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Ecosystem for LS and NS Communities
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Research 

Infrastructures

European regulations, 

legislations and Essential 

(Safety) Requirements (ESR) of 

the Directives for products

ENRIITC

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
https://indico.esss.lu.se/event/1510/


RI with focus on Light and Neutron
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with Neutrons 

eyes

with X-Rays 

eyes

H atoms make up ~50% of atoms 

of biological macromolecules

(lipids, proteins, nucleic acids, 

carbohydrates)

Courtesy Lenny Rivkin/PSI

X-Rays

Electrons Neutrons

Nucleus

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Light Sources distribution
See Introduction to synchrotron radiation physics and applications at ASP2016

Courtesy Caterina 

Biscari, ALBA LS 

Director

https://indico.cern.ch/event/528094/contributions/2172838/attachments/1322587/1984059/Introduction_to_SR_Physics_and_Applications.pdf


Neutron Scattering Facilities

6

See Connecting Industrial R&D Staff to State-of-the-Art Neutron Methods

https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods


Science with Neutrons
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Addressing challenges in energy, materials and health 

20-10-21
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https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


BrightnESS survey
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To understand the role of

key players in the 

innovation 

ecosystem that ESS will

foster !

Radiation Safety and Quality at Research 

Infrastructures

20-10-21

Neutron Scattering Techniques

https://europeanspallationsource.se/sites/default/files/files/document/2018-06/NEUTRON%20USERS%20IN%20EUROPE%20-%20Facility-Based%20Insights%20and%20Scientific%20Trends.pdf
https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


The ESS Machine
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ION SOURCE ACCELERATOR

602,5 M

ELECTROMAGNETIC 
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THE PROTONS

(VIA KLYSTRONS) 

96% OF 

SPEED OF 

LIGHT

MAGNETS 

FOCUS THE 
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THE TUNNEL BECOMES 

SUPERCONDUCTING 
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TARGET
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TARGET WHEEL  

2,5 M

MONOLITH
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STRUCTURE AND DYNAMICS (ON 

A MOLECULAR LEVEL).



European 

Spallation Source 

In-Kind model case

Procurement requirements, Quality and ILO 

network

European regulations and legislations

Examples of Applications to Accelerator, Target 

and Instrument



In-Kind Model
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Partnership and Collaboration to build the ESS !

20-10-21

Aarhus University

Atomki - Institute for Nuclear Research

Bergen University

CEA Saclay, Paris

Centre for Energy Research, Budapest

Centre for Nuclear Research, Poland, (NCBJ)

CNR, Rome

CNRS Orsay, Paris

Cockcroft Institute, Daresbury

Elettra – Sincrotrone Trieste

ESS Bilbao

Forschungszentrum Jülich

Helmholtz-Zentrum Geesthacht

Huddersfield University

IFJ PAN, Krakow

INFN, Catania

INFN, Legnaro

INFN, Milan

Institute for Energy 

Research (IFE)

Rutherford-Appleton 

Laboratory, Oxford(ISIS)

Kopenhagen University

Laboratoire Léon Brilouin (CEA –

CNRS – LLB)

Lund University

Nuclear Physics Institute of the 

ASCR

Oslo University

Paul Scherrer Institute (PSI)

Polska Grupa Energetyczna - PGE

Roskilde University

Tallinn Technical University

Technical University of Denmark

Technical University Munich

Science and Technology Facilities 

Council 

UKAEA Culham

University of Tartu

Uppsala University

WIGNER Research Centre for 

Physics

Wroclaw University of Technology

Warsaw University of Technology

Zurich University of Applied 

Sciences (ZHAW)

~516
Employees

~57
Nationalities

> 40
Collaborating Institutions

ESS is working with more than 40 European partner institutions, and 

more than 130 collaborating institutions worldwide under the in-kind 

model

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
https://europeanspallationsource.se/sites/default/files/files/document/2017-09/global_collabs_mid2017.pdf


A Pan-European Project
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Financing includes cash and deliverables

20-10-21

The European Spallation Source ERIC 

established in 2015ERIC legal framework was created by the European Commission in 2009 

(.pdf)
Host Countries Sweden and Denmark 

Construction47.5% Cash Investment ~ 97%

Operations 15%

Non Host Member Countries

Construction52.5% In-kind Deliverables ~ 70%

Operations 85%

13+2 European Member and Observer Countries

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=eric
https://ec.europa.eu/research/infrastructures/pdf/eric_en.pdf


Procurement for In-Kind and In-House
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Example of Instruments

