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Update of the 2012 CDR  
         on arXiv today !
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LHeC / FCC-eh / PERLE 
Energy Recovery Linacs towards high resolution DIS

          LHeC                                                                                      FCC-eh

PERLE
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The LHeC: Circumference 
     Challenge: find balance between …  

• construction cost 
• synchrotron light —> operational cost 
• energy reach 
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LHeC Layout 

recirculating energy recovery electron linac  
 colliding with HL-LHC protons 

Parameters pre-defined by HL-LHC 

Ne number of electrons per bunch 

number of protons per bunch 

collision frequency —> bunch distance 

beam size at IP

Np

np * fref

ϵp * β*

≈ 1,  

court. Kandinsky, “Circles in a Circle”, 
1923 Philadelphia Museum of Art

Hi = hourglass factor 
        pinch effect 
        fill factor
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LHeC Main Parameter List 

Ee GeV 50
Ep TeV 7
Ne 109 3.1
Ie mA 20
Np 1011 2.2
βp cm 7
εp µm 2.5
np*fref ns 25
L cm-2   

s-2 
9 * 
1033

Circumference … 1/5 … 1/4 … 1/3 … LHC

p-Bunch

e-Bunch
IP
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LHeC Main Parameters

E = 50 GeV 
I = 20 mA 
C0 = 5332 m 

L=1034 cm-2 s-1

( remember: SPS = 6911 m ) 
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The LHeC Modules: Linacs- RF

800 MHz 5 cell cavity nominal acceleration 
gradient: 19.73 MV/m  

Linac length: 828.8m, 
Per linac: 28 units of 4 cryomodules , 
Each cryo module contains four 5-cell cavities, 
Energy gain per Linac:  8.114 GV. 
Challenge: large beam current (up to 120 mA).  

896 cavities (802 MHz),
< 10% of ILC needs

CERN-JLAB collaboration,
Q0 vs gradient test measurement
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The LHeC Modules: Linacs,  

Linac length: 828.8m, 
1300 FODO structure
2 x 16 cavities per cell

matched beam optics for 
the three  energy steps 
in acc & decal. mode 8



The LHeC Modules:    Arcs  
Challenge: Emittance preservation highest priority

Transverse emittance dilution = defined by the emittance dispersion function, H , of the arcs

low energy: Arc 1 … 3 :  
     compensate for the bunch elongation              
                   isochronous optics.  

  

high energy: Arc 4 … 6:  
     reduce quantum effects of synchr. light  
                  TME (theor. minimum, emittance) lattice 

H = γ · D2 + 2α DDʹ + β · Dʹ2 
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The LHeC Modules: Spreader / Re-Combiner   

Distribute / re-combine the beam before / after each linac to the corresponding arc structure  
Challenge:  minimise emittance dilution … in the vertical plane  —> Hy

• Non-dispersive (i.e. “achromatic”) vertical deflection system 
• Gently matched beam optics between Linacs and Arcs 
• Optimised for smallest impact on εy  

one-step spreader design

beam optics: spreader, 
                     dispersion suppressor
                     arc structure & re-combiner
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The LHeC Modules:  
      Synchrotron Light & Emittances,   
                          (D. Clayton, D. Hanstock, Liverpool Student Internship at CERN)

synchrotron light calculations for the complete machine

Arc

Spreader

Bypass 11



𝑷𝒔𝒚𝒏 =  
𝒆𝟐𝒄

𝟔𝝅𝜺𝟎

𝜸𝟒

𝝆𝟐
 

𝑬𝒄𝒓𝒊𝒕 =  
𝟑𝒉𝒄

𝟐
 𝜸𝟑

   𝝆
 

radiated power 

critical energy

beam emittance  
increase 

The LHeC Modules:  
      Synchrotron Light & Emittances,   
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The LHeC Modules:  
      Synchrotron Light & Emittances,   
                            

synchrotron light catalogue  
of complete machine           
for 1/3 … 1/4 … 1/5  LHC circumference
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The LHeC Modules: 
The Interaction region

1.) luminosity optics for proton beam    —> βp* = 7.0 cm 
2.) luminosity optics for electron beam  —> βe* = 7.4 cm 
3.) relaxed optics for 2nd protons 
4.) beam separation:  

  electrons must not enter the focusing structure of the proton mini-beta 
5.) keep synchrotron radiation as low as possible 

  matched beam sizes in x & y

 qualitative layout of the IR

 HL-LHC proton optics with LHeC-IR
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The LHeC Modules: 
The Interaction region 

Challenge: re-optimised beam separation design for smallest synchrotron  
radiation load 

protect / shield the particle detector 
protect / shield the s.c. proton magnets 

• combine mini-beta focusing & beam separation  
scheme  

• reduce separation need 
• optimise for smallest sy-light power & crit. energy

LB = 10 m    (B0 & off-centre mini β quads)

Δx = 106 mm

New Design:

optimisation of different IR elements  
for best beam separation 
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Beam-Beam Interaction:  
         defines the initial conditions for the front-to-end tracking

(remember: b-b parameter LHC Standard: 0.0037 LEP: 0.0700 )

beam size at IP  
no bb-effect  /  with bb-effect phase space diagram at IP incl. beam-beam-effect
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Design for prototypes of special machine elements 
• half-quadrupole in IR  
• spectrometer dipole in spreader 
• 800MHz cavities for high current operation 

Synchrotron light power in arcs 
• absorber design 
• cooling 

Machine Detector Interface 
• geometry of synchrotron light fan 
• absorber design 
• protection of acc. magnets 

Front-to-End tracking 
• ERL performance / emittance preservation  
    (including beam-beam effect & decelaration mode)

LHeC: The Next Challenges:
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2012 CDR updated and published today (!) 
337 authors
Physics, LHeC Accelerator, PERLE, ep Detector

focussed on:
•optimised arc-structure
• synchrotron light catalogue available
• beam spreader & bypass re-optimised
• emittance budget reviewed
• Interaction region optimised

The updated CDR and PERLE pave the way to a TDR.
ERL is recognised as a key future accelerator technique.

 The LHeC (and later FCC-he) are the highest resolution
 microscopes one may build, with a striking potential
 also on Higgs, BSM, top and nuclear physics.

Summary & Conclusion

Coverage of the kinematic plane in DIS 
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Joint AF-AF Meeting on Future colliders : Day 1 ; 24th June 2020 Oliver Brüning, CERN 6

FCC-eI Operation:
Performance Projections: eA

EDMS 17979910 FCC-ACC-RPT-0012 V1.0, 6 April, 2017, 
“A Baseline for the FCC-he” John Jowett, Frank Zimmermann
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