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CHROMATICITY CORRECTION FOR A MUON COLLIDER OPTICS*
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Abstract chromatic functions [4]

Muon Collider (MC) is a promising candidate for the B, = 1 0B, A = Ja, ROy
next energy frontier machine. However, in order to obtain - (0) a6 2708 z T
peak luminosity in the 13 cn?s~! range the collider lat-
tice design must satisfy a number of stringent requirement& = z/y andd = Ap/p) which obey the equations
In particular the expected large momentum spread of the
muon beam and the very smalt call for a careful correc- =24, =2B,
tion of the chromatic effects. o ds ds ds
Here we present a particular solution for the interactiowherek = +(K; — D, K>) (the positive and negative sign
region (IR) optics whose distinctive feature is a threeholding for thez andy plane respectively)K; and K,
sextupole local chromatic correction scheme. The scheneing the quadrupole and sextupole strengths respectively
may be applied to other future machines where chromatic The dependence of tunes on momentum is described in
effects are expected to be large. terms of chromaticity. Second order chromaticity may be
written in the form [5]

dB, du, dA, dp.

-89k (1)

INTRODUCTION

£ = / ds (—kB, + 2K )6(0 — W

The expected large muon energy spread requires the op-

tics to be stable over a wide range of momenta whereas t

required luminosity calls fog* in the mm range. To avoid

luminosity degradation due to hour-glass effect, the bunc

length must be comparatively small. To keep the neede

RF voltage within feasible limits the momentum com- "

paction factor must be small over the wide range of mo- -Classical” approach

menta. A low3* means high sensitivity to alignment and The classical approach consists in correcting the chio-

field errors of the Interaction Region (IR) quadrupoles anghatic IR beta-wave with sextupole families in the arcs

large chromatic effects which limit the momentum rang&vhere the dispersion is naturally large. Different fansilie

of optics stability and require strong correction sextegol of sextupoles are used to correct the linear and second: or-

which eventually limit the Dynamic Aperture (DA). der chromaticity and possibly the first order dependence of
Finally, the ring circumference should be as small as post(s) on momentum; non-orthogonality of such corrections

sible, luminosity being inversely proportional to the col-result in an increase of the needed sextupole strenght.

lider length. Constraints on the phase advance between sextupoles of
A promising solution for a 1.5 TeV center of mass energyhe same family allow to make the lowest order drivirg

MC with *=1 m in both planes has been proposed [1]terms of the 3th order resonances vanish.

This 3* value has been chosen as a compromise betweenThis scheme, used in successfully operating colliders as

luminosity and feasibility based on the magnet design antevatron and LHC, has been tried for some earlier MC ver-

energy deposition considerations [2], [3]. sions but led to extremely small values of the momentam
The proposed solution for the IR optics together with &tability range.

new flexible momentum compaction arc cell design allows

to satisfy all requirements and is relatively insensitive t“Special sections” approach

the beam-beam effect.

&Ql) is the linear chromaticity) which shows that chromatic
annon B, and second order dispersion should be both
é)mpensated

Owing to the necessarily high chromaticy of a MC IR,
the failure of the classical approach is not surprising.
CHROMATIC CORRECTION As an alternative, it has been proposed the use of “special
sections”, with large beta functions and dispersion, next t
To obtain large momentum acceptance it is necessary tive low-3 region: after the first sextupole located at a kriot
correct the dependance on momentunBdiinctions and of the IR chromatic wave, a pseudd?, section is inserted
tunes. The former is described in terms of the Montaguleetween it and ativin” sextupole compensating the non-
linear kick. In practice such kind of schemes may be prene
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Eventually, if sextupoles correcting horizontal and verti 6000 ‘ ‘ W
cal chromaticity are not orthogonalnan-interleavedor- g 5000 VYT; —
rection scheme may be considered. S 4000 | dD,/dd [em] ———

Some 3 mmg* MC optics using this concept are de  3gqp | |
scribed for instance in [6], [7], [8]. These designs howevé 2000 | |
have insufficient DA and/or small momentum acceptancé

- : . 1000 1

A similar approach for the IR chromatic correction OE
a 3 mmg* 2x2 TeV MC optics has been applied by(.;s 0 \s‘: s SI s4
K. Oide[9]. It uses non-interleaved sextupoles for both IR -1000 |

i i - -2000 : ‘ :
and arcs. This d_eS|gn has large DA and momentum ac o =0 100 150 200
ceptance, but owing to the extremely large peak value of
.. s [m]
By (900 km) and the very strong sextupoles is likely un-
realistic. Figure 2. IR MAD-X chromatic functions,W, =
(A2 + B2), and sextupole locations. The sextupole S3

Local chromatic correction at 150 m correctdD,, /dd.