20-10-21

DREAM

NMX

T-REX

MAGIC

HEIMDAL

SKADI

VESPA

FREIA

ESTIA

ODIN

BEE

R CSPEC BIFROST

MIRACLES

LoKI

Small Angle Neutron Scattering LoKI, SKADI

Reflectometry ESTIA, FREIA

Single-Crystal Diffraction MAGiC, NMX

Powder Diffraction DREAM, HEIMDAL

Imaging & Engineering ODIN, BEER

Direct-Geometry Spectroscopy CSPEC, T-REX

Indirect-Geometry Spectroscopy BIFROST, MIRACLES, 

VESPA

ESS to drive:
Neutron bunker, radiation shielding, design support for common projects

such as choppers, detectors, beam monitors and shutter systems

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
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.. And complying with European Directives

20-10-21

Contracts between ESS and In-Kind partners are 

composed of IKCA and Technical Annexes

− Technical requirement/scope

− Product compliance with European Directives

− National regulation and harmonized standards

− Project Quality Plan

 Methodology supported by ESS Management 

System and ESS handbooks

 Tools to facilitate data transfer and integration

 Continuous follow up from technical experts from 

In-Kind partner and ESS

In-Kind Agreement Process

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Work-Packages and Project follow-up
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Engineering Handbook and ESS Guidances (ESS Management System)

20-10-21

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
https://confluence.esss.lu.se/display/ESSMS/ESS+Management+System


Work-Packages and Project follow-up
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Alignment with European regulations, legislations and Essential (Safety) Requirements 

(ESR) of the Directives for In-Kind products

Identify (safety) Hazard in the following field:

 Electrical

 Chemical

 Biological

 Cryogenic, ODH 

 Ionization radiation

 Artificial optical radiation

 Magnetic field/EM waves

 Hazard due to cold/heat/fire

 Mechanical

 Pressure

 Workplace

 Ergonomic

20-10-21

… in difference to minimum harmonized legislation for installation and use, which is 

covered by ESS while complying to Swedish laws. The official guidelines to interpret the 

Product Directives can be found in the Blue Guide.

1. HazId  Directives identified

2. Risk Assessment and proposed mitigations

3. Implement the mitigation

4. Compile technical documentation

5. DoC is issued

6. CE-mark is applied to the equipment

e.g. ESS electrical handbook is based on several

different standards, among which is EN 60204-1

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Work-Packages and Project follow-up
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Complying with European Directives

20-10-21

Technical Files

User Instructions

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Safety Radiation and Licensing 

Radiation Safety and Quality at Research Infrastructures 18

IAEA and National Regulations, Swedish Radiation Safety Authority (SSM)

20-10-21

ESS is not considered as a nuclear facility but as a complex facility

which has to comply to special conditions issued by SSM in addition to 

the relevant parts of the existing regulation.

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Radiological hazard identification
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IAEA and National Regulations

20-10-21

Risk assement to define category:

Radiation safety objectives

expressed as dose limits, dose

constraints and design criteria, for 

each event class, or the different 

categories of workers and for the 

public.

Events and circumstances that can

affect the facility and its environment

are ranked based on their likelihood.

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Radiological hazard identification
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TASK FORCE (TF) IN ACTION

20-10-21

The TF is driving the effort to:

 Implement and clarify the ESS approach for radiation safety analysis, RSF/WRSF 

identification and classification, and categorisation of SSCs

 Confirm and detail the deliverables

 Update existing radiation safety analyses and RSF, WRSF identification

 Execute complementary radiation safety analyses and RSF/WRSF identification

 Update/complement classification of RSF & categorisation of corresponding SSCs

20

Common and 

consistent ESS 

approach

Explain

Align

Train

Do

Coordinate

Deliver

Courtesy Francois Javier

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


ESS Safety Radiation
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Accelerator

20-10-21

Radioactive inventory from activated air 

from prompt radiation with beam losses of

1 W/m

15 DAC (Derived Airborne Contamination) max (14 GBq) in 

the tunnel during operation and beam on (1 W/m loss) with

renewal HVAC = 0 (with rHVAC = 0.5, 10 GBq corresponding

to 9 DAC)

Prompt radiation

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Accelerator ionization radiation
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see Episode dating October 10, 2020

20-10-21

d=bl/2

Product 

specification by IK 

following ESS 

requirements, e.g.: 

- Radiation-hard 

(e.g. electronics, 

materials, 

instrumentation,)

- Risk Analysis

- Preventive 

maintenance and 

monitoring

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


ESS Safety Radiation and Target
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Radioactive inventory Prompt and residual dose rate

20-10-21

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Target design
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Materials specification

20-10-21

Examples of specification transmitted to suppliers: 

• Steel, iron (and Cobalt content) (Test @ 

ISOLDE and analysis @ DTU)

• Be, lead (and antimony content)

• Maximum grain size for Beryllium (20um) and 

Niobium (0.064 mm )

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


ESS Safety Radiation and Instrument
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Radioactive inventory and prompt radiation

20-10-21

Key technologies and common projects:

