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Introduction

e Nuclear power engineering graduate (nuclear physics at Warsaw University)
e PhD in Physics - “Development of the detector control system and instrumentation for the
silicon tracking system in the Compressed Baryonic Matter experiment”
e Control system engineer at BESSY Il beamlines department
o ROCK-IT project
o Deployment framework development
o EPICS IOC development
o Bluesky
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Overview

e History of the discoveries vs control systems

e \What are high energy research centers?

e CERN - Large Hardon Collider (LHC)

e FAIR-SIS100

e FAIR - Compressed Baryonic Matter Experiment (CBM)
e Silicon Tracking System in the CBM

e Why do we need control systems?

e Experiment Control System

e Detector Control System

Role and impact of control systems at HEP Research Centers

HZB



HZB

Shaping the Course of History

1895 - Rontgen discovered X-rays

1896 - Becquerel discovered radioactivity

1920s - Radioactive toothpaste produced in Berlin

1920s - Sir Arthur Eddington suggested that stars generate their energy by fusing hydrogen into helium
1938 - Otto Hahn discovered nuclear fission

1942 - Chicago Pile-I brought into operation

1986 - 4th reactor of the Chernobyl power plant melted down

2012 - discovery of Higgs Boson which takes part in giving mass to particles

Becquerel’'s experiment that
aimed at studying x-rays

First medical X-ray by Réntgen of his
wife Anna Bertha Ludwig's hand

wikipedia
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https://en.wikipedia.org/wiki/Doramad_Radioactive_Toothpaste
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Shaping the Course of History

1895 - Rdontgen discovered X-rays

1896 - Becquerel discovered radioactivity

1920s - Radioactive toothpaste produced in Berlin
1920s - Sir Arthur Eddington suggested that stars generate their energy by fusing hydrogen into helium
1938 - Otto Hahn discovered nuclear fission

1942 - Chicago Pile-I brought into operation

1986 - 4th reactor of the Chernobyl power plant melted down

2012 - discovery of Higgs Boson which takes part in giving mass to particles

i
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20m tall pile of graphite and uranium bricks with
wooden rods covered with cadmium to slow
down neutrons

Location:
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Shaping the Course of History

1895 - Rdontgen discovered X-rays

1896 - Becquerel discovered radioactivity

1920s - Radioactive toothpaste produced in Berlin
1920s - Sir Arthur Eddington suggested that stars generate their energy by fusing hydrogen into helium
1938 - Otto Hahn discovered nuclear fission

1942 - Chicago Pile-I brought into operation

1986 - 4th reactor of the Chernobyl power plant melted down

2012 - discovery of Higgs Boson which takes part in giving mass to particles

11 g—~—. | ——=-—Chicago
20m tall pile ||
woodenrod - )
neutrons

Location: ¢
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Shaping the Course of History

1895 - Rdontgen discovered X-rays

1896 - Becquerel discovered radioactivity

1920s - Radioactive toothpaste produced in Berlin
1920s - Sir Arthur Eddington suggested that stars generate their energy by fusing hydrogen into helium
1938 - Otto Hahn discovered nuclear fission

1942 - Chicago Pile-I brought into operation

1986 - 4th reactor of the Chernobyl power plant melted down

2012 - discovery of Higgs Boson which takes part in giving mass to particles

4th block control room

3rd block control room
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Shaping the Course of History

1895 - Rontgen discovered X-rays

1896 - Becquerel discovered radioactivity

1920s - Radioactive toothpaste produced in Berlin
1920s - Sir Arthur Eddington suggested that stars generate their energy by fusing hydrogen into helium
1938 - Otto Hahn discovered nuclear fission

1942 - Chicago Pile-I brought into operation

1986 - 4th reactor of the Chernobyl power plant melted down

2012 - discovery of Higgs Boson which takes part in giving mass to particles
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4th block of the power plant

