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The European Spallation Source
as a new tools for discovery
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African Conference of Fundamental Physics and Applications
https://lwww.africanschoolofphysics.org/

June 28-July 4, 2018 at Namibian University of Science and
Technology (NUST), Windhoek Namibia
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ESS : Science for Society

LIGHTNING
EU Horizon 2020 - strategy
NEW 'l -
MATERIALS The structure which the EC proposed consists of three basic priorities:
: 1. Excellent Science
. = 2. Industrial Leadership

3. Societal Challenges
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4
+ “MEDICINE
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Excellence in the Scence Base
TRORTS N «  Frontier Research(ERC)
- - Fulure & Emerqing Technologies (FET)
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2 «  Research infrasteuctures
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Fields of interest @mﬂm

Magnetic moment Neutral

Penetrates Earth's N N Y

Atmosphere?

Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray N e utro n
-2 -5 -8 -10 -12
0 10

wavelength (m) 10° 0.5%10°° 107" 1t

e || o ? IR

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

10* 10° 10" 10 10' 10 10%

Temperature of

objects at which
this radiation is the )
most intense

wavelength emitted 1K 100 K 10,000 K 10,000,000 K
-272°C -173°C 9,727 °C ~10,000,000 *C

« Awide range of length and timescales
» High sensitivity and selectivity

* Deep penetration

« A probe of fundamental properties
» A precise tool

« Anideal probe for magnetism




Multi-science with neutrons

Magnetic moment
Probe of magnetism

Charge neutral - Neutrons can provide unique
N : :
Deeply penetrating Nuclear scattering and information on almost all
Sensitive to light materials

element and isotopes

- Information on both structure
and dynamics simulaneously.
"Where are the atoms and what
are they doing?”

' 0?3 ’ OTS Of7 '
Solve the HTS
puzzle

Li motion in fuel

cells - 6000 primary users in Europe

today and 6000 secondary users

- Science with neutrons is
limited by the intensity of today’s
sources

Efficient high-
speed trains

Improve electric
cars
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Complementarity between X-rays & Neutrons

Neutron scattering lengths for different atom types found in biological materials:

c H ¢ N 0 ; s B H atoms make up ~50% of atoms
No. of electrons 1 7 8 15 16 26 . .
Coherent scattering -3.74 +6.65 +9.37 +5.81 +5.13 +2.80 +10.1 Of bIOloglcaI macr0m0|eCUIeS
(lipids, proteins, nucleic acids,
carbohydrates).
X-ray y )
o XA ™ N
Neutron ‘ Localization of e ,
Hydrogen atoms y
emmm \\Vater molecules
£ Observed with

Appropriate isotope labeling is
very important (replace H with D
wherever possible)

B neutrons

> y Gﬁv N. Niimura, et al.

Neutrons

Protein

-

From structure to function

DNA

A proten
molecule
moving along
theDNAchain
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Neutrons reveal how drugs interact ¢\ e

with disease targets

The enzyme carbonic
anhydrase transports
CO, and regulates blood
acidity. It is a 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



Plant antimicrobial & antifungal proteins

a-purothionins

Neutron reflectometry used to
e —— determine how plant defence
o a,Pth ‘KSCCRITLGRNCVNLCR§RGA:cKI)_CﬂVCRCKHSGLSCPKGFPK prote|ns from Common Wheat

interact with cell membranes.

(A)

YEOL yasL

Tan spot (Pyrenophora tritici-repentis)  Glumbe Blotch (Stagonospora nodorum)

Common Smudge (Cochliobolus sativus) Stripe blight (Pseudomonas syringie)

Clifton et al. Phys. Chem. Chem. Phys., 2012, 14, 13569-13579


http://agdev.anr.udel.edu/weeklycropupdate/wp-content/uploads/2008/06/tanspot.jpg
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Scientific challenges

Solid State Physics
Dynamics of superlattices, wires and dots, molecular magnets, quantum phase transitions

Liquids and Glasses
Solvent structures, influence of molecular structures on protein folding

