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= Chain of rapid cycling synchrotrons, counter-rotating pu*/p- beams
— 60 GeV —» 314 GeV —» 750 GeV —» 1.5 TeV —» 5 TeV

( In same tunnel )

Muon source, cooling RCS1

& initial acceleration Normal
cond.

to 0.06 TeV 03 TeV

= Hybrid RCSs have interleaved normal conducting (NC) and superconducting
(SC) magnets

= Cryogenics around the entire RCS2/3/4
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Key points & parameters [link]

MuCol

= RF dictated through muon decay:

N(tgec) _ 1 (Tgee dt
No eXp( fo )

=  The survival rate — @t
Tu y(t)

and energy swing (yinj, ;) define acceleration time

Tace = ~Tu(Yej = Vinj) In Ne] /In{ ==
inj Yinj
and average RF gradient
1 E,; N,;
G =——mcm—J-ﬂn /
- Tu g Einj inj/ (linear)

and number of required cavities. Courtesy: F. Batsch ﬁ

General parameters

Table 7.1: Summary table of the acceleration chain.

Parameter Symbol Unit | RCS1 | RCS2 | RCS3 | RCS4 |
Hybrid RCS - No Yes Yes Yes
Number of bunches/species - 1 1 1 1
Repetition rate frep [Hz] 5 5 5 5
Circumference 2rR [m] 5990 5990 10700 26659
Bunch population Nii [1x10%2] | 254 243 22 2.22
Injection energy Einj [GeV/u] 63 313.83 750 1500
Ejection energy Ee; [GeV/u] 313.830 750 1500 5000
Energy ratio Eej/Einj - 4.98 2.39 2.00 3.33

Tot. straight section length
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https://cernbox.cern.ch/s/U0gFmSodZA5knR8

Ramp parameters
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Table 7.2: Tentative ramp parameters for the acceleration chain.

= Currently, the ramp is assumed to be

Data Symbol  Unit | RCS1 | RCS2 | RCS3 | RCS4 |
guas I-linear. Acceleration time Tace ms] | 0343 | 1.097 | 237 | 637
Injection energy Ei,.j [GeV/u] 63 313.83 750 1500
- . . Ejection energy Eej [GeV/u] | 313.830 750 1500 5000
Ramp parameres need to be refined: Eneray ratio Eu/Fu - 208 | 239 | 200 | 333
. . Number of turns Turn - 17 55 66 72
u RF ConS|derat|onS Ramp shape Quasi-Linear
Planned Survival rate Nej/Ninj - 0.9 0.9 0.9 0.9
: : H Total survival rate Nei /Ny - 0.9 0.81 0.729 | 0.6561
] ej
Powerlng ConS|derat|OnS. Average Accel. Gradient G IMV/m] 2.44 1.33 1.06 1.83
. . Required energy gain per turn AF [GeV] 14.755 | 7.930 | 11.364 | 48.611
= Cost considerations. Injection Lorentz factor Vin - 507 2071 | 7099 | 14198
Ejection Lorentz factor Yej - 2971 7099 14198 | 47323
m Which basis to define the ramp? Ramp rate B [T/s] | 41989 | 32815 | 15185 | 628.0
Repetition rate [Hz] 5 5 5 5
Trying to
answer here \
M ? ) .
%, . Courtesy: F. Batsch
w / 0
2 and H. Damerau
> 0.0
<
sin

. Unknown, how how
ramping to quantify?

One case we studied!
T . s
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Table 7.3: Tentative machine and lattice parameters for the acceleration chain. The acceleration ramp
is assumed to be linear. The minimum dipole width and height do not include the required shielding and

