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Lightning
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Medicine

Tailor made
materials

Pacemakers

Implants
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Properties of neutrons for measurements Sounce "

Charge neutral
Deeply penetrating
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10mm

Li motion in fuel cells

Help build electric cars

Magnetic moment (spin) Scattering
Directly probe magnetism Sensitive to light elements

High-Tc superconductivity
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Efficient high speed trains Better drugs



Images from the
NIAG group, PSI,
Switzerland.

Neutrons see the Light Elements
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What do the Neutrons Tell Us? Ny

Structure to molecular and atomic level
* Dynamics
* Magnetic structure

* Imaging

-> A wide range of science areas
« A wide range of time- and length-scales can be probed
* Deeply penetrating and non-invasive

« Aunique probe for magnetism

* Uniquely sensitive to protons and isotope selective

-> Highly complementary to X-rays and other probes
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Heritage "

Neutrons for Archaeology and Cultural @
—

Dinosaur egg Indonesian dagger sheath,
silver outside wood.




Swelling of a double network
hydrogel designed for use as a
cornea replacement.

(Frank Group, Stanford)

Cornea
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Advanced Materials for Health ) semuamon

Double network hydrogels provide strength and resiliance
together with high water content.

Gel structure forms over multiple length scales.

Kinetics of gelation can be rapid needing sub-second time
resolution.

Neutrons provide the structure of each component in the
presence of the other.




Neutrons reveal how drugs interact with drug
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The enzyme carbonic
anhydrase transports CO,
and regulates blood acidity.
It is @ major player in some
cancers, glaucoma, obesity
and high blood pressure

Neutron crystallography
pinpoints protons and
waters in the active site,
showing how the drug
Acetazolamide binds

Image: Fisher, S. Z. et al. 2012 JACS
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How ESS works |

Target station
where neutrons
are emitted and led
to neutron beam
guides.

Clystrons and
modulators
provide the power
to accelerate the
protons.

Superconducting
linear accelerator Laboratory for
where protons e sample preparation.
are accelerated.

ESS Data Management and
Software Centre, DMSC, in
Copenhagen

Instrument hall
with instruments
for different
measurements.

Instrument, where
the neutrons scatter

off the sample, hitting e
detectors and generating
experimental data.

Data management
centre, where
experimental datais
gathered, analysed
and disseminated.
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Neutron facilities — reactors and particle driven ) seautamon
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ESS long pulse potential (€35 s
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- 14
8 x10" ESS 5 MW
7 _ A=15A 2015 design

thermal moderator Possibilities of pulse shaping
6 - A
5 -
4 -
ESS 5 MW

3 - 2012 design (TDR)

Brightness (n/cm?/s/ster/A)

US Japan
UKTST UKTs2 1-4MW  300KW

ILL 57 MW

128 kW 32 kW

1 2 3 4 time (Ms)



ESS Construction
Phase Complete
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2014

Construction Starts

on Green Field Site
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ESS Starts
User Program

Decision to Site
ESS in Lund

Machine Ready for
1st Beam on Target

2012
ESS Design Update
Phase Complete

2003
European Design of ESS
Completed



Financing includes cash and deliverables 333**'?“

Host Countries Sweden and Denmark

Construction 47.5% Cash Investment ~ 97%
Operations 15%

Non Host Member Countries

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

CURRENT

Sweden (member) 35.0 % Czech Republic_,  Hungary Lithuania
Denmark (member) * 12.5 % ‘ / Estonia
Germany (member) * 11.0 % Poland [~ To be determined
United Kingdom (founding observer)  10.0 % Norway

France (member) 8.0 % Switzerland

Italy (member) 6.0 %

Spain (founding observer) * 5.0 %

Switzerland (member) 3.5%

Norway (member) 25 %

Poland (member) 2.0 %

Czech Republic (member) 2.0 %

Hungary (member) 0.95 %

Lithuania (future member) 0.45 %

Estonia (member) 0.25 % France
Total * ~99 %
FUTURE
Belgium (founding observer) tbd
Netherlands (founding observer) tbd
Greece (future observer) tbd N Denmark
Turkey (future observer) tbd
Latvia, Portugal, Finland tbd

* Includes Pre-construction Costs, Current Construction Commitment ~97%. 15



ESS AB transitioned into European Research C seaLLATON

Infrastructure Consortium (ERIC)

ESS AB European Spallation
Source ERIC
Swedish limited liability

corporation transfer of assets, - European Research

. obligations and Infrastructure Consortium
qued by the Swedish and personnel .
Danish governments on Oct 1, 2015 Sole governing body: the
European Spallation Source
ERIC Council, comprised of
representatives from the
Member and Observer

Countries




Ground Break & SRR
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Foundation Stone Ceremony

Ground Break Event
« 2 September 2014 (200 guests)
» Official start of the construction!

