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Task 5.1

.. It will serve as the common ground for a
growing international muon-collider collaboration

MUST will support to establish an international collaboration and develop an

@I;AST optimized R&D roadmap towards a future muon collider, including the definition

of optimum test facilities and possible intermediate steps




Task structure and objectives

Task 5.1: MUon colliders STrategy network (MUST) M1 — M48

e Support the effort to design a muon collider and to project and plan the required R&D
e Consolidate the community devoted to develop an international future facility
* Prepare the platform to disseminate the information (website, meetings, tools)

[..] aninternational design study for « muon collider
unique opportunity to achieve a multi-TeV energy domain

MUST can play a crucial role
* MS16: International workshop to define R&D plans M36 = Report

* D5.1: International collaboration plans towards a multi-TeV muon collider M46

International Muon Collider Collaboration @

established soon after EPSSU in July 2020
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Key Challenges of the facility

e Focus on two energy ranges: ] .
Proton driver production

— 3 TeV technology ready for construction in 10-20 years Baseline @ International Design Study
— 10+ TeV with more advanced technology
Beam induced , @
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. Cost and power consumption drivers, limit energy reach
IFAST e.g. 30 km accelerator for 10/14 TeV, 10/14 km collider ring 3
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Accelerator Key Challenge Areas

* Impact on the environment

— The neutrino flux mitigation and its impact on the site (first concept exists)
— The machine induced background impact the detector, and might limit the physics

» High-energy systems after the cooling (acceleration, collision, ...)

— Fast-ramping magnet systems
— High-field magnets (in particular for 10+ TeV

* High-quality muon beam production
— Special RF and high peak power
— Superconducting solenoids

— Cooling string demonstration (cooling cell engineering design, demonstrator design)

* Full accelerator chain

* Physics potential evaluation, including detector
concept and technologies

* Some technology challenges more important at 10 than at 3 TeV
— higher dipoles fields in collider (O(15 T))
— stronger final focus quadrupoles (O(18-20T))
— shorter bunches in cavities of last accelerator ring
— more performant accelerator ring systems to cut length and cost

— e.g. proton complex with H- source, compressor ring = test of target material
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Roadmap implementation

Label Begin | End | Description Aspirational Minimal
The panel has identified http://arxiv.org/abs/2201.07895 ) ’ [FTEy] | [KCHF] | [FTEy] | (KCHF]
MC.SITE 2021 | 2025 | Site and layout 15.5 300 13.5 300
a development path that MC.NF 2022 | 2026 | Newwino flux miti- | 225 | 250 0 0
can address the major Scenarios Machine
challenges and deliver a
3 TeV muon collider by 2045 I
Aspirational Minimal
[FTEy] | [MCHF] | [FTEy] | [MCHF]
446 12 193 2.5
65 MCHF/5 years | 27 MCHF/5 years

MC.REHE 2021 | 2026 | High Energy com- 10.6 0 7.6 0
plex RF
MC.REMC 2022 | 2026 | Muon cooling RF 13.6 0 7 0

/| N F, | MC.RETS 2024 | 2026 | RF test stand + test 10 3300 0 0
nternationa .
/ \UON Collider cavities

Collaboration MC.MOD 2022 | 2026 | Muon cooling test 17.7 400 4.9 100

module

MC.DEM 2022 | 2026 | Cooling  demon- 34.1 1250 3.8 250
strator design

MC.INT 2022 | 2026 | Coordination and | 13 1250 13 1250
integration
\ \ \ | Sum | 4459 | 11875 | 193 | 2445 |

Table 5.5: The resource requirements for the two scenarios. The personnel estimate is given in full-time
equivalent years and the material in kCHF. It should be noted that the personnel contains a significant
number of PhD students. Material budgets do not include budget for travel, personal IT equipment and
similar costs. Colours are included for comparison with the resource profile Fig. 5.7.
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Summary of activities

=» Each Machine component WP is working to identify challenges and R&D plans:

* Physics and MDI

* Proton complex

* Target design

* Muon Cooling

* Accelerator Complex
* Collider Ring

* RF Technology
 Magnet Technology

Present Target Concept

Superconducting magnets

Interaction point

Nozzle:
« Outer boron layer to stop
neutrons
« Tungsten core for the
electromagnetic showers

Proton beam and
Mercury jet

Resistive magnets
Tungsten beads, He gas cooled
Mercury collection pool
— Bx = max(|B|) at 50, With splash mitigator
— By A max(|B|) at 50,

Be window

— Dy ® max(|B|) at 50 + 2[cm]
—— Aperture at 50 + 2[cm]
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MuCol EU INFRA-DEYV project

/«I nternational
UON Collider
Beam Beam Beam Collaboration
parameters parameters parameters.
WP2 - Physics and
WP3 - Proton Complex WP4 — Muon Production WP5 - High Energy Detector Requirements
* Linac and Cooling Complex *  Beam induced
e Accumulator *  Target system design *  Fast acceleration chain background
*  Compressor *  Rectilinear cooling *  Collider ring design *  Detector configuration
*  Ring specification and development *  Final focus design and parameters
design *  Final cooling design e Neutrino flux mitigation *  Detector performance at
various ECM
Beam
WP6 - Radio-Frequency Systems background
*  RF systems requirements and
concepts
. z:; :‘;s:::t;n;i':'zgion Consistent Specs, technology, limits WP7 - Magnet Systems
across the complex T s . Magnettss.ystems requirements and
*  Breakdown mitigation studies 'g : 'g = ‘;::;::t St iventon
" High-efficiency RF sources 2 = E" Specs, techn , limits *  Target and final cooling solenoids
8 EE design
té *  Fast ramped accelerator magnets
S and powering system design
*  Collider ring magnets design

