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Identify the critical steps in a design study towards an initial 

machine operating at 3 TeV center-of-mass energy.

Discussion of path to a higher center-of-mass energy option for 

a future energy frontier machine

The meeting aims to assemble a world-wide group of experts 

physics benchmarks, detector simulation, 

machine design & technology development

The output will be a roadmap for the R&D and design efforts 

with clearly identified priorities and work descriptions. 

Towards an international collaboration on Muon Collider 

MUST (MUon STudy)

Workshop’s aims

J.P.Delahaye MC wokshop (April 01, 2020)
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Agenda: April 1, 2020

Muon Collider: 

key issues & priority plan

J.P.Delahaye MC wokshop (April 01, 2020)

March 31: Physics and Detectors

April 1: MC key issues and plan

Proton driven scheme

April 2: Positron driven scheme

Summary
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Luminosity performance?

J.P.Delahaye MC wokshop (April 01, 2020)
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Luminosity performance

and limitations?

J.P.Delahaye MC wokshop (April 01, 2020)

Luminosity limited by

muon production: Nm 

𝐿 = 𝐴𝜇
𝐵𝐸

𝜀𝑇𝛽
∗

𝑁𝜇
2

𝑘𝑏𝑓𝑟

Nm = 2.5E13 m/s

1 detector: L<10 TeV?

2 detectors: L>14TeV? 
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Luminosity performance and 

limitations?

J.P.Delahaye MC wokshop (April 01, 2020)

Luminosity limited by

muon production: Nm

𝐿 = 𝐴𝜇
𝐵𝐸

𝜀𝑇𝛽
∗

𝑁𝜇
2

𝑘𝑏𝑓𝑟

Nm = 2.5E13 m/s

1 detector: L<10 TeV?

2 detectors: L>14 TeV? 

Neutrino radiation: D

1 detector: L<7 TeV?

2 detectors: L<9 TeV? 
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Maximum luminosity limited by both muon production and 

neutrino radiation:    E = 6 TeV, L = 1.2 E35

Reasonable MUST energy range: 3 to 10 or 14TeV?

Emin = CLIC energy max for minimum overlap

E = 3 TeV, Ltot = 1.8E34 (Baseline)

Emax limited by neutrino radiation (2 or 4 detectors?) 

Emax = 10 TeV, Ltot = 2E35

Emax = 14 TeV, Ltot = 4E35

Realistic? Ambitious enough? 14 TeV?

Energy range?

J.P.Delahaye MC wokshop (April 01, 2020)
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Tentative Target Parameters?

D. Schulte Muon collider parameters, CERN March/April 2020

Paramete

r

Unit 3 TeV 3 TeV* 10 TeV 10 TeV* 14 TeV 14 TeV*

L 1034cm-2s-1 1.8 1.8 20 20 40 40

N 1012 2  2.2 2  2.2 1.8 1.8 1.8 1.8

fr Hz 6 5 35 29 4  5 10  12 4  5 7  9

Pbeam MW 5.8 5.3 34 32 12.8 

14.4

32 35 18 20 32  37

C km 4.5 26.7 10 26.7 14 26.7

<B> T 7 1.2 10.5 3.9 10.5 5.5

εL MeV m 7.5 7.5 7.5 7.5 7.5 7.5

σE / E % 0.1 0.1 0.1 0.1 0.1 0.1

σz mm 5 5 1.5 1.5 1.07 1.07

β mm 5 5 1.5 1.5 1.07 1.07

ε μm 25 25 25 25 25 25

σx,y μm 3.0 3.0 0.9 0.9 0.63 0.63

*Use of LHC tunnel for colliderAdjust for staging, G = 1 MV from 1.5 to 5 TeV,

Or 1.3 MV from 1.5 TeV to 7 TeV

D.Schulte
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MAP Muon beam

parameter evolution

J.P.Delahaye MC wokshop (April 01, 2020)

System Transmission Charge/bunch Rep. rate # bunches

Horizontal Vertical Longitud Hz Horizontal Vertical Longitud

Proton Linac 8GeV*4MW 3.13E+15 CW 1

Protons on Target 1 2.60E+14 12 1

Target 0.62 1.60E+14 12 1 5.00E-01 5.00E-01 2.00E-02

Front End 0.13 3.00E-02 3.00E-02 2.25E+00 5.21E+12 12 4 1.50E-02 1.50E-02 4.50E-02

Pre-cooling 0.65 1.33E-01 3.33E-01 1.56E-01 3.39E+12 12 4 2.00E-03 5.00E-03 7.00E-03

6D Cooling 0.54 1.00E-01 4.00E-02 2.14E-01 7.29E+12 12 1 2.00E-04 2.00E-04 1.50E-03

Final Cooling 0.95 1.25E-01 1.25E-01 4.00E+01 6.93E+12 12 1 2.50E-05 2.50E-05 6.00E-02

Acceleration 0.3 1.00E+00 1.00E+00 1.00E+00 2.08E+12 12 1 2.50E-05 2.50E-05 6.00E-02

Collider at injection 0.98 1.00E+00 1.00E+00 1.00E+00 2.04E+12 12 1 2.50E-05 2.50E-05 6.00E-02

Target to Collider 1.27E-02 5.00E-05 5.00E-05 3.00E+00

Blow-up Normal. Emittances (rad-m)

3.75E-11

0.002 m/p :Frictional Cooling (A.Caldwell): 5.7E-11

Factor 1.5 

Very attractive

0.03 m/p with ionization cooling

Factor 15 

missing
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Conclusion

J.P.Delahaye

Assemble group of experts: successful with more than 110 people 

connecting the (Vidyo) meeting

Assuming positive recommendation of the European Strategy, launch

MUST (Muon Study) as an international open collaboration covering

Physics, Detectors and Machine 

Set-up a frame of regular (bi-weekly?) meetings for study coordination, 

reporting and exchanges

Agree on colliding beam energy range: 3 (baseline) to 10 or 14 TeV and 

corresponding luminosities (1.8, 20 and 40 E34)

Define road map for R&D and design effort with clear priorities

Parameters, Cooling, Acceleration………. 

………
MC wokshop (April 01, 2020)


