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INTRODUCTION

Muons

New ideas for small emittance muon beams have re-launched the studies for a muon

collider, besides their use for producting high intensity neutrino beams.

Muons are

• point-like as leptons→ the whole beam energy is carried by the interacting particles.

• but heavy (207 times heavier than leptons) → no radiation, in practice

The small lifetime (τ = γ 2.2 µs) requires

• large number of muons be produced

• and 6D cooled and quickly accelerated.
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Muon Collider

First proposed by Budker (1967), the idea of a Muon Collider relies on the feasibility

of fast cooling and the interest for such a facility has got boosted every time progress

have been done on this topic.

Studies aiming to the use of muon beams are ongoing in Europe (CERN, RAL) and in

the U.S.

Experiments have been proposed, some are already approved.

The mainly U.S. based Muon Collider Collaboration has produced a long paper (PRST-

AB 2, 1999) defining the parameters for a Muon Collider Facility for different physics

cases.
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Machine Parameters

Tentative Design Parameters (high transv. emittance scenario)

Ebeam 750 GeV

Nb × Num. of muons/bunch 1 × 11.3 · 1011

εN 12.3 µm

∆p/p 0.2 %

Bunch length 10 mm

RF Voltage @ 800 MHz 5.6×103αp GV

Lenght 3141 m

Average Luminosity 2×1034 cm−2 s−1

β∗x, β∗y 10 mm

Number of IPs 2

beam-beam tune shift/IP 0.100
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Comparisons

Assuming we are able to accelerate enough muons to 750 GeV, the design of the collider

ring itself is not trivial either:

β(s) = β∗ +
s2

β∗

Compare to other colliders:
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HERA-p: β∗y = 0.18 m, β̂x = 1600 m (first quadrupole @11 m from IP).

LHC: β∗x = β∗y = 0.50 m, β̂x = β̂y = 4718 m (first quadrupole @23 m).
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Design Issues

Large β at strong quadrupoles:

• large chromatic effects → strong sextupoles → reduced DA

• sensitivity to misalignments and field errors

• ....

The only “advantage” (wrt. hadron machines): long term stability is not required !

The “first generation” of Muon Collider designs has demonstrated that it is possible to

design a ring with β∗ = 3 mm and αp ' -9×10−5 (β̂ = 145 km!), but the momentum

acceptance is too small (-0.12 h ÷ 0.16 h). More work is needed to get the desired

energy acceptance and DA (in presence of realistic errors).

Attempts to design a Muon Collider have recently resumed at Fermilab, with the primary

goal of addressing these issues.
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Design constraints

Design constraints

β∗x, β∗y (εx = εy) 10 mm

free space around IP ± 6 m

|αp| ≤ 1× 10−4

ĝ ≤ 220 Tm−1

↓

k ≤ 0.09 m−2 @ 750 GeV

B̂ 10 T

Why 6 m free space?

s = f =
1

K`
'
√
β̂β∗

Larger gradient, if available (and if ex-

periments can cope with smaller space),

would help reducing chromaticity

K` β̂ '

√
β̂

β∗
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A “CONVENTIONAL” DESIGN

The Lattice

Dispersion free IR, “classic” dispersion suppressor and a FODO structure for the arcs

1× 10−4 = αp =
Larcs
L

π2

N2
cell sin

2 (µcell

2
)

With µcell = 108◦ it is Ncell ' 390 (L ' Larcs).
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• L = 9500 m (25 m FODO

cells)

• Qx = 115.20 ξnat
x = -1475

• Qy = 117.65 ξnat
y = -1312
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Chromaticity Correction

We must correct the linear and 2th order chromaticity. The main contribution comes

from the IR qudrupoles, but it cannot be locally corrected with sextupoles as the IR is

dispersion free! The phase advance is adjusted so that the first sextupole is in a knot

of the IR chromatic beta-wave; a second sextupole at ∆µ = (2n +1) π corrects the

resulting large dispersion perturbation.

cell1 cell2 cell3 cell4 cell5 cell6 cell7 cell8 cell9 cell10

A - - - - A - - - -

The linear chromaticity is corrected with one sextupole family (per plane) in the remain-

ing cells so that the lowest order of the 3th order resonance driving terms vanish.
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→ ∆p/p : ±0.09 %.
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AN ALTERNATIVE DESIGN ATTEMPT
Montague chromatic functions describing the change of the twiss parameters with mo-

mentum

B ≡ ∆β

β
and A ≡ β∆

(α
β

)
dB

ds
= −2A

dµ

ds
and

dA

ds
= 2B

dµ

ds
+
√
β(0)β(δ)∆K

⇒ Introduce bending magnet close to the IP and compensate chromatic beta wave

locally , that is before the phase advance changes after the first quadrupole.

In addition, by introducing large bending angles (with Dx = D′x = 0 at the IP), it is

possible to get a negative αp section which allows to decrease the arc length.

A smaller number of FODO cells and a larger packing factor, κ, is obtained by using a

large phase advance

1

κ
≡ Lcell

`dip
= 1 +

`q+s Bdip

2p
e

√
∆αp sinµ/2[1 +

LinsBdipκ

2πp/e
]1/2
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Matching section

L = 3131.8 m (with 18 m long 108◦ FODO cells)

αp = 4.9× 10−5

Qx = 41.13 ξnatx = −1435

Qy = 42.20 ξnaty = −1540

3 sextupoles located at 32, 47 and 71 m correct the chromatic beta and 2 sexupoles at

158 and 185 m correct the 2th order dispersion.
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⇒ Sufficient for the “high transverse emittance” case!
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Tune Dependence

on Amplitude (w/o octupoles)
(MAD8 STATIC)

dQ1/dE1 0.5×108

dQ1/dE2 2.0×108

dQ2/dE2 0.6×108

Dynamic Aperture (with octupoles)
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Octupoles are used to correct the large detuning with amplitude, but the DA (' 1.2 σ)

is still too small!
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“Dipole First” Optics

Introduce a dipole (B=7.5 T, `=4 m) before the first quadrupole to increase the dis-

persion at the IR sextupoles.
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4 sextupoles located at 15, 29, 47 and 69 m correct the chromatic beta.

2 sextupoles at 158 and 185 m and a octupole at 154 m correct the 2th order dispersion.

Octupoles are located at 10, 21 and 26 m (detuning correction).
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index.html


17/18 P�i?�	�≫≪><

Tune Dependence

on Ampiltude (with octupoles)
(MAD8 STATIC)

dQ1/dE1 0.4×108

dQ1/dE2 0.2×108

dQ2/dE2 0.1×108

Dynamic Aperture (with octupoles)
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SUMMARY AND OUTLOOK
• Progress has been done in the design of a Muon Collider: the IR has been optimised

so to increase the energy acceptance and in addition decrease the machine length.

• However there is still a long way to reach the final goal of a realistic design!

– The Dipole first optics gives a hope to obtain the required DA (by further

optimization).

– The issue, however, of the synchrotron radiation in the strong dipole must be

still addressed.

– Consider 1 IP only option.

– ....
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