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Present LHC Ion Injector Chain

• ECR ion source (2005)

– Provide highest possible 
intensity of Pb29+

• RFQ + Linac 3 

– Adapt to LEIR injection energy

– strip to Pb54+

• LEIR (2005)

– Accumulate and cool Linac3 
beam

– Prepare bunch structure for PS

• PS (2006)

– Define LHC bunch structure

– Strip to Pb82+

• SPS (2007)

– Define filling scheme of LHC
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Electron-nucleus (e-A) collisions

n The LHC will operate as a nucleus-nucleus (initially Pb-Pb) 
collider

– Physics programme is expected to include:

n Pb-Pb at 

n p-Pb at

n A-A where A may be Ca, O, …

n Natural possibility of colliding electrons with 208Pb82+ nuclei

– Requires maintenance of LHC ion injector complex 
(source-LINAC3-LEIR) through to the time of operation 
of LHeC

– Also requires inclusion of ion capability in new 
generation of injector synchrotrons (PS PS2, SPS
SPS2 ??) 

n Electron-deuteron e-d collisions would require a completely 
new source (at least!)

– Present CERN complex does not foresee deuterons
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e-Pb collisions in Ring-Ring

n Present nominal Pb beam for LHC

– Same beam size as protons, fewer bunches

n Assume lepton injectors can create matching 
train of e-

n Lepton-nucleus or lepton-nucleon luminosity in 
ring-ring option at 70 GeV

– May be possible to exploit additional power by 
increasing electron single-bunch intensity by 
factor 592/2808=4.7.
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e-Pb collisions in Linac-Ring (1)

n Present nominal Pb beam for LHC

– Same beam size as protons, fewer bunches

n Assume lepton injectors can create matching 
train of e- - non-regular bunch spacing with 
same average beam current and power 

– Scale from F. Zimmermann in EPAC2009 
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e-Pb collisions in Linac-Ring (2)
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30 -2 -1 32 -2 -1

en1.19 10  cm s     2.5 10  cm s

which is about a factor 2 better than Ring-Ring with similar level of 

optimism about using available power (or a factor 10 if Ring-Ring is

taken to be limite

L L

d in bunch intensity).  



Electron-deuteron collisions?

n Needs new source at CERN

n Two possibilities after source:

– Existing Pb ion injector chain (Linac3, RFQ, LEIR) could 
be used but many details need study intensity will be 
limited

n Rough estimate: 1/100 charge per bunch of p in LHC 

– New pre-injector Linac4 (under construction), PSB, d-

injection, etc.  

n Not designed for deuterons, would require new RFQ, first 
simulation indicated limited transmission but may hope for 
more than Linac3 

n Feasibility of this option needs more study of whole injector 
chain, probably need shutdown to switch to/from protons

n Rough estimate: 1/10 charge per bunch of p in LHC 

n Both options need new RFQ + other modifications, will cost 
few MCHF, feasibility cannot be guaranteed at this stage.
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Very(!) tentative e-D luminosity

n Rough guess for beam via Linac3 

– Same beam size as protons, fewer bunches as 
for Pb

n Assume lepton injectors can create matching 
train of e-

n Lepton-nucleus or lepton-nucleon luminosity in 
ring-ring option at 70 GeV

– Optimist might hope for maybe 10-50 times 
more if Linac4 and other systems work well.

– A lot of further study required!!
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e-A collisions  Summary

n Natural possibility of colliding electrons with 208Pb82+ nuclei 
but requires long-term policy: 

– Maintenance of LHC ion injector complex (source-
LINAC3-LEIR) through to the time of operation of LHeC

– Also requires inclusion of ion capability in new 
generation of injector synchrotrons (PS PS2, SPS
SPS2 ??) 

n Other nuclei such as Ca (expected for use in LHC AA 
collisions) should also be possible with present ion source 
and pre-injectors.

n Electron-deuteron e-D collisions would require a completely 
new source (at least!) 

n Linac-Ring has potential for few times higher luminosity at 
Ring-Ring accessible energies.
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Backup slides
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Nominal Pb-Pb collision parameters
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Nominal Pb-Pb, lifetime parameters


