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« T, RIETINT=F L [NIMA 807, 101 (2016).]

- BEDHZE (J-PARC muon g-2/EDM) & & TREE

3/22



Sa—A>aA574 43—

proton electron muon

available energy ® © ©

in collision shared by partons

acceleration © = ©

radiation in ring
— linear

handling © © ®
need cooling
decay in 2us

4/22



—~ ~ C X = \H- L,
A& & 2 EK 4R

« ~30FEHICFCC-hhE HBEMICHIBZIERL LS LB S k.
IS /OF 1 103%35ecm2sl @4/ s=14 TeV ' B %,

J s~2MDERBTETR D LEEK LHC, FCC-hhDEAR/NS A =%
s00l ' ' ' ' LHC HL-LHC FCC-hh
proton Initial | Nominal
E 2o 100 TeV Main parameters and geometrical aspects
E W0oF== 27" "2 i ' cm. Energy (TeV) 14 100
501 . muon Circumference C (km) 26.7 97.75
Vo iy 14TeV Dipol feld (1) .33 16
> 10 o0 % 30 Peak luminosity' (10* em™s™1) | 1.0 5.0 5.0 <30.0
Vs [Tev] Optimum __ average _ integrated | 0.47 28 22 3
Muon collider, input to the European Strategy Update [link] The European Physical Journal Special Topics 228 (Jul, 2019) 755-1107.
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- I /2T« L=10** cm3sl
~ 54 (1008 X5~5x 107s)
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https://indico.cern.ch/event/765096/contributions/3295784/attachments/1785298/2906335/MuonCollider_ESPP_18dec18.pdf
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Buncher & Phase Rotator
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M lC E (International Muon lonization Cooling Experiment)

« TE. 1A MEBEN (BIRD &) % EEE [Nature 578, 53-59 (2020))]
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location £, £ SR [ 1EBR BE
[Mmmmrad] [mmmrad]
Proton driver 2.1X10%p/bunch
(8Gev’ 15 HZ’ 4MW) RAST, Vol 10, No. 01,

Target * Front ~100 ~100 4 X 10B3pu/bunch ™Y
end
Cooling 0.05 70 0.08  Fras 19, 031001 (2019

(0.2 X 0.8 X(0.5) PRAB 18091001 (2015)
Acceleration 7 7 0.25 Frwiias rus tssos-
(=7 TeV) (~1 X 0.5 X0.5) APc*
Collision T T 8 X 1011 u/bunch

*
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THA

Parameter Units Higgs Top-high Top-high Multi-TeV

resolution luminosity
CoM energy TeV 0.126 0.35 0.35 1.5 3.0 6.0%*
Avg. luminosity 10%% em 251 0.008 0.07 0.6 1.25 4.4 12
Beam energy spread % 0.004 0.01 0.1 0.1 0.1 0.1
Higgs production/107 sec 13,500 7000 60,000 37,500 200,000 820,000
Circumference km 0.3 0.7 0.7 2.5 4.5 6
Ring depth [1] m 135 135 135 135 135 540
No. of IPs 1 1 1 2 2 2
Repetition rate Hz 15 15 15 15 12 6
By cm 1.7 1.5 0.5 1 (0.5-2) 0.5 (0.3-3) 0.25
No. muons/bunch 102 4 4 3 2 2 2
Norm. trans. emittance, e 7 mm-rad 0.2 0.2 0.05 0.025 0.025 0.025
Norm. long. emittance, g, 7 mm-rad 1.5 1.5 10 70 70 70
Bunch length, o, cm 6.3 0.9 0.5 1 0.5 0.2
Proton driver power MW 4 4 4 4 4 1.6
Wall plug power MW 200 203 203 216 230 270

* Accounts for off-site neutrino radiation

« [FIFRIR—DDT—TILED

RAST, Vol 10, No. 01, pp. 189-214 (2019)
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Proc. EPAC98, pp. 841-843, RAST, Vol 10, No. 01, pp. 189-214 (2019)
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TABLE 1. Positron ring parameters.

Parameter Units

Energy GeV 45
Circumference (32 ARCs, no IR) m 6300.960
Geometrical emittance X, y m 5.73 x 1077
Bunch length mm 3
Beam current mA 240

if frequency MHz 500

rf voltage GV 1.15
Harmonic number # 10508
Number of bunches # 100
No. of particles/bunch # 3.15x 101
Synchrotron tune 0.068
Transverse damping time turns 175
Longitudinal damping time turns 87.5
Energy loss/turn GeV 0.511
Momentum compaction 1.1x107*
rf acceptance % +7.2
Energy spread dE/E 1x1073
SR power MW 120

PRAB 21, 061005 (2018).
*ILCoLEMMAR F— LD 2—#4>aA514 4 — D&t [link]
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cf. 5.79 mA@ILC
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https://conference-indico.kek.jp/event/52/timetable/#20180706

