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ESS mission

Design, build, and operate the world’s leading research facility using neutrons

Quick facts

1843 M€  construction #es}
5 MW
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20 times more sensii\=RelgR-VEIE=To =) than today—sgbest




Spallation? Production of neutrons

Fission Fission of uranium

in nuclear reactor

Uranium 235 @l 2-3 neutrons per process
& oy o2 o

slow neutron fission of the chain reaction
excited nucleus triggered by
moderated neutrons

Spallation is a process in which fragments of material (spall) Spallation 1 pnuese askade

are ejected from a body due to impact or stress. In the e,
context of impact mechanics it describes ejection or sl
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vaporization of materlal from a target during impact by a o
prOJeCtlle : L ._M'b g -~ '. \» Elektronenvolt

Spallation on target
using proton accelerator
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ESS will be the world brightest neutron source ggﬁw"
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Financing (§ "

Host Countries Sweden and Denmark \ {= e U e £ £
Construction 47.5% Cash Investment ~ 97% b H U i%
Operations 15% 7
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Non Host Member Countries

Construction 52.5% In-kind Deliverables ~ 70%
Operations 85%

(Jan 2013 pricing) “

Conventional Facilities 531.9

Extra CF investment by host countries -93.0
Accelerator Systems 510.2
Target Systems 155.2
Integrated Control System 73.0
Design & Engineering 33.7
Neutron Scattering Systems 350.0
Project Support & Administration and Licensing 123.8
Contingency 158.2

Total Construction Budget 1843.0
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Journey to deliver the world’s leading facility for
research using neutrons
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| ESS Construction
Phase Complete

Start Of User Program
(SOUP)

Start of Initial W & >
s Operations Phase ;E % 4
ESS Design Update Phase AR r————" T st v

5 Complete

European Design of ESS

Completed



lon Source ready for first beam

Accelerator Front End D
(lon Source and LEBT) J/




Key features of the ESS Target Station

proton beam
instrumentation ,, mono
Q_’)
L
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plug

» Provisional locations of moderators above and
beneath the target wheel, i.e. monolith centre

» 1t MR plug exploits the upper space, offering:
v Cold, 30 mm high, liquid H, moderators, 17 K
v" Thermal, 30 mm high, H,0 moderator, 300 K

Moderator
and reflector

vessel

)

Moderators

Target Safety System _ .
lith > Monitors target coolant flow, Helium cooling of
pressure and temperature, target material

monolith pressure, > Mass flow 3 kg/s
& target wheel rotation > Pressure 11 bar

» Prohibit beam on target if > Temperature

parameters are outside inlet/outlet 40 °C/240 °C
specified limits

neutron
beam
extraction

ot Rotating solid tungsten target

> 36 sectors
target » Mass, total 11 tonnes, whereof 3 tonnes of W

NGl >  Rotates 23.3 rpm, synchronized with pulsed proton beam 14 Hz
plug

Diagnostics and instrumentation
» Controlled and integrated commissioning and
operation of the accelerator and target
» Fluorescent coating of PBW and target front face
» Optical paths, grid profile monitor, aperture monitor
» Wheel monitoring including position, temperature,
vibration, as well as internal structure




The ESS integrated control system EEEE@N

* The ESS facility is a large and complex machine with very much and
diverse equipment that needs to work in synchronization and with
well-known configurations

* The Integrated Control System Division (ICS division) is responsible for
the control systems within the ESS facility including controls for
— Accelerator

— Target
— Neutron Scattering Systems
— Conventional Facilities

* In addition, ICS will implement
— Machine Protection System
— Personnel Safety System

e To build a distributed control system of this size is a major
undertaking
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ESS/ICS challenges

* The ESS control system complexity is very high

— About 1 600 000 “process values”
— Ambitious approach to automation of control system configuration

* Facility availability goals are very high
— ICS plays a key role for the availability of the facility - 95% availability
— High performance and availability requirements on equipment used

* Some new approaches will be implemented at ESS/ICS
— Full scale deployment of EPICS 7

e ESSis committed to contributing to the EPICS community

EPICS
NN

— Full scale deployment of MicroTCA.4 ®
e ESSisinvolved in a public procurement for innovation initiative ‘ , 'm

— Machine learning/Artificial intelligence assisted control system

* Project started to explore how modern technologies can be applied




Control system architecture

EUROPEAN
SPALLATION
SOURCE

=

Human Users

Engineers, Operators,
Scientists, Technicians, ...

Applications

GUIs for data analysis,
processing and archive services,
system configuration, ...

