
LHeC Workshop 2014, 20th – 21st January 2014 Oliver Brüning, CERN 1 

LHeC: Summary of Accelerator Sessions 

1 

Four sessions plus some presentations from plenary  

Lots of discussions: Future needs and integration into FCC  

Over 20 presentations covering: 

 -LHeC proper (parameters; performance and layout) 

 -Optics and Beam stability 

 -Cryogenics and SC magnet design 

 -Arc magnet design and transfer lines and dumps  

 -RF (frequency, HOM and collaborations) 

 -new ideas (FFAG, CSR, p-beam cooling) 

 -CERN Test Facility (auxiliary applications, layout) 

 -Collaborations and ERLs plans around the world    
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Presentations can be grouped into 5 main areas: 

 -LHeC ERL baseline design 

 

 -Performance optimization in light of the Higgs  

  L ≥ 1034cm-2s-1 (beam current, SRP, bb & HL-LHC!) 

  

 -LHeC integration into the HL-LHC: 

  IR and optics design and beam dynamics studies 

  

 -CERN Test Facility design  

    (auxiliary applications, layout) 

 

 -Collaborations and ERL activities around the world    
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LHeC: Baseline Linac-Ring Option 

Super Conducting Linac with Energy Recovery  

          & high current (> 6mA) 

Relatively large return arcs 
 ca. 9 km underground tunnel installation 

 total of 19 km bending arcs  

 same magnet design as for RR option: > 4500 magnets 

Two 1 km long SC 

linacs in CW operation 

(Q > 1010) 

 

 requires Cryogenic 

     system comparable  

     to LHC system!  
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We have a first estimate for civil engineering [John Osborne]: 

 -Layout, cost estimate and construction planning (4y)  



Site Features                           geology 

 Geology: 

◦ Molasse – Moraine 

 Profile LHeC region (showing also location of LHC and SPS) 

 

 

Jan 20th 2014 5 John Osborne 

LHeC region 

John Osborne 



South shaft area 

North shaft area 

Saint Genis-Pouilly 

Prévessin site 

Meyrin site 



LHeC Workshop 2014, 20th – 21st January 2014 Oliver Brüning, CERN 7 

LHeC: Summary of Accelerator Sessions 

7 

Cryogenic estimates [Friedrich Haug]: 

 -30kW @ 2K for CW operation with Q0 = 2.5 1010 

 -1/COP @ 2K = 700  21 MW total power 

 -proposal of installation with 8 cryoplants 

 

 need to re-evaluate with HOM estimates & damping    

We have a good baseline: 

 -Layout, cost estimate and construction planning (4y)  
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We have a good optics baseline for ERL:  



Operated by JSA for the U.S. Department of Energy 

 Thomas Jefferson National Accelerator Facility 
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Linac 1 and 2  - Multi-pass ER Optics 

LHeC Workshop, Chavannes-de-Bogis, Switzerland, January 20-21, 2014  

Alex Bogacz 



Operated by JSA for the U.S. Department of Energy 

 Thomas Jefferson National Accelerator Facility 
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 Arc Optics – Emittance preserving FMC cell 

total emittance increase in  Arc 5:  Dex
N = 4.268 mm rad  

     

Arc 1 , Arc2 

 H =gD2 +2aDD '+ bD '2

TME-like Optics  DBA-like Optics  Imaginary gt  Optics  

Arc 3, Arc 4 Arc5, Arc 6 

3 1.2  10  H m- 3 8.8  10  H m- 
3 2.2  10  H m- 

factor of 18 smaller than FODO  

LHeC Workshop, Chavannes-de-Bogis, Switzerland, January 20-21, 2014  
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Alex Bogacz 

FMC = Flexible Momentum Compaction 



Operated by JSA for the U.S. Department of Energy 

 Thomas Jefferson National Accelerator Facility 
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Energy Loss and Emittance Dilution in Arcs 

A. Valloni 

LHeC Workshop, Chavannes-de-Bogis, Switzerland, January 20-21, 2014  
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Dipoles in post-CdR 

Alternative coil arrangement 
 

• keep the idea of recycling 

Ampere-turns 

• stack the apertures vertically 

but offset them also 

transversally 

• same vertical gap, 25 mm  

• simple coils / bus-bars, same 

powering circuit 

• as before, trim coils can be 

added for two of the 

apertures, to give some 

tuning × 
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Attilio Milanese 
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Side-by-side 

concept 
 

• needs some 

spacing between 

the apertures to 

keep a flat 

enough field 

distribution 

• the Ampere-turns 

are fully recycled 

for the three 

energies 

• trim coils can be 

added for two of 

the apertures, to 

give some tuning 

field across 

the three 

apertures 
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By = 0.264 T 

width GFR ±1·10-3 = 73 mm 

By = 0.175 T 

width GFR ±1·10-3 = 70 mm 

By = 0.088 T 

width GFR ±1·10-3 = 55 mm 

(1/2 of the  

dipole shown) 

Dipoles in post-CdR Attilio Milanese 

 

Interesting area for Prototype Development! 
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We have a good optics baseline for ERL [Alex Bogaz]:  

Several new ideas for discussions: 

 -CSR (probably not an issue for LHeC) 

 -non-scaling FFAG for return arcs [Dejan Trbojevic] 

   synchrotron radiation issues for LHeC? 