2017, view on the 4th reactor, photos from_ ‘Fii/}"a
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Shaping the Course of History
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1920s - Radioactive toothpaste produced in Berlin
1920s - Sir Arthur Eddington suggested that stars generate their energy by fusing hydrogen into helium
1938 - Otto Hahn discovered nuclear fission

1942 - Chicago Pile-I brought into operation

1986 - 4th reactor of the Chernobyl power plant melted down
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. Data 2011 and 2012
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Data - Bkg

Atlas press release Compact Muon Solenoid (CMS) Large Hadron Collider control room (2008)
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https://atlas.cern/updates/press-statement/latest-results-atlas-higgs-search
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Shaping the Course of History - other system failures

How the MCAS system works

1979 - Three Mile Island, partial melt down of the reactor The Boeing 737 Max has a N
computer controlled stability system - Horizontal stabiliser —,
called MCAS trim ac;Ijusts tq correct ‘

1986 - Blackout in Northeast United States and Canada S angle ftoo high /|

angle of flight /L _— gt

A major blackout affecting the northeastern United States and parts of Canada was partly caused L —

............

by control system failures in the power grid. Software bugs in an alarm system prevented ; - \ »
operators from receiving warnings about the system's instability, leading to a cascading failure.

1896 - Ariane 5 Rocket Failure * fecuos ek of a sl - |
The Ariane 5 rocket exploded 37 seconds after lift-off on its maiden flight due to a software error in fiskof 2 sl

the inertial reference system. The control system attempted to convert a 64-bit floating-point AN S
number to a 16-bit integer, causing an overflow and subsequent system failure. False reading r—
1999 - Mars Climate Orbiter = \Tn — . |

NASA's Mars Climate Orbiter disintegrated upon entering Mars' atmosphere due to a units

5. Pilots can temporarily switch off
MCAS and pull up.

. . . . . . = \“-; s s
conversion error in its control system. One part of the software used metric units while another e e e !
ut system restarts It false o
. . . . . . . readings continue, creating a
used imperial units, causing the spacecraft to deviate from its intended path. ol e - Ctioar! e afrcrait \ ‘
2020s - Boeing 737 MAX
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Aspect 1980s Now

Technology Analog components, mechanical relays | Digital tech, microcontrollers, advanced sensors
Computation Power | Limited, basic microprocessors Powerful processors, Al algorithms
Communication Hard-wired, limited networking Ethernet, wireless, IIoT connectivity

Software Low-level programming High-level languages, simulation tools
Integration Standalone systems Integrated with enterprise systems, Industry 4.0
User Interface Basic displays, physical buttons Touchscreens, graphical HMIs, mobile access
Reliability Less reliable, reactive maintenance High reliability, predictive maintenance

Cost Expensive, less accessible More affordable, widely accessible

Table 1: Differences Between Control Systems (1980 vs. Now)

Role and impact of control systems at HEP Research Centers

11



What are High-Energy Research
Centers?

Particle physics or high-energy physics is the study of
fundamental particles and forces that constitute matter and

radiation.

- GSI/FAIR heavy ions in GeV energies
- CERN particles collision energy TeV

8
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BESSY Il EM energy range in eV - keV

X-rays are ideally suited for probing the structural arrangement of
atoms and molecules in a wide range of materials

Penetrates Earth's
N Y N
Atmosphere? Y ]
Radiation Type Radlo Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m) 1072 107° 0.5x10 © 1078 10710 10712

Approximate Scale ‘@ﬂ . T

of Wavelength = &

Buidings  Humans Butterfiies Needle Point Protozoans Molecules Atoms  Atomic Nuclei
10? 10® 1012 1013 1016 1018 10%°

Temperature of

objects at which
this radiation is the )
most intense
1K 10,000 K 10,000,000 K

: 100K
N¥irolorge smktod -272°C -173°C 9.727°C ~10,000,000 *C
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https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Fundamental_interaction
https://en.wikipedia.org/wiki/Matter
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What are High-Energy Research
Centers?

