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Introduction and Overview

System Driver Front-End Cooling Acceleration Collider TOTAL
Sub- Driver Li'nac H-  Accum Captur.e& Initial ?D Fi.nal Inj.ector RCS Ring IMC
system (SPL like) &Comp Bunching (2lines) (2lines) Linac
Reference expert F.Gerigk ?  D.Neuffer C.Rogers D.Stratakis C.Rogers A.Bogacz S.Berg E.Gianfelice
Energy GeV/c 0.16 5 5 0.255 0.255 0.255 0.255 1.25 62.5 1500 1500
# bunches (p+ or p-) # 40mA 1 12 12 1 1 1 1 1 1
Charge/bunch E12 500 3.57 2.56 7.21 4.39 3.73 3.17 2.22 2.20
Beam Rep Freq Hz 5 5 5 5 5 5 5 5 5 5 5
(system Norm Transv Emitt  rad-m 1.5E-02 3.0E-03 8.3E-05 2.5E-05 2.5E-05 2.5E-05 2.5E-05 2.5E-05
exit) Beam dimens. (H/V) in RF| mm ? ? ? ? ? ? ? ? ? ? ?
Norm Long Emitt rad-m 4.5E-02 1.5E-02 1.9E-03 1.1E-02 1.1E-02 1.1E-02 1.1E-02 1.1E-02
Pulse/Bunch length m 2.2 ms 0.6 (2ns) 1.1E+01 1.1E+01 9.2E-02 9.2E-02 4.6E-02 2.3E-02 2.3E-02 5.0E-03
Power (p+ and p-) W  6.40E+04 2.2E+06 2.0E+06 1.8E+04 1.3E+04 3.0E+03 1.8E+03 7.6E+03 3.2E+05 5.4E+06 5.3E+06
Technology NCLlinacd  SC SC NC NC NCVacuum NC SC SC SC SC
Number of cavities # 23 244 120 367 7182 32 52 360 2694 ? 11074
RF length m 46 237 30 105 1274 151 82 1364 2802 ? 6091
Frf MHz 352 704 4? 326t0493 325 325-650  20-325 325 650-1300 1300 800 4to1300
RF Grf MV/m  1-3.7 19-25 20 20to25 19-28.5 7.2-25.5 20 25to 38 35 ? 7to035
cavities Aperture mm 28 80 ? ? ? ? 300 150 75 120 ?
Magnetic Field T 0 0 2 3T 1.7-9.6 1.5-4 0 0 0 0 0t0 9.6
Installed RF field MV 169 5700 434 2618 30447 1836 1640 50844 98062 250 1.92E+05
Energy gain MeV 160 4840 0 0 0 0 1250 62500 1437000 0 1.51E+06
Recirculations # 1 1 1 1 1 1 1 45to5 13to23 1000 1to 1000
RF Power/pulse (n=0.6) | MW 25 220 99 429 1172 43 52 360 2024 0 4.43E+03
Technology klystron klystron Klytron-10T
Cavities/Power Source # 23 244 4 1to2 1to2
RE RF Pulse (filltheam) estim. ms 2.20 2.20 1.00E-01 1.00E-01 1.00E-01 '1.00E-01 3.00E-02 5.90E-02 7.25E-01  1.48E+01
power Prf/Power Source Mw 117 1.93 1 1
sources Total Power Sources # 17 244 30 52 341 ?
Installed Peak RF Power | MW 34 275 164 515 1407 52 52 341 2429 | 2.38E-02 5269
Average RF power MW 0.27 2.13 0.05 0.21 0.59 0.02 0.01 011 | 14.88 0.00 18.27
Wall plug power (n=0.6) | MW | 0.45 3.55 0.08 0.36 0.98 0.04 0.01 0.18 24.81 0.00 30.46 fee”
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@ Introduction and Overview

ﬂlnternational
UON Collider . . .
Collaboration Frequenci | Gradient | Magnetic

cavities | es [MHz] | [MV/m] | field [T]

