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Abstract 

The future p+p- Muon Collider should have a luminosity 
of the order of 10% cm-*s-l, an theenergy of 2 x 2TeV. 
Wepresent h~ademonstratioamachineatalowereaergy 
to test the feasibility of all components involved, whicb 
could be pIaced inside the existing Relativistic Heavy Ion 
Collides (RHIC) tunnel. Tbe maximum energy of the 
muonsintbeRHICcunneldependsonthemaximumattain- 
able field in the dipoles. 'The maximum energy in the exist- 
ing FUUC rings for protons is 250 GeV, where the strength 
of the magnetic field in the dipoles is 3.5 T. A design of 
the storage ring lattice for a 50 GeV muon demonstmion 
machiine is also presented. 

1 INTRODUCTION 

'The Muon Collidef advantage with respea to an elecvon 
collider at high m i e s  is that it could be a circular ma- 
chine, because of negligible synchrotron radiation (for en- 
ergies less than 10 TeV). Tbis makes the number of colli- 
sions per bunch much Ircrget than 1 in linear elearon m1- 
lid- and together with a Wer mass makesin principle, 
a ~uminosity advantage ofa f ,  of io5 for the s a a ~  size 
machine. Other components of the muon collider, its fea- 
sibiIity and pbysics opporhlnities are presented in reports 
[11,[21, 131, l41, [a, [SJ etc. The muon collider storage 
ring will have 2 TeV errergy p+ and p- bunches and will 
provide luminosity of 1035~m-~s-~. h r  this ~uminosity 
the nns bunch length has to be 3 mm, which de6nes the 
Ip=3 mm at IF. Short bunches require the collider to be 
isochronous 17. In this report lauices for demonstration of 
the muon collider rings, with muon energies of 250 GeV 

chine (Seaion l), like traosverse and longitudid emit- 
tances, distances of the Gust quadFupoles to the crossiog 
point, etc. are defined first. Next, possible choices for 
values of the magnet aperhlres, lengths, and strength will 
bepiesented. 'Ihcmomentumspreadofthep+andp- 
beamsse&upalimitf~thedispenionfmctimex~~ 
An existing ring and el- of Ihe RelativisticHeavy Io0 
C O u i d e r O  were used to create a first example (Sec- 
tim3) of an isochrmous storagering.lEeRHICcollisioo 
parameters andmagnetelemnts wereused forthenew lat- 
tice. kt, adcmo muon collidcr storage ring lattice, with 
05 TeV a~tet of mass aregy. is set inside the RHIC tun- 
nel (sccrion 4). Finally lllDtbclt &IO - witb a 0.1 

* = k p a f a n r l e d ~  rbe......mdl&US a p r b a t a f h e q y  

and 50 Gev, are premted. E?mmefers for thedenu, ma- 

m -of mass a=gy ispmeaed (sacaioa 5). 
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2 STORAGE RING PAR 

Muons, p+ and p- , will be created from the decay of pions 
I+ and ++, made from higher energy protons on a high 2 
target. Muons, p+ and p-, will reach the collider storage 
ring after they have been accelerated and cooled in both 
longitudinal and transverse phase space. 

A design of a demonstration muon collider storage ring 
would be at much lower muon energy than the proposed 
4 TeV (center of mass energy) machine. The muon six- 
dimensional emittance, &fined as: 

of a lower energy demo ring should not be different from 
the estimated 4 TeV collider emittance (West prediction 

tween the first high focusing quadrupole and the crossing 
collision point, is defined by the opening angle of the detec- 
tor. The bunch length defines the P. at the crossing point 
The momentum compaction a (a = I/$) also depends 
on the bunch length. Parameters of intaest for a lattice d e  
sign of lower energy storage rings, are presented in Table 1. 
The bunch lengths in the 200 GeV and 50 GeV demo muon 
collides, as presented in Table 1, are equal to 10 an and 
16 an, respectively. Short bunches require the momentum 
compactioll to be ajusted. lEe maximum of the disper- 
sion function in the lattice design is limited by the large 
b e a m m o m e n h u n ~ M ~ t u m o f f s e t s o f t h e i n a n n -  
ing muons are estimated to be large (Ap/p = 0.12%). If 
the beam size, resulting from the momentum offset, up, is 
of the order of the trans- beam size, defined by the be- 

E6D = 170. 10-*2+m). A free Space PiWamw Lo, be- 

tatron fuaction, UP, than: 

~ T R I B U T I O N  OF THJS QOCUMENT IS UNLJMTTCSD 



Table 2 
ETeV I Shield I Coil(cm) I A(W/m) I L(s-’cm-’) 

4.0 I R=6.0cm I M . 0  I 1292 1 732 lo“’ 
0.4 R4.0cm b6.0 43 1 8.4 
0.2 R=35cm k5.5 43 1 2.6 

~ 0.1 R=3.0cm h5.0 43 1 0.8 id2 I 

Paramem like: the shield radius, quadruQole coil diame- 
ter, power per length dissipation, and luminosities at four 
different center of mass muon energies, are presented in 
Table 2 