WHAT CAN BE RESEARCHED AT BESSY II?

cells and tissue analysis

nebra sky disc, qumran
rolls, tattoo colors

=
/ nanoporous graphe-
ne, Viking sledge from
Oseberg

organic electronics,
organic LEDs

!,,

. SYNCHRO-
protein structures and TRON

drug Development

ELECTRON GUN

STORAGE
RING

| Y

solar cells,
functional oxides

nggs boson ; i ‘ | catalysts,
T e solar fuels

[l = “'
Léptons s I J = ‘

materials for energy-
efficient data storage

The Standard Model of particle physics. The W, Z and Higgs bosons were fabrication of
discovered at CERN (Image: Daniel Dominguez/CERN) SpLRLeienEnis

superconducting materials,
topological insulators
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CERN - LHC vs FAIR - SIS100

The CERN accelerator complex
Complexe des accélérateurs du CERN

Neutrino |
Platform

LHC

TT42

\/AWAKE

SPS

i

HiRadMat

l\TTbb

MEDICIS
AD
ISOLDE
[,
i b REX/HIE- East Area

ISOLDE

:
:
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. 1 )

PS ) ;
T L e 4

Y
[ 2020 | CLEAR
. LEIR 2017
LINAC 3 2017 |
lons
[ 1994 |
) H™ (hydrogen anions) ) ions ) RIBs (Radioactive lon Beams) P n (ne ) p (antiprotons) ) e (electrons) ) p (muons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
1_TOF itrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform
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Large Hadron Collider (LHC)

e World largest and highest-energy collider with two directed
beams of particles

e Scientists analyze the byproducts of the collisions to study the
structure of subatomic world and the laws of nature governing it

e Many byproducts are extremely short-lived, making them nearly
impossible to study

e 10000 superconducting magnets operating at 1.9K

e Producing around 15 petabytes of data per year ~ 340 millions

HD movies per year ~ 340 years to watch them all

ALICE specializes in heavy-ion collisions to study quark-gluon plasma.
ATLAS and CMS are general-purpose detectors focused on a wide array
of physics goals, including the search for new particles and precision
measurements of known phenomena.

LHCDb focuses on the behavior of particles containing beauty quarks to

investigate matter-antimatter asymmetry.
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CERN - LHC vs FAIR - SIS100 Schwerionensynchrotron 100

e the facility is still under construction, but it will study the properties
of nuclear matter at high densities and temperatures, relevant to
astrophysical processes and fundamental nuclear physics.

e |ower energies of the beams up to 2.7 GeV/u

e only Compressed Baryonic Matter Experiment (CBM) could

produce up to 10 exabytes of data per year!

3 y, CBM
BMON +T0

' RIB target
/ ‘/ SuperFRS

p target
100 m REAE

100m I~/
M existing facility (GSI) @ NUSTAR

M planned facility
M experiments

beam

https://cerncourier.com/a/fair-forges-its-future/
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Silicon Tracking System in the CBM

experiment

e track reconstruction and momentum
determination for the charged particles

e one collision of gold on a gold target can
result in up to 700 tracks, with interaction
rate of 107/s

cover polar angles from 2°to 25°
minimize material budget of the system
radiation hard components (12 kGy)
evacuate the excess heat from inside the
enclosure

Role and impact of control systems at HEP Research Centers

------------------------ T R R R R R,

*assembled unit "
= Tracker mechanics
and services

STS mainframe

ladder W

-

P L T T

‘
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Silicon Tracking System

Role and impact of control systems at HEP Research Centers

Hzg - EPICS

7@m rum %crﬂ

Cooling system with a dedicated cooling
plant

Front End Boards (part of DAQ, low voltage
around 2500 channels powering around
14000 Application-specific integrated
circuits)

TN

UO
5a
5
28
gﬂ.