¢ RF system for

muon Captu re Buncher 21 54 490-366 0-15 1.3
and Coo|ing Rotator 24 64 366-326 20 24
Initial Cooler 126 360 325 25 2 3.7
Cooler 1 400 1605 325, 650 22,30 2-3,4-6
Bunch merge 130 26 108 -1950 ~10
Cooler 2 420 1746 325, 650 22, 30 2-5, 8-13
Courtesy of Final Cooling 140 96 325 - 20

A. Grudiev et al.

Total ~1300 3951 — =>~12GW

It is a very large and complex RF system with high peak power
E. Métral, 1st Muon Community Meeting, zoom, 20/05/2021

e o e




Introduction and Overview

JMisiesie: ¢ RCS chain parameters

ollaboration

Based on Neuffer, Shiltsev, JINST 13 (2018) T10003
Speed of light Co [m/s] 299792458
Electron charge e, [10™c] 1.602176634
Muon rest mass m, [MeV] 105.6583755
Muon lifetime (at rest) T, [ms] 2.196981122
Unit  RCS-LE(SPS)  RCS-ME(LHC) RCS-HE(LHC)  RCS-HE (new) Remark
Injection energy Ein [Tev] 0.063 0.3 1.5 1.5
Ejection energy E. [Tev] 0.3 1.5 10 10
Muon survival rate N /N,y 0.9 0.9 0.9 0.9
Circumference 27R [km] 6.912 26.659 26.659 50.000
Pack fraction ] 0.67 0.71 0.71 0.80
Bendingradius p [km] 0.741 3.026 3.026 6.366 Bending radius from SPS and LEP, ISR seeE. Keil, ISR-TH/72-20
Total straight section length I [km] 2.254 7.643 7.643 10.000
Injection Bending field Binj [T 0.283 0.331 1.653 0.786
Ejection Bendingfield By [T 1.350 1.653 11.022 5.240 By far too large bending field for 10 TeVin LHC tunnel
Injection relativistic mass factor Yinj ] 596 2839 14197 14197
Injection relativistic mass factor Ve ] 2839 14197 94645 94645
Revolution frequency frev [kHz] 43.38 11.25 11.25 6.00
a Gradient for survival G [MV/m] 2.38 2.45 2.89 2.89 Constant acceleration with linear energy increase
Courtesy of € Acceleration time Toe [ms] 0.33 1.63 9.82 9.82
o Number of turns N om 14 18 110 59
H Damerau et al é Maximum energy gain per turn AE [GeV] 16.42 65.33 77.00 144.43 No overvoltage!
Average gradient per straight length AE/I [MV/m] 7.286 8.547 10.075 14.443
_ Maximum gradient for survival G [MV/m] 4.12 4.28 5.25 5.25 During maximum ramp rate
g o  Acelerationtime T ace [ms] 0.30 1.47 8.48 8.48
g € Numberofturns N wm 13 17 95 51
i‘,E, Maximum energy gain per turn AE [GeV] 28.50 114.05 139.93 262.45 No overvoltage!
Average gradient per straight length AE/I [MV/m] 12.642 14.923 18.308 26.245
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Introduction and Overview

International 1 1
SRS ¢ Target parameters for the Muon Collider ring
Collaboration
Tentative target parameters Comparison:
Scaled from MAP parameters CLIC at 3 TeV: 28 MW Parameter Symbol Unit 3TeVcem.  14TeVc.m.
Speed of light c [m/s] 299792458
O L 10% em2s1 18 20 40 Muon rest mass mmu [MeV] 105.66
> cm=s ' Muon lifetime (at rest) taumu [us] 2.20
g N 10%2 2.2 1.8 1.8 Energy E [TeV] 1.5 7
Q Gamma 14197 66251
N f, Hz 5 5 5 -
Circumference C [km] 4.5 14
d Preem MW 53 14.4 20 Revolution frequency frev [kHz] 66.6 21.4
Y C km 4.5 10 14 Revolution period Trev [us] 15.0 46.7
o Muon lifetime [ms] 31 146
u>,, <B> T 7 10.5 10.5 [turn] 2078 3117
9 £ MeV m 7.5 7.5 7.5 Average Beta function [m] 50 50
~ Betafunction at the IP betalP [mm] 5 1.07
S 9 5 5 L
(o} GE/ E i e e o Rmsbunch length sigmaz [mm] 5 1.07
o o, mm 5 13 1.07 Norm. transverse emittance epsNorm [microm] 25 25
B oy 5 15 1.07 Un-norm. transverse emittance eps [microm] 0.00176 0.00038
Averagermstransv. bunch size  sigmatAvg [microm] 296.7 137.4
€ pm 25 25 25 Rmstransv. bunch sizeatthelP  sigmatIP [microm] 3.0 0.6
O~ um 3.0 0.9 0.63
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Introduction and Overview