= MOSt RCS are hybrld . limitations coming from collective effects studies.
. oo % Data Symbol  Unit | RCS1 | RCS2 | RCS3 | RCS4
" Total dipole length TR e T e T e
determined by R Y Radius R [m] | 9533 | 9533 | 17030 | 42429
- H H H S T Circumference 2R [m] 5990 5990 10700 26659
InJeCtlon/ejeCtlon . v i PR o Pack fraction %] 61 61 62.8 84.8
energies and maximum FO O & Bend radius rB [m] | 581.8 | 581.8 | 10702 | 3596.2
. . . R _;' | : Tot. straight section length Lger [m] | 2334.7 | 2335.7 3975.7 4063.3
dipole field. W o L E R L, || Average Injection dipole field By [T] | 036 | 180 | 2.34 139
BN ,_Li P T || Average ejection dipole field B, [T] | L8 430 4.68 464
n Path Iength and Ol’blt :K—ﬂ____.‘»-—-*; Ramp rate B [T/s] | 4198.9 | 3281.5 1518.5 628.0
differences depend on Rt
the number of cells. -
Lo/2 o
- - /WW Cell length
| C3C
C— Transition gamla ~fir - 2041 20.41 309 30.9
L Lnc )
i

anc
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Further key points:

Conseguences are unique longitudinal dynamics
due to fast acceleration and high intensities
(>2.2x101?)

Large synchrotron tune requires a distribute SRF
system: — Up to 30 RF stations

Synchronous phase defines number of cavities, RF
voltage and bucket area, i.e., beam dynamics

A © RCS1, no intensity effects
(-] & RCS1, with intensity effects
A O RCS2, no intensity effects
& RCS3, no intensity effects
Number of 1 o
straight 6 4
sections: 30 [ o |a
o
g o
a
& 6 $ ¢3¢ 4 N
| ! s_j -1 o
20 40 60 80 100

RF parameters

Table 7.5: Tentative RF parameters for the acceleration chain. The acceleration ramp is assumed to be
linear. The minimum required cavity gradient assumed that all the allocable space is filled with cavities
by assuming an RF filling factor of the straight sections (to included the interconnections inside and

between the cryomodules).

| Data Symbol ~ Unit | RCS1 | RCS2 | RCS3 | RCS4
Main RF frequency TrF [MHz] 1300 1300 1300 1300
Harmonic number h - 25957 | 25957 | 46367 | 115522
Revolution frequency Srev [kHz] 50.08 | 50.08 | 28.04 11.25
Revolution period Trev [ms] 20.0 20.0 35.7 88.9
Max RF voltage VRE [GV] 20.87 | 11.22 | 16.07 | 68.75
Max RF power Frr [kW1] 850.6 | 437.4 | 317.6 | 5503
max RF Filling factor - - 0.4 0.4 0.45 0.45
Current RF Filling factor - - 0.38 0.21 0.17 0.45
Minimum Number RF stations - - 32 24 24 24
Number of cavities - 696 374 536 2292
Assumed Gradient in cavity AE/L  [MV/m] 30 30 30 45
Min. Required gradient in cavity ~ AFE/L  [MV/m] | 223 12.0 9.0 37.6
Stable phase %3 [°1 135 135 135 135
Longitudinal emittance og x o, €2 [eVs] 0.025 0.025 0.025 0.025
Injection bucket area AR inj [eVs] 0.62 1.01 2.11 3.91
Ejection bucket area Apgj [eVs] 1.37 1.56 2.99 7.15
Bucket area reduction factor Ap/AB st - 0.172 0.172 0.172 0.172
Injection synchrotron frequency fsinj [kHz] 76.33 | 25.07 9.59 8.89
Ejection synchrotron frequency fs,ej [kHz] 34.20 16.22 6.78 4.87
Injection synchrotron tune Qs.inj - 1.52 0.50 0.34 0.79
Ejection synchrotron tune Qs - 0.68 0.32 0.24 0.43
Momentum compaction factor ay - 0.0024 | 0.0024 | 0.0010 | 0.0010

Courtesy: F. Batsch ,! %



/‘\C Summary

International
, \UON Collider M u C 0 |

Collaboration

= Afirst parameter table is proposed for the high-energy acceleration.
= The RCS4 is the most preliminary and needs more studies to be consolidated.

= The needed total dipole length and RF voltage are evaluated and can be a first
step for costing considerations.

= The optics is based on FODO cells and should be reviewed.
= The acceleration ramp is quasi-linear and may evolve.

= Future versions of the parameter table should include also an FFA
alternative.

= \We need to continue the discussions to see how to marry RF, magnet,
powering, costing, vacuum, collective effects, and optics considerations.
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