Fundamental Physics
Left and right handedness of the universe, neutron decay, ultracold neutrons

Soft Condensed Matter
Time resolution, molecular rheology, structures and dynamics

Biology and Biotechnology
Hydrogen and water , membranes, biosensors, functions

Materials Science and Engineering
Real time investigations with realistic dimensions under real conditions

Chemical Structure, Kinetics and Dynamics
Thin films, pharmaceuticals, supramolecules - structures and functionality

Earth and Environmental Science, Cultural Heritage
Extreme temperatures and pressures simulating the mantle
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The visions

 Room Temperature Super Conductors
« Sterile neutrinos

« Hydrogen storage substrate

« Neutron electric dipole moment

« Efficient membrane for fuel cells

+ Flexible and highly efficient solar cells R s

- Carbone nano-tubes for controlled drug release T g>mm
- Self healing materials — smart materials e

« Spin-state as a storage of data (1022 gain in capacity) _

- CO, sequestration %
I

* Graphene ?! o
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BrightnESS survey

Fig 3.14 Europe: Horizon 2020 topics and challenges expressed as a percentage of research, averaged

Fig3.15 Europe: Science fields per method expressed as a percentage of experiments overall participating neutron sources

EEErEg®: BT 2P Tounderstand the =
I role of key players

In the innovation
ecosystem that
ESS will foster !

I Climate/Environment

I Sccurity (soft security challenges

14
- such as terrorism, border security,
X \ cyber security, etc)
1 W Fundamental Research
W Other
1
Fig 3.16 Europe: Science fields expressed as a percentage of experiments
1

3 ‘
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Engineering

Fig 3.17 Europe: Use of methods expressed as a percentage of beam days

B Life Sciences
B Soft Condensed 1 B Small Angle Neutron Scattering
Matter B Reflectometry

[p— 7 B PowcerLiguid Diff raction

B Single Crystal Diffraction
B Materials ‘ I Enginesring Diff raction

Imaging
V WO High -Resalution Spectroscopy
N Cold/Thermal Triple Axis Spectroscopy
Cold/Thermal Time-of-Flight Spect rosoopy

I vibrational Spectroscopy
B Nuckear and Particle Physics

mn

B Physics

SANS
REFL
CTThS
CTTOF

pre
[=%
[
[=4
=5}
=1

e e
L ™
=] a
I E
5 s

e

MN&P PHYSICS
OTHER

ENGIN DIFF
IMAGING
HIGH-RES SPEC


https://europeanspallationsource.se/sites/default/files/files/document/2018-06/NEUTRON USERS IN EUROPE - Facility-Based Insights and Scientific Trends.pdf

Effective thermal neutron flux n/cm2-s

High time average and peak flux
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Reactor Sources Spallation Sources
s m AR CSNS a
HFIR  ILL LANSCE i ol =
1015 MTR__HIFAR g VARIA ORPHEE |PNsm HANARO SN _D_Q_ o
B NRX ’ HFER® @ NiIST ZIIE—P' D rwvag ~. P Y ® CARR PIK
vk NRU g SAFARI-1 A V@ RR-3 gNq ETERR-2 FRM-Il “opAL
seep 1@ KENS IBR-II RSG
HOR WNR
ZING-P
1010 |
Berkeley 37-inch cycl . .
105 | erieiey srineheyelotron m Particle driven pulsed
350 mCi Ra-Be source & Particle driven steady state
A Pulsed reactor
@ Fission reactors
1 | [ Chadwick
| | | | | | | | |
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year

(Updated from Neutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986)



Effective thermal neutron flux 101> n/cm?2-s

Many research reactors in Eul
Urgent need for a new high flL

ESS Vision: Build and operate the
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world’s most powerful neutron source