Foundation Stone Ceremony

* 9 October 2014 (700 guests)

* Programme on site including speeches, partner
video, walking tour and reception

« Science Symposium in Lund

« Mobilized partners and stakeholders for construction!




ERIC Plate Ceremony
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Handing over of the ERIC Plate
« 8 September 2015 (60 guests) onsite

» Marked the transition from ESS AB to
The European Spallation Source
ERIC

« Speakers:

Robert-dJan Smits, Director-
General for Research and
Innovation, European
Commission

Helene Hellmark Knutsson,
Swedish Minister for Higher
Education and Research

Dr. Esben Lunde Larsen, Danish
Minister for Higher Education
and Science
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ESS looking towards MAX IV and Lund University SOURCE
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ESS target building
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COMMUNICATIONS AND
EXTERNAL RELATIONS DS TRATION & FINANCE - INACND REVIEW
DIVISION (4070,
A Weelss ) EUROPEAN SPALLATION SOURCE B. Dormy, Chair M. Marazzi, Chair
HEAD OF DIVISION EUROPEAN RESEARCH INFRASTRUCTURE CONSORTIUM (1000) N. Pratt, Vice-Chair
M-L. Ainalem COMMITTEE ON
& Andersson SCIENCE ADVISORY EMPLOYMENT CONDITIONS
j—%’;‘g L. Bérjesson Council Chair 20;/\"132?556" L. Borjesson, Chair
J. Oberg C. Petrillo Council Vice Chair S. McClain, Co-Chair ES&H ADVISORY
M. Lindberg (A) COMMITTEE
o C. Hdge'sw'; (? . J. Yeck TECHNICAL ADVISORY P_ Berkvens, Chair
ERSONAL ASSISTAN Director General COMMITTEE
: T P. Lebrun, Chair CONVENTIONAL FACILITIES
EXTERNAL 1 - P. Ferguson, Co-Chair ADVISORY COMMITTEE
MEDIA RELATIONS & g_‘?g}g’;gﬁgx&‘g@ﬁ%g;@; l;- ';9";"‘; J. Galambos, Co-Chair M. Fallier, Chair
EU PROJECTS - Kinhul
nggﬂg‘ég;g“ GROUP (4071) 'N-K'“:A%S;QOUP SCHEDULE PROJECT MANAGER J. Haines ANNUAL REVIEW
A Weexs (1) QSumsenheimer G Németh HEAD OF OPERATIONS PLANNING ) ~ D. Argyriou M. Nessi, Chair
GROUP LEADER GROUP LEADER TECHNICAL COORDINATORS M. Arai, F. Mezei, S. Kennedy
. R. Costa
R. Eriksson i i G. inall
P. Reinerfelt M. Giampietro M. Dadoric
D. Mihai
L. Petkova
A. Schmidli
V. Winter

ES&H and Q (1010)
J. Haines (I)
ASSOCIATE DIRECTOR
G. Trahem

N. Asvatne
TEAM ASSISTANT

HEALTH
DIVISION (503

. Jacol n
HEAD OF DIVISI

WASTE GROUP
(5031)

P. Persson
GROUP LEADER
T. Hansson (C)

QUALITY
DIVISION
(1020)

M. Skafar
HEAD OF DIVISION

~ 1

Collaborating Institutions
42 In-kind Partners
60 Collaboration, MoU and g

Grant Partners

GENERAL HR
GROUP (4022)

S. Havelius
GROUP LEADER

K. Boriesson

RECTORATE (4000)

