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Abstract

We discuss the various schemes to use ring coolers for
6D cooling for u'u colliders. The earliest successful
cooler used dipoles and quadrupoles and a high dispersion
low beta region. This was also proposed in the form of
solenoids. Recently there have been many new ideas. The
simplest is to use a simple dipole ring with high-pressure
gas absorber or Li hydride. We show the results of
simulations and compare with the results for other cooler
schemes.

THE MUON COLLIDER

The development of a pu'w collider could be very
important to study and LHC discoveries such as (a) SUSY
Higgs particles (200 — 600 GeV) in the S channel and (b)
new hish mass particles such as Squarks (TeV) [1]. The
wweollider is the only possible circular high energy
Lepton collider that can be sited on FNAL or CERN sites.
It could be installed into the Tevatron Tunnel.

Profon Linac
Proton Driver

Target
FFAG
T Phase Rotation
Ll Coaiing

Ring Cooler

Rimg Coaler

Higgs Factory
Collider Ring

Race Track Linac

Neutrine Factory
Muon Decay Ring

Figure 1: A schematic diagram of a v factory and a pu+u-
collider.

The Muon Collider is a relatively old idea that was
revived at a meeting in Napa Valley, Dec. 1992. [1]
During 1990s there were 5 dedicated workshops [2] to the
development of the Muon Collider and the formation of a
Muon Collaboration. These studies focused on the
transverse cooling of the muons and spent little time
discussing the 6D (6 dimensional) cooling. Around 1998,
it was realized that a muon storage ring could produce a
powerful Neutrino Factory [2] with the discovery of the
neutrino oscillation by SuperK. The interest in a Neutrino
Factory grew rapidly. By the time of the 2001 Snowmass
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APS Meeting, it was clear that the Muon Collider
required new thinking about 6D cooling. At that meeting
there were two proposals for Ring Coolers to provide 6D
cooling [3]. This was the start of a major new effort on
6D cooling of muons.

6D COOLING WITH RING COOLERS

The basic concept of 6D cooling in a Ring is simple, - a
wedge of liquid Hydrogen is placed in a region of high
dispersion and muons of different momentum lose more
or less dE/dx depending on the position.
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Figure 2: A top view of a muon cooling ring and a
schematic diagram of a half of 45 degree bending cell.
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Figure 3: Bx, By and m as a function of z in a 45 degree
bending cell.

The quadrupole ring cooler is easiest to understand. Using
an insert regional low beta and high dispersion region is
created [3]. The low beta keeps multiple scattering low
where the dispersion and the wedge absorber give energy
loss proportional to the muon beam energy — thus
“cooling” the muons. All Ring Coolers work in this
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method to some extent. In the case of the High Pressure
Gas Ring Cooler the absorber is distributed over the ring.
An example of an early ring cooler was presented at
Snowmass 2001 [3].
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Figure 4: 4-dipole ring: schematic diagram, parameters
and performance for harmonic number 3.

HIGH PRESSURE RING COOLERS

The MICE experiment will produce a compelling test
of transverse muon cooling. However this experiment is
not optimized to cool the energy of the muon beam. So a
dedicated Ring Cooler could be imagined to demonstrate
the full 6D cooling. An SBIR study of such a ring was
granted . Just Stage was approved but failed to obtain full
funding. However this studies showed that such a High
Pressure Gas Dipole Ring could be constructed to test the
concept of 6D cooling [5].

A design scenario to demonstrate 6D muon cooling has
been made using the concepts discussed above. In order to
make this demonstration economically feasible, the
cooling goals were reduced to correspond to a merit factor
of at least 10, where

Total Merit = Transmission X (€x €y €, Jinitial/ (Ex €y €, )final

Figure 4 shows evolution of the normalized transverse

emittances, €yy,Eyny, and the normalized longitudinal

03 Linear Colliders, Lepton Accelerators and New Acceleration Techniques

1-4244-0917-9/07/$25.00 ©2007 IEEE

THPMSO019

emittance, €y, and a merit factor as a function of the path
length along the central trajectory [6]. Here, x is the
horizontal coordinate and its positive direction goes
outside of the muon cooling ring, y is the vertical
coordinate, and the z goes along the central trajectory
with beam. With the minimum [ at 30 cm at the wedge
absorbers and the Lithium lenses, expected normalized
vertical equilibrium emittance &;,€ny is 1.9 mm-rad and
we obtained 2.3 mm-rad in the ICOOL simulation which
is close enough to the expected number. This ring showed
clear 6D cooling in the simulation; see Fig. 6.

A POSSIBLE LI LENS FOR A FINAL
COOLING RING
While ring coolers may give adequate longitudinal
cooling for a muon collider, extra transverse cooling is
needed as well. This requires a low f cooler. We have
studied Li lens instance ( $* ~1 cm) for this purpose [7].

Figure 5: Ring cooler with dipole.

Table 1: Parameters that describe the muon cooling ring.

Parameter Value
Dipole Field 1.8T
Number of Cells 4
Reference Momentum 172.12 MeV/c
Ring Circumference 3.81m
X Aperture 20 cm
Y Aperture +10 cm
P, Acceptance +10 MeV/c
Minimum Bx 38 cm
Maximum By 92 cm
Minimum By 54 cm
Maximum Py 66 cm
Hydrogen Gas 40 Atm @ 300° K
Pressure
RF Gradient 10 MV/m
RF Frequency 201.25 MHz
Total RF Length 1.2m
Total Orbit Turns 100

We designed muon cooling rings with a Lithium lens,
which is made of 2 matching higher 3 Lithium lenses
sandwiching the central lower BProgress in Designing a
Muon Cooling Ring with Lithium Lenses Lithium lens. 3
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Figure 6: A schematic diagram of a Lithium lens (left) and
straight section (right).

at the inner 22 cm long Lithium lens is 1.0 cm . The
matching Lithium rod with the length of 6.3 cm
each,which sandwich the central Lithium lens, has an
equilibrium 3 at 4.0 cm, which swings the 3 function from
the B at 16 cm at the outer end to the § at 1 cm at the inner
end of the matching Lithium rod [7].
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Figure 7: B @& a function of s in the Lithium lens and
matching cells with solenoids

The solenoids have 6 Tesla B, field where the B,
direction of solenoids is opposite to each other, and each
solenoid is 1.3 m long. Figure 6 shows a schematic
diagram of a Lithium lens and straight section, which is
made of 2 matching solenoids and a set of Lithium lenses.
Figure 7 shows the B as a function of z in the Lithium lens
and matching cells with solenoids.

In order to study the muon beam dynamics through a
Lithium lens and matching solenoid lattices which
sandwich the Lithium lens, we performed tracking
simulation with ICOOL tracking code. Original model
was designed by using the SYNCH which generates the
input date for the tracking code ICOOL.

Figure 8 shows the development of the normalized
transverse emittance as a function of z through 33 sets of
5.9 m long straight channel. In this simulation, the loss of
muon p, due to the dE/dx energy loss through the Lithium
lens is recovered through a thin RF cavity by adding
average p, kick.

We have also studied curved Li lens cooling rings that
are discussed in other PAC 07 papers. The use of a ring
cooler for a muon collider is given in [8].
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Figure 8: Normalized transverse emittance as a function
of z through 33 sets of straight sections.
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