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Muon Collider preliminary cost study E
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Collaboration
« The cost range for the different configurations was evaluated and compared to the Green Field scenario,
where a cost for Civil Engineering of 50kCHF/m was assumed in the absence of a detailed study.

Relative cost for 3.2 TeV Relative cost for 7.6 TeV

Cost range for Muon Collider scenarios 6.6%
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&)  The ITF estimate @)
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* A previous estimate was done in the frame of the Snowmass exercise in 2022,

by using a multi-parameter cost model and starting from estimates provided
by project proponents (B$ in the scale below).

Project Cost
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Configurations
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Parameter Symbol unit Site independent
Stage 1 | Stage 2
Centre-of-mass energy E.. TeV 3 10
Target integrated luminosity | [ Lipet ab ™! 1 10
Estimated luminosity Y ST 10*em ™ %s 7! 1.8 17.5
Collider circumference Gl km 4.5 11.4
Collider arc peak field B, .. 0 11 14
Collider dipole technology NbsSn | HTS

« As for costing, we intend to stay with the CERN scenario and try to
complete the cost and power analysis as much as possible before the

end of 2025.
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Target\& Front End

Cooling

What are we missing (machine) @

Accelerat'y( Collider

Proton Driver
H™ LINAC Accumulator Comeressor
i

Ring ng

—O0k

Pion \'jhicane& Muon  Phase
Target |Absorber Buncher Rotator

R s

Initial Charge Bunch 6D Final

Cooling Sepafation Merger Cooling Coolihg

NITOAIITH ¥

Buncher  Pre-
accelerator

SCLINAQ RLAT2 RCS1,2,3 &4 | 3 TeV Collider
10 TeV Collider

" and Compressor Rings

Accumulator and compressor Rings (they will be estimated in the next months)
Muon charge separation and merging

Final cooling (conceptual)

SC Linac

Collider ring : Beam dynamics and realistic magnets. Field-free length.
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~ only solenoids
are considered
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What are we missing (systems) @
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ﬁoton Driver Target\& Front End Cooling Accelerat'y( Collider

—O0k

H™ LINAC Accumulator Comeressor Pion Chicane & Muon Phase | Initial  Charge Bunch 6D Final Buncher Pre- SCLINAG RLAT12 RCS1,2,3 &4 | 3TeV Collider
i

Ring ng Target |Absorber Buncher Rotator | Cooling Sepafation Merger Cooling Coolihg accelerator 10 TeV Collider

" and Compressor Rings

Decay channel shielding, solenoids ? (my figures may be incomplete)
Final cooling RF

RLAs magnets

Magnet cryostats ? (for RF this was included)

Vacuum in general (is 20kCHF/m a reasonable estimate ?)
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Cost sensitivity )

S
* In the two configurations, the same technologies weigh differently on the cost uncertainty,
showing the path for some risk mitigation and priorities in case of energy staging.

Sensitivity Analysis for 3.2 TeV Sensitivity Analysis for 7.6 TeV
soencics | scvagners | |
wr . R
Other (p driver, target, shielding) | Solenoids -
Civil Engineering -- Other (p driver, target, shielding) --
General infrastructure N General infrastructure s
SC Magnets s Power Converters Has
Power Converters [ [ Civil Engineering [ [
NC Magnets [ | NC Magnets B
Cryogenics I Cryogenics [ |
-1'500 -1'000 -500 0 500 1'000 1'500 2'000 -1'500 -1'000 -500 0 500 1'000 1'500 2'000 2'S00
M "Negative variance” W "Positive variance" MCHF m "Negative variance”  m "Positive variance" MCHF
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The Cooling Channel challenge )
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e Coils From L. Rossi presentation Initial and new B, copper walls - AM stages Cell Evag Mag Coil e Breax

‘ 140.00 (MJ) (MJ/m*) (A/mm?) (T)

120.00 Al 54 21 Al-1 57.6 52

F 10000 A2 221 106.1 A2-1 149.5 11.6

> 000 — A3 50 495 A3-1 131.5 10.1

= N A4 80 923 A4-1 193.2 13.8

. — f—Epeaonew Bl 9.1 49.8 Bl-1 96.9 7.7

e 40.00 = = Max E-field B2 156 64.2 B2-1 102.1 9.2

20.00 I I _I — — Ultimate E-fild B3 36.9 105.9 B3-1 127.9 12.9

000 1 | B4 756 149.9 B4-1 88.5 16.1

- B5 173 88.9 B5-1 179.6 14.7
I Stage number B5 B5-2 154.0 14.7
1 B6 83 96.6 B6-1 2144 15.3
1 Initial and new peak power - BM stages B6 B6-2 2115 12.0
1 | 80.00 B6 B6-3 47 12.4
| 70.00 B7 82 87.7 B7-1 183.3 14.7
| \ 60.00 B7 B7-2 153.9 11.1
5 e gsow B7 B7-3 210.3 13.2
: I = 4000 — BS 88 92.1 B8-1 193.7 16.5

Intercell Cryostat a7 3000 _ B8 BS-2 202.1 15.4

- - 20.00 B Pdissnew BS B8-3 212.8 13.2

Y _I _I - B9 75 76.5 BY-1 2564 172

- Expect changes in the beam L no boa oo 139

. . . age number

dynamics and cavity design. From C. Barbagallo BIO 50 686 | BIO-l 3268 192

B10 B10-2  146.1 11.1

Modular design and standardization may help to adapt to changes Blo oS 2ms s
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v  The Cooling Channel challenge @
Sz
* Integrate the absorbers
* Interface to cryogenics
« Alignment tolerances and strategy for alignment

« Admissible alignment tolerances by the beam dynamics team

e Beam instrumentation

* Preliminary layout of the required beam instrumentation by the
beam dynamics team, possibly provide dynamic range and
bandwidth
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Solenoid cost
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From the magnet session - Solenoids - M. Statera

250
1200 =
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400 < | °
200 = = —
Ollll“ ||H|-HT5 é 0
Al A2 A3 A4 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 2022 2024 2026 2028 2030

« Conclude on the most appropriate metrics to apply, try to include a notion
of technical risk.
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RCS Magnets and powering

!

Cost and implications of the different options for the RCS magnet powering may
affect the CE and General Infrastructure design.

Parameter

RCS1SPS RCS2LHC JJRCS 3 LHC

Hybrid RCS
Circumference
Injection energy
Extraction energy
Energy ratio

Average acel. gradient
Straight section length

Length with NC magnets
Length with SC magnets

Packing Fraction
Max NC dipole field

AVi B2 ala ]

NC dipole amp rate [

Main RF frequency
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* Linear ramp adopted for
the CERN installation.

 Fast ramping NC
magnets and power
converters

2.5m

Normalized gradient linear vs. sinusoidal
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Collider Ring @
s Combined Function Magnets

Quad-Dip - ReBCO, Cost limit = 400 kEUR/m, Operating Temp = 4.5K

D. Novelli

« The large gap in the B-G plots between
the requested performance (triangles)
and what appears as achievable today
Imposes an iteration with the design
team.

 New input provided to the beam
physicists.




Concluding remarks @
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/ Collaboration
« Aclose interaction / coordination among the design team and the WPs in

charge of the technical systems is necessary for an effective progress in the
selection of the most appropriate options.

« The cost and power exercise will be properly documented to allow the
continuation of this work.

« AKkind of quality assurance system concerning parameters and
configurations would be beneficial in assuring consistency and tracking of the
different efforts.

« Permanently include cost and power considerations into the facility design
may help with the selection of technical options.
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