DEPUTY DIRECTOR
PERSONAL ASSISTANT

MACHINE DIRECTORATE (3000)
R. Garoby
TECHNICAL DIRECTOR

J. Haines (1)
H. Froderberg

T

PIVISION (3010)
. L
[EAD OF DIVISION

H. Danared
DEPUTY HEAD OF

ACCELERATOR

C. Prabert
PERSONAL ASSISTANT

ndroos

DIVISION

J. Weisend Il
EPUTY HEAD OF

PROJECTS
M. Conlon

1. Tej
EAM ASSISTANT

BEAM PYSICS,
OPERATION AND
BEAM
DIAGNOSTICS
GROUP (3011)
A .lansson

47

Nationalities

TARGET PHYSICS
GROUP (3035)
G. Muhrer
GROUP LEADER

T. Friedrich
B. Krar}jc (©)
. R Mudingay

DEPUTY DIRECTOR

SENIOR ADVISOR
PERSONAL ASSISTANT

SYSTEMS
ENGINEERING
DIVISION (3050)

R. Duperrier
HEAD OF DIVISION
REQUIREMENTS &
ARCHITECTURE
ENGINEERING
J. Waldeck
GROUP LEADER

F. Hermodsson
S. Wright (C)

IVV PLANNING AND
REPOR':']{NG

Vacat
GROUP LEADER

SAFETY
ENGINEERING
F. Javier
GROUP LEADER

LOGISTICS
ENGINEERING

Vacant
ARALID T CAREN

SCIENCE DIRECTORATE (2000)

A. Schreyer CONVENTIONAL
SCIENCE DIRECTOR FACILITIES DIVISION
5010;
S. Kennedy }é Hed%n
M. Dell Anno Boulton HEAD OF DIVISION
S. Ghatnekar Nilsson :
etersson Arskold m%’l‘s‘?é%)
L. Landén
L. Lavesson (C)
A L om (C
A. Thonal
K. Wennerholm
S. Aas
EAM ASSISTAN

367

Employees

A. Hiess
AD OF DIVISION

B. Linnen
TEAM ASSIST/

E. Dahlback
Z. Fischer
M Guthrie

DESIGN GROUP
(5011)
K Hedin
GROUP LEADER
|| L Arthursson
J_Molander (C)
R. Sjoholm
K. Svedin
U. Westman (C)

CONSTRUCTION

GROUP (5012)
M. Eneroth
GROUP LEADER

P1




Partner institutions delivering the deS|gn & (G cuRoPERN
construction of ESS

SOURCE
Aarhus University
Atomki - Institute for Nuclear Research

Agder University
Bergen University
CEA Saclay, Paris 3
Centre for Energy Research, Budapest . X
Centre for Nuclear Research, Poland, (NCBJ)
CERN, Geneva ?
CNR, Rome

CNRS Orsay, Paris

Cockcroft Institute, Daresbury
DESY, Hamburg

Delft University of Technology
Edinburgh University

Elettra — Sincrotrone Trieste
ESS Bilbao
Forschungszentrum Jdlich
Helmholtz-Zentrum Geesthacht
Huddersfield Univesrity
IFJ PAN, Krakow

Institute for Energy Research (IFE)
Institut Laue-Langevin (ILL)
Rutherford-Appleton Laboratory,
Oxford(ISIS)

Kopenhagen University

Laboratoire Léon Brilouin (LLB)

Lodz University of Technology

Lund University

Nuclear Physics Institute of the ASCR
Oslo University

Paul Sherrer Institute

Roskilde University

Tallinn Technical Univesrsity

Technical University of Chemnitz
Technical University of Denmark
Technical University Munich

Science and Technology Facilities Council
University of Tartu

Uppsala University

WIGNER Research Centre for Physics

(ZHAW)

INFN, Catania Wroclaw Univesrity of technology
INFN, Legnaro Warsaw University of Technology
INFN, Milan Zurich University of Applied Sciences

22



Key Project Parameters ggggggm

» Deliver on the Technical Design Report performance and Steering
Committee commitments

— 5 MW accelerator capability

— Cost Book construction cost of 1.843 B€,,,.