Facility Integration

runtime & historical data,
complex control functions,
configuration databases

Local System Control

high dependability,
executes local control functions

Signal Conditioning (a/d)
Equipment Electronics

Physical Equipment

machinery, sensors, actuators

Physical Processes

display ESS facility data,

I task execution

send/receive
ESS facility data

system specific
data exchange

local control,
run-time data

device specific
signals

I measure and adjust

ESS Main Control Room

B

Experiment workstations

B X

= Sl

Other Human Operations Facilities

System | | Equipmet | Physics Config. PostMortem PSS
GUIs GUIs Apps Tools Analysis GUIs
Network EPICS (Ethernet)
equipment
EPICS EPICS EPICS EPICS EPICS EPICS
10C 10C 10C 10C 10C Archive o
EVG, Master Timing System
Oscillator
Machine Protection: Beam Interlock System
FBIS
PLC PLC Ether MicroTCA MicroTCA PSS Al LSy )
CAT System System
- V ing Ethernet fieldbus
; : Device signals
Remote Device Device Remote Remote
1/0 Controler Electronics Electronics  _ontroller 1/0 170
Pump Flowmeter Motor Sensor Chopper PS Switch Sensor Sensor
— — . 4
HoFow  RREECHN || |m (((RF))) Pfton  Neutron ; @ ate.
e — Temp Electricity

* Layered architecture based on EPICS distributed controls




ICS Project scope

Work package 01
Work package 03
Work package 04
Work package 05
Work package 06
Work package 07
Work package 08
Work package 09
Work package 10
Work package 11
Work package 12
Work package 13
Work package 14
Work package 20
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Management and administration
Software Core e
Hardware core
Machine protection
Equipment
Control systems
Physics
Personnel safety system
Integration - Acceleratyr
Integration - Target
Integration - Instrument
Integration - Conventional $atilitie
Test Stands
Installation

rastyucture

\\
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Infrastructure

Safety & protection ;
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Controlling systems from the local control room ‘)

SOURCE LEBT Interlock | ATU| ic System |

High Voltage Vacuum |VaiSOURCE LEBT|Interlock ic System |
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* Recent achievements include controlling the
pure Helium storage and the ESS ion source and
LEBT from the local control room -
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Building control systems

[ F' j

Many components are being assembled into ICS subsystems
and readied for installation

Meanwhile, work is continuing with maintaining and
developing the ICS and EPICS software solutions
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Machine learning applications §‘ oo

for the ESS control system

 We want to explore if modern AI/Machiné”Iearnig
technologies can be used to augment the ESS control
system |

— Decrease commissioning time and effort i
— Increased facility availability (95% goal) 0 |
— Increased efficiency of operation

— Improved human/machine interaction f
— Lowered operational and m  C
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Control System Machine Learning Project

* The project is focused around the ESS integrated control
system

— Unigue opportunity to study applications on a rich, large-scale,
complex control system

— Large supportive community to back up the project

* The project shall:

— Investigate and develop interfaces between the EPICS distributed
control system and concurrent machine learning frameworks such as
Google TensorFlow

— Demonstrate machine learning benefits through practical application
on a subsystem of the ESS facility

— Investigate and document guidelines for how to select domains of a
control system that are useful for machine learning applications and
selection of which data that is relevant for a machine learning system

17



Deliverables

* The project is focused around the ESS integrated control
system

— Unigue opportunity to study applications on a rich, large-scale,
complex control system

— Large supportive community to back up the project

* The project shall:

— Investigate and develop interfaces between the EPICS distributed
control system and concurrent machine learning frameworks such as
Google TensorFlow

— Demonstrate machine learning benefits through practical application
on a subsystem of the ESS facility

— Investigate and document guidelines for how to select domains of a
control system that are useful for machine learning applications and
selection of which data that is relevant for a machine learning system

18
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Partners

* Project has been developed
together with Swedish
Innovation agencies Vinnova
and Big Science Sweden

* We hope to find
academic/industrial
partnerships interested in
joining the project group

Artificial Intelligence in Swedish
Business and Society
Analysis of Development and Potential

.-Mbullllllll S
.. HERY . A =
i WVINNOVA

‘Sweden's Innovation Agency
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Thank you! —

* Thank you for your attention

— More information: europeanspallationsource.se

— Contact: karin.rathsman@esss.se
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New aecial photographs mark steathy progress at ESS
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19084C
Multi-Blade Detector Validated for Use with ESS Instruments
ESTIA and FREIA
. o plblshod this woek Mmarks a Mayor médestone n the development of novel detector
PUBLICATIONS
What will we seeat E557

Newsletter

Scientific Potential of ESS Instruments A Shared Visione South African
Expands as Neutron imaging Gets an Scentists Explore Common Ground £55 ACTIVITY REPORT 2017
Upgrade with ESS VIEW & SUSSCRIBE Now available for download
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