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Progress on ESS Project Construction .) .

‘ESS facility and construction project
» Status of design and progress in realization
* Global Project status

* Summary
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ESS design

16 Instruments in
Constructlon budget
Committed to deliver 22

7.“ Enwronm‘énta[gpaﬂ"Sustamablllty”)
s instruments by 2028

espon5|ble

7+ Renewable energy SR
(9 * /Recyclable heat 4 ‘Peak flux ~30-100 brighter
- AT ;. thanthelll

Total cost: 1843 M€ ;5



ESS Construction

Phase Complete

2009
Decision to Site
ESS in Lund

ESS Starts
User Program

2019-20 |
Machine Ready for
1t Beam on Target

ESS Design Update
Phase Complete

2003
European Design of ESS
Completed



EUROPEAN

Financing e

Host Countries Sweden and Denmark C {= e U e c éi%
Construction 47.5% Cash Investment ~ 97% u U
Operations 15%

=1+ || Jaslcuk

Non Host Member Countries
Construction 52.5% In-kind Deliverables ~ 70%

Operations 85%
an2013pricig) | M€
Conventional Facilities 531.9
Extra CF investment by host countries -93.0
Accelerator Systems 510.2 Chdal
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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ESS partners it

Aarhus University
Atomki - Institute for Nuclear Research

Bergen University

CEA Saclay, Paris $
Centre for Energy Research, Budapes¥ "
Centre for Nuclear Research, Poland, 1
CNR, Rome N
CNRS Orsay, Paris

Cockcroft Institute, Daresbury
Elettra — Sincrotrone Trieste
ESS Bilbao
Forschungszentrum Julich
Helmholtz-Zentrum Geesthacht
Huddersfield University
IFJ PAN, Krakow

INFN, Catania
INFN, Legnaro
INFN, Milan
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Institute for Energy Research (IFE)
Rutherford-Appleton Laboratory, Oxford(ISIS)
Kopenhagen University

Laboratoire Léon Brilouin (LLB)

Lund University

Nuclear Physics Institute of the ASCR
Oslo University

Paul Sherrer Institute

Polska Grupa Energetyczna - PGE
Roskilde University

Tallinn Technical University

Technical University of Denmark
Technical University Munich

Science and Technology Facilities Council
University of Tartu

Uppsala University

WIGNER Research Centre for Physics
Wroclaw University of technology
Warsaw University of Technology

"..ersity of Applied Sciences (ZHAW)
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ESS linac

« Low losses

* Average beam power of 5 MW «  Minimimum energy
* Peak beam power of 125 MW + use & energy recovery
* Acceleration to 2 GeV ,

Flexibility for

* Peak proton beam current of 62.5 mA mitigation or upgrade

* Pulse length of 2.86 ms at a rate of 14 Hz (4% duty factor)

—~ll s 352 2 | MHz e i 704,42 MHz s
“24m=> «46m=> €«38m-> €39m-> <56m=> «<—77Tm —=> & |79m —>

Source LEBT RFQ MEBT DTL Spokes Medium B
i { { { i 0

75 keV 3.6 MeV 90 MeV 220 MeV 570 MeV 2000 MeV

96% of acceleration will be provided by superconducting cavities supplied
by 150 high power RF sources (one per cavity):

HEBT & Contingency

* 80% of the RF power sources delivering over 1.1 MW of peak RF power
* The RF system is the cost driver for the ESS accelerator.

1BACE, 8



Accelerator components benefit from
expert competencies all across Europe

,

Sanes =
“\ "-l

em— i

i

@ess

—~a 357 2 1 MHz s - 7 04,42 MHz S i

€4m> €emD> S8mD> €39m > <€56m > €&<7Iim > €« 179m —>
SOUNCE LERT REQ \VIEBY]) DTL SPOKES Vieditm 5 Highi 5 -b{'rlEBT&Contingency @

0

75 keV 3.6 MeV 90 MeV - 216MeV 571 MeV 2000 MeV
@)= The Cockcroft ngiute




Accelerator components benefit from oA

SOURCE

expert competencies all across Europe

N UPPSALA
. %ﬁs UNIVERSITET
E 4
L% bilbao NN soean

o Sottlinon

EUROPEAN

SOURCE

A

===

University of

HUDDERSFIELD N—_—_
Inspiring tem s professi es SPRLLATION (2%

SOURCE

EURGPEAN

E55) | i
Sounce

Directional coupler (reverse power)
for RF feedback control

Port 2
~__(CPR1150)

NotIke, 32.1% Agreed IKC, 04%

Possile KC.
7%
[
Port 1
(CPR1150) Port 3 . Concept,
(CPR1150)
Water Connector courtesy of 10

Sandvik Type L 26.9 x 2.3 GRE (UK)



Test Stands 1, 2 in Lund and FREIA in 5::&:%‘.‘&

Uppsala — Hands-on work has begun!




