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ESS in Lund 

Almost a green field site. Hotspot for Education, Science, Industry and Innovation, 
Synchrotron lab, but no large proton accelerator laboratory or neutron source.  
 
ESS is a joint European project  and European collaboration is essential.  



European Spallation Source  

- The world’s leading source for slow 
neutrons 
 

- Neutrons before the decade is out 
 

- Outstanding scientific performance 
 
Main headlines 
 

- A long pulse source (ms)  

- High intensity 5 MW 

- High reliability > 95% 

- High safety 

- Low risk 

- Environmentally friendly 

- Good economy 

 



European Spallation Source  

– 5 MW long pulse spallation source 

2.86 ms, 14 Hz, pulses of protons 

– Cold or thermal /cold moderators 

– Target decision:  Rotating W,  

     He  gas cooling 

          (water as backup) 

– 22  instruments,  

could have up to 48 beam ports   

– 1.479 B€ to build,  

103 M€/ y to operate (2008 prices) 

– 450 - 500 employees 

– Receiving 2000-3000 users / y 

  



  ESS – multi-science with neutrons  

Materials science        Bio-technology    Nano science   
Energy Technology      Hardware for IT    Engineering science 

- Unique and important information  

   on almost all materials. 

 

- Information on both structure and  

  dynamics  simultaneously.  

 

- Science with neutrons is limited by  

  performance of today’s neutron  

  sources 
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Details/Resolution 

Intensity opens new possibilities 

Complexity/ 
Count-rate 

ESS intensity allows  
studies of 

– complex materials 

– weak signals 

– important details 

– time dependent phenomena 



Sweden, Denmark and Norway,  
50% of construction and 20%  
of operations costs 

ESS partner countries 

European partners 
pays the rest 

 

- Letter of Intents from 17 countries 

- Multilateral MoU for pre-construction 
  signed in Paris February 11 

- ESS AB owned by Sweden & Denmark 

- “We have go the money” 

 



ESS - a European collaboration 
– Collaborations with labs and 

universities in partner countries. 

 

– Technically and scientifically 

challenging work/parts  

in kind 

 

– Access to infrastructure 

workshops, test stands, … 

 

– Collaboration model based  

on CERN and industrial  

models 

 

– International collaborations 

with SNS, J-PARC, BNL, Jlab, 

Fermilab, RRCAT (India) 

Instruments Accelerator Target 



Time lines 

Pre-construction phase  2010-2013 

Construction phase   2013-2019 

Completion phase   2020-2025 

Operations phase   2026-2066 

Decommissioning phase   2067-2071 

first design 

2002-2003 

ESFRI Report 
2003 

site 
decision 
2009 



2009 2010 
 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Programme 
level 
 
 

Accelerator 
 
 

Target 
 
 

Instruments 
 

Conventional 
Facilities 
 

Program Set-up  Delivery phase 

P
G 
3 

PG 
2 

PG 
1 

PG 
4 

Full power  
on target 

DU 

P2B 

Construction 

Technical Design Report 

DU 

P2B 

Construction 

Conceptual Design  

Installation 1-22 

Installation 

DU 
Site preparation 

Construction 

# 7 List 
 

Ground Break 

Pre-construction phase 

                                 Operations 

Installation 

Design and Manufacturing 22 instruments 

                                            Construction 

First Building 

First Neutrons   
to Instruments 

ESS Master Programme Schedule 

CDR & License 
applications 



Overall Impression 

• What ESS has achieved so far is very impressive 
and the Swedish and Danish Government are to 
be congratulated on supporting 

• The timetable is very aggressive but should be 
pursued. However political buy in and the ability 
to recruit suitable staff in time might mean time 
overrun.  

• The staff hired in the last year are highly 
motivated and bring in important expertise  

 



Final Conclusion 

• The project is about to go critical and it is in good 
shape 

• There are no show stoppers 

• There is much to do 

• Be prepared for future demands and storms will 
lie ahead 

• Focus on quality and excellence not the cheapest 
option. Downtime is expensive and skimping 
early causes big problems downstream 

 



The ESS Accelerator  
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The ESS Accelerator  

Length (m) Input Energy     
(MeV) 

Frequency 
(MHz) 

Geometric β # of 
Sections 

Temp 
(K) 

RFQ 4.7 75 × 10-3 352.2 -- 1 ≈ 300 

DTL 19 3 352.2 -- 3 ≈ 300 

Spoke 58 50 352.2 0.57 14 (2c) ≈ 2 

Low Beta 108 188 704.4 0.70 16 (4c) ≈ 2 

High Beta 196 606 704.4 0.90 15 (8c) ≈ 2 

HEBT 100 2500 -- -- -- -- 
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H. Danared, M. Eshraqi, A. Ponton, ESS 

 

• High reliability at high power–  

    –  high maintainability  and fault tolerance  

    –  low losses  

    –  low peak current 50 mA and SC technology 

•  One measured technical risk : Spoke cavities – fall back available LINAC4 

•  A reasonable, just beyond state of the art, non-controversial design 

 Very similar technology to other HPPA:s such as Project X, SPL, …  

 Prototyping and tests started of cavities, cryomodules, modulators, …. 