Fission of uranium in nuclear reactor

301
° 2-3 neutrons per process
ESS
251 -~ Reactor sources i Pission
Accelerator-driven sources {
201 ,-" Sl . .
] & ¥, 9,
llll slow neutron fission of the chain reaction
101 Ill excited nucleus triggered by
I,' moderated neutrons
51 .- ,A"Rc Spallation on target using proton accelerator
NIsT ILL  LANSCE IS_!_S____EBM_J _,l NS CSNS 30+ neutrons per process
1 ‘ ' ' Spallation
1960 1970 1980 1990 ] nramaste anade
154 x107® * _'

2015 design

ESS 5 MW

The vast majority of users will | 2013 design (TDR)

A large fraction of the users are
(approx 2 ms, 20 Hz)

Existing short pulse sources (I
and imminent future need of st

FEB

Brightness (nfcm?/s/sr/A)

e Kaskade
schnelle 2
Primarteilchen

Possibilities of pulse shaping

%’ Kaskadenteilchen 2 r
[ Y
. P . e
sl & A
3 3 P4
> o 7
L
Ld

~1 Giga-
Elektronenv jolt

ersplitterung

hoch angeregter Kern

4 time{ms)
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Basic design principle

- 16 Instruments in
Constructlon budget g

Comr_nittéd tqdeliver -
instruments by 2028

}, T 3 ’ S5 & "f'ﬁg'ak fli'jxﬂ;“30-100 brighter

? than th._‘e ILL
Total cost: 1843 MEUros ,,,3



ESS employees (as of March 2018)

COMMUNICATIONS AND
EXTERNAL RELATIONS
DIVISION (4070)

A. Weeks
HEAD OF DIVISION
M-L. Ainalem
M. Armstrong
C. Bocchetta
A-C. Joubert
D. Stric
J. Tierney
J. Oberg

C. Holgersson
PERSONAL ASSISTANT

EXTERNAL
MEDIA RELATIONS &
COORDINATION EU PROJECTS
GROUP (4072) GROUP (4071)
A. Weeks (I} U. Gunsenhel
GROUP LEADER &

IN-KIND GROUP
(4061)
G. Nemeth
GROUP LEADER

434

Employees

F. Jérud

E. Lindstrom

J. Mattsson
B. Winér

GROUP LEADER
J. Andersson (C}
K. Bacos

A. Halepovic
M. Henriksson {C)
L. Lindkvist
G. Astrand

EUROPEAN SPALLATION SOURCE

EUROPEAN RESEARCH INFRASTRUCTURE CONSORTIUM (1000)

SENIOR EXECUTIVE ASSISTANT

HEAD OF HOST STATES RELATIONS
PROJECT MANAGER
TECHNICAL COORDINATORS

1. Tejedor
w.Li(C)
TEAM ASSISTANTS

BEAM PYSICS,
OPERATION AND
BEAM DIAGNOSTICS
GROUP (3011)

B. Vierkorn-Rudolph

Nationalities

Council Chair
Council Vice Chair

K. Héléne
P. Kinhult
J. Haines
M. Arai, F. Mezei (C}, S. Kennedy

(3041)

H. Lindblad
GROUP LEADER
J. Ceme (C)

A. Ehn

idjeland (C)
Falt Padoan {C)

'R. Femandes

B. Folsom (C)

ADMINISTRATION & FINANCE
COMMITTEE

B. Dormy, Chair

N. Pratt, Vice-Chair

SCIENCE ADVISORY
COMMITTEE

A. Meyer, Chair

S. McClain, Co-Chair

TECHNICAL ADVISORY
COMMITTEE

P. Lebrun, Chair

P. Ferguson, Co-Chair
J. Galambos, Co-Chair

EUROPEAN
SPALLATION
SOURCE

IN-KIND REVIEW
COMMITTEE
M. Marazzi, Chair

COMMITTEE ON
EMPLOYMENT CONDITIONS
L. Borjesson, Chair

ES&H ADVISORY
COMMITTEE
P. Berkvens, Chair

CONVENTIONAL FACILITIES
ADVISORY COMMITTEE
M. Fallier, Chair

ANNUAL REVIEW
M. Nessi, Chair

> 40

1. Apostolidis
C. Haglund
F.lssa
K. Kanaki

A Khaplanov
T. Kittelmann

o
A Leung

. Enerof
A. Petersson GROUF LEADER
H. S ider

Collaborating Institutions

. Lundstrém
A. Thonang

. CONSTRUCTION
mes GRMOUP (5012)




ESS in-kind partners make ESS

SPALLATION

SOURCE

possible...

