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Abstract it and a 'twin” sextupole compensating the non-linear kick.

Recent advances in the High Temperature Supercouclzn-praCtlce.SUCh kind of schemes may be prone to unavoid-
: NI : able focusing errors.
ing magnet technology and ionization cooling theory have , i . )
re-launched the interest of the physics community in the re- Eventually, if sextupoles correcting horizontal and verti-

alization of a high energy, high luminosity Muon Collider @l chromaticity are not orthogonalnan-inter|eaved cor-
(MC). Here we briefly outline the challenges set by a MG €ction scheme may be co.n5|de.red. _
optics design, give an overview of previous attempts and Some 3 mmg* MC optics using this concept are de-

propose a new approach. scribed for instance in [2], [3],[4],[5].
Extremely small momentum compaction values are ob-
INTRODUCTION tained by using flexible momentum compaction modules

_ for the arcs[6]. The rings are about 8 km long. In the
The large muon energy spread requires large momentusast case, the resulting stability momentum range is about
acceptance whereas the required luminosity callgfon  0.15%.
the mm range. To avoid luminosity degradation due to the  similar approach for the IR chromatic correction of a 3

hour-glass effect, the bunch length must be comparatively, 3* MC optics has been applied by K. Oide[7]. It uses
small. To keep the needed RF voltage within feasible limy5 1 interleaved sextupoles for both IR and arcs.
its the momentum compaction factor must be as small as

: The arcs are made with 2cgells with negative momen-
possible.

. . o ; . tum compaction factor. The ring, is 5x10~°. The optics
Alow 3" means high sensitivity to alignment and fleIOIstudies included quadrupole fringe field effects. By opti-

errors of the Interaction Region (IR) quadrupoles and larq%ising 22 families of sextupoles and higher multipoles, a
chromatic effects which limit the momentum acceptanc omentum stability range £0.6% and a DA aperture 012

and require strong correction sextupoles, which eventual /7, for e x=25um and a beam energy of 750 GeV, were at-

limit the Dynamic Aperture (DA). tained. The ring is 5.7 km long. The extremely large peak

. Finally, _the r_ing ci_rcumference should _be as small aSPO%alue of 3, (900 km) and the very strong sextupoles make
sible, luminosity being inversely proportional to it. this desig‘n instructive, but likely unfeasible [8].

Several, more or less mature, designs may be found mM " diff ¢ h has b
the literature, covering a wide range of beam parameters. ore recently a dillerent approach has been pro-

They differ on the chromaticity correction strategy and of? osed. The chromatic betg-wave excited by the low-beta
the arc design for achieving smal),. quadrupoles may be described by [9]

dB dA du
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CHROMATIC CORRECTION e —2Ad—l; and s Bt VB(0)B(0)AK

It is known that the low-beta quadrupoles excite a large
chromatic beta-wave. Usually this perturbation is correctefiit
by using sextupole families in the arcs. The first sextupole B= ApB _ a
. : . =27 and A= m(—)
must be in a knot of the IR chromatic wave iemat /2 from I} I}
the low-beta quadrupoles, while the number of sextupoles
and phase advance between sextupole families is choserf3ng through the low-beta quadrupolespecomes non-
as to avoid exciting the lowest order third-order resonanceZero, but as long as the phase does not chafhgand the
This classical approach has been applied to a 3gnm Phase advance) for off-energy particles stay unperturbed .
MC design [1], but did not have the required momentur/\ local correction with sextupoles is possible if the disper-
acceptance. The momentum compaction issue was not &Pn in such a region is made non-vanishing. If we allow
dressed there. D!, #0 at the Interaction Point (IP), then we can use dis-
As an alternative, one can use “special sections” witRersion generated far from the IR [10].
large beta functions and dispersion next to the low-beta re- Otherwise one needs to insert relatively strong bending
gion: after the first sextupole located at a knot of the IRnagnets in the IR region. The first attempt in this direc-
chromatic wave, a pseudel, section is inserted betweention had a+6.5 m long free drift between the low-beta
ok b Farmilab ed by Fermi R o Al quadrupoles, but it had small DA. In a second design [11]
L e e oot 4% 4 m long, 7.5 T bending magnet was introduced at 2.5 m
Department of Energy from the IP, enhancing the dispersion at the IR sextupoles.
= po +mandB = By, while o # ag The resulting DA is greatly improved.