 



Accelerator Design Update 

Work Package (work areas) 
 

1. Management Coordination – ESS AB (Mats Lindroos) 
2. Accelerator Science – ESS AB (Steve Peggs) 

(3. Infrastructure Services – now ESS AB!) 
4. SCRF Spoke cavities – IPN, Orsay (Sebastien Bousson) 

5. SCRF Elliptical cavities – CEA, Saclay (Guillaume Devanz) 
6. Front End and NC linac – INFN, Catania (Santo Gammino) 

7. Beam transport, NC magnets– Århus University (Søren Pape-Møller) 
8. RF Systems – ESS AB (Dave McGinnis) 

19. P2B: Test stands – Uppsala University (Roger Ruber) 

Guillaume Devanz 

Sebastien Bousson 

Søren Pape Møller 

Roger Ruber 

Romuald Duperrier 

(30 years ago) 

Steve Peggs 
Cristina Oyon 

Mats Lindroos 

Santo Gammino 

David McGinnis 



Ion source and NC linac 

• Prototype proton ion source 
operational (and under further 
development) Catania 

• RFQ tests for ESS conditions at 
CEA 

• RFQ design ready for 5 m IPHI 
like RFQ 

• MEBT design work at ESS 
Bilbao 

• DTL design work at ESS and in 
Legnaro 
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Cryomodules (Spoke and Elliptical) 

Spokes   ESS specific spoke resonator CM design and proto at IPNO 

   

 

 

 

 

 

Elliptical   ESS specific design and proto at CEA and IPNO since April 2012  
    R&D oriented design and proto  at CERN in collaboration with 

       ESS since 2010 
    Identified the preferred conceptual design 
    Heat load estimate based on the proposed tunnel configuration 

 



Elliptical cavities 

Key Achievements Planned Key Activities Technical Risks & Issues 

• Order of two prototype cavities is 
undergoing 
 

• Nb material for two prototype 
cavities has been provided  
 

• Clean room tooling design for 
prototypes 50% completed 
 

• Medium beta PhD started at 
Lund-U 
 

• CM activities: 
• Combined effort of 

Orsay/Saclay to design and 
build a 4-elliptical cavity 
cryomodule is under 
discussion 

• Cryoload evaluation( C. Darve 
presentation) 

 

• Plan cryomodule prototyping 
activities in Orsay/Saclay 
 
 
 

• Study of HOM effects on the beam 
dynamics and RF dissipations not 
available yet 
• HOM Damping requirements not 

available to guide the HOM 
coupler study. 

• No evaluation of HOM cryoload 
at this stage 

beta Eacc VT 
(MV/m) 

Eacc Linac 
(MV/m)z 

Qo @ 
nominal 
Eacc 

0.70 17 15 5e9 

0.90 20 18 6e9 



Spoke cavities 

• Spoke cavity RF design: 

– Double spoke beta 0.5  

• Spoke cavity mechanical 
design 

• Power coupler 

– EURISOL design 
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ESURF 

Cavity RF parameters 

R/Q 426 W 

G 130 W 

Qo at 4K  2.6 109 

Qo at 2K  1.2 1010 

Epk / Eacc 4.43 

Bpk / Eacc 7.08 



Beam Diagnostics 

• Built a strong core diagnostics group 

– 6 team members in Lund (one currently on leave) 

– 3 open positions currently being filled (two financed by EC) 

– 1 additional position in 2012 staff plan will be advertised 
soon.   