3 ISOCHRONOUS RAIC LATTICE 

The RHIC collider lattim is three fold symmetrical. It 
has standard FODO cells in the arcs and six “zero” dis- 
persion anti-symmetric interadion regions (IR) with triplet 
quadrupoles. Dipoles reach a magnetic field of 3.5 T with 
30% quencb margin in the arcs. An isochronous lauice is 
designed by usingflexible momentum compaction (FMC) 
modules, as previously ppesented [8], and magnets of the 
same size as in the present RHIC machine. Figure 1 shows 
the betatron functions inside one of the IRs together with 
one FMC module. 
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Figure 1: Isochronous RHIC latticeIR with one FMC 
module. 
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Hgure 2 The IR and one FMC module of the 250 GeV 
isochronous demo muon collidex lattice in the RHIC tunnel. 

5 DEMO MUON COLLIDER 50 GEV !STORAGE 
RING 

Thennstrans~emittanceof a50 GeV on SO GeV muon 
storageringisestimatedtobee = 136.10-6+m(seeTable 
1). ’Ihe beam size is defined as: 

u = d u m  (3) 

while from the nns trans- emittance: 

The relativistic factor for a muon energy of 50 GeV is 
7/3=47322. Therms mum beam momentum width reach- 
ing the 50 GeV demo collidex is estimated to be A p / p  = 
0.12%. If the maximum value of the dispersion function 
is Dm,,=2m, the beam size up = Dm,,=Ap/p = 2.4 mm. 
For Dm,,= = l m  the xms of beam size firom the momentum 
width is a faaor of two smauet (up=I.2 mm). If the max- 
imum pole tip field at the quadrupoles is B,,4 T, then 
estimated gradients are calculated by using the radii equal 
m4u. 
l’Ee dano muon collider storage riog coIIsists of eight FMC 
modules, whichamke thearc partof themnrhine and asin- 
gle interaction region with one aossing point. TEe EMC 
module consists of fOurFOD0 cells with a I low beta sec- 
tion in the middle. Longitudii d i i o n s  of the mag- 
nets insidetheFOm cdls define themaximum values of 
t h e b e a t m n f u r a c c i o n s . ~ h a s m b e e n o u g b ~  
between tbe wall oftbebeam pi* which is reduced due 
to tbe shieldand the cizwhtm - g-- ‘oa of the 

~totheugbeamsizerequesc.’Lhemaximumvalue 

tbe5izeOftbebabdhgangte. Asnpatedeatier[9]the 
aispasion valuein an FMC module is fougtdyhalfof the 
valt1~wirhinthe900FMX)cdl.’Lbelemgthofadipokin 

FMC module starts by defining a 90” f;w)o cell which 

of thedispasioa finmion in tbisXB0 cell isdefined by 



the FMC module is Ld=3.7m. The maximum values of the 
betatron functions in the FMC module are p,=17.1 m and 
P,=17.5 m, and for the dispersion function 0, = +1.38m 
and D, = -1.23 m, as presented in Figure 3. A proce- 

Figure 3: The Flexible Momentum Compaaion Module of 
the 50 GeV demonstration storage ring 
dure for the interaction region triplet design was previously 
reported [lo]. Table 3 shows the quadrupole gradients and 
lengths: 

Table 3 

-58.34 

It is important to note that for experimental background 
reduction a dipole was installed between the first and the 
second quadrupoles inside the IR region, and that the 
quadrupoles on the opposite sides of the crossing point are 
antisymmetric to balance the chromaticities. ’The betatron 
functions of the interaction region togetherwith FMC mod- 
ules are presented in Figure 4. The circumference of the 
machine is 263.4 m with an average radius of 42 m. ’There 
are eight FMC modules each 25.6 m long, and one straight 
section-IR 585 m long. ’ h e  chromaticity of the whole lat- 
tice is comued by sextupoles within the FMC modules in 
the arcs. The second order tune shift induced by the sex- 
tupoleis said1 (& CY=+, ary, oyy <io4 rn-l). 

6 SUMMARY 

A progress report on the mum wllider demonstration ma- 
chines was presented. Fust, two examples showed that an 
isochroaous~eringcouldbepIacedinside~~existing 
tunnel (RHIC) with magnets already built. ‘Ihe center of 
mass energy forp+ aad p- beams in these two rings is 0.5 
TeV. Ifthisetqyissdeaed forademnstmcwnmxhine, 
the circumfemce of the new ring could be much smaUer 
than in the examples presented. The two examples of 250 

F a. .. 

Figure 4 the IR with two FMC modules of the 50 GeV 
isochronous demo muon collider lattice. 

GeV storage rings had a circumfmce 3833 m because this 
is the FUIIC circumference. The size of the 0.1 TeV muon 
coliider demonstration storage ring is very small (the cir- 
cumference is only 263 m). More tracking and detector 
background studies will follow. 
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