Aarhus University
Atomki - Institute for Nuclear Research

Bergen University

CEA Saclay, Paris §
Centre for Energy Research, Budapest
Centre for Nuclear Research, Poland, (NCE
CNR, Rome .,
CNRS Orsay, Paris

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

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

INFN, Catania . .
University of Tartu
INFN, Legnaro . .
i Uppsala University
INFN, Milan

WIGNER Research Centre for
Physics

Wroclaw University of Technology
", Warsaw University of Technology

Zurich University of Applied
. Sciences (ZHAW)

Institute for Energy
Research (IFE)

Rutherford-Appleton
Laboratory, Oxford(ISIS)



Decision to Site
ESS in Lund

European Design of ESS
Completed

ESS Design Update
Phase Complete

ESS Starts
User Program

2022
Machine Ready for
15t Beam on Target




Heat recovery (2011 figures)

|
lon Source Accelerator incl 1n§/'|[3\1/ments Total max load: 38 MW
3 MW klystron gallery E—
Responsible LMW g:;\lli\;\g Target station cryo Accelerator Total annual: 250 GWh
60 GWh saved 2 MW ZrKAo\?Venics
CO,: - 30 000 t.
€. + 3 Mp.a.
&r N : Recyclable
Y N ) 180 GWh sold
Renewable P ' :7 CO,: - 15 000 t.
@ € +2Mp.a.

250 GWh production
CO,: -120 000 t.

Under revision with new 174 GWh re-used heat = 70%
return temperature at 50°C (excluding heat pumps)
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Current Status

€ From September 2014, green field

To June 2018, concrete blocks =»




Instrument Suite

G-

"NMX
dl
LoKI
S
= Yo
REIA

BEE
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TR I
SISCSPEC  BIFROST
* =) im:
1 7 < ;\QMIRACLES
1! 51 2 77 - N¥/E3 MAGIC
7! N ) T-REX
71! A
R HEIMDAL
=um ﬂ%
SANS LOKI, SKADI
Reflectometry ESTIA, FREIA
Powder Diffraction DREAM, HEIMDAL
Single-Crystal Diffraction MAGIC, NMX
Imaging & Engineering ODIN, BEER

Direct-Geometry Spectroscopy

CSPEC, T-REX

Indirect-Geometry Spectroscopy

BIFROST, MIRACLES, VESPA




Large-Scale Structures

Diffraction

Science Drivers for the

Reference Instrument Suite

Multi-Purpose Imaging
ODIN

General-Purpose SANS
SKADI

Broadband SANS
LOKI

Surface Scattering

Horizontal Reflectometer
FREIA

Vertical Reflectometer
ESTIA

Thermal Powder
Diffractometer HEIMDAL

Bispectral Powder
Diffractometer DREAM

Monochromatic Powder
Diffractometer

Materials Science
Diffractometer BEER

Extreme Conditions
Diffractometer

Single-Crystal Magnetism
Diffractometer MAGICS

Macromolecular
Diffractometer NMX

B e
o el
D %o

B % & ¢
D % @
¢ & U %
o U /¢
¢colls,
o ¢
R

‘@

Spectroscopy

Cold Direct Geometry
Spectrometer C-SPEC

Wide Bandwidth Direct

Geom. Spectrometer VOR

Bispectral Direct Geometry

Spectrometer TREX

Cold Crystal-Analyser
Spectrometer BIFROST

Vibrational Spectrometer

VESPA

Backscattering

Spectrometer MIRACLES

High-Resolution Spin-Echo

Wide-Angle Spin-Echo

Fundamental & Particle
Physics

Y EUROPEAN
SPALLATION
SOURCE

Y%
&% &¢
AW
¢c o,
AW
D% ¢
D% @
& % ¢l

life sciences

soft condensed matter

chemistry of materials

energy research

c A magnetism &
superconductivity
) engineering & geo-sciences

archeology & heritage
conservation

®) fundamental & particle
e~ physics
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Tentative Instrument Ramp-up