Neutron bunker, radiation shielding, choppers, 

detectors, beam monitors and shutter systems

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Procuring Equipment for Instrument
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Example of Common chopper

20-10-21

SKADI

ODIN

Common chopper CE-Marked

Adaptation to Instrument:

1. HazId  Directives identified

2. Risk Assessment and proposed 

mitigations

3. Implement the mitigation

4. Compile technical documentation

5. DoC is issued

6. CE-mark is applied to the 

equipment

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


What you could

know about

Research 

Infrastructures…

A novel way to learn: ESS Learning 

Lounge (LMS)

Innovations based on RI

Learning more about Physics



A novel way to learn

Radiation Safety and Quality at Research Infrastructures 28

ESS Learning Lounge

20-10-21

Courtesy Lars Aprin

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Innovations based on RI
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Technology and knowledge transfer

State-of-the-art equipment by specifications:

 Research to develop improved materials - radiation hardness, halogen free, cryogenics

 Extreme Sample Environment conditions - high pressure, high temperature

 In-Kind model and Technology Demonstrators

 Directives and their applications - MD, Explosive environment ATEX

 Data - Fastest electronics, DMSC, AI and ML

 Quantity – superconductors, exotic materials

 Novel ways to communicate – WWW, VR, AR

Networks - LEAPS, LENS, ENRIIC, Big Science Business Forum

Reasons of being of Research Infrastructures: Discovery Science

 See 
20-10-21

Connecting Industrial R&D Staff to State-of-the-Art Neutron Methods

Fractality and entanglement

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods


Tools to guide industries and beyond
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Innovative Platforms to learn more and better – The diverse audience / Users

- Industrials to know what relevant equipment to procure

- Industrials to benefit from state-of-the-art researches 

- In-Kind - quality, training, legacy

- Academic Users – How to use instrument, training (LSM)

- Public and High school teachers and their learners

- Unified users community: LS  and NS 

- Politicians and Sponsors - show societal challenges and sustainability

- Universities to train professor and their students

- Tax payer - Return on Investment 

20-10-21

More Innovations:

- Communication tools - MOOC, Zoom webinar

- Virtual and Augmented Realities - safer assembly and repair 

- Build data-base, On-line courses …

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures


Learning and surviving
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The new connected Brave New World …

 ASP - https://www.africanschoolofphysics.org/online-lecture-series/ ; e.g.

− BNL / Light Sources: "Synchrotron based methods for materials characterization" Part (1)

− Diamond: "ASP Online Seminars: Synchrotron and neutron based diffraction and spectroscopic techniques (Part 1)"

 Diamond LS – Twitter, Materials science w/ scattering & diffraction #TheLightStuff

 International Association of Physics Students – Facebook 

 Nordic Particle Accelerator Project: Massive Open-Online Courses: www.npap.eu

And still the old fashon way… Publications and Journals:

 ESS - What do neutrons tell us:

− "The instrument suite of the European Spallation Source", NIMS

− "The European Spallation Source Design", Physica Scripta

20-10-21

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
https://www.africanschoolofphysics.org/online-lecture-series/
https://indico.cern.ch/event/932699/
https://indico.cern.ch/event/967632/
https://twitter.com/hashtag/TheLightStuff?src=hashtag_click
https://twitter.com/hashtag/TheLightStuff?src=hashtag_click
https://www.facebook.com/iapsfb/
http://www.npap.eu/
http://europeanspallationsource.se/what-do-neutrons-tell-us
https://www.sciencedirect.com/science/article/pii/S0168900220300097
https://www.researchgate.net/publication/322135851_The_European_Spallation_Source_Design


Summary

Neutrons : a natural tool for industrial research 32

Beyond Safety Radiation.. building capacity

Research Infrastructures are safe and in compliance with European Directives

Transfer of Knowledge & Technology and Return on Investment as a synergy for Industry

RI encourage novel methodologies and tools to support sustainable and SMART projects

2020-11-16

Thank you for your attention!



Any Questions? Want to know more?

Website : http://cdarve.web.cern.ch Contact me : Christine.darve@ess.eu

Accelerate Webinar Series
Radiation Safety and Quality at Research Infrastructures

Connecting Industrial R&D Staff to State-of-the-Art Neutron Methods

4th November : Nanoscale to Microscale Structural Analysis with Neutrons
Dr. Judith Houston

11th November : Neutron protein crystallography reveals molecular details of inhibitor binding to clinical 
targets.
Dr. Zöe Fisher

25th November : Non-destructive testing with neutrons: Revealing (micro-) structural properties 
and providing unique contrast inside large samples and assembled components

Dr. Robin Woracek

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
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A novel way to learn
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ESS Learning Lounge

20-10-21

Courtesy Lars Aprin

https://www.ceric-eric.eu/events/radiation-safety-and-quality-at-research-infrastructures

