
British Museum

PEPIC using the LHC protons as the wakefield 
driver — brainstorm

Matthew Wing (UCL)

AWAKE PBC meeting — 24 May 2018

• Introduction and motivation 
• Luminosity and parameters 
• Issues 
• Summary 



Introduction and motivation
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• There is a physics motivation for ep (and eA) colliders at the TeV scale. 
• Cost is an issue, hence use of AWAKE scheme, but need performance. 
• Options: 

- LHeC, Ee = 60 GeV, Ep = 7 TeV, √s = 1.3 TeV, L up to 1034 cm−2 s−1 
- PEPIC, Ee = 60 GeV, Ep = 7 TeV, √s = 1.3 TeV, L less than 1030 cm−2 s−1 

- VHEeP, Ee = 3 TeV, Ep = 7 TeV, √s = 9.2 TeV, L less than 1030 cm−2 s−1 
• Plasma wakefield facilities, PEPIC and VHEeP, are limited in luminosity. Are 

there other ways to increase L ? 
• What about using the LHC protons to accelerate electrons, also for PEPIC, 

rather than SPS protons ? 
- In a straight section in the LHC tunnel. 
- Would either: 
‣ need an electron ring in the LHC tunnel. 
‣ be a single-pass electron section, i.e. electrons dumped after one ep 

crossing.



A PEPIC electron ring
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• In a straight section of the LHC, could accelerate electrons to 60 GeV in 
50−100 m. 

• These could be stored in an electron ring, kept at 60 GeV, and have ring−ring 
ep (eA) collisions. 

• Would lead to large luminosities.  Presumably a high-charge bunch, with 
emittance dominated by proton bunch and a 25 ns collision spacing. 
- Like the LHeC ring−ring solution except initial acceleration done by 

AWAKE scheme instead of in the ring itself.  Would still need accelerator 
parts to maintain 60 GeV in the ring. 
‣ Does this save significantly on cost ? 
‣ Requires significant construction effort too. 

- Do not need to restrict to 60 GeV as using LHC protons.  Limitation from 
what can be electron can be stored in ring, ~100 GeV, and a straight 
section for acceleration. 
‣ What is the highest possible energy ?



PEPIC single-pass electron bunch
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• No electron ring, assume 50−100 m straight section followed by the ep 
interaction point with electron bunches dumped after collision. 

• Assume protons lose only small amount of energy and stay in orbit after the 
plasma and 7 TeV protons are maintained for pp collisions. 
- Say protons lose 1 GeV, which means they are 6.999 TeV upon exiting the 

plasma. 
- The resolution of the LHC proton beam is about 10−4, so energy loss in 

plasma is comparable to this. 
- Naively, 2×1011 protons losing 1 GeV ⇒ 4×109 electrons gaining 50 GeV. 

- The collision frequency is dominated by the plasma relaxation time.  Let’s 
assume 100 ns.  Can be tuned in multiples of 25 ns. 

- Assume σx = σy = 6 µm, dominated by proton beam. 
‣ Luminosity,  

L = (2×1011・4×109・107)/(4 π [6×10−4]2) = 1.8×1033 cm−2 s−1. 

‣ So very high, LHeC-like, luminosities.
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PEPIC single-pass issues
• Is the plasma relaxation time > 100 ns ?  Still factor of 10 longer is interesting. 
• General check of assumed parameters … 

• Also what is optimum in terms of energy and luminosity, etc..  E.g. could 
have higher energy, but proton beam more disturbed. 

• Can we have a plasma cell in the LHC beam/ring ? 
• Will not disturb the protons too much.  
• Will not affect the rest of the LHC proton ring 
• This is a big ask; cannot bend the protons for a separate beam line. 

• A proton bunch having undergone self-modulation and at 6.999 TeV should 
not be an issue for the LHC pp experiments. 
• The bunch is micro-bunched; does not really matter (?).  Will it be re-

bunched ? 
• An energy of 6.999 TeV is roughly within the energy resolution.  Okay for 

the LHC optics such that is continues circulating and okay for physics. 
• However, cannot keep losing 1 GeV per turn.  Can this be regained ? 



Summary
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• Using AWAKE scheme with SPS protons leads to modest luminosities for an 
ep collider.  

• Can we use the LHC beam to accelerate electrons for PEPIC-type energies ? 
- A ring−ring collider can have  
‣ high energy electrons and high luminosities 
‣ needs a lot of infrastructure (cost and effort) 

- Single-pass electron bunch generation can 
‣ also provide high energy electrons and high luminosities with less 

infrastructure 
‣ disturbs the LHC proton ring 
‣ disturbs the LHC protons


