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Outline

 Brief review of injection and extraction system of LHC

 Challenge of inj./ext. system for SppC/FCC



Brief review of LHC injection system
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 Fast-Pulsed Dilution Magnets(MKB)



Brief review of LHC extraction system

 Beam Dump Absorber Block TDE

Polycrystalline Graphite(PG)

1.73 g/cm3

 4.7×1014 ppb, 2×104 beam at 7 TeV during 20 years

 80% energy(428MJ) is absorbed every dump

 Optimized design to avoid thermal and mechanical 

degradation

 ~900 tons radiation shielding blocks

 Filling the dump with an inert gas permanently to 

avoid graphite from fire



Challenge of Inj./Ext. system for SppC/FCC

 Injection chain

 For SppC, a new injection will be built

 For FCC, part of LHC’s injection chain 

may be reused

 TeV level injection energy can cause 

serious problem for injection kicker, 

machine protection and safely running 

of injection chain

SPPC FCC



Challenge of Inj./Ext. system for SppC/FCC

 Beam injection from HEB to FCC

 The beam injection from HEB to FCC is 

mainly constrained by machine protection, 

staggered transfer is proposed

 Each transfer should not exceed 5 MJ

 The injection kicker rise time must not 

exceed 280 ns to reach a filling factor of 

80%



Challenge of Inj./Ext. system for SppC/FCC

 Beam injection from HEB to FCC

 The layout of injection system is 

similar to LHC’s

 Increasing the half length to reduced 

the required kicker strength



Challenge of Inj./Ext. system for SppC/FCC

 Beam injection from HEB to FCC

 Both transfer lines of the 

intersecting option measure 

4 km, the transfer lines of 

the non-intersecting option 

measure 7.1 and 5.4 km

 The bending angle of 

intersecting option is 150°

more than non-intersecting 

option, thus require 6 km 

longer dipole length



Challenge of Inj./Ext. system for SppC/FCC

 Layout of beam extraction system of FCC

Baseline layout Alternative layout

 The benefit of baseline layout is that beta collimation provide complementary protection

 The disadvantage of baseline is the impact of momentum collimation showers on the 

sensitive kicker



Challenge of Inj./Ext. system for SppC/FCC

 Extraction system of FCC

 Purely scaled LHC extraction system is not 

advantageous in hardware parameters, 

MCBs are added to reduce kick/septa’s 

strength

 The SSC like option requires a very stable 

current and careful septa field design

 Asymmetric option can provide enough 

physical space to accommodate a highly 

segmented kicker system



Challenge of Inj./Ext. system for SppC/FCC

 Extraction system of FCC

LHC like SSC like

Asymmetric Asymmetric

 The optics of LHC like 

option and SSC like option 

are similar

 For asymmetric option, the 

small beta function at 

extraction kicker opens the 

possibility not to retrigger 

the full system, the high 

beta function at septum 

and quadrupole protection 

absorbers



Challenge of Inj./Ext. system for SppC/FCC

 Dump system consideration

Peak energy density increases by a factor ~30

Entire dump needs to be longer to sufficiently absorb showers

LHC FCC



Challenge of Inj./Ext. system for SppC/FCC

 Dump system consideration

 Linear sweep to estimate peak 

energy density

 Distance of 2 mm between 

bunches should keep peak 

temperature below 2000 ℃

 For 10600 bunches, the sweep 

length would be 21.2 m
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Thank you for your attention!


