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Electron / Positron Injection 
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The LPI* as an e- and e+ sources 
(*)  LPI = LEP Pre-Injector 
LIL =  LEP Injector Linac 
EPA = Electron Positron 
Accumulator 

LIL Beam Characteristics 
Energy  :  200  to 700  MeV 

Intensity  :  5x108  to 2x1010  e- / pulse   
  Pulse length 10 to 35 ns 

(FWHM) 

Frequency:  1  to 100 Hz 

Beam sizes:  σx = σy = 3 mm 

Louis Rinolfi 
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RR: Ring Bending  
Parameters for Bending 

Beam Energy [GeV] 60 
Magnetic Length [m] 5.35 
Magnetic field [Gauss] 763 
Number of magnets 3080 
Weight [kg] 
Vertical aperture [mm] 40 
Pole width [mm] 150 
Number of coils 2 
Number of turns/coil 1 
Current [A] 1300 
Conductor material aluminum 
Magnet Inductance [mH] 0.15 
Magnet Resistance  [mΩ] 0.20 
Power per magnet [W] 340 
Cooling air 

30 cm 

Davide Tommassini 



RR: Ring Quadrupoles 
Parameters for Quadrupoles 

Number of magnets 736 

Aperture radius [mm]  30 

Field gradient [T/m] 10.5 

Magnetic Length [mm] 1000 

Yoke length [mm] 980 

Total length [mm] 1200 

Weight [kg] 500 

Number of turns/pole 1 

Current [A] 3850 

Conductor material copper 

Current density [A/mm2] 2.5 

Resistance [mΩ] 0.12 

Power [kW] 1.8 

Inductance [mH] 0.05 

Cooling water/air 

28 cm 

made with one-piece laminations 

Davide Tommassini 



RF Layout for Ring-Ring Option  

Simplest op+on:  
Install only in the IR bypass sec2ons 

208 m available 

15 x 12m Cryomodules Total 

9 at CMS bypass = 108m 

2 x 3 at ATLAS bypass = 2 * 36m  

Total 180 m 

This layout forces the 60 klystron op+on 

Available space in  the 
bypass tunnels 

(M. Fi>erer, H. Burkhardt) 
RF Gallery 

RF Gallery 

Energy = 60 GeV, 400 MHz RF,   500 MV, 60 MW. 

Like 400 MHz LHC RF  (3 MV/cavity) 
168 caviEes, 3MV/cavity => 42 LHC style 4‐cav  

SC modules (8m long) => 168 m + 20%  

•   350 kW/cavity, within exisEng LHC  

• variable power coupler raEngs 
     => RF Config: 168 klystrons,  or 84  700 kW  

klystrons, each driving 2 caviEes  

Ed Ciapala 



LHeC Ring-Ring Option IR-Optics 

10 Optics: 
      Luminosity limited by βmax at 
      first proton quadrupole 

     determines the quadrupole design 
     determines the separation scheme 

   determines the crossing angle  
       (parasitic encounters) 

Goal: “somehow in the range of L= 1033 “ 

€ 

σ x = 30 µm
σ y =15.8 µm

€ 

βxp =1.8 m βxe =18 cm
βyp = 0.5 m βye =10 cm

Luke Thomson 

  



LHeC Ring-Ring Option 
IR-Optics 

1 Optics: 
      Luminosity limited by βmax at 
      first proton quadrupole  

     ... but more by (late) separation scheme 
     determines the synchrotron radiation  
         power 

Goal: “as close as possible to the 10option“ 

€ 

σ x = 44.7 µm
σ y = 22.4 µm

€ 

βxp = 3.9 m βxe = 40 cm
βyp =1.0 m βye = 20 cm

Luke Thomson 



Synchrotron Radiation in the IR 

*Simulations use optics created by L. Thompson 
**Separation refers to the separation between the interacting beams at the face of the proton triplet 
Nathan Bernard   

10 degree Option 



RR Option 1 degree* 

*Simulations use optics created by L. Thompson 
**Separation refers to the separation between the interacting beams at the face of the proton triplet 



Photon Number 
Density Growth in Z 

•  The focusing and bending of the beam 
determines the photon distribution as it 
traverses in Z. 
•  Quadrupole fields add more significant Y 
component, and change density in X. 

Nathan Bernard   



Power on Absorber 

•  14.61 kW or 50.38% will hit the absorber surface. 
•  Backscattering hasn’t been taken into account. 
•  14.39 kW will continue into the proton triplet. 

sc. p-Vacuum pipe e-”exit” 

Nathan Bernard   

10 degree Option 



Power on Absorber 
•  33.3 kW or 75.34% will hit the absorber surface. 
•  Backscattering hasn’t been taken into account. 

•  11 kW will continue into the proton triplet. 

sc. p-Vacuum pipe e-”exit” 

Nathan Bernard   

1 degree Option 
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Four Remaining Options for Ring-Ring 

Double aperture 
(vertical) 

Double aperture 
(horizontal)  

Single aperture (for pp) 

(Q2) 

Mirror 

(Q1) 

7400 A 

MQY cable 

7400 A 

MQY cable 

4600 A 

MQY cables 

4900 A 

MQY cables 

95 mm 

Septum 

100 mm 107 mm 65 mm 

0.2 E -3 T 

Fringe field in e-pipe 

0.2 E -3 T 0.016 T 0.03 T 

Stephan 
Russenschuck 



Uli Wienands 

LEP experience 

60 GeV 



•  Installation of an e ring is challenging  
•  Modifications of the existing installations will be necessary 
•  No show stopper 
•  Activation of Tunnel and Hardware  Karl-Hubert Mess 

Integration and machine protection issues 
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Requirements: 
  The above work can not be done with the current arrangement and 
      requires a focused team and sufficient resources 

Conclusion: 
  Decision on LHeC option should be taken by 2012 

Production time: 
-Ring-Ring: ca. 4000 magnets (3000 dipole & 1000 quadrupoles) 
-Linac-Ring: ca. the same number of magnets for ER option!  
  LHC transfer lines (ca. 6km); 350 warm magnets in 3 years (10/month) 
  LHeC magnet production requires industrial production 
  requires several contractors and production lines: pre-series and QA! 
  1-2 years of pre-series production. 
  assume 80 magnets / month (8 * TL)  5 years of production 
     Total of ca. 10 years for magnet production time? 

Oliver Bruening 



LHeC Ring-Ring Option 
Main Parameters 



LHeC Ring-Ring Option 
Summary 

Bernhard Holzer 

highly motivated and talented team 
excellent work 

 ... from the seniors 
as well as  

 ... from the new comers 

a lot of progress and encouraging results  

Than’x to all of you !!! 


