ESS PROGRESSING INTO
CONSTRUCTION

Mats Lindroos
Head of accelerator at ESS
Adjungated Professor at Lund University, Physics
And the ESS accelerator collaboration

23 May 2016
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€2,000M
Constructon Starts
€1,800M  riia) Operations
Progect Completion & Closecut
€1,600M " Total Project (Cost Book)
% Completed (Eamed Value)
€1,400M  Remaining Work to Complate
Remaining Cortngency
€1,200M -Contingency as % of Remaining Wark

ESS PROJECT BASELINE

Jan-2013
2019)
Dec-2025|
€184
201%
€134
€158,2M
10.7%

Performance and Cost through:

31-Dec-15

Comstruction
permit

€A00M | construction

St

€200M

2013

Ready for fest
beam on Target

Commissening
o Source.

EV:2 0 . 1 %ml Baseline Budget without

First installations
(of Machiee Systems)

= fared
~ Actuals

 Sebotuled

2017 2018 2019 2020 2021

Contingency (Cumulative)
~Total Baseline Budget
(Cumulative)
===Total Funding (Cumulative)
===Total Actual Cost (Cumulative)

~==Total Earned Value (Cumulative)

2022 2023 2024 2025

27 April 2016
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Neutrons are beautiful! (€95 ) susamon

Wave Magnetic moment Particle Neutral
S
=

Diffractometers - Measure
structures

— Where atoms and molecules are

Spectrometers - Measure

dynamics
—What atoms and molecules do




Some visions for neutron and light source 7 N\ evropean
science
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Image of water distribution with
thickness represented by color

: l 0.4 mm
§

* Higher (Room?) Temperature Super Conductors

e Hydrogen storage substrate

 Efficient membrane for fuel cells

* Flexible and highly efficient solar cells

* Understanding liquid membranes

* Nano scaled structures for controlled drug release
* Self healing materials —smart materials

* Spintronics - Spin-state as a storage of data (1023 gain in capacity)

* CO, sequestration T Y
* Neutron electric dipole moment
* Neutron oscillations

* And much more...



Journey to deliver the world’s leading facnhty@r ) cvroan
research using neutrons ,
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2025
ESS construction
complete

~ e

e %

»

2014
«| Construction work
starts on the site

i ESS starts
2009 gl user program
"l Decision: ESS will
be built in Lund

2019
Firstbeam on

Target
2012 R ;

ESS Design Update
phase complete

2003
First European design
effort of ESS completed




ESS design

High Power
Linear Accelerator:
Energy: 2 GeV
Rep. Rate: 14 Hz
Current: 62.5 mA

467 Source
L

Target Station:e@

* He-gas cooled rotating
W-target (5SMW average
power)

* 42 beam ports

:

Total cost: 1843 MEuros 5,3

\ \ EUROPEAN
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16 Instruments in
Construction budget

Committed to deliver 22
instruments by 2028

Peak flux ~30-100 brighter
than the ILL




Brightness (n/cm?2/s/sr/A)

Long-pulse performance

x1014

A=15A

ESS 5 MW
2012 design (TDR)

ESS 5 MW
2015 design
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Possibilities of pulse shaping

A

4  time (ms)
10
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Fmancing includes cash and

deliverables

Host Countries of Swed

Construction 47.5%
Operations 15%

To be
determined

Non Host Member Coun

Construction 52.5%
Operations 85%

Ol ()E
VSOCFY - — _




ESS: A European collaboration project

Aarhus University
Atomki - Institute for Nuclear Research

Agder Uniy
Bergen Un
CEA Sacla
Centre forl
Centre for]
CERN, Ge
CNR, Rom
CNRS Ors
Cockcroft Jj
DESY, Hatf
Delft Unive
Edinburgh
Elettra — S1
ESS Bilbaq
Forschung
HelmholtzA
Huddersfie
IFJ PAN, K
INFN, Catd
INFN, Leg
INFN, Mila

Construction cos

In-kind:

€ vuvu

€ 500

€ 1.84 B1llio
€ 747 .5 Mills

405%

€ 400

EUROPEAN
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Institute for Energy Research (IFE)
Institut Laue-Langevin (ILL)

