// 5'{ -ENERGY /qaou é'ou.wzft MRK.S//OP
Pontouk 927 ~18/s 1997

70 - 100 ~7eV (CoM)
- Losze 1DER LATTICES

g . %ﬂvstNC

7 /27/99



VLHC 10C TeV pp

N
/ (11 - 17 TeV)
/\ FNAL -
AN
N — SSC 40 TeV pp
44 - 87 Tey)
LHC 14 TeV pp \
/ (1.5 - 2.3 TeV)) \
\
i
_ |
NLC e*e” (0.5—1 TeV),
T =
o Higgs u*u” (0.1 TeV) /
€) u'u (0.4 Tev)
w3 Tev) / -
_ s I BNL \
_ - { _ /
/
T Pipetron 100 TeV pp
(11 — 17 TeV)

FIG. 1. Comparative sizes of various proposed high energy colliders compared with the FNAL and BNL sites. The energies
in parentheses give for lepton colliders their CoM energies and for hadron colliders the approximate range of CoM energies
attainable for hard parton-parton collisions. ’

producing a Higgs-like scalar particle in the s-channel (direct lepton-antilepton annihilation) is proportional to m?2,
this extremely important process could be studied only at a muon collider and not at an e*e™ collider [13]. Finally,
the decaying muons will produce copious quantities of neutrinos. Even short straight sections in a muon-collider
ring will result in neutrino beams several orders of magnitude higher in intensity than presently available, permitting
greatly extended studies of neutrino oscillations. nucleon structure functions, the CKM matrix, and precise indirect
measurements of the W-boson mass [14] (see section IL.I).

The concept of muon colliders was introduced by G. I. Budker [2,3], and developed further by A. N. Skrinsky et
al. [15-22] and D. Neuffer [13,23-25]. They pointed out the significant challenges in designing an accelerator complex
that can make, accelerate, and collide u* and g~ bunches all within the muon lifetime of 2.2 us (cr = 659 m).
A concerted study of a muon collider design has been underway in the U.S. since 1992 [26-42]. By the Sausalito
workshop [30] in 1995 it was realized that with new ideas and modern technology, it may be feasible to make muon
bunches containing a few times 10'2 muons, compress their phase space and accelerate them up to the multi-TeV
energy scale before more than about 3/4 of them have decayed. With careful design of the collider ring and shielding
it appears possible to reduce to acceptable levels the backgrounds within the detector that arise from the very large
flux of electrons produced in muon decays. These realizations led to an intense activity, which resulted in the muon-
collider feasibility study report [43,44] prepared for the 1996 DPF/DPB Summer Study on High-Energy Physics (the
Snowmass’96 workshop). Since then, the physics prospects at a muon collider have been studied extensively [45-47],
and the potential physics program at a muon collider facility has been explored in workshops [39] and conferences
[40].

Encouraged by further progress in developing the muon-collider concept, together with the growing interest and
involvement of the high-energy-physics community, the Muon Collider Collaboration became a formal entity in May
of 1997. The collaboration is led by an executive board with members from Brookhaven National Laboratory (BNL),
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Final focus for 500 GeV c.m. energy

200 | paa— T T 71  p— T 80
150 - - 60
]

€ . : =3
< 100 |- | P f 140 =
& o ,‘ &

50 | . Lt 20

O I/‘I\%\/ \ I 0

0 400 800 1200 1600 2000

gos7a62 s (m)

Figure 11-8. Horizontal and vertical beta functions from BMS to IP, for the 500-GeV final focus.

to allow matching of the betatron phase advance between the collimator section and the IP. These two
new quadrupoles and the accompanying minor optics change of the BMS are not included in the following
discussion.

The optics at 1-TeV-c.m. energy is almost the same as that for 500 GeV. Again assuming the parameters of
Table 11-4 (Case Ila), the peak values of horizontal and vertical beta functions at the CCX sextupoles are
60km and 190 km, respectively.

The upper part of Figure 11-8 indicates that more than half of the final focus is occupied by about 100 bending
magnets. These magnets generate the dispersion required for chromatic correction. Their maximum field at
1-TeV-c.m. energy is only 160 G, in order to restrict the emittance growth due to synchrotron radiation. The
length of the entire system, the maximum beta functions, and the maximum dispersion (hence the bending
angles) were optimized for the original design parameters, not only with regard to the effect of synchrotron
radiation, but also with regard to nonlinear aberrations, magnet-vibration and field-ripple tolerances. The
optimization procedure is discussed in the next section, and in [Zimmermann 1995).

ZEROTH-ORDER DESIGN REPORT FOR THE NEXT LINEAR COLLIDER
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Figure 11-11. Sextupole locations and dispersion for the 1-TeV design.

The 44 quadrupoles between the BMS and IP are typically 0.5-m long, and, for 1-TeV-c.m. energy, their
pole-tip field is 3-5kGauss. A few magnets, with larger apertures, require pole-tip fields of about 8 kGauss.
The final focus also comprises between seven and 16 sextupoles which cancel chromatic aberrations. First,
there are two conventional —I sextupole pairs located in the chromatic correction sections. These are used to
compensate the first-order chromaticity of the system. In addition, between three and 12 weaker sextupoles
are interspersed in the GAS, CCX, BX, CCY, and F'T; all at positions with nonzero dispersion. The sextupole
locations and the dispersion function for the 1-TeV final focus are illustrated in Figure 11-11.

The sextupole strengths are determined from tracking to optimize the momentum bandwidth of the system.
This application of sextupoles for bandwidth-optimization was first proposed by Brinkmann at DESY
(Brinkmann 1990]. Similar to Brinkmann’s early results, the momentum bandwidth of the NLC final focus
is at least doubled by means of the additional sextupoles. This beneficial effect of Brinkmann-sextupoles is
explained by a reduced chromatic breakdown of the —I sections between the main sextupoles and also of
the FT: a Taylor-map analysis of the final-focus optics reveals a significant reduction of fifth-order chromo-
geometric aberrations due to the additional sextupoles (Section 11.5.3).

Optimization

The length of the 1.5-TeV final-focus system was originally optimized with regard to nonlinear aberrations,
such as third-order horizontal and vertical chromaticity, and chromo-geometric terms with generator z'2y/2§,
and also with regard to the effect of synchrotron radiation in the bending magnets, octupole-like aberrations
from long sextupoles, magnet vibration tolerances inside the CCY, and power-supply ripple. A general
optimization procedure is described in [Zimmermann 1995), and is a modified version of an earlier proposal by
[rwin [Irwin 1991]. Some specific side-constraints for the actual design are not included in this optimization

ZEROTH-ORDER DESIGN REPORT FOR THE NEXT LINEAR COLLIDER
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