• Requirements documented (may evolve with linac design)  

• Preliminary interfaces with e.g. Machine Protection System 
defined 

• Have system layout (will evolve with linac design) 

• Started prototyping activities (e.g. BPMs) 



First Compilation Available Test Stands 



Uppsala Test Stand 
• FREIA hall 

– ground breaking 14 May 2012 

– hall ready by 1 July 2013 

• 352 MHz source choice 

– report delivered 16 May 2012 
(awaiting approval ESS) 

– preparing detailed specs  
for tendering 

• Cryogenics 

– liquefier deadline 20 June 
2012 

– starting test cryostat design 

• Installation and commissioning 

– preparing detailed planning 

14 May 2012 

1 July 2013 



Conclusions 

• All staff at ESS recruited from Europe have been 
working with (or even financed through) a European 
Commission supported project 

– Also to be mentioned are the many Marie-Curie networks 
which haven’t been quoted on previous pages 

• The ESS accelerator is based on on-going R&D in 
Europe, all of it has some link to EC research 
programs 

• The ADU collaboration was set up through a network 
born out of EC research programs 

• ESS is benefitting from increased mobility of staff 



 



Pulse parameter adjustment  
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STC Baseline decision Feb 2011:  20 Hz rep rate and 2 ms pulse length, may be adjusted  

             to lower frequencies and longer pulses later.  

 

Optimising for science output:  Longer pulses at lower rep rate will increase scientific  

           performance at similar peak current in accelerator. 

 

ESS Studies, advice from SAC/TAC: 

  - Improved performance for most instruments 

  - Better instrument layout,  

     simplified/cheaper instruments  

  - Risk of cost increase for accelerator 15 M€,  

    maintained reliability 

  - Cost savings on conventional facilities 12 M€ 

 

STC Baseline decision Jan 2012:  14 Hz rep rate and  

            2.86 ms pulse length 



Accelerator sub-project goals 
• Accelerator Design Update (ADU) sub-project: 

– TDR base on reviewed requirements, draft interface control 
documents, first cost estimate and a construction plan 

• Accelerator Prepare to Build project: 
– Prototyping, Testing, Specifications for construction and 

Interface Control Documents reviewed 

• Accelerator construction project:  
– Construction, testing, installation and commissioning of 

accelerator up to target 

2011 2012 2013 2014 2015 2016 2017                                                                                                                         2018 2019 

Design Updates Construction projects 

Prepare to build 



ESS accelerator high-level technical objectives: 

 

5 MW long pulse source 

-2.86 ms pulses 

-50 mA pulse current 

-14 Hz 

-Protons (H+)  

-Low losses 

-High reliability, >95% 

-Low heat loss cryostats  

for minimum energy  

consumption 

-Flexible design for  

future upgrades 
 

ESS accelerator 



 

-  Achieving 95% availability 
    is a key goal for ESS 
 
 - Working facility wide 

 
- Spend money where 
   it gives users the  
   reliability/availability needed for best science.  
   

 
Availability =

Mean time to failure

Mean time to failure +Mean time to recover

9 Managed by UT-Battelle 
 for the U.S. Department of Energy Presentation_name 

High Power Accelerator Reliability 

Experience  

Similar performance across several facilities 

Facilities with the fewest long outages have the highest 
availability 

Data compiled at the 2008 ICFA High Brightness workshop, Nashville TN 

SNS Operational 

Experience at the 

MW Level 

John Galambos 

Sept. 27, 2010 

46th ICFA Advanced Beam 
Dynamics Workshop on High-
Intensity and High-Brightness 
Hadron Beams 

  

Morschach Switzerland 

ESS 

Availability of existing facilities 

Reliability/Availability  

Rebecca Seviour,  
RF physicist 

- Fault tolerant system 
- Redundancy 
- Maintenance/  
  Operations schedule 

- Easy maintenance 
- Space in RF gallery 
- Spares  
- Diagnostics   



- One klystron per cavity 
  for fault tolerance 
 
- Two klystrons per  
   modulator for space 
 
- Minimise radiation to  
   allow repair during 
   operation 
 

Reliability/Availability  



Target Station  

Target Station Design Concept: Rotating wheel of tungsten 

 
Rotating Solid Liquid metal 

He-cooled 
Tungsten  

Water-cooled 
Tungsten 

Lead Bismuth 
Eutectic 

W 
rods 

He out 

He 
in 

Hg as 
reference 

     Close to 40 FTE/y,  in-house and in collaboration 



Target Station  

Target Geometry (first baseline) 
 - 2.5 m diameter 
 - 33 sectors 
 - Tungsten vertical plates with 
    cooling channel in between 
 - Similar for water and helium  
   cooling 



Target cooling  
Results from studies: 

 - Both Helium and water cooling options can be made to work at ESS.  

 - Helium cooling offers best neutronic performance and easiest safety.  

Main technical/safety points:   
  
 - Helium problems – dust, flow instabilities, leakage – are managable.  

 - Water has for ~5 MW potential accidents which requires emergency cooling.   
  
