A LATTICE FOR THE 50 GeV MUON COLLIDER RING

D. Trbojevic Brookhaven National Laboratory, Upton, NY 11973, USA,
K.Y. Ng, and W. Weishi, Fermi National Accelerator Laboratory, Batavia, Illinois, 60510, USA

Abstract
. . eV muon collider rings have to be isochronous due to the
A resent progress report on the lattice design of the 50 X ort muon bunch lengths [2]. Because the muon decay

Gev muon collider is presented. The ring circumference : . o

. ... very quickly, to allow the high values for luminosity, the
needs to be as small as possible due to the short IncetIrTc]:?arcumference of the machine has to be as small as possi-
of the 50 GeV muons. The background at the detectc[))rIe P

is affected by the continuouseday of mions into elec- Unfortunately there are also some disadvantages with the

trons which requires a dipole between 'the h|gh' focgsm%uon collider. One of the limitations is the relatively short
guadrupoles and the detector. To obtain a luminosity on

the order of 12033 cm~2 s~! it is required to have beam ?aeci?ll l:];ec:gggifzé é:rs g:;'fh I?af[)zrt'lrael;‘i(;) \(l)ir:ZTFS]b y
intensities on the order of 1xi1®particles per bunch. The pidly 9 9y ) '

rms momentum soread of the beam is equal to GEhd The other consequence of the decay are the created elec-
P 9 trons which heat the cryogenic magnets and make large

the beta functions at the interaction point are equal to 4 CrB'ackground at the detectors. The background reduction at
The maxima of the betatron functions at these quadrupolﬁ§ )

L o : e detectors puts an additional constraint on the interac-
are 1300 m, resultingin large chromaticities which must b?on telescope design pushing the quadrupoles away from
corrected by local chromatic correction. Pairs of horizonte}

) ) ._1he IP due to a necessary sweeping dipole, which removes
and vertical chromatic sextupoles are located at location 2
. : the electrons. The quadrupole coil diameter has to be en-
where the corresponding betatron functions are 100 m an L ; .
. : . . Igrged due to a shielding layer. The lattice design of the
the values of the horizontal dispersion functions are 3 an : .
. storage ring for the muon collider represents a real chal-
2 m, respectively. They are carefully placed so that most : .
. . . enge In many respects:
of their nonlinear effects are canceled. The dynamic aper-

ture is larger than 7 times the mean size of the beam for the the 3* of 3 mm or 4 cm sets up the maximum beta

momentum offsets larger than -6 and +10 sigmas. functions at the 2 TeV storage ring upfo~ 600 km,
while at 50 GeVj? ~ 1300-1500 m.

1 INTRODUCTION e The chromaticity correction due to the triplet
guadrupoles requires a separate local chromatic cor-
rection by pairs of sextupoles with phase advance
of = between themselves and away from the
guadrupoles.
¢ The short bunches put a condition for an isochronous

ring in the 2 TeV collider and approximately
isochronous for the 50 GeV ring to avoid excessive

a momentum spread of 0.12. Both the 4 TeV and 100

A Muon Collider research collaboration group has exten-
sively been studying all aspects of the collider for the last
several years. There are many advantages with respect to
the electron or proton colliders. The size of the collider
would be relatively small because of their rest energy be-
ing 0.1126 times smaller than protons (the circumference

C for the 2 TeVx 2 TeV collider G~ 6000 m, while for
the 50 TeVx 50 GeV collider is G-350 m). Muory:t i~
bunches will collide during 1000 turns (@ 2 TeV). This

RF. This is especially challenging for the small 350
m circumference muon colliderebbause thdlexible
momentum compactidd] module have to overcome

makes the number of collisions much larger than one as it
is in the case of the linear electron colliders [3].

The muon collider would consist of many components like:
the Muon Production Sectiorfwhich includes a proton
source, linac, proton driver, the liquid target and capture),
the lonization Cooling Sectigrnthe Acceleration Section
linacs, recirculating linacs, and at the end is @alider
Ring The muon collider storage ring will have muon
bunches:* p~ with energy in the center of mass of 2 TeV
and luminosity ofl 03> cm~2s—1. For this luminosity the
rms bunch length has to be very short (3 mm) which defines
the betatron functions at the collision point#f=0.003 m.

A proposal for the muon collider considers first a storage
ring of 100 GeV center of mass™ p~ colliding energy.
The parameters for the 50 GeV on 50 GeV collider, preMore about the Muon Collider research, development and
viously defined [1], are not as stringent as for the 4 TeWuture plans can be found at other reports at this conference.
collider. The bunch length is estimated to be 4 cm witfThe muon collider collaboration group has developed few

a necessary positive dispersion through the dipoles
within the local chromatic correction section around
the IP.

e The muon ionization cooling studies had shown that
the expected energy spread of the bunches would be
of the order of 0.1%. In the electron storage rings
for the synchrotron radiation or electron collisions,
the high luminosity is obtained by reducing the emit-
tance of the beams. The emittance depends on the
values of the dispersion functiodi( = (D?/3) +
(D'\/B + Da/y/B)?). The limitations on the dis-
persion function are due to the limited aperture size.
(Az = D - dp/pwheredp/p ~ 0.12%).