— Cost Book annual operations cost target of 140 M€,

— 22 “public” instruments (16 included in the construction budget)

« Start w/ unconstrained resources (technically limited schedule) and
develop credible project execution plans

« Comprehensive review of project baseline and execution plans

« Secure funding and resources and align schedules with the available
resources
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ESS construction cost baseline

(Jan 2013 pricing)

Conventional Facilities 531.9

CF scope supported 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 and ESS Cost Book Value 1843.0
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ESS Schedule Objectives e

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Juni 2014 Sep 2016 Oct 2017 Jun 2019 Sep 2022 Dec 2025

‘ Ground break

‘ First installations on-site (Accelerator) Start Of

‘ First installations on-site (Target & NSS) User Programme

‘ Machine* ready for first beam on Target

Machine installed
Dec 2019 for 2.0 GeV

First instrument

ready for hot commissioning
Dec 2022

Late finish — Machine
6m installed for 2.0 GeV

” ¢

Last Construction Phase
Instrument handover
Machine*: Accelerator, Target & ICS to Operations



Current S-curve based on February data ‘)

€ 2,000M
€ 1,800M
€1,600M
€ 1,400M
€1,200M
€1,000M
€ 800M
€ 600M
€ 400M
€ 200M

€ 0M

ESS Construction Funding & Budget Profile % Sipghmiete)

January 2013 prices (“Host CF contributions not included”)

| Total Project (Cost Book) € 1843M| start

ESS PROJECT BASELINE
Construction Starts Jan-2013
Initial Operations 2019

Machine — 1st

1,843
1,843

- beam on Target
Project Completion & Closeout Dec-2025 / . < ¢ 1 ,685

e

% Completed (Earned Value): 21,8%| Commissioning
lon Source

Machine  Start User 16 Instruments
2.0 GeV Program complete

Remaining Work to Complete €1317M
Remaining Contingency € 158,2M
Contingency as % of Remaining Work 12,0%

Performance and Cost through: 29-Feb-16

First installations
(of Machine Systems)

I

Total Baseline Budget without
Contingency (Cumulative)

—A

Total Baseline Budget
(Cumulative)

Construction
permit I /

===Total Funding (Cumulative)

Construction
Starts

Total Actual Cost (Cumulative)

—Total Earned Value (Cumulative)

2013 2014 2015 2016 2017 2018 2019 2020 2021

2022 2023 2024 2025

26




ESS In-kind goals
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Construction cost: € illion
In-kind: € 747.5 Million

€ 600

€ 500

€ 400

€ 300

€ 200

€ 100

€ 00

O/
m{@ €510 M

€ 350 M

HCash

€155 M “IKC

€73 M

.

Controls Target Instruments (NSS) Accelerator

27
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In-kind status and plans

1,400 €M 1,400 €M
" 'In-Kind identified as possible Total Budget

1,200 €M - - - 1,200 €M

— Accelerator, Target, ICS and NSS Total Budget
1,000 €M ccelerator, Targe an otal Budge o — 1,000 €M

Stretch Goal 747 M€
800 €M / 800 €M

/ €675M
- 600 €M

600 €M

400 €M - 400 €M
200 €M - 200 €M
0 €M . . - 0€EM

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 28
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Summary

« Construction project ~ 23% complete and ~ 35% by end of 2016

« Emphasis on securing in-kind deliverables in a collaborative
framework

* Priority on schedule performance — key to success

« Additional work to ensure European Spallation Source ERIC
provides the institutional framework needed for long term success

« Working to establishing operations plans consistent facility
requirements and supportable by the ESS Council

Core Values are Excellence, Openness, Collaboration, and Sustainability
Mission — design, build, and operate the world’s

leading research facility using neutrons y
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2016 priorities

« Continue emphasis on schedule performance — key fo success!
» Transition In-kind partners into execution phase — ongoing
« 3 Annual Project Review and Response — complete

« Submit application to regulatory authority for license to
commission first stages of accelerator systems — complete

« Establish a “cash facility” for liquidity gap/hold schedule — June
« ESS start installation machine (accelerator) equipment — Sep
« Establish operations plans consistent with requirements — Dec

 Engage new members — ongoing!

37



Accession procedure

Written application addressed to the Council Chair
describing intended contributions and to comply with
European Spallation Source ERIC Statutes

Conditions for accession subject to agreement between
Belgium and the Council

Council to approval of the admission of Latvia as a
European Spallation Source Member by unanimous vote

Conditions the same as Founding Members if accession
completed prior to 31 August 2016

EU Commission informed

EUROPEAN
SPALLATION
SOURCE




Facility must be a priority of the science community!
Funding agency commitments and strong host role
Collaboration leadership enables success of others
Establish realistic goals — “Experience over hope”

" Credibility through openness with transparency

~ Collective ownership of problems & solutions

Populate the organlzation with experience

Success built on energy and enthusiasm!
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