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Jan. 19 – 22, 2015, IAS’15 conference, we had: 



This year, we have: 



During the conference,we have: 

•   25 talks ( 5 plenary + 20 parallel )  
– 2 overview talks + 5 status talks 
– 16 AP talks + 2 Magnet talks 

 

• Forum & Discussions on Accelerator 
 

• Very informative & fruitful  



CEPC+SppC： 

e-e+  Higgs Factory 

pp collider  

CEPC：240 – 250GeV 

SppC：50 – 100 TeV 

e+ e- LTB 



 
 

CEPC-SppC on Site  
 



CEPC 









FCC-ee 





E. Levichev 



Challenges in e+e- circular collider 

• Luminosity – beamstrahlung dominated 



• Power consumption 





• IR design – a promising solution 



First piece of hardware of FCC-ee at CERN 





Key technologies 

• High-field SC magnets: 20 T dipoles 
• Beam screen & vacuum: decrease SR heating 
• Beam instrumentation & control 
• Machine protection 
• SC RF system 
• Cryogenics 

 
 





Key Technologies 





Challenges in pp collider 





High-field SC magnet 
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Cos-theta  dipole  

Higher efficiency, complicated ends with hard-way bending 
Common coil dipole  

Simplest structure with large bending radius, lower efficiency 

Canted cos-theta dipole 
Lowest stress level in coil, lowest efficiency 

Efficiency, field quality, stress management, fabrication method… 

Block type dipole 
Simpler structure with hard-way bending, lower efficiency 

Comparison of different coil configurations 

R&D Steps for SPPC Dipole Magnets 



Different coil configurations 
for 20-T dipole magnet 
 
Left: Common coil 
                       Right: Cos-theta 

Common coil 

Cos-theta 

Coil ends Common coil Cos-theta 

29 

C. Wang et al. 
Common coil vs Cos-theta 

Comparison of different coil configurations 

R&D Steps for SPPC Dipole Magnets 



ILC/LCC 







Nano-beam Technology  SCRF Linac  

Cryomodule Operation  Progress in beam size at ATF2 



General Accelerator Physics issues for colliders (Seeman & Ohmi): 

• Lattices: 
−  x-y chromatic coupling in the IR is important:  skew sext. 
−  Sextupole and skew quadrupole coupling corrections in IR 
−  More studies of IR error tolerances needed. 

• Instabilities: 
−  e-cloud to allow more bunches. 

• Beam-Beam Calculations: 
−  Need mores studies of non-linear beam dynamics. 
−  Parasitic crossing studies 

• Beam lifetimes: 
−  Short beam lifetimes (~10 min)  with continuous top-off inj.  

• Tunes: half-integer for better collisions 
• Crab cavities: 

− Crab cavities tilt bunches as expected at IP. 
−  Expected luminosity gains not, so far, fully achieved. 
−  Must include dynamic β effect with respect to ring apertures. 
−  Crab cavity trip rates need some additional study. 
 
 
 
 



• Large Piwinski Angle: 
−  Works in a collider. 
−  Allows Θx >0.505 

• Crab waist: 
−  Crab waist can potentially improve the 

luminosity. 
−  Effects of crab sextupoles on dynamic aperture 

needs work. 
• Round beams: 

−  Initial beam tests look promising. 
−  Additional tolerance studies are needed. 

• Beamstrahlung 
–     Dominate the ring-based Higgs machine design 

• Polarized beam 
 

 



Key issues for future colliders (Seeman): 

• IR design 
– 1 mm to 300 micron scale βy*, large betas in IR quadrupoles, 

quadrupoles inside the detector, collision feedback, vacuum chamber 
design, magnet tolerances,  alignment and jitter  tolerances, crab 
cavities, crab waist 

– Test accelerators/facilities: SuperKEKB, CESR-TA, PETRA-3, vibration 
stabilization facility 