NotIKC, 32.1%

Poszsible IKC,
12.7%

SE,DK 3.1%

Agreed IKC, 0.4%

anned KC,
51.7%

€ 300

€ 200

€ 100

€ 00

Controls

Target

Instruments

(NSS)

Lo ol

Accelerator

mCash
mIKC

xford (ISIS

CR

Council

/sics

£CsS
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Accelerator Division — Scope fes5) ) Saon
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Accelerator Technical performances

Key parameters:

Design Drivers: '3'26 {1/15 pulses
High Average Beam Power :62 SGmA peak
5 MW -14 Hz
High Peak Beam Power -Protons (H+)
125 MW -Low losses
High Availability Minimize energy use
-Flexible design for mitigation and

future upgrades

e ?I\’/?I-ZI.ZZJ- e <7 04,4 M Hzee—]i—
€24m> €46mD> €38mD> € 39m> €56m > €«77m > |€ 1/79m —>
OUNGE B REQ B DL oje)lé= e 3 FIZET & Coniingancy It
75 keV 3.6 MeV 90 MeV 216 MeV 571 \V 2000 MeV

* First beam at 572 MeV in June

2019 . RF sources for HB part is the scope
* 5 MW capacity for 2023 contingency for accelerator 13




QAm> 4EmD> S8mD> €38 > < m
Sournce LEBT REQ I\/IEBT DTL SPOKES “ o HI {}Hz;rr& Con‘;lngens
’ i | 4

~90M 2000 MeV

75 keV 3.6 MeV %

uuuuuu
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courtesy of
GRE (UK) 15



ACCSYS Major In-kind

Open in-kind contributions

Topic

Cold linac wire scanners

Beam instrumentation fortargetand tuning beam dump
Medium-beta klystrons

High-beta klystrons or IOTs

Cables, power distribution cabinets

Design, construction, installation of water cooling skids and pipes
High-beta modulators

Value (k€)

274
564

10 965
26 135
1600
2 000
23 507

Although several ofthese are large commercial items with little or small
potential for developments but with large commercial risk, potential interest

has been expressed by a few partners.

Total remaining possible IK is 65 045 k€

EPFL?
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EUROPEAN
# SPALLATION HIGH LEVEL SCHEDULE - ESSACCELERATOR
r SOURCE

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

a1]e2]a3]04]e1]2]03[a4]a1]02]03] 04| a1 | 02] 03] 04| a1 02| 0304 |a1 |02] 03]a4]a1]02] @3] 4] a1 |02] 3[04 |01 02]03 ] @4 |1 ]02]03] 04 @1 ]02] 3[04 |1 02|03 | 04| a1 02| 03] 04|q1 |02]03]04
2 L rma m yms T
2z b
£0 +> RE-DESIGN
ba APPROVED
ZOIESSADY |
o] [ 1] [ 1] [ | [ |
[ 1 1 1 1 [ ] RFI IST SPOKE CM
| sc  —
SC LINAC
= H + + v + == <{>~<€% ' oMY - LINAC2
@ FIRST SC CMs SPOKE CAVITES SPOKE & MB CM| SPOKE CM | MB CM : "~ READY
L1 1 CAVITY - PROTOTYPE - PROTOTYPES - PRODUCTION |- TESTING { TESTING | e
R _ ORDERED _ LAUNCHED | TESTED _LAUNCHED| _STARTS | STARTS | | L
T 1 ] 1 T 1 ! RFIISRC & LEBT NCFE COMMISSIONED
o LD P L] |REIDTLA 0stDTL) [N pinces. CFE COM
2 Ne LINAC
g EADY
ISrc
0 | ! STARTRFQ ISRC & LEBT & RFQ & MEBT
z — i 1 ASSSETMA%‘S( T COMMISSIONING ~ COMMISSIONED N
- — 1
KLYSTRON PROTOTYPES DELIVERED RF FOR 1—
B
Budget profile - Construction phase s . —
e ON CPITHALES & L3  DECISION RFFOR READY