Test Stands 1, 2 in Lund and FREIA in EEEE’LZET‘.‘SN

Uppsala — Hands-on work has begun!

MOPVA089 The Cryomod
European Spallation Source (E. A o N




Test Stands 1, 2 in Lund and FREIA in ::':ﬁ:ﬁ‘.‘gw

Uppsala — Hands-on work has begun!

MOPVAO089 The Cryomodule Test Stands for the
European Spallation Sourcé (E. A. Conejero — ESS)



lon source in Catania at
nominal parameters
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SOURCE

1 1 : 7 4 N EUROPEAN
MEBT design and fabrication g€

are in progress

Strip Line Chopper Tests Complete
= - 4 7\
——. W VA

Buncher Cavity Production
and Heat Treatment

THPIKO82 Quadrupole Magnet Design for the ESS MEBT

IPA 17 (D. Fernandez-Canoto — ESS Bilbao)
13
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DTL recent achievements INFN ..

di Fisica Nucleare

 5tanks
DTL design work at
T ESS and in Legnaro,
=2 3.6 ->90 MeV.

[Picture from CERN
Linac4]

Drift tube

prototypes
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Spoke Cavities desigh & prototype . gg;m

performances

Spoke cavity prototype test results (Jan15 — Feb16):
* Excellent performances, well within specifications (both on Eacc & Qo)

ESS Double-Spoke prototype cavities
ZA-01 Romea, ZA-02 Giulietta & SD-01 Germaine

B ZA-01 Romea (Jun15)
B ZA-02 Giulietta (Feb16)
® SD-01 Germaine (Mar15)

L N L L] Say m - Pcav<o--SWP=zw(4%Dc:

|f ] l...

Cryomodule with 2 cavities

8 9 10 11 12 13 14 15 16 17 18

Eacc (MV/m)

THOBB3 ESS SRF Linear Accelerator Components Preliminary Results and Integration (C. Darve (ESS)
MOPVAO090 ESS Superconducting RF Collaboration (C. Darve — ESS)
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Elliptical Cavities Highlights INFN soaLATIN
L/ di Fllca Nucleare

The INFN LASA cavity was successfully tested @ 2 K, o

exceeding the ESS s;gecn‘lcatlons o
Power - - .
E‘ 100 -
o ot
10‘._.... _— .
0% 5 10 15 zﬁ 25
................................................................................................... Euce [MV/m]
: e . A soft MP barrier was easily conditioned.
———————— ImTmmt g TTo-------------<--y o This barrier matches with simulations.
! 100 W CW cryo power, X : . .
e l67MV/m@Q510° | OM near{5"" machine line

Eoee [MV/m]
0 10 2 % a0 |
Epear [MV/m] o AEmm
0 20 7y 5 8 5
Bpear [MT]

f=1741.8 MHz (> 19 MHz from machine line)

IPAC17 Af < 1 MHz from simulations (f =1742.4 MHz).
@



EUROPEAN
SPALLATION

SOURCE

Istituto Nazionale
di Fisica Nucleare

The INFN LASA cavity was successfully tested @ 2 K, o
exceeding the ESS specifications. :

Power Ilt

g et )

acting = ogign e MV/m]

ex\e e
g8 ©° D_geﬁo‘ Epeat [MV/m]
e cauty 20 40 60
Bpea.k [mﬂ

f=1741.8 MHz (> 19 MHz from machine line)
Af <1 MHz from simulations (f =1742.4 MHz).
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Cleanroom, RF Station, Assembly hall,
Test Stand are ready in Saclay

First Medium [ String
] in CEA Saclay
. Cleanroom

RF station: Power-

coupler conditioning
pairn°2

\,1\

[ ] (&> =N
i . e 0 ' RSy | Foture 1.6 MW Kiystron
pair n . | s ES)