More recently atruly local chromatic correction has
been proposed[1]. tupole, S1 (see Fig. 2 where MAD-X IR chromatic func-

Let us look at the solutions of Egs.(1) with starting contions and sextupole locations are shown)\at, ~ 0 from
ditions B,=A,=0 at the IP. Moving away from the IR, the low beta quadrupoles. The choj@e> 3, (rather than
becomes non zero when the Igiv\guadrupoles are encoun- the opposite) is very convenient. Indeed, by constraining
tered, but as long as the phase advance does not change dhat the location of this strong sextupole to a very small
amplitude function,B,, is unchanged too. At the low- value (1 m in this design) it is possible to keep the de-
guadrupoles, wherg, is large, the phase advance changetining with amplitude coefficients [10], which for reor-
slowly and there is a possibility of correcting the chromati mal sextupole are proportional #6,, small. This is more
perturbation beforg, (0) andu. (§) start differing from the in general, a consequence of the fact that the hamiltonian
unperturbed values. of a normal sextupole has the forfl = ax® — 3axz>.

Such local correction with sextupoles is possible if th&hus, if ¢,=¢, as for muons, non-linear kick is weak due
IR dispersion is made non-vanishing. If,=D/ =0 at the to smallness ofzz| and does not need compensation by a
IP, insertion of relatively strong bending magnets in the IRecond sextupole. 5 dipoles, with the help of quadrupole
region is necessary. They can be beneficial for avoidingffsets, create 2.6 m dispersion at S1 location. The inte-

neutrinos hot spots too. grated strength of the sextupole is 0.142°m
A local correction of the horizontal chromatic wave is
IR OPTICSOPTIMIZATION FOR not possible, as it would require to keep a large value of
CHROMATIC CORRECTION B, until the corrector location. Thus a second sextupole

(S2), atApu,=n from the low3 quadrupoles, corrects the
Fig. 1 shows the IR layout and optics of the proposetR horizontal chromaticity. A pseude! section is inserted
MC. between this sextupole and a “twin” sextupole (S4) which
compensates S2 aberratichsThe dispersion function at
the center of thd section can be made rather large while

300 ¢ — ] B is small (about 1 m in the present design) making it a

250 b 1 convenient place for one more sextupole (S3) which pro-
E 5 vides control of the second order dispersion. Multipoles
= 150 for higher order vertical chromaticity correction can be in
= stalled there as well. They introduce non-linear detuning
= 100 ¢ | which is compensated with additional octupoles/in=0

location. The absolute value of MAD-8 STATIC detuning
coefficients after correction are smaller tHar 10* m—1!.

0 50 100 150 200

s [m] ARCS
Figure 1: IR layout and Twiss functions. The IR in this design has a large positive contribution

to a;,, which must be compensated in the arcs so to get

The peak beta asymmetry of the [9] design has ben kepfr| < 10~*. The proposed arc cell is described in [1].

In partICUIar Ba anq the IR horlzomal chromat|C|ty are 2Although the horizontal chromaticity is relatively small thee of
r_nUCh Sma”er_ than in Fhe vertical pl?‘ne- T_he Iarger IR Ver3 twin sextupole in the horizontal plane turned out to be semey for
tical chromatic wave is corrected first, with a single sexachieving a large DA.
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It allows almost orthogonal correction of chromaticity in  The impact of the fringe field of the low-quadrupoles
the two planes and control @f, and its derivative with on DA is showed in Fig. 3 for an earlier version of the lat-
relative momentum deviation. The arc chromaticity is cortice, without IR quadrupole displacements, having a some-
rected with just one (interleaved) family per plane. 12<ellwhat smaller nominal DA (44). Dynamic aperture is
are needed for closing the ring. Phase advance per celldsmputed in terms of starting coordinates at IP, with
300 degrees which gives cancellation over 6 cells of they; =0, using MAD-X PTC which treats fringe fields in
lowest 3th order resonance driving terms. “hard-edge” approximation. The beam transversat the

