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Overview 
• ILC (International Linear Collider), worldwide project, 

electron-positron collider, energy ~1 TeV 
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Unprecedented precision at the TeV scale! 

Detailed TDR finished 

Very advanced engineering studies ongoing 



The LC physics offer  and challenges  

• Staged energy approach: 

– √s~240 GeV, `Higgs frontier‘   

– √s~350 GeV, `Top threshold‘ 

– √s~500 GeV, `Top Yukawa‘ 

– (√s=91 GeV,  `EW Precision frontier‘ ) 

– √s~1000 GeV, `Higgs potential‘ 

• Polarized beams and threshold scans: 

–  impact on quality and quantity 

– Something ‘new’ comp. to LHC analyses 

• Highest precision: high luminosity+polarization required 
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ILC Machine Overview 
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Beams:σx / σy     -    474 nm / 6 nm 

2*1010/bunch, 1312 bunch/pulse 

5 Hz repitition rate 

Luminosity -  2×1034 cm-2s-1 

Polarisation (e-/e+) - 80% / 30(60)% 
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ILC e+ Source  
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Schematic layout of e+ source 
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• Choice: e+ via radiation from a helical undulator  (because of higher 

yield, less rad. level, better DR accept., less target stress ) 



Pol(e+):Technical facts  (yield ≥1.5) 

• √s=240 GeV: 120 GeV e- drive beam 

– Undulator with 231 m (K=0.92, λ=11.5 mm), collimator r=3.5 mm 

– P(e+)~ 40%                                                               

• √s=350GeV: 175 GeV e- drive beam 
– Collimator with r=1.2 mm 

– P(e+)~ 56% 

• √s=500GeV: 250 GeV e- drive beam 

– Undulator with 144 m, collimator r=0.7mm 

– P(e+)~59% 
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• √s=1 TeV: 500 GeV e- drive beam 
 Undulator with 176 m (K=2.5), collimator r=0.9mm 

 P(e+)~54% 



Yield , pol. vs e- energy (231 m undulator)  
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Positron source parameters 
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ILC baseline target wheel 
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Target stress 
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• Energy deposition in e+ target (FLUKA) 



Peak energy deposition by bunch 
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Temperature rise and distribution (ANSYS) 
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Time evolution of ‘static’ and transient 
deformation 
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Time evolution of ‘static’ and transient 
normal stresses (s1+s2+s3) 
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Static and transient normal stress after 
2nd bunch (s1+s2+s3) 

EPS2015@Vienna 7/2015                   G. Moortgat-Pick, A. Ushakov,... 16 



Temperature distribution in rotated 
target  (100 m/s) 
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s1+s2+s3 and the equivalent von Mises stress 
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• Fatigue limit: Ti ~ 340 MPa:  dynamical stress at acceptable level  



Planned experiment 

• Experimental test of material fatigue limit: 

– Use e- beams with high intensity, high currents, reduce beam size 

and thickness until dE/dV similar to target conditions at the ILC   

– mimic the stress via long (~20μs) electron pulses 

– test different materials and geometries 

– approved at Mainz (Germany) at MAMI and MESA 

• MAMI c.w. injector, kW, 1mA at 3.5 MeV  

– with a typical beam spot target-thickness scale is 1/10mm (can be 

reduced to 10μm) 

– due to c.w. capability -> high rep. rate -> ‘artificial aging 

– first beam time: this year 

• MESA: preacc. runs with 5-8MW, 10mA at 5-14 MeV 

– Starts 2017 
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Conclusions 

• Baseline LC Positron source well designed, mature level 

– high polarization and luminosity at all different energy stages 

• Still target issues (relevant for all LC designs) 

– Bunch-by-bunch simulations of thermal stress induced by photon 

beam in Ti-alloy target 

– Simulations (still under work) shows that fatigue limit will not be 

reached 

– Real target geometry and sound wave reflections have to be 

included 

– Not shown here in detail: backup with analytical calculation done! 

• Target tests at MAMI / MESA approved 

– Test fatigue limit of different target materials 

– Starts 2015 
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ILC Parameters 
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Longitudinal σz and transversal σx stress 

components 
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Longitudinal and transversal stress 
components (static) 
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Equilibrium (background) temperature in 
radiative cooled target 
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Radiative Cooling, cont. 
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