based on Instrument Construction Working Schedule V3.4, 15/9/2017

Instrument 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

LOKI e S— i

ODIN %
NMIX %L
ESTIA %

5MW

CSPEC ———————— 4AMW
DREAM ——————————————— S S S S S S S

SKADI e — ————— ) e i e e e

BEER e ——— m——

BIFROST e —————— B e ——YT
MAGIC e ———
T-REX S —— S S S S S —
HEIMDAL % : #
MIRACLES e —_————————————— e ——
VESPA % : #mmw
FREIA S | I ————
Instrument 16 %: *
Instrument 17 ‘ #l I#

Instrument 18

strument 19 e ——
|
Instrument 20 ‘ —————————————— —

Instrument 21

Instrument 22

50 75 _100%

s CoONstruction Project = Hot Commissioning User Programme
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ESS Target and Target building

Target Building
Utilities and cooling plant
Remote handling systems

Utilities block  monolith Beam expander hall

Target Monolith
Rotating solid tungsten target (11 t, 23.3 rpm)
Moderators (LH, — 17 K and H,0 — 300 K)
Helium gas cooling of target (11 bar, 3 Kg/s)
Target Safety System
Diagnostics and instrumentation
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Key features of the ESS Target Station

Utilities and cooling plant
» Helium cooling of target wheel
» Water cooling of moderators, plugs and shielding
» Intermediate water loops between primary circuits and conventional facility utilities
» Helium cryoplant for refrigeration of cold moderator system
» Nuclear grade HVAC system

Remote handling systems
» Large active cells for safe storage and processing
of spent radioactive target components
» Shielded casks for transfer of spent components
from monolith to active cells

Transport hall

s W Target

Active cells Utilities block  monolith Beam expander hall



Key features of the ESS Target Station 335**?"9"’”

Moderator

and reflector
proton beam

EUROPEAN

Target Safety System

 trumentation ~ monolith > Monitors target coolant flow, Helium cooling of

plug

Moderators

» Provisional locations of moderators above and
beneath the target wheel, i.e. monolith centre >
» 15t 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

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

t Rotating solid tungsten target
por

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

gl Wlihi-8 > 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 Target disk has 36 sectors of SPRLLATon
tungsten-filled cassettes

SOURCE

Tungsten bricks

Tungsten depth in
the proton beam direction is 45 cm

The range of a 2-GeV proton in tungsten is 74 cm
Brick dimensions: 10 W x 30 D x 80 H mm?3

190 bricks per sector, 6840 bricks in total

Helium flows
— radially outward above and below the cassette,
— reverses direction at the wheel rim,
— and returns through the tungsten

Cassette 28



Progress on Target and moderators

1 o[

Shielding plates installed

Forging of moderator shaft
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Linear Accelerator layout

—~a——35) 2 | MHz - <l 04,42 MHz m—(i-—
im> HE4btbm> S8m> €39Im> €56m > €&77m > <€ 179m —>

Source LEBT; RFQ MEBT; Spokes Medium' 3 High /5 "[HEBT % Coneingancy

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

The ESS linac will be the most powerful proton linac ever built:
* Average beam power of up to 5 MW (ultimate) .
» Peak beam power of up to 125 MW (ultimate) Constraints:
» Acceleration up to 2 GeV (ultimate) * Low losses
* Peak proton beam current of 62.5 mA *  Minimimum energy
* Pulse length of 2.86 ms at a rate of 14 Hz (4% duty factor) use & energy recovery
» Flexibility for
More information @ https://confluence.esss.lu.se/display/CRYOM mitigation or upgrade