   Risks are:   - Long and complex licensing  
      - Nuclear facility classification    

 - Environmental Court: Choose most environmentally friendly of comparable solutions. 
    Water cooling is licensable if helium cooling is shown to be impractical.  

Conclusion:  

 - Full speed ahead on helium cooling as baseline.  
 - Water cooling as backup ( develop so that emergency cooling is not required ).   

      



- Optimising neutronic performance for best science 
 
- Cross functional work to reach baseline for  
   TMR assembly and beam extraction  
 
- Innovation and optimisation for TMR for  
   the lifetime of ESS – large gains possible! 

Cut of target monolith during target replacement: 
 
  Target wheel (7 t, replaced every ~ 5 y) 
 
   Moderator-reflector plug (10 t, replaced 
  every  ~ 1 y, shown in position ready for 
  vertical extraction) 
  
  

Moderators and reflector  



Target Station progress  

Future work, main points: 

• Design Update launch 

• Engineering design 
Detailed safety studies 
Performance optimisation 

• Planning for P2B 
 - Prototyping  
    (He –loops KIT) 
 - Mock ups and test stands 

• Beam extraction –  
very important for 
scientific performance  
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Moderators and reflector  

- ESS will be world leading for cold and thermal neutrons 
 
- Complementary with other sources - better for hot neutrons. 



Target station layout  

Current work: 
 - Handling procedures 
 - Maintenance /Operation 
 - Handling of active 
components 
 - Redundancy of systems 
 - … 
  



Conventional Facilities: Site layout 

37 



Optimising for Science & Scientists 
Building programme 2012 
   - flow of users 
   - flow equipment 
  - active components 
     transfers 



Responsible – Renewable – Recyclable 

Optimising energy use 



Parker, T. “Cutting science’s electricity bill, 
Nature, Vol. 480, pp.315-316 





The ESS Accelerator  

Klystron 

Modulator 

K
ly

s
tr

o
n
 

RF Load 

Future work main points: 
 
– ADU in full swing 
   P2B planning advanced 
 
– A complex machine   ~500 M€ 
 
– A challenging schedule 
    Fix main parameters now in 
    discussion with Science     
    Directorate 
 
– Prototyping required  
 
–  200 RF power units,   
    procurement is important 
 
– TDR early 2013 



Helium cooling 
 - Many attractive features.  Best performance, best safety.  

 - Experience and solutions developed for fusion, helium cooled reactors,  
           low power targets. Technology needs to be transferred and adapted to  
   spallation source conditions.  

 - Helium environment at SNS and TS2 target stations. 

 - Identified challenges: - Containment of helium. 
      - Some components/ancillary systems are large 
      - Possible flow instabilities – density waves 
      - … 

 - Report on He cooling of W  
     components (KIT). 

 - Test loops available at  
    KIT.    

  

He circulator, 6 x 3 m, 3.75 bar, 6kg/s, ~2M€  



 Water cooling 
 - Established technology for cooling targets at lower power and continuous  
   spallation sources. Good performance, some challenges on safety.  

 - ESS power level and pulse mode creates challenges.    

 - Identified challenges:  - Exothermal reaction Vapour + metal -> H2 + metal oxides 
         (afterheat or  beam on  may start reaction at 700˚C)  
      - Cladding or canning of W required 
      - Local boiling/film boiling  
      - Water hammer effects 
      - … 

 - Emergency cooling may be required to handle afterheat for loss of cooling accident. 
    Complicates licensing.  

   - Could possibly be avoided by developing a new canning technology for W  
      that reduces afterheat. Long R&D project!  

   -  Could be avoided by choosing a more low performing material than W,  
       where other canning techniques are established.    
        
       Initially, possibly forever, substantially reduced neutronic/scientific  
       performance.  

    

  



80 t cask transporter (Studsvik) 

      Waste management and decommissioning to  
      green field status 
  
 Regular transport of spent targets and  
 reflector-moderator plugs to radioactive 
 repository after 5 years of cool-down 
 
  Total weight with shielding steel casks: 
 ~ 50 t. 
  
  

Neutronic design group at full strength: beam 
production optimization in progress 
  
  
  

Reference design 2003: 
box moderators 

Baseline V2 2011: 
volume moderators 

Dresser Roots Helium gas circulator 
for low pressure, high throughput 
  
  
  



Peak flux of long pulses can be used more effectively: 

   - chopper shaped pulses: enhanced intensity for given peak flux and resolution 

   - tunable resolution and wavelength band for needs of individual experiment 
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 WISH ISIS TS2 (40 m)

 WISH ESS (80 m)

    Intensity ratio: 1:1.72

    RMS resolution: equal
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