WP8 - Cooling Cell Integration
* Radiofrequency

S Kick-off Meeting — March 28 2023

Solenoid

gi=cooE s ivee oD https://indico.cern.ch/event/1219912/
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Target and Cooling cell

* Baseline: solid graphite target
Protons > —-> u
~15-20 T solenoid field to capture pions
High radiation environment
Challenges with target damage
Challenge to shield the solenoid

The muon source is a key part of the muon collider facility
In many parts, the system is entirely novel system

MucCool: demonstrated cavity
with >50 MV/m in 5 T solenoid
* H2-filled copper cavities

* Cavities with Be end caps

10..20K SC
10® mbar coils

3 GHz
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Present Target Concept

Superconducting magnets

Magnets for Muon Collider

Combination
High-field and large
apgertu re ta rget ° of DC5C
. magnets (10 T)
solenoid with heavy
- : and AC
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Pkl heat (100 kW/m) and . ,
Resistive magnets' . . High Energy Orbit magnets (i 2T) tracking system
: radiation loads
ungsten beads, He gas cooled
Mercury collection pool .
With splash mitigator B Window - ield |
Low Energy Orbit iur‘gs(e‘:g bomes
Proton Driver Front End Cooling Acceleration Collider Ring

Detector Magnet
to be designed for 10TeV
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IFAST Drift Focus Solenoids Field Flip ! ; °

Q89 BI1




Demonstrator facility is the crucial step!

Planning demonstrator facility with muon production target and Target
cooling stations + horn (1t phase) / Collimation
+ superconducting and upstream  Downstream

Suitable site exists on CERN land and can use PS proton beam solenoid (2" phase) diagnostics diagnostics
 could combine with NuStorm or other option area area

 —
Any existing proton beam Yvith §ignificant power is considered: Momentum Cooling area
* CERN, FNAL, ESS are being discussed selection chicane

e J-PARC also interesting as option

Possibility around TT10

M. Benedikt, LHC Performance Workshop, Chamonix 2010
B | CERN-AB-2007-061




Summary of main activities

=>» CERN designed first lattice at the 10 TeV centre of mass energy: detailed IR-detector studies (CERN/INFN)
Machine Detector Interface (MDI) to estimate Beam Induced Background (BIB) is one of the main challenges

=>» RF and magnet technology plans are on-going

=>» Integration of a cooling cell: a crucial step for RF and high field solenoidal magnet developments

=» Planning for a demonstrator is mandatory

=» Large contributions to the U.S. Snowmass2021 Strategy process in the Muon Collider Forum:

documents presented in March 2022, discussed at the Seattle Snowmass Summer Meeting (July 17-26, 2022)

=» EPJC paper submitted Towards a Muon Collider

=> the HORIZON-INFRA-2022-DEV-01 MuCol project started March 1, 2023

=» P5 U.S. Strategy process on-going: further discussions and presentation at the Town Hall meetings
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MS15  MS16 D5.1
R&D M18 M36 M46

muon source design | R&D | { collaboration plans towards a multi-TeV muon collider
p rog ram 2023 2024 2025 2026 | 2027 2028 2030 2031

:USPs - oo DSPP‘U
Muon collider pre-CDR study _—

Baseline concept development C re— I[-liti;ll b'asel'ine‘def‘ine(i
Documentation ° ° ° ° ° 0 Interim report °
Baseline evaluation ~ : : : : /N Baseline assessed and :R&D directions identified :
Documentation -~ -~ -~/ - Final pre:design: report:
CDR study

Conceptual design development

Test programme development
Exploratory studies/scope assessment

Initial concept development T e A T A
Documentation Y A A A A R&D propose.l rfepofrt, level depends on funding

Final concept development

CDR R&D programme implementation
CDR R&D

2023
Interim Report to gauge progress 2025 2025-2027
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Upcoming community events

| 29-31 May 2023 Venezia Muon4Future
https://agenda.infn.it/event/33270/

Workshop to start a discussion to compare results of the muon-based
experiments, involving both the experimental and theoretical communities,
but also applications, technologies and synergies for future facilities.

19-22 June 2023 IJCLAB Orsay 2"4 Annual IMCC Meeting
https://indico.cern.ch/event/1250075/

Annual Meeting to report on the progress of the Design Study and consolidate
the share of tasks among all Collaborators, including the activities within the ; :
scope of the EU-funded MuCol Design Study. Jiovesiiee
22-23 June 2023 JCLAB Orsay Muon Collider Synergies Workshop .

Please join, participate and contribute!
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Looking forwards to synergies in R&D

Thanks for your attention!

This project has received funding from the European Union’s
Horizon 2020 Research and Innovation programme under GA No101004730
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