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Start points:

▪ SPS with 6912m circumference, LHC with 26659m 

▪ Kept the magnet strengths of 1.8T and 10T

▪ Filling factors match those of the real tunnels 

▪ Optimization tool minimizes the four linear gradients times length

▪ The energy reach of RCS 4 is to be maximized (for the optimization tool, see appendix)

Possible scenarios:

▪ 3 RCS: 1x normal conducting in SPS tunnel, 2x (NC + hybrid) in LHC tunnel

▪ 3 RCS: 2x (NC + hybrid) in SPS tunnel, 1x hybrid in LHC tunnel

▪ 2 RCS: NC in SPS tunnel and hybrid in LHC tunnel

RCS chain options for CERN-based scenarios

Fabian Batsch

https://gitlab.cern.ch/muon-collider-bd/rcsparameters/-/tree/29-add-example-optimization?ref_type=heads


This RCS is common in all three scenarios:

→ The ejection energy is set by the maximum 

reach defined by Bnc 

→ 400 GeV ejection energy

Common case: the normal conducting SPS

Example table created with D. Amorim’s online tool

https://rcsparameters.web.cern.ch/


Scenario 2xSPS, 1x LHC

→ RF not yet optimized 

as Bref for RCS1 is 

not determined



Scenario 1xSPS, 2x LHC

Large number of 
cavities

=> 9 TeV collider

Note: using 16T 
would allow to 
reach 5 TeV 



Scenario 1xSPS, 1x LHC

Much less 
cavities

=> 7 TeV collider

1 RCS per tunnel 
optimal at CERN!



What is the difference to the green field (GF) study???

The energy swing of a second hybrid RCS is given by 

▪
𝑬𝒆𝒋

𝑬𝒊𝒏𝒋
=

𝑩𝒔𝒄
𝑩𝒏𝒄

∗𝑳𝒔𝒄,𝟐+𝑳𝒏𝒄,𝟐

𝟐∗𝝅∗𝝆𝒃,𝟏
    for the case of NC RCS as pre-injector

with 𝑳𝒔𝒄,𝟐 + 𝑳𝒏𝒄,𝟐 = 𝟐 ∗ 𝝅 ∗ 𝝆𝒃,𝟐

and by

▪
𝑬𝒆𝒋

𝑬𝒊𝒏𝒋
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    for a hybrid RCS as pre-injector

Energy swings in hybrid RCS

Fabian Batsch

RCS@LHC: 
𝑬𝒆𝒋

𝑬𝒊𝒏𝒋
=
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RCS2 GF:    
𝑬𝒆𝒋
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▪ In summery 

▪ The fine-tuned RF optimization will be done for the selected scenario

▪ Real cost analysis requires a defined magnetic ramp of RCS1

▪ The CERN complex has a beneficial machine radius ratio such that 1 RCS per ring is optimal 
and large energy swings are also possible in hybrid RCSs 

Conclusion

Fabian Batsch

Scenario # RCS Final Energy [TeV] VRF [V] Ncav Survival rate

2x SPS, 1x LHC 3 3.95 135.8 3342 0.7

1x SPS, 2x LHC 3 4.65 174.4 5690 0.7

1x SPS, 1x LHC 2 3.58 89.4 2845 0.7





Scenario 1xSPS, 2x LHC for 16T SC magnets

Length does not fit 8*540m

= 10 TeV collider

Limit to be applied



Scenario 1xSPS, 1x LHC, 16T

= 7.5 TeV collider



Greenfield scenario with 1 RCS per tunnel



▪ Use this as input for the optimization tool by David Amorim, Leonard Thiele, Marco Gast, ...

Parameter optimization using David’s python 
script

https://gitlab.cern.ch/muon-collider-bd/rcsparameters/-/tree/29-add-example-optimization?ref_type=heads


▪ Use this as input for the optimization tool by David Amorim, Leonard Thiele, Marco Gast, ...

Parameter optimization using David’s python 
script

https://gitlab.cern.ch/muon-collider-bd/rcsparameters/-/tree/29-add-example-optimization?ref_type=heads
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