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1. The tunnel



Schematic of an
80 - 100 km
long tunnel
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Racetrack tunnel?

 SSC (racetrack) versus LHC/RHIC (circular)
» Clustered IRs versus evenly distributed
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* |s this a strong argument?

There is a potential optical advantage of IR clustering. Compared with distributed IRs,
clustered IR lattices have one more variable to control the optical quality, namely, the beta-
tron phase advance p between adjacent IPs in a cluster. The optimum value of x is found
to be an odd multiple of #/2 [4.2-7, -11, -12]. By pairing IRs in a cluster and setting  to the
optimum value, one minimizes the chromatic aberrations of particle motion. This
optimum phase also helps to reduce the orbit effect from long-range beam-beam interac-

tions and to suppress some of the incoherent beam-beam resonances.
TG B¢ more specilic, the tune dependence on momentum 18 described 10 Nrst order By
the chromaticity. As mentioned, the chromaticity is set to zero by properly setting the two
families of chromaticity sextupoles in the arcs. The second order dependence of the tune
on momentum could be removed by introducing multiple sextupole families, but it is also
substantially reduced if adjacent IRs are paired with u = (2n+1)x/2. Table 4.2-1 gives the
tune deviation at |6) = 1073 for a few examples of test-lattice designs [4.2-10]. The
adopted SSC lattice design has an IR clustering that is close to example 6 of
Table 4.2-1, although the numerical values differ in detail. The value of u is not listed for
examples |1 and 2 since pairing does not apply. The condition of u = (2n+1) =/2 also
minimizes the energy dependence of * and the beta function in the triplets, which in turn
minimizes the spurious dispersion at the interaction point from misalignment of the IR
quadrupoles [4.2-7).

The phase advance between clusters. accumulated through the long arcs. also has an



Optlcs control in the LHC
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Rock stable optics over time
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Tunnel shape

 For FCC-hh there are no strong arguments
from beam dynamics in favor of any shape

 And for the FCC-ee machine?

- Preliminary simulations with beamstrahlung and
SR damping do not favor any option, but IR
momentum bandwidth might make a difference.
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