10T PROTOTYPEs I0TS OR- -~ MEDIUM BETA
DELIVERED {LYSTRONS READY

TOTAL: 513

— CRYOPLANT
READY

L ACCESSto  CDSINSTALLATION |

CTL DUCT — STARTS ‘

|
|
FULL ACCESS TO GALLERY

FULL ACCESS TO FIRST 130MeVP PRzgf\(SNS 7
TUNNEL &FRONT ~ PROTONSON | PROTONs D] AIABLE -

\ - END BUILDINGS TARGET R AVAILABLE
DATA EXTRACTED BY P6 PLANNING - APRIL 2016 PREPARED BY WP LEADERS & L. LARIL. L ‘GUNNARSSON

CHECKED BY J. WEISEND
APPROVED BY M. LINDROOS



Integration Test Stand — Getting our hands  (fega) ) 2,
dirty!

/ SOURCE

N - Early in 2009 aﬁerthe ESS 51te d60151on the accelerator d1V1Slon (AD)
consisted of two person, today we are 86
Forming an ESS accelerator collaboration permitted us to early launch
a design update and start IK prototyping based on mature designs
from very experienced partners
The small ESS team mitially focused on the Technical require ments,
cost book, schedule, finding in-kind partners and recruitment
After a few internationally renowned experts joined AD, it permitted
some Technical development work to start in Lund e.g. Modulator
development, cryogenics work, beam instrumentation and more
Today AD focuses on Project management, some technical
developments, integration work, technical coordination, installation
and RATS planning, commlssmnmg plannlng and operatlon planning.
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Modulator SML proto status March 2016

---------------------
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90 kV operation

Closed loop
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Medium beta klystrons

* The Toshiba prototype passed FAT in February and has
been delivered to ESS

* Thales and CPI klystrons due May and July respectively

* Operation at low voltage and use of iris on the output
maintains high efficiency even at reduced power levels

16 0.75 =752 kV

Yy =1152kV V,=1056kV | I, = 96.0 kV

14 Me=95A / Ly =954 with sris. 2 ° Ve =105.6 kV

i m_sy / lop = 10.5A =736 kV & m‘"
= 12 o 1 = 96.0 kV th iris 2
= /.,f oy =B.0A 7 Vo= 75.2 kY
= 10 o =857 0.50 L
(9] // 1, = 75.2 KV with iris2 > y
= 7 P o
8_ 08 j =752k Lo
S s if L ——— 1" 73.6 KV with iris2 :% -
5 _ = W, = 75.2 kV with iris 1
O o4 f . V= 75.2|kV with iris i

b : 0.25
0.2 IUH =6.5A
Ly =T5A
0.0
0 10 20 30 40
Drive power (W
Actual power (W) —
Toshiba 0 10 20 30 40

21
kIystron Drive power (W)
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Multi beam IOT

L3 IOT FAT started last week (contractual date October 2016)

15 kW solid state driver delivered (to L3) for use with factory testing

Driver, HV PSU, interlocks being testing on the single beam 10T, prior to MB-I0T tests
L3 extended testing being discussed to follow up on the contractual factory testing

Thales/CPI IOT is planned for delivery to CERN in July 2016
Tube will be integrated at CERN by Thales

CERN test stand (for Thales/CPI) under construction
Formal Factory testing expected November 2016 CPI
L3
P
L3: 15 kW
driver from

L3: Output cavity cold test L3: Tube after bake out

Tomco




Spoke Cavities design & prototype )) g
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performances

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

0 ESS Double-Spoke prototype cavities
R ZA-01 Romea, ZA-02 Giulietta & SD-01 Germaine
1.0E+11
B ZA-01 Romea (Jun15)
W ZA-02 Giulietta (Feb16)

Pcav<0.5W = SD-01 Germaine (Mar15)
-==--isoP =2 W (4% DC)

1.0E+10

Q,

1.0E+09

y Ultra_pure water =
1.0E+08 d high-pressure rinsing
9 10 11 12 13 14 01110+

Eacc (MV/m)
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Selected technologies

Medium beta
cavity prototype

High beta cavity
prototype with its
helium tank

1oeein .
LD e

e | A com0ie

He valve (x2)