MAP

LEMMA

Parameter Units

CoM energy TeV 6.0%
Avg. luminosity 103% em =251 12
Beam energy spread % 0.1
Higgs production/107 sec 820,000
Circumference km 6
Ring depth [1] m 540
No. of IPs 2
Repetition rate Hz 6
By cm 0.25
No. muons/bunch 102 2
Norm. trans. emittance, ep 7 mm-rad 0.025
Norm. long. emittance, £, 7 mm-rad 70
Bunch length, o cm 0.2
Proton driver power MW 1.6
Wall plug power MW 270

* Accounts for off-site neutrino radiation

Parameter
LUMINOSITY/IP
Beam Energy
Hourglass reduction factor
Muon mass
Lifetime @ prod
Lifetime

*tau @ prod

*tau
1/tau

ircumference
Bending Field
Bending radius
Magnetic rigidity

amma Lorentz factor
N turns before decay

oupling (full current)
Normalised Emittance x
Emittance x
Emittance y
Emittance ratio

Bunch length (zero current)

Bunch length (full current)

Beam current
Revolution frequency
Revolution period
Number of bunches
N. Particle/bunch
Number of IP

x @ IP

Units
cm?s?!
GeV

GeV
sec
sec

33-43F33

3338 33

micron

micron
rad
rad

LEMC-6TeV

5.09E+34
3000
1.000
0.10566
2.20E-06
0.06
658.00
1.87E+07
1.60E+01
6000
15
667
10000
28392.96
3113.76
0.0002
0.0002
1.0
100
4.00E-08
1.41E-12
1.41E-12
1.0

0.1

0.1

0.048
5.00E+04
2.00E-05

1
6.00E+09
1.00
1.68E-02
1.68E-02
8.39E-05
8.39E-05
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@European Strategy Update & SMOWMASS

3. High-priority future initiatives

The timely realisation of the electron-positron International Linear Collider (ILC) in Japan would be
compatible with this strategy and, in that case, the European particle physics community would wish to
collaborate.

b) Innovative accelerator technology underpins the physics reach of high-energy and high-intensity colliders.
It is also a powerful driver for many accelerator-based fields of science and industry. The technologies under
consideration include high-field magnets, high-temperature superconductors, plasma wakefield acceleration
and other high-gradient accelerating structures, bright muon beams, energy recovery linacs. The European
particle physics community must intensify accelerator R&D and sustain it with adequate resources. A roadmap
should prioritise the technology, taking into account synergies with international partners and other
communities such as photon and neutron sources, fusion energy and industry. Deliverables for this decade
should be defined in a timely fashion and coordinated among CERN and national laboratories and institutes.

CERN-ESU-013, June 2020

5 P
g ] [ cors | [[7oRs | 4
@ | [ R&D detectors | Prototypes [ Large Proto/slice test | "
(e
&1 | MDI& detector simulations \‘/
| 3 -0-0-0:-0
Design
| Baseline design | Design optimisation -|iject prepar.:(lon' Approve
w Test Facility
z ]
z [ Design | Construct | Exploit | Exploit
<
2 Technologies
| Design / models | Prototypes /t.f.comp. | Prototypes / pre'series |
| |
Ll | Ready to decide Ready to commit Ready to
on test facility to collider construct
Cost scale known Cost know

Fig. 10.5: Potential technically-limited time-line for a muon collider.

CERN-ESU-004, 1 October 2019

LEMMA new scheme in brief Planned MAP Contributions

* Positron for first fill produced by Main e* source (MPS) and accelerated to 5 GeV for damping in a 5 GeV Damping Ring * MAP members intend to support the new International Muon Collider
Collaboration that is being formed

(DR)

* Acceleration to 45 GeV in a SC Linac or ERL and storage of 1000 e* bunches in a Positron Ring (PR)

* Extraction of e* bunches to one or more muon production lines, while produced muons are accumulated in two AR and a
muon bunch is “built” by several passages through the targets, to be then delivered to the fast acceleration chain

* For the Lol Process, the MAP team has particular elements to contribute:

* Re-injection and damping in the PR @45 GeV of the spent e* beam to save on the number of needed e*, the MPS and a * Design Parameters
possible y-embedded source will provide the refilling of lost e* . Synergies
_ . Tofast acceleration + In particular high brightness muon source and neutrino factory applications
5to 45 GeV ( - i + Concepts for how research and potential machine development could integrate with ongoing US
aines 568V SC Linac or ERL 7,_;;_—:.—,;;\ N w* Accumulator ring HEP thrusts
source E*“"a‘/ hY { ascev \ C D * The MAP Feasibility R&D program results form the basis for :
O—. \JQSG;\': e+f[; ‘ e+ Ring | yuy 3 ']| 1 : | '1. 1| g + Next steps in the R&D effort
\ t{— )A 1Y) i |
\_-:-;// ¥ belsy N production targets D + Developing a proton-driver based full conceptual design
loops " I . .
R spent”es | " T i Accumulator ring * Members of the MAP effort are enthusiastic about the world-wide interest

" - "spent” e+ beam
from “spent’

e+ beam
OR ¥ from
Targets

beam * - To fast acceleration

Compressor Linac (if needed)

that has been expressed in this path to the energy frontier

SMOWMASS AF4: Multi-TeV Collider Kickoff Meeting



https://indico.fnal.gov/event/44248/
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