1.1 MW klystron (CPI)

Re-use the current infrastructure of XFEL




SML modulator topology successfully

SPALLATION
SOURCE

demonstrated on 120 kVA prototype

Module #2A Modul§ #3A1 —
ﬂlr HF
Module #1A [Tcanst. P huihuie 0 — -
oc/ = ] AC/ DC 26KV L
N, |
— —| 8, oC
__‘,JAC/" oc/| 15 ke JAC 15 k42 26 kv AC » DC 15 Kz 26 kv
€ ocux 0C
11k

2xiN
T zzi,__ %%_TACIE HV inductor ==

Capacitor \
bank 1 kv Module #3A2

Module #28 Moduli§#381 —
Module #18 R J.HJ po— e
ioc/ Y | _§ Ac/] ! 4
a el T
N/ AC/, DC/, ! I ‘
oc 0C ] mbe ‘ i
. Lfoc/__% ac/ L
AC 10C o —F,
Module #382
Module #2C ModulB#3C1 ﬂﬂ —

Module #1C ' ﬂU
oc/| AC/ = i

“‘ﬁf—&cﬁrﬂ
2 ¢y B -

BC r—anr
Module #3C1

o

* Order of 3 units for NC linac by ESS-Bilbao

* Total footprint: 3.8m x 1.4m
(planned was 5.5m x 1.6m, i.e. 40% less);

* On-going ESS tender for 9 units for MB linac

* Total weight: < 4 tons (without oil);

IPA 17 * Total volume of oil: ~ 2200 litters;
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43.4 kV Transfer Curve 08-22-16

Efficiency 0% | 3
:_\3_‘: 800.00 50.0% ﬂe
Thales/CPI 10T $ | 40.0%
o 600.00 Output Power
= 30.0%
THPIKO84 Results from the 2 40000 |
704 MHz Klystron and 3 9% hiba)
Multi-Beam 10T Prototypes I:fof:f:en(y o
For the European Spallation 0.0%
Source (M. Jensen — ESS) " 5 8 10

Input Power (kW]

IPACIZ SN :



Beam raster scanning on

target

e Raster system sweeping beam in 2D pattern @ target
e 8 colinear magnets, individually powered

* Crosshatch pattern (f./f, ®,, a,, a,) within 2.86 ms pulse

<J> . = 53.3 pAlcm?
|5:4pa|ttern l E‘50:||||||§||||||||||||"|||§||||||
| | | Saof L G Do

30_ ' - - ..........

20

y Larp. units]

X [arb. units]
1 | | | | | -10

0.5 __ _4o0f

-1 l l I l I E :|||||||||||||
0 0.5 1 1.5 2 2.5 _5_q50 -50 0 50

Time [ms]




Accelerator schedule curopean

SOURCE

2016 2017 2018 2019 2020 2021 2022
NCFE ‘ RFI SR’ ‘ ‘:RH ‘
START RFQ &LEBT Rl RFI
MEBT SC LINAC
MACHINING RFQ DTL5
SPOKE:CM 2GeV
TESTING STARTS READY
Spoke & Elliptical ++ {} + +-e>»
oy e SPOKE & MB CM
cavities and PRODUCTION MB CM St LINAC 1-11 HB CM 12-21 HB CM
dul LAUNCHED TESTING S0 MeV INSTALLED NSTALLED
STARTS ‘
cryomoauies READY o o
TOSHIBA/CPI/THALES KLYSTRON E E
PROTOTYPE DELJVERED (7)) (7,)
- -
- < <
) )
RF CPI/THALES AND L3 10T DECISION 10T OR RF SYSTEM 2 2
PROTOTYPES DELIVERED KLYSTRON FOR HB FOR ME T T
LINAC READY (O} (O}
DS 'l"_" E
NSTALLATION
STARTS
Crvogenics ACCELERATOR !
yog CRYOPLANT €S
COMM./READY ~ COMMISSIONED
BEAM COMM.
COMPLETED FOR
Commissioning START RFQ ; -
COMMISIONING BEAM COMM. FIRST
COMPLETED PROTONS ON 1370 MeV PROTONS 2 GeV
FOR ISRC-> TARGET AVAILABLE PROTONS
MEBT AVAILABLE
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Target Station high level functions