Silicon strlp sensors (hlgh voltage for the
bias around 1800 channels)

Temperature, humidity and pressure
sensors

Gas cooling system

18
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Why is a control system needed?

e the detector will operate in temperatures below 0°C - temperature and humidity monitoring is
crucial to avoid condensation on electronics

e stable operation of low voltage and high voltage is crucial for the quality of data - low voltage is
supplied to all Front-End Electronics and high voltage is delivered to the silicon sensors

e entering the experiment cave is prohibited during the data taking - need for remote operation

e cooling system has to react to the changes in the detector and also work reliably during the
detector lifetime (fallback cooling system to avoid damage to the sensors)

e the detector will work with slight overpressure, therefore monitoring the pressure inside the

enclosure can provide information about the potential unsealing

Role and impact of control systems at HEP Research Centers
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Control systems in HEP facility

Accelerator Control
System

LHC event is 1-2MB at 40 MHz - 60 TB/s
Around 5MB/s after triggers at ATLAS

CBM - 600 GB/s without trigger

Role and impact of control systems at HEP Research Centers

Control Systems

v

Experiment control
system

Detector control
systems

EPICS

Fast systems

Triggers
Machine Protection
Data Acquisition

Slow systems

Personnel Protection
Monitoring of processes
that change slowly over time

20



Experiment Control System

CBM Experiment Area

FEE

CBM Server Room

A

data

A

clock

controls

FLES Entry
Cluster

Timeslice building

Control nodes

GSI| Green IT Cube

Processing
nodes

clock

A A

controls

TFC

ECS

data

Online reconstruction
and data selection

HZB .G

EPICS

Software agents for the ECS

Role and impact of control systems at HEP Research Centers

controls

ECA ,
11 / Logglng
! PCA -
' [ Parameter
Configuration
i 1 1 1
SCA TFC FLES Online
k/\k
DCA DCS
j
1-2
CRI

TFC - time and fast control

FLES - First Level Event Selector

PCA - Partition Control Agent
SCA - System Control Agent
DCA - Device Control Agent

CRI - Common Readout Interface

21



HZB EPICS

Detector Control System - slow

control
General Tasks
;i e Environmental Monitoring (temperature, radiation, humidity)
g operator Node, e Equipment Stability (HV, LV, biasing voltage)
8 chg:tsrtg{sNy?t'zm i e Calibration and Alignment
? Studio I e Safety and Risk Management (alarms, procedures)
j?f . e Data Logging and Trend Analysis
5 ‘ | Detector network| e Integration with Fast Control Systems
®
%' | Control | e Remote Monitoring and Control
'§ hode e Long-term Experiment Operation
i e System Diagnostics and Maintenance
e Cost Efficiency
E lll Devices
i
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EPICS for CBM experiment

Experimental Physics and Industrial Control System (EPICS) was chosen

as the software platform to implement the CBM DCS. Basic attributes are:

Tool based: Minimizes the need for custom coding.
Distributed: Supports an arbitrary number of IOCs and OPls, as
long as the network does not saturate.
e Event driven: Designed to be event-driven to the maximum extent
possible.
High performance, robust
Scalable
Under constant development

Role and impact of control systems at HEP Research Centers
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EPICS
NN

Containerized approach - what does it mean?

A container is a standard unit of software that packages up code and all its
dependencies so the application runs quickly and reliably from one computing

environment to another.

App App App
VM VM VM

App App App
oS (O] (03

App App App
Hypervisor Container runtime

Hardware

Traditional
virtualization

Hardware

Microservices
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Detector Control System - slow

control

Configuration DB
r s

DAQ 4 SCA

HZB

| Expert.

«—» Control Access Protocol

Archiver node

A 4

Master node

Y

« States and transitions

* Monitoring values

* ECS DB interface

* Command/request/action

Operators

..

Node N

Archiver
Instance N

Archiver
(persistent
storage)

(short, mid-
term)

Control node

Iy

=/ 3

A 4

10C (1,2,3,...,M)

v

>

CA gateway

GUI

Alarm server

Alarm logger

A

Web readout
GUI

Logging
visualization
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Helmholtz
Zentrum Berlin

EPICS
NN

A finite state machine (sometimes called a
finite state automaton) is a computation model
that can be implemented with hardware or
software and can be used to simulate
sequential logic and some computer
programs. Finite state machines can be used
to model problems in many fields including
mathematics, artificial intelligence, games,
and linguistics.