UON Callidar ¢ IMCDS website: nhitps://muoncollider.web.cern.ch/iwelcome-page-muon-collider-website

Collaboration

L 2 Organisation: https://muoncollider.web.cern.ch/organisation

CONTACT PEOPLE

- Role:

They should help the panel to do its duty.
They should dispatch questions to relevant experts.

International Muon Collider Design
Study HOME OVERVIEW ORGANISATION DESIGN - COLLABORATION  MATERIALS ~ CALENDAR

General Parameters

MUON BEAM PANEL Latices

0) Integration, project, reserve: Daniel Schulte (CERN) and Mark Palmer (BNL). Beam Dynamics List for Design

They are responsible for ensuring that an answer is provided.

RF . )
1) Muon production and cooling: Chris Rogers (STFC-RAL) and Diktys Stratakis (F| Parameters: Daniel Schulte.

Magnets High-energy complex: Alex Bogacz (linacs), Shinji Machida (FFA), Antoine Chance (RCS), Christian Carli (collider), Anton Lechner (shielding).
2) Muon acceleration and collision: Antoine Chance (IRFU) and Angeles Faus-Goll + Muon production and cooling: Chris Rogers, Marco Caviani, Chris Densham.

High-Energy « Proton complex: llias Efthymiopoulos, Frank Gerigk.
3) Magnets: Lionel Quettier (IRFU) and Tabea Arndt (KIT). Complex « Test facility: Roberto Losito.
« Beam Dynamics: Elias Metral.

Muon Production + e
« LEMMA: Marica Biagini.

4) RF: Jean-Pierre Delahaye (CERN retiree) and Akira Yamamoto (CERN/KEK). and Cooling

5) Particle-matter interaction: Simone Gilardoni (CERN) and Nadia Pastrone (IN Proton Complex List for Technologies and Infrastructure

RF: Alexej Grudiev.
Magnets: Lionel Quettier.

Radiation Protection

6) Beam dynamics: Tor Raubenheimer (SLAC/Stanford University) and Elias Metra
and other Technologies

Power converter. Davide Aguglia, Fulvio Boattini.

7) Other systems and issues: Philippe Lebrun (European Scientific Institute) and MDI o Beam instrumentation: Manfred Wendt.

0 Vacuum: Jose Antonio Ferreira Somoza.
8) Other muon beam opportunities: Ken Long (Imperial College London). Physics ! Z

Alignment: Helene Mainaud-Durand.

Detector Cryogenics: Rob van Weelderen, Patricia Tavares Coutinho Borges De Sousa.
MDI: Donatella Lucchesi (MDI), Anton Lechner (shielding/MDI), Christian Carli.
Radiation protection: Claudia Ahdida, Markus Widorski.

Civil engineering: John Osborne, Youri Robert.

9) LEMMA: Nadia Pastrone (INFN-Torino) and Angeles Faus-Golfe (1JClab).

