current

0A
-200 nA
-400 nA

-600 nA

-800 nA

Data Rates Available Disk Space
7TB
6TB
5TB
400 kB/s 1 - S e T s T s T e O e U s O
: / L) / / A W T ! 478
3TB

2TB

== Adenium (T) == AidaTLU (T) == H2M (T) == Adenium (R) AidaTLU (R) == H2M (R)
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SCALAR_2

SCALAR_3

SCALAR_4

2892607

SCALAR_S




Data Transmission Speed
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106

Block Size [Bytes]
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Satellite Finite State Machine

Device is always in well-defined state

\
( NEW w initialize I INIT W launch [ ORBIT
reconfigure
LSateIIite started j LSateIIite initialized L land JSateIIite powered

Each transitions has to be implemented for the device

stop |start

Transitions have their own states for feedback on long operations v

( RUN w
( NEW w initialize (= J INIT w

initializing - LSateIIitetaking dataj
LSateIIite started J LSatellite initialized J

Additional SAFE and ERROR states for error handling
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Network Discovery

« Satellites in the local network are discovered automatically

« Advantages:
* No need to assign fixed IP addresses
« Simpler setup procedure
 Allows for autonomy in the system

e Uses UDP broadcasts:

Satellite A

Satellite B

* OFFER for provided services broadcast offer

- REQUEST to search for services  brosdcast request

* Ports assigned dynamically

: broadcast depart
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Satellite C

CSscCpP
CMDP

Heartbeating
Control
Monitoring
Data Transfer

Discovery
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Autonomy

« Satellites emit regular “heartbeats”
 Heartbeats contain the current state of the satellite

 Each satellite connects to the heartbeats of the
other satellites

* When another satellite sends a heartbeat with the
ERROR state, satellites go to SAFE state

 When a satellite stops sending heartbeats (e.g. due
to a crash), satellites go to SAFE state

 Heartbeats can also be used to monitor the states
of the satellites with a stateless software
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Satellite A

Satellite B

Satellite C

CSCP
CMDP

Heartbeating
Control
Monitoring
Data Transfer

Discovery
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Control

* A controller joins the network:

« Uses network discovery to find satellites

« Connects to receive heartbeats

» Uses heartbeats to monitor the state

* Sends commands to a single or all satellites
» Client-server pattern for commands
« Controllers are stateless

» Custom commands are possible
e.g. read register values
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Satellite A

Satellite B

Satellite C

~ ¥

Controller

Heartbeating

CSCP Control

CMDP Monitoring
Data Transfer

Discovery
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Monitoring

« Satellites can publish telemetry and log messages

o I I i O] . 2
A monitoring listener joins the network: Satellite A ——>  Listener

« Uses network discovery to find satellites

« Subscribes to relevant log messages or telemetry
Satellite B
« Publish-subscribe pattern
* Only subscribed monitoring data is actually transmitted Heartbeating
CSCP Control
. . . . . Satelllte C onitorin
« Simple integration into third-party software GOE Do

Discovery

like InfluxDB/Grafana or Mattermost
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Data Transmission

« Sending data over the network can be useful:
 Embedded system (e.g. Caribou)
« Store all data in one place
* Flexible Support for file format
- EUDAQ2
« HDF5

Caribou DAQ system

» Capable of >10 Gbps transmission throughput
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Satellite A

Satellite B

A

A

Y Y

\

Satellite C

CHP
CSCP
CMDP
CDTP
CHIRP

Heartbeating
Control
Monitoring
Data Transfer

Discovery
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