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Overview 

Å The European Spallation Source (ESS) will house the 
most powerful proton linac ever built. 
ï The average beam power will be 5 MW which is five times 

greater than SNS. 
ï The peak beam power will be 125 MW which is over 

seven times greater than SNS 

Å The linac will require over 150 individual high power RF 
sources  
ï Based on high power electron tubes 
ï with 80% of the RF power sources  

Å requiring over 1.1 MW of peak RF power  at a 4 % duty factor 

ïWe expect to spend over 200 Mϵ on the RF system alone 

Å Due to efficiency and cost pressures,  
ï unique opportunities exist  
ï to develop  the next generation of RF power sources for 

accelerators 

 



What is ESS? 

ÅESS is a neutron spallation source for neutron 
scattering measurements. 
ÅNeutron scattering offers a complementary view of 

matter 
ïin comparison to other probes such as x-rays from 

synchrotron light sources.  
ïThe scattering cross section of many elements can be 

much larger for neutrons than for photons.  



Neutron Scattering 

Å Neutron scattering can reveal the molecular and magnetic structure 
and behavior of materials, such as: 
ïStructural biology and biotechnology, magnetism and 

superconductivity, chemical and engineering materials, 
nanotechnology, complex fluids, and others 

 

X-Ray Image 

Neutron radiograph 

 Neutron radiograph of 
a flower corsage 

 Neutron scattering of 
hydrogen in a metal 
organic framework 



Neutron Spallation Sources 

Å Traditional neutron sources are 
reactor based 
ï Neutron flux is limited by reactor 

cooling 
ï Neutron energy spectrum is measured 

by time of flight using neutron choppers 
ï Chopping throws away neutrons and 

limits neutron brightness 

Å Spallation sources consist of a:  
ï pulsed accelerator that shoots protons 

into: 
ï a metal target to produce the neutrons 

Å The pulsed nature of the accelerator 
makes the neutron brightness  
ï much higher for a spallation source  
ï for the same average neutron flux as a 

reactor 

Å The accelerator complex of atypical 
spallation sources consist of a: 
ï Linac to accelerator the protons 
ï A storage ring to compress the linac 

beam pulse 
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What is Different About ESS? 

Å The average proton beam 
power will be 5 MW 
ïAverage neutron flux is 

proportional to average beam 
power 

ï5 MW is five times greater than 
SNS beam power 

Å The total proton energy per 
pulse will be 360 kJ  
ïBeam brightness (neutrons per 

pulse) is proportional to total 
proton energy per pulse  

ï360 kJ is over 20 times greater 
than SNS total proton energy 
per pulse  



What is 5 MegaWatts? 
ÅAt 5 MegaWatts,  
ïone beam pulse  
Åhas the same energy as 

a 16 lb (7.2kg) shot 
traveling at  
ï1100 km/hour 

ïMach 0.93 

ÅHas the same energy as 
a 1000 kg car traveling 
at 96 km/hour 

ÅHappens 14 x per 
second 

ïYou boil 1000 kg of ice 
in 83 seconds 
ÅA ton of tea!!!  



Short Pulse Neutron Spallation 
Sources 

Å The neutrons are cooled by a 
moderator downstream of the 
target 

Å The time constant of the 
moderation process is about 100 
ms 

Å Proton beam pulses shorter than 
100 us serve only to stress the 
metal target and limit the beam 
power 
ï Typical short pulse spallation sources 

have storage ring circumferences 
~300 meters which produce 1 ms 
beam pulses 

ï To build a storage ring with a 100 ms 
pulse would require a ring 30 km in 
circumference 

Å The target stress from the short 
beam pulse places a limit on: 

ï proton beam power  

ï and ultimately neutron flux and 
brightness  

ï The proton beam power of SNS (Oak 
Ridge Tennessee, USA) is limited to 
1MW (17 MW peak) 

 



Long Pulse Concept 

Å 360 kJ packed into a short pulse of 1 
ms (360 GW peak) would destroy a 
target 

Å ESS will not use a compressor ring 
ï The linac will send the beam directly to 

the target over a period of 3 ms at a rate 
of 14 Hz. 

ï Peak beam power on the target is less 
than 125 MW 

Å The tradeoff is that ESS will 
ï Have longer neutron guides between 

experiments and the target 
ï Require a neutron choppers for precision 

energy measurements 



What is Different About ESS? 

Renewable  

Carbon dioxide:  
-120,000 ton/y  

Responsible  

Carbon dioxide: 

-30,000 ton/y  

Recyclable  

Carbon dioxide:  
-15,000 ton/y  

Sustainable Energy Concept 



What Will ESS Look Like? 
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Where Will ESS Be Built? 

Å ESS is located in southern 
Sweden adjacent to MAX-
IV (A 4th generation light source) 

Å To provide a world-class 
material research center 
for Europe 