LEMMA source

E. Métral, 1st Muon Community Meeting, zoom, 20/05/2021
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& C & indico.cern.ch

@ Introduction and Overview
SR INSID)

Home Create event ~ Room booking My profile

¢ Direct link to the indico site for
Accelerator Design Meetings (from
Daniel Schulte, on Monday afternoons)
and Beam Dynamics Meetings
=> https://indico.cern.ch/category/12762/ May 2021

31May Accelerator design meeting ([

Home » Projects » Muon Colliders » Accelerator Design » General Design Meetings

General Design Meetings

20 May - 21 May 1st Muon Community Meeting

19May Beam Dynamics meeting #5 ([

12May Beam Dynamics meeting #4

10May Accelerator design meeting

05 May Beam Dynamics meeting #3

03May Accelerator design meeting

E. Métral, 1st Muon Community Meeting, zoom, 20/05/2021 m




Programme
(https://indico.cern.ch/event/1030726/timetable/#all.detailed)

International
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H Ale... objectives [l Eli... Or.. Dr Cla..
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a
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% X
with RE with RF Thought session oo session
andBDin i andmpc i S Slow ext... | i i
) and80in ff and M with RFin l 06,00 - o with BD in
1500 | Cooling o0 oy RFroom f10:00 - RF room
Chris Ke.
iscuss SPLAL ’
Ro.. - s 10:00 Coffee HiRadM...  Coffee
Ge... nUSTOR... break Nik... break
6D Cooling Moversi... P2
Dik. Hel.. BDWG
Str. Coffee Muon be.
break An... nln:.nL
Zoom Zoom prej = .
Di Frictional | R&D roa...
s p 25, fzoom Zoom of the -
15:50 15150 15:30 15:30- .. afternoon cooling
Coffee Coffee snsacc @ Coffee 11:00 summary Prioritis o
1600 | break break 4n. break of BD R&D X .
discussion
2 list
LowEne @ Targets... | Joined @ Muon be... Elias
S chr. session  f§ PIPIh Adr... e SRFand...
withre | %
- @ and HEC muze: co...
:“gh En Target s... [ inRFroom 8 piccqsi. . S Zoom Zoom Zoom Zoom
ik e @ 10:20 - 11:00 - 09:00 - 09:00 -
Zoom Gil ANew C 12:00 12:00 12:00 12:00
17:00 Discussi... Rectiline... Zoom B
16:10 - 12:00
e 1710 16:40 -
. 17:15
SRF tec, & Soned — Discussion
e N s oine Er
Final co... P
High-gra... with HEC
sa... and MDI in
T MDI room
SRF tec... alone 13:00
. chicane .| £ RF: PC: BD: RPOT:
Chr. (2 summary summary [ summary f| summary
NRF tec... preparat...  [LE0N preparat... || preparat... f§ preparat...
. Rectiline...|§ Joined Zoom
Dik. session 17:15- Zoom Zoom Zoom Zoom Zoom
e with HEC 5 13:00 - 13:00 - 13:00 - 13:00 -
a... Final co... || in HEC 14:00 14:00 14:00 14:00
Da.. room
Coffee P
it 18:40- ...
18:00 Experimental Vacuum RF R&D at MTA  Coffee brefic PICIHCCIHFoFo: lattice and beam
for Muon Cooling P 00 19:10 || Physics issues and opportunities
Yagmur Torun Katsuya Yonehara
BD WG alalle: summary g the day and -
Experimental High Pressure RE RaC & Target: visions and opportunities Beam Dynamics
Katsuya Yonehara Elias Metraf Chris Densham
Zoom 16:25 - 16:50
NCRF R&D for Muon Cooling and Int... Discussion
tanhuan luo Zoom :10-2000  Zoom 19:40 - 20:00
2000
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Participants: 39 (as of this morning) — 149 total

ollaboration

Name
Roger Barlow
J. Scott Berg
Maria Enrica Biagini
Oscar Roberto BLANCO GARCIA
Alex Bogacz
Xavier Buffat
ROBERT CHEHAB
Angeles Faus-Golfe
ElenaFol
Simone Gilardoni
Mukti Ranjan Jana
Ivan Karpov
David Kelliher
Jean-Baptiste Lagrange
Derun Li
Tianhuan Luo
Lianliang Ma
Mohammed Mahmoud Mohammed
Elias Metral
Yoshiharu Mori
David Neuffer
Adrian Oeftiger
Maja Olvegard
Yannis Papaphilippou
Christopher Prior
Tor Raubenheimer
Louis Rinolfi
Chris Rogers
Robert Ryne
Daniel Schulte
Andrei Shishlo
Kyriacos Skoufaris
Diktys Stratakis
Max Topp-Mugglestone
Yagmur Torun
Raymond Veness
Manfred Wendt
Cary Yoshikawa
Robert Zwaska