A dispersion freguning section was introduced betweenlP is 6 um for e ;=25 pm. A significant reduction in DA is
IR and arcs. Compared with other designs, the ring is conebserved so that special correction is necessary.
pact (£L=2727 m, two IPs). The resulting momentum com-
paction is -1.% 1075,

40 -y [rum
LATTICE PERFORMANCE 2 ]
N o~ ,__N—"'\
The energy range in which the optics is stable-is2%, 20 & TN

sufficient for the various expected scenarios. Tracking per ] -~ |—FF offf
formed over 1000 turns, the time needed for the beam cur- o =L —=FF onf— =22
rent to decay by about a factor 2, shows that the on-energy o S L
DA is 5.7 ¢ for ex=25 um. More details may be found -20 e )
in [1]. 7

-40 x [].l.lll] i
Beam-beam effect -40  -20 0 20 40

Dynamic beta considerations recommend choosinlgi
phase advances between IPs to be just above multiplesfﬂ
w. However, while this reduces, it increases thg func-
tions at the lows quadrupoles making this choice danger-

ﬂure 3: 1000 turns DA w/o (blue contour) and with (red)
ge fields.

ous for a MC where, owing to high gradient requirements SUMMARY
and necessity of protecting the magnets from muon decay
products, the low3 quadrupole aperture is tight. Owing to the large chromaticity, the IR optics of a high

For this reason it has been chosen the working poimiminosity Muon Collider must be designed having non-
(),=20.56 and?),=16.58 which is beneficial for minimiz- linear corrections in mind. In the scheme here preserited
ing detuning with amplitude and orbit sensitivity to mis-the larger vertical chromatic wave is corrected “in locc?,
alignments, and provides space for the beam-beam tumdile a pseudo-I insertion provide convenient locations
shift. With 1, (S1) — p,(IP) = p1,,(S2) — pu,(IP) ~ n  for the correction of the horizontal chromatic wave. Tte
and this choice of the working point, for small beam-energy range, within the machine is stable, is akoLR%.
beam parameter valug€y, where analytical expressions The dynamic aperture for the nominal optics is sufficiently
may be used, it can be seen that the beam-beam effémtge (> 50), however special attention should be paid o
does not compromise the orthogonality of the correctiorcompensation of multipole errors and fringe fields effects.
This has been confirmed by simulations with MAD-X for
& ~0.1/IP. Simulations by using Mathematica [11] have REFERENCES
shown also that, witlj, ~0.1/IP, the beam-beam effect re- ) )
ducesp* for long bunchesg, ~ 3*, almost completely [1] Y. Alexahin et al., Proceedings of IPAC11, p.1563.
compensating for the hour-glass effect, similarly to beaml2] Y-Alexahin etal., Proceedings of IPAC11, p.1566.
disruption in linear colliders. Beam-beam studies done ori3] A. V. Zlobin et al., Proceedings of IPAC11, p.388.

a previous optics version (w/o tuning section) indicate a[4] B. W. Montague, LEP Note 165 (1979).
DA reduction of about 20% in presence of a beam-beamn|s] T. Sen, M. Syphers, SSCL-Preprint-411, May 1993.

parameter 0f.1/IP. [6] C. Johnstone, A. Garren, PAC97, Vancouver, May 1997,
p.411.
Fringe fields effect [7] C. M. Ankenbrandt et al., PRST-AB, vol.2, 081001 (1999).

. . ) [8] P.  Snopok, http://www.cap.bnl.gov/mumu/conf/MC=
Magnet imperfections, such as multipole errors and 080317/agenda.html

fringe fields, caﬁ compromise the dynamp aperture, Wh'cﬁg] https://mctf.fnal.gov/databases/lattice-repository/collider-
for amuon collider should be at least.3Preliminary stud- ring/oide

ies [11] showed that effects of multipole errors can be a'10] J. Bengtsson, CERN 88-05
most completely compensated with higher order non-line i ’ )

r . I
correctors. 11] A. Netepenko, Private Communication.
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