 -ERL as proton or ion cooler 
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Ongoing optimization for Interaction Region: 

 -Performance need in light of Higgs & FCC integration 

 -optimization of L* (SRP, magnet design, luminosity) 

   ATS optics and Q’ correction 

   synchrotron radiation issues for LHeC 

We have a first p-optics integration into HL-LHC 

[Rogelio Thomas, Luke Thompson, Emilia Cruz]  
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Electron IR Optics – Half-Quadrupole 

Electron final 
triplet (offset) 

Proton final 
triplet 

Electron 
dipoles 

Electron 
matching 

Proton L*=10m 

Luke Thompson & 

Emilia Cruz 
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Electron IR Optics – No Half-Quadrupole 

Electron final 
triplet (offset) 

Proton final 
triplet 

Electron 
dipoles 

Proton L*=15m Luke Thompson & 

Emilia Cruz 



S. Russenschuck 

LHeC Workshop, Chavanne, 2014 

 

MAGNETIC MEASUREMENT 

SECTION 
 

1
8 

Comparison Q1 for Ring-Ring and Linac-Ring 

NbTi: 6700 A, 248 T/m at 88% LL  

Nb3Sn: 8600 A, 311 T/m, at 83% LL 

NbTi: 4500 A, 145 T/m, 3.6 T at 87%  

Nb3Sn: 5700 A, 175 T/m, 4.7 T at 82% on LL  

23 mm aperture 

87 mm septum 

46 mm (half) aperture 

63 mm septum (space for p and e-beams) 

0.03 T, 3.5 T/m in e-beam pipe 

0.09 T, 9 T/m in e-beam pipe 

0.37 T, 18 T/m 

0.5 T, 25 T/m 
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Beam Dynamic Studies: 

 

 -Beam stability of the electron beam in the ERL 

 (wake fields, HOM and beam-beam,  

  beam disruption and losses?) 

 

 -Impact of the beam-beam on proton beam 

  (parasitical operation;  

   beam-beam with high luminosity parameters, noise!)  
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Dario Pellegrini 



Spent Electron Beam 
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Nominal Parameters High Luminosity 

Red particles show the beam without beam-beam effects, green particles 

show the electron beam with beam-beam effects. Each frame is a single 

interaction at an increasing offset. 

X (μm) 

X (μm) 

X
’ (

μ
r)

 

X
’ (

μ
r)

 

Edward Nissen 
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Studies in Preparation of an ERL Test Facility @ CERN 

 -site choice 

 -auxiliary applications (magnet test facility, physics etc) 

 -RF preparations  

Beam Dynamic Studies: 

 -Beam stability of the electron beam in the ERL 

 (wake fields, HOM and beam-beam,  

  beam disruption and losses?) 

 -Impact of the beam-beam on proton beam 

  (beam-beam with high luminosity parameters, noise!)  
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• B. 180 Magnet recovery facility 

• B. 112 Brazing + LHC Klystrons 

• B. 378 TE/EPC testing  

• B. 193 AD + ELENA 

• B. 513 Computer Center 

• B. 3185 ATLAS shafts 

B. 133 Recovery material 

B. 170 ISOLDE 

B. 150 LEAR 

B. 157 EAST HALL 

B. 100 Main Workshop 

B. 510 Main building 

B. 400 LINAC 4 

Nuria Catalan 
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• B. 889 SPS Access point 

• B. 897 Central Storage 

• B. 867 Radioactive facility 

 

B. 888 COMPASS 

B. 887 North Hall 

B. 890 EN-CV for North Hall 

Nuria Catalan 
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Building 2275. Point 2 

70 x 16.5 

LEP power converters and 

klystrons spares. Current 

use under investigation. 

 

Power converters already in 

place. 

Geographically perfect as 

injector for LHeC ERL 

 

Slightly narrower than 

required 

Can it be extended? 