96% of acceleration will be provided by superconducting cavities

supplied by dedicated high power RF sources (one per cavity):
» Construction scope: 1.3 GeV with 11 powered High  cryomodules (44 x 1.5 MW klystrons)
* Nominal scope: 2 GeV with 10 more powered High 3 cryomodules (+40 x 1.5 MW klystrons)



ESS Linac — A Collaborative project @éz’,ﬁ;@?w

LUND
UNIVERSITY

Spoke M-B H-B

UPPSALA

UNIVERSITET #CM

# Cav.

L [m]

€Am> €4.6m> €8m> €39m> <€56m > €77m —) €< 179m >
SOUIGE LERT RFQ WIERTE PDTL SPOKESH o IVIEAIUMI B gg High [ "lr: rjé "

36{} {

75 keV ' 90MeV ~ 216MeV 571 MeV 2000 MeV

MeV

Segmented
cryomodules section

96 % of the beam acceleration by SRF
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ESS ACCSYS project organization

Budget@®eriWork®ackagel

MEURE

140@

WPO5 — Elliptical
Cryomodule -

\ 105

WPO04 — Spoke ¥

Cryomodule
801 ‘

120@

100@

WPO08: RF systems In-Kind®

Cash@

WP17: Power converter\

538

%02 WP03 — NCFE

4708

400

20

0&0@
S @,«‘\o%
'\@ "\/ &ry
& S
N
& o .
& &&

External WP - Cooperation agreements - Prototypes to Kick-start the linac design and production !
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In-kind equipment starts being installed in f\ curorem,

Lund [e.g ion source from INFN (+ CEA)]...

T

Accelerator Front End D
(Ion Source and LEBT) Jf/

.......
AR
.........

@
N AN
[ RIRVRRYE
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CEA IRFU RFQ :couplers conditioned at .)

0es

UL L L L




INFN Legnaro DTL

Bead pulling and tuning on DTL
Aluminum model (Tank #2 as
mock-up) on going in Legnaro

DTL Tank section 4 -1 at the GSI plating
Facility
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Equipment construction Is progressing @gggLR@ow
at in-kind partners (e.g. CNRS IPNO)

ESS Double-Spoke prototype cavities
2 BBl  ZA-01 Romea, ZA-02 Giulietta & SD-01 Germaine
1.0E+11
B ZA-01 Romea (Jun15)
W ZA-02 Giulietta (Feb16)
® SD-01 Germaine (Mar15)
[ W § [ S : ~=--isoP =2 W (4% DC)
poe = IS "=
RF couplers "

on test box
IR . o

SPL

N zao2 ; SD 01 -~

iuliena Ly A Germaine gl i
3 7 8 9 10 12 13 14 15

Eacc (MV/m)

DOUBLE-SPOKE CAVITY SPECIFICATIONS

HPR Pulsed

Hange (4% duty cycle)

Flgnge Frequency [MHz] 3522
Beta_optimal 0.50
Temperature (K) 7

Bpk [mT] 70 (max)
Epk [MV/m] 35 (max)
Gradient Eacc [MV/m] 8
Lacc (=beta optimal x nb of gaps x A /2) [m] 0.639
Bpk/Eacc [mT/MV/m] <8.75
Epk/Eacc <438

Beam tube diameter [mm] 50 (min)
P max [kW] 300 (max)




Prototypes are built/under construction _ ¢.)\ il
by partners and provide lessons

RF Power couplers :

g

Connection

/ jumper

Parameter

Frequency [MHz]
Diphasic

pipe

He exchanger Accelerating

length [mm]

Helium - T # cells 5
tank

Instrumentation
Vacuum

He valve (x2) safety valve - Operating T
Spaceframe . s Nt 7 Le.167 My/n ® | @ First VT - First Power Rise

Rupture disk % I ®  FirstVT - Second Power Rise
(x2) A ) T i © Second VT - First Power Rise Beta

Nominal E,_
[MV/m]
Q, at nominal
Eace
Enl Eoee
Bpk/ Eacc
mT/(MV/m)