IR OPTICSFOR NON-INTERLEAVED
SEXTUPOLES

In a more recent design we try to combine the local chro-
maticity correction with the non-interleaved scheme.
Required average luminosity for 2750 GeV collider
is > 2x10* cm~2 s~!. Machine parameters vary depend-
ing on the available number of muons and their emittance.
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Exp_ectatlons are summarised in 'I;able 1_ for two possible I g i g i s i
cooling scenarios [12]. A value gf*=1 cm in both planes
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Ap/p 0.1% 1% Figure 1: IR Twiss functions.
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Table 1: Muon parameters 6000 | W; -
5000 r
4000 r
has been chosen has a compromise between luminosity and 3000 |
feasibility. 2000 &
In the present design we have kept the peak beta asym-  qggo |
H H P \
metry of the [7] design. In particulas, and the IR hor- 0 P
izontal chromaticity are much smaller than in the vertical -1000 |
plane. The larger IR vertical chromatic wave is corrected ‘ ‘ : ‘ ‘
0 50 100 150 200 250 300

“in loco” ie with a sextupole at\p., ~ 0 from the low beta
guadrupoles. Unlike [7], as the transformation across the
IP between low-beta quadrupoles is a pseudoone, we
rely on the sextupole on the other side of thé 16 com-
pensating the non-linear kick. A second sextupole in the
first knot of the horizontal chromatic wave correct the IR

s [m]

Figure 2: IR chromatic functions and sextupole locations.

horizontal chromaticity. A pseudeI section is inserted transverse emittance scenario. Problematic is the large de

between this sextupole and a "twin” sextupole which comPendence ofy, on energy. We have not tried to use the
pensates the non-linear kitkUnlike[11], no bending mag- up to 6 families of sextupoles available in the arcs for cor-
net has been inserted between P an(j first quadrupole. recting such an effect but it looks unlikely that a solution

The arcs have been realized with 90 degree 35 m lod§2y Pe found without compromising the energy stability
FODO cells. The maximum reachable dipole field is asiange ar_ld with reasonab_le sextupole strengths. Very likely
sumed to be about 10 T. The cell dipoles are quite long (1qire-de3|gn of the arcs will be needed.

m) in order to minimize the total number of cells needed to
close the ring, and thus the total length. The resulting kmal
cell chromaticity should not require a non-interleavedehr L . N
maticity correction in the arcs. To get the required small Due to the short muon I_|fet|me, long time tracking is not
o, a dispersion perturbation is introduced by altering thQeeded. We tracked particles over 1000 turns correspond-
dipole symmetry: one over each 3 FODO cells has weaker
reverse polarity dipoles. The resulting dispersion isdarg
while the 5 functions and phase advances are almost un-
changed. Thering is 3588 m long (one IP) and the resulting
momentum compaction is 77107°.

Fig. 1 and 2 show the IR Twiss and MAD-X chromatic
functions respectively, while in Fig. 3 and 4 IR and arc
dispersion respectively are shown. Fig. 5 shows tunes
vs. momentum error. The energy range in which the op-
tics is stable ist0.96%, almost sufficient even for the low

DYNAMIC APERTURE
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2this requiresD’,=0 at the IP and therefore the insertion of dipoles as 0 50 100 150 200 250 300
close as possible to the IP s

3Although the horizontal chromaticity is small the use of antwex-
tupole in the horizontal plane turned out to be necessaradhieving a
large DA.
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Figure 3: IR dispersion.
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Figure 4: Arc dispersion (9 cells). Figure 6: On-energy DA.
26.5 T _ _ .
Q- - lider based on non-interleaved correction of the IR chro-
26 ¢ y 1 matic wave. The larger chromatic wave, vertical in this
o5 5 | | design, is corrected “in loco”. The energy range, within the
’ machine is stable, is abot).96%.
25 1 The Dynamic Aperture for on-energy particles is large
045 | | without having to resort to an error prone non-interleaved
: /’\/ scheme in the arcs too.
24 % : : : : : : The large 2th order momentum compactionis unlikely to
‘0.00 ‘0.00 ‘0.00 o 0.00 0.00 0.00 be corrected by using different sextupole families and will
o B w0 ¢ © 9 require a re-design of the arcs.
dp/p
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SUMMARY AND OUTLOOK

After shortly reviewing some of the previous designs, we
have presented an optics for a high luminosity Muon Col-





