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1.1.1 Introduction 

In order to realize the high physics potential of a Muon Collider (MC) a high luminosity 
of +--collisions at the Interaction Point (IP) in the TeV range must be achieved (~1034 
cm-2s-1). To reach this goal, a number of demanding requirements on the collider optics and 
the IR hardware, arising from the short muon lifetime and from relatively large values of 
the transverse emittance and momentum spread in muon beams that can realistically be 
obtained with ionization cooling [1], should be satisfied. These requirements are aggravated 
by limitations on the quadrupole gradients [2] as well as by the necessity to protect 
superconducting magnets and collider detectors from muon decay products [3, 4]. The 
overall detector performance in this domain is strongly dependent on the background 
particle rates in various sub-detectors. The deleterious effects of the background and 
radiation environment produced by the beam in the ring are very important issues in the 
Interaction Region (IR), detector and Machine-Detector Interface (MDI) designs. This 
Chapter is essentially based on studies presented very recently [5, 6]. 

1.1.2 Sources of Background and Radiation Load 

   There are three sources of beam-induced backgrounds and radiation loads in MC: 
incoherent e+e- pair production at the interaction point, beam halo loss on limiting apertures 
and muon beam decays. The first source, with its 10-mb cross-section, gives rise to 
backgrounds in detector of 3×104 electron pairs per bunch crossing. It can be confined with 
the appropriate design of the MDI components assisted by the high solenoidal field of the 
detector. The second source is taken care of by the beam halo collimation (extraction) far 
upstream of IR. 

Muon decays is the major source. At 0.75-TeV, with 2×1012 muons in a bunch, one has 
4.28×105 decays per meter of the lattice in a single pass, and 1.28×1010 decays per meter 
per second for two beams. Electrons from muon decays have mean energy of 
approximately 1/3 of that of the muons. These ~250-GeV electrons, generated at the above 
rate, travel to the inside of the ring magnets, and radiate a lot of energetic synchrotron 
photons tangent to the electron trajectory. Electromagnetic showers induced by these 
electrons and photons in the collider components generate intense fluxes of muons, hadrons 
and daughter electrons and photons, which create high background and radiation levels 
both in a detector and in the storage ring at the rate of 0.5-1 kW/m (to be compared to a few 
W/m in hadron colliders). Without corresponding mitigation measures, the quench stability 
and cryogenic issues in superconducting magnets and background loads to a detector have a 
potential of killing the idea of a high-energy muon collider. 
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1.1.3 IR Lattice 

The basic parameters of the muon beams and of the collider lattice necessary to achieve 
the desired luminosity are given in a previous Chapter. The major problem to solve was 
correction of the chromaticity of IR quadrupoles in such a way that the dynamic aperture 
remained sufficiently large and did not suffer much from strong beam-beam effect. To 
achieve these goals a new approach to the IR chromaticity correction was developed [1] 
which may be called a three-sextupoles scheme. The IR layout and beam sizes for * = 1 
cm are shown in Fig. 1. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 1: Beam sizes and aperture of the final focus. 

1.1.4 IR Magnet Design 

The IR doublets are made of relatively short quadrupoles (no more than 2 m long) to 
optimize their aperture according to the beam size variation and allow placing protecting 
tungsten masks in between them. The first two quadrupoles in Fig. 1 are focusing ones and 
the next three are defocusing ones. The space between the 4th and 5th quadrupoles is 
reserved for beam diagnostics and correctors. The cross-sections of MC IR quadrupoles 
feature two-layer shell-type Nb3Sn coils and cold iron yokes. The coil aperture ranges from 
80 mm (Q1) to 160 mm (Q3 to Q5). The nominal field in the magnet coils is ~11-12 T, 
whereas the maximum field reaches ~13-15 T. As can be seen, all the magnets have ~12% 
margin at 4.5 K, which is sufficient for the stable operation with an average heat deposition 
in magnet mid-planes up to 1.7 mW/g. Operation at 1.9 K would increase the magnet 
margin to ~22% and their quench margin by a factor of 4. 

The specifics of the heat deposition distributions in the MC dipoles – with decay products 
inducing showers predominantly in the orbit plane – require either a very large aperture 
with massive high-Z absorbers to protect the coils or an open midplane design [1-3]. It has 
been shown [7] that the most promising approach is the open mid-plane design which 
allows the decay electrons to pass between the superconducting coils and be absorbed in 
high-Z rods cooled at liquid nitrogen temperatures, placed far from the coils. The coils are 
arranged in a cos-theta configuration [1, 7]. The coil aperture in the IR dipoles is 160 mm, 
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