Hanging Cold/warm g . y & E,i at nominal

system Coupler Tra;'\xszlt)lon e g / ) E,..[MV/m]

Magnetic
Supporting jack shield
(x3)

Door knob : ; - _~ / G [Q]
Cell to cell

Vacuum valve Vacuum vessel
(x2)
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Aarhus university RSM Pair

Thermal circuit breakers

alignment

TraceWin - CEA/DSM/Irfu/SACM

Nominal field 106 Gauss ol | 1
DeSigned for 60% Cont- e " 120 ' ‘ " o130 ‘ I;nsmm‘l(m)14o ' ‘ ‘ "0 ‘ ‘ " 160

Power average 30W. 1°° | ]
Air cooled! i e g |
s =L VAL A === - |

1 1 \_‘
100 I . : - - 4

Position (m)



FREIA Laboratory

State-of-the-art Equipment

cryogenics control room
- liquid helium - equipment controls
- liquid nitrogen - data acquisition

vertical cryostat

3 bunkers
with test stands
horizontal cryostat

radio-frequency (RF) power
sources



compact/ high efficiency modulator is
successful

ESS development of high power/ () s

Electrical schematic of Stacked
Mi" i-Level (SML) modulator

a Toshiba Klystron
up to 1 MW RF

Happy -
Engineers!

14 Aug 2017



Cryogenic Systems are under gg:ﬂ:ﬁ?g”

commissioning

Helium Recovery System
Compressors

A,

W2 e A W -

ACCP compressors and oil
removal system

y
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Outline

— Objective of the ESS facility
— Description and status of the ES

* Instrument g
« Target 1

* Accelerator _
* Integrated Control System 7
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ESS Control System network

Red: Accelerator + Cryogenics zone
Yellow: Target zone

Orange/Violet: 1 zone/instrument

Blue: CF zone

PVGW: EPICS Process Value Gateway

CA Network: Channel Access (EPICS protocol)

=
=

—— E——— - - —_—— ===l JTTTL

CA network | nnnnnnn

Main Control Room

44



In-kind contributions to ICS are ¢‘
materializing and installation has started

Cabling on site x“'

Oxygen Deficiency Hazard system




First steps of commissioning from the () movemn
local control room

PS-ESS PS-ESS

SOURCE LEBT Interlock|Magnetron ATU Repellers Magnetic System |Steerers Solenoids High Voltage Vacuum |VaiSOURCE LEBT [Interlock Magnetron ATU|Repellers Magnetic System  Steerers Solenoids High Voltage Vacuum |Vacuum Detailed, SOURCE Vacuum Detailed, LEBT

Forward Power  Forward Power  Reflected Power

Voltage | ”

0 =J80.000V [EENESESEE. 2 0 ey
Target Current  Current oo 8 @ Generator ready for MW
0 E} 0.000 A Reset_| o & L & MWinON

@ RP limit detection

B,
] - @ Generatoris in fault

“6“';] ‘S'B(.JOV Over Voitage Protecc®, Low Pulse width (ms)

TargetCurrent  Current
0 3 0.000A | |mese| o0&

Timing source
Pulse frequency Pulse width (us)

wm_j Current prooai
i 0O 3 0.000A @ Reset P
14.000 H 20000.0C High Voltage

Timing chopper 0 mbar
Putse width (ms) delay (us) Flow
larget Current Current - - - =
0% 0000A 100003 0 2 0 %/10,00sccri | [=oms =i
Current  Current 1
e 2 2| 0.000 mA oY
Voltage reference Voltage - D Current

Flow (N)
0 3 0.00kV o 2 0.000 mA omey
Currrent

0.00 mA ) E 1) 0 3| -0001m

Recent achievements include controlling
the pure Helium storage and parts of the
ion source and LEBT from the Iocal control

= .»-'w’