* Generate neutrons via the spallation process using protons produced by the
accelerator

* Slow the neutrons to speeds useful for neutron scattering
* Direct neutrons to neutron scattering instruments
» Safe, reliable operation with high availabilitv High bay

130 m

Transport hall

N Target
Utilities block  monolith Beam expander hall
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Target Station high level functions

* Generate neutrons via the spallation process using protons produced by the
accelerator

* Slow the neutrons to speeds useful for neutron scattering
* Direct neutrons to neutron scattering instruments
» Safe, reliable operation with high availabilitv High bay

130 m

Transport hall

—

o

N Target
Utilities block  monolith Beam expander hall

Active cells
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Target Station Partners

Science & Technology
' Far:|L|t|E5 Council

RAC E ( d Centrum vyzkumu ReZ s.r.0.

Research Centre Rez

) EUROPEAN %ﬁ SUJV
A) 0LICH &7
f“; 3 ;

FORSCHUMGSZIEMTRLUM

@ Consiglio Nazionale delle Ricerche

(pACIZ, :



Main components:

 Monolith:

Vessel (6 m diameter x 8 m helght)
Steel shielding (6000 tons)r ) '
Instrumentation plugs (4@
Proton beam window
Neutron shutters

Neutron beam extraction system

* Rotating Tungsten target

2.5 m diameter x 10 cm height
7500 Tungsten bricks (3.5 tons)
0.39rev./s

» Target He gas-cooling

3 MW capacity @om
3 kg/s flow rate
Dt = 200 degrees C

* High brightness moderators @) jiLicH

2 liquid H, moderators
Water premoderators and moderators
He cryoplant (35 kW — 16 K)

EUROPEAN
SPALLATION

SOURCE

monolith vessel

neutron beam
extraction port

target diagnostics
plug

target wheel

24



EUROPEAN

Target, monolith, moderators etc. oo

Main components:

* Monolith:
* Vessel (6 m diameter x 8 m height) €55
* Steel shielding (6000 tons) ess)

* Instrumentation plugs
* Proton beam window
* Neutron shutters

* Neutron beam extraction system

%%ﬁ §

* Rotating Tungsten target
* 2.5 mdiameter x 10 cm height

monolith vessel

L o
¢ 7500 Tungsten bricks (3.5 tons) e«@“‘ neutron beam
« 0.39rev./s N\,a(\a% extraction port
. ?{\S\A — Ml —" target diagnostics
* Target He gas-cooling ’@d\ggtﬁ N == ‘ plug
* 3 MW capacity .\(\e?(o @]\O pro’(O“ ‘ — e ™ target wheel
* 3kg/s flow - N\’AC‘“ cﬁ 0

* Dt ={\)?\\k01 cesC

* High br.gntness moderators @) iLicH
* 2 liquid H, moderators
* Water premoderators and moderators

* He cryoplant (35 kW — 16 K) 24
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Fluid Systems and active cells

Fluid systems:

Water cooling systems for thermal moderators, reflector and shielding i

(@)
Primary cooling system for proton beam window Zﬁ
Intermediate water systems

UJVv
Helium purification systems @Z@i

Ventilation system

Active cell and remote handling systems: € science s Technology

IPAC17
Technical Galleries

@ Facilities Council

Hot cell and internals for processing and storing spent radioactive components RACE

.
7

Transfer casks to transport activated components on site

Support systems (mock-up test stand, local shielding, etc.)

Transfer Area

Storage Pits

Shipment

] 25
Process Cell Maintenance Cell




Installation Pl (

has started ! Concrete shielding blocks stacked f
' | inside the beam dump cave
l\ b
ECHIR embedment inside the
formwork for the monolith
foundation




Highlights

Red:

Yellow: Target zone

Blue:

SOURCE

The Integrated Control System (ICS) will :s:ﬂ:ﬁ':gw

serve the whole site

Integrated control system for Accelerator, Target, Instruments
Full scale deployment of EPICS 7

Full scale deployment of MTCA.4 - new innovative technology
Ambitious approach to automation of control system configuration
High performance requirements on the MPS to ensure availability
Personnel Safety System (PSS) for access to radiation controlled zones

~ 1.5 10° control points!