States of the FSM

Global states
Standby
+— —
T~ \ Preparing
- ,
~—
S F4
i / //‘
//
_— /
Run
///
24



User interface for the STS prototype

- phoebus

A framework and set of
tools to monitor and
operate large scale
control systems, such
as the ones in the
accelerator community.

mSTS Control Panel X

mSTS Control

Laudal

Lauda0

mSTS temperature and humidity monitoring and

Cave

Bottom of mSTS
CROB unit 2

POB unit 0

POB unit 1

Bottom of FEB BOX
Groove mSTS
Between POBs unit

STS Alarm Area Panel X

cbm

Role and impact of control systems at HEP Research Centers

T unit 2
RH unit 2
DP unit 2

UNITO UNIT1

Sensors

Alarm Log Table X

Interlock

Hosts

HZB

STS Alarm Table X

Helmholtz
Zentrum Berlin

Query: | pv=*&severity=*&message=*&current_severity=*&current_message=*&user=*&host=*&command=*&start=7 days&end=now

Config

state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...

state:/STS/Hosts/mstspi01::

state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...
state:/STS/Hosts/mstspiOl:s...

PV

mstspiOl:stats...
mstspi0l:stats...
mstspi0l:stats...
mstspi0l:stats...
mstspi0l:stats...
mstspi0l:stats...
mstspi0l:stats...
mstspi0l:stats...
mstspiOl:stats...
mstspi0l:stats...
mstspiOl:stats...
mstspi0l:stats...
mstspiOl:stats...

Severity
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID
INVALID

Message
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM
STATE_ALARM

Active Alarms: 126 | STS v °
PV A Description Alarm Seve
® CBM:STS:PT100:00 CBM:STS:PT100:00 UNDEFINED =
(@ CBM:STS:PT100:01 CBM:STS:PT100:01 UNDEFINED
@ CBM:STS:PT100:02 CBM:STS:PT100:02 UNDEFINED
® CBM:STS:PT100:03 CBM:STS:PT100:03 UNDEFINED
@ CBM:STS:PT100:04 CBM:STS:PT100:04 UNDEFINED
® CBM:STS:PT100:05 CBM:STS:PT100:05 UNDEFINED
< > -
Acknowledged Alarms: 0
PV A Description Alarm Seve
No acknowledged alarms
Search
Time Message Time Current Seve... Current Mess... User Host
2021-09-27 05... 2021-09-28 21:08:42.229 MAJOR STATE_ALARM g
2021-09-27 05... 2021-09-28 21:08:41.150 oK NO_ALARM
2021-09-27 05... 2021-09-28 21:08:32.041 MAJOR STATE_ALARM
2021-09-27 05... 2021-09-28 21:08:30.958 oK NO_ALARM
2021-09-27 05... 2021-09-28 21:08:21.867 MAJOR STATE_ALARM
2021-09-27 05... 2021-09-28 21:08:20.788 oK NO_ALARM
2021-09-27 05... 2021-09-28 21:08:11.664 MAJOR STATE_ALARM
2021-09-27 05... 2021-09-28 21:08:10.581 oK NO_ALARM
2021-09-27 05... 2021-09-28 21:08:01.504 MAJOR STATE_ALARM
2021-09-27 05... 2021-09-28 21:08:00.409 oK NO_ALARM
2021-09-27 05... 2021-09-28 21:07:51.308 MAJOR STATE_ALARM
2021-09-27 05... 2021-09-28 21:07:50.229 oK NO_ALARM
2021-09-27 05... 2021-09-28 21:07:41.198 MAJOR STATE_ALARM
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http://www.youtube.com/watch?v=wTCkZdeqI8I

