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Thank you for Injection Input 

China (Hefei): 

 Q. Luo (Injection) 

 D. Xu (Sources) 

China (IHEP): 

 X. Zhang (CEPC Injection) 

Frascati (INFN): 

 M. Biagini (Ring injection) 

 R. Boni (Linacs) 

Japan (KEK): 

 A. Akai (Linac issues and costs) 

 M.Tobiyama (SuperKEKB feedback) 

Russia (BINP, Dubna) 

 A. Bogomyagkov (Rings) 

 E. Levichev (Lattices and injection) 

Switzerland (CERN): 

 S. Ogur (FCC injection) 

 K. Oide (FCC lattice) 

 F. Zimmermann (FCC Injection, LEP costs) 

US (SLAC): 

 F-J. Decker (SLAC linac) 

 J. Sheppard (PEP-II Injection) 

 U. Wienands (Top-up ring issues) 
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Tau-Charm Beam Requirements for Injection 

Maximum fill time  from zero current < 15 minutes 

Charge per injected bunch ~ 2 to 50 x 109 

Charge stability < 2% 

Bunch length < 2 mm 

Energy spread rms < 0.5 % 

Emittance (x,y) < 10 nm-rad 

Energy stability < 1 % 
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Injection Goals 

All the injectors that are discussed are single bunch injectors [but could be upgraded 2 to 

10 bunches per pulse] 

 

For T-C need to fill the maximum number of bunches at 1.5 to 3 GeV 

 

Need to fill from scratch and in top-up mode. 

 

In top up mode: Number of injection pulses with quanta of ~10 to 20 % of full charge per 

bunch (1x 109). 
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BINP Tau-Charm (2018) (Bogomyagkov) 
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NSLS-II Injection Stacking 

For charge exchange, inject bunch on axis and remove stored bunch. 
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BINP Tau-Charm Parameters (2018)  

Total N = ~3x 1013 
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BINP Electron Injector (Polarized) 
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BINP e+ injector 
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Parameters Tau-Charm (NSRL, China) (2017) 
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Tau-Charm Layout (Frascati) (Biagini) 

Linac used for FEL science as well. 
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Typical Tau-Charm Parameters (Frascati) 

Total N = 1.1x 1013 
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SLAC SLC Collider (120 Hz, 50GeV) 

Damping ring has small width (~ 10 m) 
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SLC Damping Ring (1.21 GeV), polarized e-, 35.3 m circ) 

  

Shape for 

Polarization 
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Injector Cost Estimation 

An actual site for the injector usually has constraints: 

 

Existing equipment:  linac, damping rings , particle sources. 

 

Geometrical constraints: Site boundaries, land elevation, buildings, shielding issues for 

neighbors 

 

Personnel: technical expertise, cost of personnel, technical component costs 

 

 

I will try to answer here with no external constriants:  

 

What is the least expensive “green” field e+e- injector? 

 

(Used here: California parametric cost estimates) 
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Parametric Cost Analysis for Various Injectors 

The plan is to provide an average cost value for each segment of the injector chain. 

 

The costs are split into “tunnel” and “accelerator” costs. 

 

A cost value per meter will be assigned depending on the difficulty of the technology. 

 

For example, a linac accelerator costs more per meter than an accelerator transport line. 

  

A linac tunnel cost more per meter than a transport line tunnel. 

 

When an accelerator shares a tunnel with another accelerator, then only the incremental costs 

for the tunnel will be added. 

 

The cost is then calculated by the cost per meter times the length of the accelerator segment. 

 

 The cost values are only for comparisons of different technologies and do not represent the 

actual real costs which is  much more complicated to calculate. Parametric cost estimate! 
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Injector Complex Components (costly) 

• e+/e- LINAC  

• e+ Target 

• Damping ring  

• Booster ring  

• Polarization 

• Spin Rotators 
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Injector Simple Components (inexpensive) 

Transport tunnels 

Transport lines 

Ring injection lines 
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Tau-Charm Injector (Basic case) (Straight Linac) 
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Parametric Costs for Straight Linac Case 
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More Compact Electron Injector (folded) 

Two linacs share the housing and klystron gallery. 

Half 

SLC 

Damping 

Ring 
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Folded Full Tau-Charm Injector (e+ e-) 

  

Positrons share many of the electron facilities. 

 

Minimum cost would remove the positron linac on the right. 
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Folded Linac Injector Parametric Costs 
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Recirculating Linac Injector 

 

 

0.9 GeV Linac T 

1.1 GeV  

Damping Ring 

Tau-Charm 

Collider 
100 MeV 

LE 

HE e+ 

Gun 

HE e- 

For Tau-Charm collider, the injection energy is low enough 

that a wrap-around recirculation time is with in  

one linac pulse (~3 micro-second). 
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Recirculating Linac Parametric Costs 
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Rapid Cycling Synchrotron (RCS)+Low Energy Linac Injector 

  

Tau 

Charm 

Collider 

e- 

e+ e+ Damping Ring (0.4 GeV) 

RCS 

e- 
T 

0.4 to 2 GeV 

Gun Linac 0.4 GeV 

Linac 0.1 GeV 
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Cornell Rapid Synchrotron (12 GeV, 60Hz, 768 m) 

CESR Synchrotron injector 
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NSLS-II Injector Synchrotron (0.2  3 GeV, 158 m) 
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RSC+Linac Parametric Costs 
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Cost summary: Tau-Charm Injector Types Compared (Parametric Costs) 

Common components that need to be added to all injectors (same for all): 

 Gun e- source 

 Injection transport lines into rings  

 Positron target and e+ capture section.  

 

Cost Summary:           Relative cost 

Straight linac injector     1.0 

Folded linac injector     0.76 

Recirculating linac injector    0.77 

Rapid cycling synchrotron + low energy linac injector 0.75 
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Conclusion 

The solid e+ and e-  injector is important for a Tau-Charm Collider due 

to short beam lifetimes and the need for polarized electrons. 

 

Positron production adds complications. 

 

Polarization adds complications. 

 

Site constraints often dictates the design of the injector. 

 

Parametric cost analysis indicates that a “green field” folded linac, a 

recirculating linac, or a RCS are the least expensive injectors for a tau-

charm factory. Exact cheapest depends on local conditions. 

 