_____

CA network

Main Control Room

Accelerator + Cryogenics zone 1

27
/Violet: 1 zone/instrument

CF zone



SOURCE

The Integrated Control System (ICS) will :s:ﬂ:ﬁ':gw

serve the whole site

Highlights

* Integrated control system for Accelerator, Target, Instruments

*  Full scale deployment of EPICS 7

*  Full scale deployment of MTCA.4 - new innovative technology .

*  Ambitious approach to automation of control system configuration = (\)Q(S"O ‘\50‘)( Cfé(’e «©° 1O|nt5!
Q G . xe

ESS

Main Control Room

Red: ‘“\QP‘% _crator + Cryogenics zone
Yellow: arget zone

/Violet: 1 zone/instrument
Blue: CF zone

27



ICS In-kind partners

o Agreement signed ' Early discussions

r) Agreement waiting for signature o Collaboration agreement

EUROPEAN
SPALLATION
SOURCE

Partner Institutes

‘ Atomki, Hungary
o CEA, France

©/ CNRS/IPNO, France

©  Elettra, Italy

" ESS Bilbao, Spain

" IFE, Norway

© INFN Catania, Italy

© JINFN Legnaro, Italy

o PSI, Switzerland

©JSTFC, UK

o Tallinn Technical University, Estonia
' UJV Rez, Czech Republic

‘ University of £t6dz , Poland

O Uppsala University, Sweden

0 ZHAW, Switzerland




First 15 Neutron instruments @ sPALLATON

I ! : EEE gﬂmtfr\‘Oltrz‘tZentrum_l- T(:VUCI’,‘Z; tIZZSICS

' SS Le a d Pa rt n e rs o r ntrum fiir Material- und Kusrenforschung Q

. i \[)V BEER]| | m +
Instrument construction N xg o L %)

./ C-SPEC DTU
OBIFRS H I;.;ejl €%550

.'

(oo VESPA
Ricerche

f
J

by SKADI

) jouicH . G5

systems etc.
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e ESS facility and construction project

e Status of design and progress in realization
‘Global Project status

* Summary
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Organisation and People

COMMUNICATIONS AND
EXTERMAL RELATIONS
DIISI
L W
HEAD DF DAVISION

EUROPEAN SPALLATION SOURCE

ADMINISTRATION & FINANCE
COMMITTEE
E. Damy, Chair

EUROPEAN RESEARCH INFRASTRUCTURE CONSORTIUM (1000) N. Pratt, Vice-Chair

ML
4

L. Bérjessen Couneil Chair
C. Patrille Couneil Vies Chair

J. Womersley
Director General

SENIOR EXECUTIVE ASSIS

Employees
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M. Skatar
HEAD OF DIVIZION
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P. Kinhult

R Hall-Wikon (3
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ENGINEERING &
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Construction funding & budget profile @

2200
ESS PROJECT BASELINE
2000 - Construction Starts lan-2013 - - 3
Initial Operations 2019
1800 - Project Completion & Closeout Dec-2025
Total Project Cost €1,962 M
1500  hCompleted (Earned Value) 321%
Remaining work to Complete €1,319M
1 4pp  Remaining Contingency €126.7 M ¢ Start of user
Contingency as % of Remaining Work 9.6% programme
1200
Performance and Cost through 31-Mar-17
=== Total Funding (Cumulative)
1ood ¢ First installations 4 Machine Ready for
(of Machine Systems) Beam on Target — = Total Baseline Budget incl.
a0 Contingency (Cumulative)
Total Baseline Budget excl.
00 Contingency (Cumulative)
e Total Earned Value
400 Starts (Cumulative)
Total Actual Cost
—
(Cumulative)
200
|:| .......................................................................................................................................................................................................

2013 2014 2015 2016 2017 2016 2019 2020 2021 2022 2023 2024 2025
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Primary Substation SPALLATION
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Linac tunnel

Tunnel, view from HEBT

Front End Building
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Beam Line Gallery fosn) ) o

8,000 m? base slab — last casting 14/03/2017

SOURCE
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Summary &7

* ESS will be the world leading neutron spallation source after 2025.

e Starting from a greenfield site it is only possible thanks to the
world-wide community knowledge.

* Itis materializing thanks to the competences and efforts of many
European partner institutions and of European industry.

* The project is on track for the start of the user program in 2023.
* The success of ESS will be a collective success of all those involved!

You are welcome to visit the
ESS construction site on Friday!
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