F———

Lt LT A el ena
N

©dovie se me i e e bl 4

= com0r@aC aioa20is

+ com2@ 20901
& 099010 2 ater threvl st men  G5C 2 2EIDLLS
isaP- 100
e
o eSS specticstons i comedule
T

Acceleratin gradient (Mfm) @ Beta=0.86

\

Vacuum valve
(x2)

Rupture disk

Connection

/jumper

INSTTLT OF PRYSHUE NUCLENRE Jamming jack

InstrumentatiSi=A — Saslay 0

ports Vacuum
safety valve

Diphasi
‘ |p. asie He exchanger
> pipe
RSAY | =

Helium
tank

Spaceframe

Cold/warm
Transition
(x2)

Hanging

system Coupler

Magnetic

shitld Door knob

Vacuum vessel

Blank assembly of the
spaceframe inside the

Q curve of the High beta
prototype cavities

vacuum tank
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« ESS is well into construction and the accelerator project is
progressing according to plan towards firstbeam at572 MeV in
June 2019

 The ESS facility is built by a collaboration of some 100 research
institutes and universities

— The Accelerator is built with a very high percentage of IK contributions (>50%)
with most major accelerator systems being designed, prototypes and built
outside ESS and we are still looking for partners!

* Prototypes for the all major accelerator elements are now being
assembled and tested and the low energy partis under
manufacturing

* The Accelerator Division is recruiting according to plan and will be
ready to take ownership ofthe accelerator, mstall it, commission it
and enter it into operation for the 2019 milestone

* Most future large scale project are likely to be IK projects and this is

a very powerful model. Together we are strongest!
25



Many thanks to all my
colleagues i the ESS

accelerator collaboration <
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A partnership of
17 European nations
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Neutron Imaging - Examples

[[E [ [[e- M d X-ray

neutron M different to x-ray

contrast hydrogen / deuterium.

not increasing with 72

neutron
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RF Technical performances

e 357 0| MHz - a7 (4 42 MH i
€24m> €45m> €36 m> €40m> €54m> €&€&75m > €&« 179m —>

Source 8 DTL

90 MeV 220 MeV 571 MeV 2000 MeV

Spul{c‘\ Meditm B ngh B HEBT & Contmgency T{u'ge1

Energy (MeV) Frequency /MHz | No. of Cavities Bg Temp /K RF power /kW

Source 0.075 - 0 — ~300 —
LEBT 0.075 - 0 - ~300 -
RFQ 3.6 352.21 1 - ~300 1600
VIEBT 3.6 352.21 3 - ~300 20
DTL 90 352.21 5 - ~300 2200
Spoke 220 352.21 26 (2/CM) | 0.5 Box ~2 330

Medium B 571 704.42 36 (4/CM) | 0.67 ~2 870

High B 2000 704.42 84 (4/CM) | 0.86 ~2 1100

HEBT 2000 - 0 - ~300 -
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High level accomplishments last year 20/ s

Nz

. Aplan forall Preliminary and Critical Design Reviews_have
been established and is executed and a detailed plan for
installation has been completed

. Prototypes fore.g. Elliptical SC cavities, spoke cavities,
modulator, spoke RF amplifiers, klystrons have been completed
and are being tested

. The ion source (IS2), the accelerator cryoplantand test stand
and instruments cryoplantis under construction. The RFQ and
MEBT manufacturing have been launched and the DTL
manufacturing will be launched in April

. Atask force with contracted stafffrom industry has been set-up
to complete all Technicalannexes for IK contracts

. Atest stand proposed by last years annualreview for
integrations tests have been set-up with equipmenton loan
from CERN and a license to operate the klystron will soon be
available

. The ESS modulator prototype presently being tested at the
test stand, the first ESS 704 MHz klystron has gone through
Factory acceptance test and has been received in Lund for
testing

. The division has been re-organized to avoid split responsibility
for WPs between groups and to strengthen work on interfaces.
The first 3 technicians have been recruited.

. Topicalregular collaboration workshops have been launched
for SCRF and beam instrumentation to strengthen
communication and know-ho transfer between all involved
partners