362



nice examples of the 50 GeV muon collider lattices and thisy setting a condition for the slope of the dispersion and
represents a progress report on one of the designs. Théetatron functions to be zero at the sextupoles (labeled in

are still possible improvements to the final design. Fig. 25X, andSX;). Itis enough to design a single block
presented in the normalized dispersion space in Fig. 2 as
2 THE TELESCOPE WITH THE a region from the top of the figure (locatighX,) to the

CHROMATIC CORRECTION bottom (along the 4,5,6,7 to the last p'oint Iabelgd?bgq).
The rest of three blocks are symmetric to the first one.

The sweeping superconducting dipole, with the magnetic

of 8T and 2.5 m length, was found to be adequate, by a

separate study, to reduce the background due the electrons,,

from the muon decay.
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Figure 2: The local chromatic correction in normalized dis-
persion space.

Figure 1: The interaction region with local chromatic cor-
rection.

The telescope at the interaction region is a major source 3 FLEXIBLE MOMENTUM
of the chromaticity due to the large betatron functions at COMPACTION MODULE

the high foqusing qguadrupoles. After a revieyv qf the poSLThe present designs of the lattice all have almost half of
tions and distances between the magnets within the SUPRIe ring with 350 m long circumference dedicated to the

conducting cryostats in the present Relativistic Heavy IOn)cal chromatic correction where the dispersion has to be
Collider it was found that the distance between the supe‘é-

. . ositive at the sextupoles.
conducting magnets could be shorter than previously con-
sidered. A distance of the first quadrupole from the in-

NhoduleARC H H H
30 /—————H—— il 3

teraction point IP as well as the separations between the F I o=
quadrupoles &écame dittle shorter than before. This small T ,
change lowered the maxima of the betatron functions from . o
B ~ 1560m to 3,=1282 m3,=1307 m. Fig. 1 represents 20%» 8
the interaction region of the 50 GeV muon collider together ;\\ :
with the chromatic correction part. _ ol 0
2.1 Chromaticity Correction of the High < m; '
Focusing Triplets d5 2
The local chromatic correction of low-beta insertions have o ‘ 3
previously been studied and the similar solutions were de- ~ ° 0 o *
veloped [5] [6] [7]. There are two pairs Of INtEr-ivVed , wamn - s oonom v 1005 555 Mcta g 552554m
[6] Vertlcal and horlzontal focus'ng sextupoles Wltma By max/min: 23.15/3.52217m,vy: 3.18725, Ey: -5.60, Total bend angle: 3.96302533 rad

phase advance with respect to the corresponding high beta

triplets. The chromatic correction requires adequate values

of the beta and dispersion functions at the sextupoles. Rigure 3: The interaction region with local chromatic cor-
design of the chromaticity correction blocks was simplifiedection.
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The momentum compaction is defined as the integrahg the existing lattice design and particle tracking codes
of the dispersion function through the dipoles (= have to be either modified or treated with additional cau-
1/C [ D(s)ds/p). Due to a small positive value of the tion. Fig. 4 represents a comparison of the four existing
momentum compaction in half of the ring a request for theodes for the chromaticity dependence on momentum. A
asynchronous condition becomes much harder to establispecial attention should be given also when a dynamical
by the previously defined flexible momentum compactiomperture is explored by the particle tracking. For example,
FMC module. This is bcause in the regul&MC mod- inthe TEAPOT [8] thin lens element code, the dipoles had
ule dispersion function is partially positive through someo be divided each into more than 64 parts until correct re-
dipoles. The major problem in adjusting tARMC module sults were obtained. The higher orders in the momentum
is to keep the dispersion function small. This is an imeompaction factor are not correctly obtained with different
portant constraint because of the aperture limitations anccades (while the code COSY [9] compared very well to the
relatively large value of the momentum offset dp/p=0.12nalytical results).

%. Fig. 3 shows betatron functions inside of the modified

FMC module. This module provides large enough negative 4 CONCLUSIONS

value of the momentum compaction to cancel the influence . ]

of the local chromatic with the final focus telescope. Thi¥Ve presented a progress report on a lattice design of the
was accomplished by making negative dispersion functio?P GeV muon collider storage ring. The local chromaticity
within the dipoles. At the same time maxima of the dispercorrection and modifieBMC module are presented. Major

sion function are kept within small values (2.7 m i D | 2 4problems in designing the muon collider lattice were em-
m). phasized. The large collaboration between different labora-

tories world wide, continuously helps in a process of solv-

3.1 Tune and Chromaticity Dependence ing all challenging aspects for the future muon collider.
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