Email Address
roger.barlow@cern.ch
jsberg@bnl.gov
marica.biagini@Inf.infn.it
oblancog@Inf.infn.it
bogacz@jlab.org
xavier.buffat@cern.ch
chehab@ijclab.in2p3.fr
angeles.faus.golfe@cern.ch
elena.fol@cern.ch
simone.gilardoni@cern.ch
muktijana@gmail.com
ivan.karpov@cern.ch
david.kelliher@stfc.ac.uk
jean-baptiste.lagrange@stfc.ac.uk
dli@lbl.gov
tluo@Ibl.gov
lianliang.ma@cern.ch
mohammed.attia@cern.ch
elias.metral@cern.ch
mori.yoshiharu.4w@kyoto-u.ac.jp
neuffer@fnal.gov
adrian.oeftiger@cern.ch
maja.olvegard@physics.uu.se
ioannis.papaphilippou@cern.ch
chris.prior@stfc.ac.uk
torr@stanford.edu
louis.rinolfi@cern.ch
chris.rogers@stfc.ac.uk
rdryne@I|bl.gov
daniel.schulte@cern.ch
shishlo@ornl.gov
kyriacos.skoufaris@cern.ch
diktys@fnal.gov
max.topp-mugglestone@physics.ox.ac.uk
torun@iit.edu
veness@cern.ch
manfred.wendt@cern.ch
cyoshikawal@gmail.com
zwaska@fnal.gov

Affiliation
University of Huddersfield (GB)
Brookhaven National Laboratory

INFN/LNF
Jefferson Lab
CERN
1JCLAB/IN2P3/CNRS
1JClab IN2P3 CNRS-Université Paris-Saclay (FR)
CERN
CERN
Institute for Plasma Research
CERN
ISIS/RAL/STFC
ISIS/RAL/STFC
LBNL
LBNL
Shandong University (CN)
Center for High Energy Physics, Fayoum University, Egypt (EG)
CERN
Kyoto University
Fermilab
GSI - Helmholtzzentrum fur Schwerionenforschung GmbH (DE)
Uppsala University
CERN
STFC Rutherford Appleton Laboratory
SLAC
CERN
STFC
Lawrence Berkeley National Laboratory
CERN
Oak Ridge National Lab (US)
CERN
Fermilab
ISIS Intense Beams group/ University of Oxford
Ilinois Institute of Technology
CERN
CERN

Fermilab
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@ Objectives

International

JMisiesie: => Charge for this 1st Muon Community Meeting:

Ilaboration

¢ The goal is to identify the R&D that has to be carried out before the next ESSU-
PP to scientifically justify the investment into a full CDR for the muon collider and
the corresponding demonstration programme
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@ Objectives

JAbovesiice => Charge for this 1st Muon Community Meeting:

¢ The goal is to identify the R&D that has to be carried out before the next ESSU-
PP to scientifically justify the investment into a full CDR for the muon collider and
the corresponding demonstration programme

¢ This includes R&D to develop a baseline collider concept, well-supported
performance expectations and to assess the associated key risks, cost and
power drivers. Further, the main components of the demonstration programme
should be identified together with the corresponding preparatory work
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@ Objectives

International

JAdon&iider => Charge for this 1st Muon Community Meeting:

¢ The goal is to identify the R&D that has to be carried out before the next ESSU-
PP to scientifically justify the investment into a full CDR for the muon collider and
the corresponding demonstration programme

¢ This includes R&D to develop a baseline collider concept, well-supported
performance expectations and to assess the associated key risks, cost and
power drivers. Further, the main components of the demonstration programme
should be identified together with the corresponding preparatory work

¢ The working groups should propose realistic but ambitious targets for the
performance goals of the different collider systems. In particular they should
consider what could be assumed for the demonstration programme, i.e. in one or
more test facilities starting in 2026, as well what one can anticipate to be
available in 2035-2040 for a first collider stage and in 2050 for an energy upgrade
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