 

 
Nuria Catalan 
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Alessandra Valloni 
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Alessandra Valloni 
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Alessandra Valloni 
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Test Facility in Extraction Line 

 Use same logic as in HiRadMat 

 

 

 

 

 

 

 

 Different focal points and different beam sizes possible: 

 From 0.1 mm (b = 1m) up to 2 mm (b =600 m) for HiRadMat (440 GeV p+) 

 This would correspond to: from 0.4 mm (b = 1m) up to 4 mm (b =600 m) for 

ERL-TF (detailed optics studies to be performed) 

 

 

HiRadMat 

Chiara Bracco 
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Schematic View of TL 

Horizontal  

switches 

~6 m 

Vertical spreader 

A. Valloni 

~6 m 

Vertical 

Recombination 
~4 m  

~10 m (FODO/matching/steering) ~10 m (matching/steering) 

Final 

Focusing 

~30 m  

Test Facility+ 

Dump 

~25 m  

~80 m  

Dump 

C. Hessler 
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Chiara Bracco 
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Upcoming Tasks and Opens Issues: 

 -SC RF design with HOM damper and cryostat 

 

 -ERL TF design with options / phases and specific site 

  proposal (SC magnets & physics)  leading to CDR 

 

 -’Finalize’ high L LHeC (Higgs) option / parameters 

   (dump [13MW], beam-beam, SRL in detector) 

 

 -Full integration into HL-LHC (and FCC?) 

  (L*, injection optics, layout, transfer lines, dump etc) 

 

 -Beam dynamic studies (ERL full cycle with disruption; 

  proton beam with beam-beam and ‘noise’) 



LHeC Workshop 2014, 20th – 21st January 2014 Oliver Brüning, CERN 32 

LHeC: Summary of Accelerator Sessions 

32 

Collaborations and International Activities: 

 -MESA @ University Mainz 

   SC RF cavity and cryostat prototypes 

   includes collaboration with JLab 

 -JLab ERL (‘LHeC like’, injector, halo, op. experience) 

 -BNL SC RF activities & ERL  

  (HOM, eRHIC, applications, frequency choice,  

   cost and complexity) 

 -Cornell ERL (frequency choice, high Q0, errors, HOM) 

 -ALICE ERL and UK (operational experience) 
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Existing JLab 4th Generation IR/UV Light Source 

E = 120 MeV 

135 pC pulses @ 75 MHz 

 

(20 μJ/pulse in 250–700 nm UV-VIS  

in commissioning) 

120 μJ/pulse in 1-10 μm IR 

1 μJ/pulse in THz 

 

The first high current ERL 

14 kW average power 

  

 

Ultra-fast (150 fs)  

 

Ultra-bright   

(1023 ph/sec/mm2/mrad2/0.1%BW)  
 

UV harmonics exceed FLASH 

average brightness (1021 average, 

1027 peak 

ph/sec/mm2/mrad2/0.1%BW) 
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Major R&D Efforts Around the World 

Injector, injector, injector!  No existing injector delivers required CW 

brightness.  Many groups are working on this:  LBNL, Cornell, 

Wisconsin, JLab, KEK, Daresbury, BNL, PKU… 

Brightness preservation: Solutions to coherent synchrotron radiation (CSR) 

emittance  degradation, longitudinal space charge (LSC) in pulse 

compression 

Halo control essential for CW – non-Gaussian tails!!! 

High order mode & beam breakup control in cavities 

Wakefield and propagating mode damping 

Handling sizeable (~ 20 kW! @ 100 mA) THz radiation in bends 

Resistive wall heating in undulators 

Reducing srf dynamic load to lower refrigerator costs; probably more 

important than increasing gradient 

< 1mA local loss allowed 

High HOM power lost at  

srf temps? 

100W/m at 4mA on JLab IR FEL 
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Proposal : SNS-Style Cryomodule 

4 cavities per CM, 802.5 MHz 

Slide 35 

Supply 

End Can 

Return 

End Can 

• Based on SNS CM 

– 5-cell Low Loss Shape 

– Coaxial Fundamental Power 

Coupler 

– Single RF Window 

– DESY-style HOM Couplers 

– Cold Tuner Drive 

 

• Overall Length – 7.524 m 

• Beamline Length – 6.705 m 

 

• End Cans include integral heat 

exchanger for improved 

efficiency at 2K operations 

4X RF Power 

Coupler 

Scaled for β = 1 
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Example of Low-Loss Cavity Parameters (805 MHz) to 

be modified for 802.5 MHz 

• 0 degree wall angle 

• Same shape for mid & end cell 

• Could use SNS cryomodule 

• N2/k~3000, better than JLab-LL 

• Assuming Ea=15MV/m, then 

Ep=36MV/m, Bp=50mT. 

• Assume Rres~10nΩ at 2K, so 

Q0~2.0e10, Ploss~12.6W at 15MV/m 

• MP and HOM NOT investigated yet 

Frequency [MHz] 805 

Cavity inner diameter [mm] 316.7 

Beam pipe diameter [mm] 75.74 

Cavity total length [mm] 1165 

Cavity active length [mm] 925.2 

Ep/Ea 2.40 

Bp/Ea [mT/(MV/m)] 3.34 

Geometry factor [Ω] 288 

Ra/Q [Ω] 764 

Ra*Rs (=G*Ra/Q) [Ω2] 2.20 x 105 

Cell-to-cell coupling k 0.84% 
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