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  ESFRI 2006 road map: 

 need for ñtop tierò neutron  

 source for Europe 
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 ESS (5 MW Long Pulse Source): 
 

 · Innovative use of conservative, established technologies: 

      higher performance at low technical risks 

 · Construction costs comparable to SNS and J-PARC 

 · Operational costs comparable to ILL    

 · Many beam lines possible with long guides (similar to  

         continuous sources)   

 · High energy efficiency (35 MW vs. 70 MW at ILL)  

 · No alternative technology to spallation in sight to be   

    available within decades 
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Energy efficiency is key for high intensity neutron beam 
production 
 

    Fast neutrons produced / joule heat deposited in target station 
 

 Fission reactors:               ~ 109     (in ~ 50 liter volume) 
 

 Spallation:               ~ 1010     (in ~ 2 liter volume) 
 

Fusion:          ~1.5x1010  (in ~ 2 liter volume) 
     (but neutron slowing down efficiency reduced by ~20 times) 
 

Photo neutrons:       ~ 109      (in ~ 0.01 liter volume) 
 

 Nuclear reaction (p, Be):  ~ 108      (in ~ 0.001 liter volume) 
 

 Laser induced fusion:      ~ 104      (in ~ 10-9 liter volume) 
 
Spallation: most favourable for the foreseeable future  



 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Instantaneous power on target (e.g. 1 MW at  

60 Hz, i.e. 17 kj in ~1 ms pulses on target):     17 x 

­ Pressure wave: 300 bar 

  

Reaches limits of technology 

1 GW 

SNS (Oak Ridge, USA)   J-PARC (Tokai Japan) 
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Highest flux short pulse sources 
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But: 

Cost equivalent linear accelerator 

alone can produce the same cold 

neutron pulses by ~100 ms proton 

pulses at ~ 0.15 GW instantaneous 

power: 2 x ILL  

 

 

 

 

 

 

 

   

15 kj linac pulse 
SNS 
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simplify 

Highest flux short pulse sources 



Cost equivalent linear accelerator 

alone can produce the same cold 

neutron pulses by ~100 ms proton 

pulses at ~ 0.15 GW instantaneous 

power  ­ Leave the linac on for 

more neutrons per pulse and 

higher peak brightnessé 

 300 kj/pulse 
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Next generation: long pulses 
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Cost equivalent linear accelerator 

alone can produce the same cold 

neutron pulses by ~100 ms proton 

pulses at ~ 0.15 GW instantaneous 

power  ­ Leave the linac on for 

more neutrons per pulse and 

higher peak brightnessé 

and use mechanical pulse shaping 

­ Long Pulse source  
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Next generation: long pulses 

  



Cost equivalent linear accelerator 

alone can produce the same cold 

neutron pulses by ~100 ms proton 

pulses at ~ 0.15 GW instantaneous 

power  ­ Leave the linac on for 

more neutrons per pulse and 

higher peak brightnessé 

and use mechanical pulse shaping 

­ Long Pulse source 

 

ESS: 5 MW accelerator power   

­ more neutrons for the same 

costs and reduced complexity  
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Next generation: long pulses 

  



Cost equivalent linear accelerator 

alone can produce the same cold 

neutron pulses by ~100 ms proton 

pulses at ~ 0.15 GW instantaneous 

power  ­ Leave the linac on for 

more neutrons per pulse and 

higher peak brightnessé 

and use mechanical pulse shaping 

­ Long Pulse source 

 

ESS: 5 MW accelerator power   

­ more neutrons for the same 

costs and reduced complexity   
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Next generation: long pulses 

  



 

Main milestones: 
 

 2012: Technical Design Review (TDR) complete 

 

 2019: First beam on target, commissioning with beam starts 

 

 2020: Routine operation with reduced power and number of  

           experimental station 

 

 2025: Full power operation with 22 stations 

 

TDR 2012 baseline established, further optimization 

 

   

 

   

Planning and timeline  
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No technology established for spallation by now is 

acceptable / applicable at 5 MW power 
 

 - Mercury (SNS, J-PARC): no existing disposal path in Europe 

   LBE is a viable alternative 

 

  - Solid, stationary metal (ISIS, LANL, PSI): cooling insufficient, 

   considerable afterheat 

 

   

            Target and cooling 
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Prototype, Jülich, ~1984 

 Water cooling: fine for SNQ (50 kj/pulse) and in 1980's. But:     

   - ESS: 350 kj/pulse  ­ ~ 130 K temperature jump  ­ boiling?   

   - BNL (~2000): W + water vapor ­ H2 + airborne W-oxide + heat (> 700 C)

   - Same reaction with Zr: hydrogen explosions in Fukushima 
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 Rotating target: simplest way  to distribute heat deposition and afterheat in    

 order to make cooling possible at ESS power level: a breakthrough pioneered by 

 FZJ, SNS second target station. (Rotation period: 2-3 s) 

 

  

         Rotating tungsten target 
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 - Lower radioactive inventory than for water (7Be, 3H, Ta     

 cladding, W activation,é)  or LBE  

 

 - Proven passive cooling capability of afterheat in case of power   

   loss (even for earthquake and 10 MW power) 

 

 - Passive backup shutdown of accelerator: best chance for He      

   cooled W (higher overheating resistance leaves more time: ~ 1 s) 

 ­  He gas cooling is the prime candidate for the legally 

mandated choice of adopting the environmentally most favourable 

of the viable options.  Other options feasible, with some 

disadvantages (more complex safety, neutronic performance, 

development needs,é.) 

 

Rotating tungsten target with He cooling  
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 - He gas cooling: hundreds of year combined operational  

  experience at high temperaure reactors 

 

 

 

 - Tungsten with He cooling etxensively developed for fusion  

  (ITER divertor option): intensive collaboration 

 

 - Key special equipment: off the shelf 

 

  

Rotating tungsten target with He cooling  

  



p 

Hg target 

Moderators 

He gas:  

~ 1 bar 

Reflector 

State-of-the-art target (SNS, ISIS): He atmosphere
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Accelerator proton beam window  

(replaced every ~ 6 months) 

Target wheel (7 t, replaced every ~ 5 y) 

Moderator-reflector plug (10 t, replaced 

every  ~ 1 y, shown in position ready for 

vertical extraction) 

Target station: similarities to reactors 

Opportunity for steady improvements 



  General layout of shielding monolith 

5° beam line 
separation 

Dimension according to 
current baseline 

Shutter drives 

Proton  
beam 

Housing for target 
drive and bearing 

Access to  
PMR plug 


