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Observations from the other side 
of the pond 

•  Three design options for LHeC: 
–  Ring-ring: Luminosity is limited by allowable power 

for synchrotron radiation, which limit the e-beam 
current   

–  Linac-ring: Luminosity is limited by allowable power 
for accelerating the e-beam, which limits its 
current 

–  ERL-ring:  Luminosity is limited by efficiency of 
energy recovery  

–  re-circulating beam at full energy limits the 
beam current below ring-ring option 
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Observations from the other side of the pond: continued 

•  I all options luminosity is not limited by beam-beam effects for 
protons 
•  It means that tune shift for  proton beam can be increased 

by 10-20 fold 
•  Electron beam can be abused in L-R and ERL-R cases, which 

gives additional luminosity boost ~ 10 fold in the LHC-
upgrade case 
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Observations from the other side of the pond: continued 
Focus of Energy Recovery Linac 

•  Based on a simple scaling, one can see that without limitation on 
e-beam current, LHeC luminosity can be ~1034-1035   

•  The question is: 
•  Can this luminosity potential be realized? 
•  If yes, that how it can be done? And it what cost? 
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R-R 
ERL-R:  match emittances 
Gain is 12 fold 

Parameter Protons Electrons 
# per bunch 5.00E+11 1.40E+10 
Beam current, A 1.265 0.035 
Emittance, nm rad 0.5 0.5 
Beta*, cm  20 20 
Tune shift 0.0005  irrelevant 

Luminosity 1.7E+34 



Observations from the other side of the pond: continued 
Focus of Energy Recovery Linac 

•  Increase e-beam current till the p-beam tune-shift 
limit allows up to 40-fold! 
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R-R  ERL-R 

Parameter Protons Electrons 
# per bunch 5.00E+11 6.00E+11 
Beam current, A 1.265 1.518 
Emittance, nm rad 0.5 0.5 
Beta*, cm  20 20 
Tune shift 0.02  irrelevant 

Luminosity 7.1E+35 



Observations from the other side of the pond: continued 
Focus of Energy Recovery Linac 

•  Taking off limit on electron beam tune-shift allows 12 fold 
increase in the luminosity 

•  Removing beam current limitations may allow additional 40-
fold increase in the luminosity 

•  Full potential is 500x increase in the luminosity above the 
ring-ring case 

•  Question is how to get there????? 
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LHeC Extreme 
Parameter Protons Electrons 

# per bunch 5.00E+11 6.00E+11 
Beam current, A 1.265 1.518 

Emittance, nm rad 0.5 0.5 
Beta*, cm  20 20 
Tune shift 0.02  irrelevant 

Luminosity 7.1E+35 



100% Energy recovery – needs 2 linacs 
What to do with the energy? 
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Accelerating Accelerating 

e-beam current is ~ 1 A 
Energy of e-beam is ~ 100 GeV 
Energy to transfer ~ 100 GW 
Best RF coupled do 1 MW ->  

2 x 100,000 couplers, 100,000 high precision waveguides…. – simply out of this 
world  
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First guess 
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100% Energy recovery 
Period between = 2*(Linac+train) 

Question – what is maximum transient 
loading? 
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First guess: add a beam to carry the energy 
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100% Energy recovery 
Period between = 2*(Linac

+train) 
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Synchrotron radiation power 
•  Assume that you are turning around  N beams with E/N energy, that 

you loose N3 less energy compared with turning the full energy beam 
(like in a ring or in re-circulating ERL)  

•  Turning ten 10 GeV beams, reduces power for synchrotron radiation 
1,000 times. Even using 10 times smaller radius (i.e. R= 300 m) gives 
100 fold saving in radiated power 

•  In such scenario SR power can be reduced below 1 MW level to 
become irrelevant 
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100% energy recovery 
E = 30 – 150… GeV 

N=3-15 
Polarized source Dump 
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N x 10 GeV section accelerator N x 10 GeV section decelerator 

Source Source Dump Dump 

Energy flux is carried out by 10 GeV beams  



What is the cost 
•  Twice the length of the linac – initial cost 

•  Double the cryogenics (~ 1kW/1GeV CW at 2 K?) 

–  This seem to be the main limiting factor 

–  2 x 150 GeV CW linacs will need ~ 150-300 MW AC power for 
refrigirator 

–  The way to go around it to operate at modest duty factor ~ 10%, to 
reduce energy consumption well below  100 MW  

•  With 10% duty factor luminosity limit will 
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LHeC Extreme, 10% Duty factor 
Parameter Protons Electrons 
# per bunch 5.00E+11 6.00E+11 
Beam current, A 1.265 0.15 
Emittance, nm rad 0.5 0.5 
Beta*, cm  20 20 
Tune shift 0.02  irrelevant 

Luminosity 7.1E+34 



Conclusion 
•  There is the way of building LHeC with luminosity above 1034 

cm-2 sec-1 , electron energy well above 100 GeV and with power 
consumption well below 100 MW 

•  Even with 1% duty factor it can deliver luminosity of 7.1033 cm-2 
sec-1 

•  In this case the luminosity does depend on electron beam 
energy, i.e. there is no need of compromise Lumi vs. E 

•  It will require to double length of the linac structure 
•  This system, excluding IR, is completely independent from the 

LHC 
•  This scenario, being linac, is perfect for staging, starting at 

modest energy of e-beam and adding 10 GeV modules 
•  Details ate important and effect on the proton beam should be 

properly simulated 
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