– Technologies: 
  100+ Hz IP dither feedback on luminosity 
  Superconducting magnets 
  Permanent magnets 
  Power supply stability 
  Vibration control 
  Non-linear optics 

 

 



MDI 

IP Vertex Be Chamber Bellows Cooling at PEP-II  

Fast Dither 
Feedback at 
SuperKEKB 



Low emittance 



High current effects 



Intra-beam scattering 



High Beam Power 

 
• Higher currents and shorter bunches lead directly to much higher wake-

field effects  
– HOM power and CSR 

 
• Vacuum chamber impedances must be minimized 

– Causes bunch lengthening 
– Hard to do a lot better than present B-factories 

 
• All components must be water-cooled  

– Again, difficult to do much better than present B-factories 
 

• SR power levels increase with higher beam currents causing higher total 
beam losses  
– More RF power needed to restore the lost beam energy – more plug 

power 
 



Beam lifetime 

• Beam-beam, luminosity (Bhabha), beamstahlung, Touschek, 
vacuum, etc, determine the beam lifetime ~ 10 min or more. 

• Full energy and top-off injection are required. 

Beam injection & booster 



• Lattice optimization 
– Cell length optimization 

AP studies to future lepton collider 



• Local chromaticity compensation is unnecessary 
(Talman), or not? 

• Choice of vertical tune, momentum acceptance could 
be more than 3%. 

• More IP free spaces brings large momentum accept. 
• Finite dispersion and bends near the IP are also no 

needs, so synchrotron radiation incident on detector 
is dramatically reduced. 

• For CEPC case, optimal cell length is 82 m, much 
longer than the current design. 



AP studies to future lepton collider 

• Improvement on DA with a final telescope  

Mx=10 
My=25 
βx*=0.1 m 
βy*=1 mm 
L*=2 m 

Parameters: L1=2 m, d1=1.85541 m, L=40 m, d2=7.14276 m, L2=1 m,  
f1=1.36174 m, f2=2.51748 m, f3=15.11842 m, f4= 17.01195 m 

IP 
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Lqp p is the distance to the first focal point 

q is for the second focal point 
f is the effective focusing length 
sign convention: >0 for right and <0 left 
M is the magnification factor 

(p1, q1, f1) (p2, q2, f2) 

The subsystems do not have to be doublets or thin lens. Moreover, these  
conditions are valid both in the horizontal and vertical planes. 





FFS 

LCC 

DA CRDT 



• Nonlinearity effect to DA (Levichev) 







• DA limitation is a challenging problem. More 
efforts are needed to enlarge DA. 

• Limiting factors: Vertical sextupole chromatic 
section at IR, FF quads fringes, and arc sext.  

• Local + global compensation can give 
reasonable DA. 

• Damping is important to increase the DA at 
high energy ring.  

• A lot of problems are still remaining… 



Other possible ways to improve DA 

• MOGA 

Pareto frontier 



• Objective: 
– Chromaticity control 
– Longitudinal stability 
– DA & energy acceptance 

• Need parallel computation 
• Apply to big machine? Efficient? CPU time? 



• Other AP issues: 
– Beam-beam simulation (Ohmi, Zhang,Shatilov) 
– Polarization (Koop, Yokoya) 
– Energy calibration (Muchnoi) 
– Crabbed waist (Milardi, Seeman)  
– Etc… 

 



Collaborations 
• CEPC: 

– IAC founded, 1st meeting held on Sept. 14-15, 2015 
– Established collaborations with KEK, BINP, SLAC, BNL, LBNL, 

INFN, LAL, HKUST, etc. 
– Collaborate with institutions and universities in China, 

mainly on accelerator technologies (SRF, SC magnet,  
– More collaborations are needed. 

• FCC： 



• ILC： 



The road to the future collider 

 



 



 

http://mediaarchive.cern.ch/MediaArchive/Photo/Public/2005/0510029/0510029_05/0510029_05-A5-at-72-dpi.jpg


 



Energy 



 
Luminosity 



All workers on colliders unite! 
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