—t

1
o



Milestone Acronyms
BOT - Beam on Target

EUROPEAN

SPALLATION
SOUP - Start of User Programme SOURCE

EOC - End of Construction

Updated schedule

Rxxx - Ready for xxx

2018 2019 2020 2021 2022 2023 2024 2025

Warm LINAC Commissioning Steps BOT+ SOU%——---» +
A 1.3 GeV Capability EOC

( |

Installed

Accelerator + ICS rldag
ccelerator :

Beam on Dump Accelerator RBOT
J

(570 MeV) ‘ Y
Accelerator Schedule Float to BOT

CF + Target + NSS (Bunker+TBL) + ICS
Bunker and Test

Beam Line RBOT

15t Instrument Complete
(Ready for hot commissioning)

Access for Monolith
Installation

Target RBOT

RSOUP

Instrument Hall Access
for Start of Installation

Start beam commissioning
for 1st Instruments
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SU mm ary ': —- : o, « SOURCE

The ESS facility is built by a collaboration of some 100
research institutes and universities around the word a\‘ R“l 7

v

Manufacturing of all major accelerator systems have now - .
been launched and first parts are now being installed |

First beam for science 2023

Fractalit9 and cntang‘ement

Most future large scale project are likely to be IK projects
and this is a very powerful model !

Thank you for your attention!

— zs
E Ambo £

o o | A
catcisTTHANK

"'_":lgm.;: -
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Beam Diagnostics:
IPM prototype tests running on IPHI.

EUROPEAN
SPALLATION
SOURCE

i -
P e Y S S NN oy e B T Gaussian Fit
o - Pt status. |_Fr uxcessna |
e Numberofpts | <o |
E Scaled Result
- Center Of Mass 451460 mm
! : ; Beam Size |_S2140mm |
?g_ E Scaledimension  x |
p Raw Result
- Background | me7soes
et Ampitude  rose7ee |
e —————"
- : - ==
E = sigma ass7ser |
s “"’:“'/ ......... = <
. - e e -;- - s W MO W
l Notes I Gaussian fit l Rolling buffers '

The IPM test chamber

Measurement results for the proton beam

at IPHI showing good performance and
agreement with simulations.
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Elettra In-kind Contributions

<y

HIGHLIGHTS (MORE IN THE POSTER SESSION):

MAGNETS (AIK2.1)
* LWU Magnets (Q5,Q06,Q7 and C5, C6)

» Magnets D1, Q8 and C8: bids received, under evaluation
» Dedicated magnetic Lab at Elettra: under completion

POWER CONVERTERS (AIK17.2)

+ Power converters for dipole and quadrupole magnets: bids
received, under evaluation

+ Assembly of power converters for correctors (Elettra
design): bids received, under evaluation

* Bulk&Aux DC/AC Power supplies with Step Diode:
DELIVERED TO ESS

RF POWER STATIONS (AIK17.7)
* RF Power stations: bids received, under evaluation
* Tetrodes: offer received, under evaluation

WIRE SCANNER ACQUISTION SYSTEM (AIK 7.4) el W e w =
+ Evaluation test on Linac4 (analog FE, Back end and ‘_Q-_E-—E-_E
software) performed in autumn 2017 Corrector PC

* CDR performed in March 18.

* Magnets for the ESS linac (AlIK2.1), Trilateral IKCA (Elettra, ESS, INFN)
g‘iigrfgtrone * Power Converters for Magnets (AIK17.2), Trilateral IKCA (Elettra, ESS, INFN)
Trieste » Spoke RF Power Stations (AIK 17.7), Trilateral IKCA (Elettra, ESS, INFN)
» Beam Diagnostics Wire Scanner Acquisition System (AIK 7.4), Approved by Elettra Board of Directors

» Technical Support for Installation and Commissioning (UNDER DEFINITION)

Contract assigned to Danfysik
CDR by end of April 2018
First pre-series corrector magnets C5, C6: July-

August 18
First pre-series corrector magnets Q5, Q6, Q7: i Magnets
September-October 18 ‘ meas. lab

LINAC 4 tunnel




