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Abstract

Options of the phase rotation and the ionization cool-
ing channels was studied in the Neutrino Factory Study
II where a muon storage ring is assumed to be built at
BNL. Quality of the high intensity muon beam was stud-
ied as function of the modified parameters of the front end
channels which consists of the pion capture system, non-
distorting phase rotation system, and the ionization cooling
channel. The purpose of the study is to find the possible
start-up options of the system and their performance while
the part of the channel elements are available.

1 INTRODUCTION

Historically, the pion capture and the phase rotation
channel has been designed by using RF cavities with fre-
quency ranges of 20-100 MHz in order to produce a single
muon bunch of µ+ or µ− as the beam source of a µ+µ−

collider. [1, 2] A complete beam cooling model for the
µ+µ− collider has yet to be build. For the ν factory de-
sign, the goal is to let the muons decay in a straight section
of a storage ring, and the requirement on the 6 dimensional
normalized emittance of the muon beam is smaller than that
for the µ+µ− collider by a factor of 10(4−5). The length
of the final muon beam can be as long as the circumfer-
ence of the storage ring. [4, 5] In this study, we studied
the performance degradation of the ν Factory Feasibility
Study II front end channel by removing the first Induction
Linac Channel or the second Induction Linac Channel and
the transverse phase space cooling liq. Hydrogen absorber.
The non-distorting phase rotation system is used in the ν
Factory Feasibility Study II, where the density of muons as
a function of ct, dN

d(ct) , is kept uniform and dN
dpz

is indepen-
dent of ct. by using the two stages of the induction linac
channel and a liq. H2 absorber and a drift space in between
them. [8]

2 PERFORMANCE STUDY

2.1 Performance of the Baseline Model

Schematic diagram of the channel components in r-z
plane is sketched in Figure 1. The top is the model of the
ν Factory Feasibility Study II. The second from top is the
front end channel without the first induction linac channel
and the liq. H2 absorber. The third from top is the one
without the liq. H2 absorber and the second induction linac
channel. A model for the ν Factory Feasibility Study I is
sketched at the bottom as a reference. The total length of
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the ν Factory Feasibility Study I is almost half of that in
the ν Factory Feasibility Study II.

Figure 1: Schematic Front End Channels of Plan A(Top),
Plan C(Middle), Study 1(Bottom)

Kinetic Energy vs. z, and Relative Arrival Time vs. z
are plotted in Figure 2 with 3 sample events in the Study
II model. The feature of the non-distorting phase rotation
system, where the relative arrival time of the muons at the
end of the cooling channel is almost proportional to the
initial kinetic energy of muons at the z location close to the
target. In the first induction linac channel, lower kinetic en-
ergy muons were boosted, and the kinetic energy of the all
muons was reduced through a liq. H2 mini-cooler, which
increases the deviation of the velocity(β), which make the
following drift space more effective to expand the muon
bunch length.
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Figure 2: Kinetic Energy vs. z, and Relative Arrival Time
vs. z with 3 example events in Plan A model

2.2 Performance of the Model with a Partial In-
duction Linac Channel

Figure 3 shows the longitudinal µ+ phase space (pz vs.
t) at the entrance and exit of the 1st and 2nd Induction
Linac channels in the Study II model(top), Use only 2nd
Ind. Linac(middle) Use only 1std Ind. Linac(bottom).

Figure 3: Long. µ+ phase space at the entrance/exit of the
1st, 2nd Induction Linac in Plan A(TOP), Use only 2nd Ind.
Linac(Middle) Use only 1std Ind. Linac(Bottom)

µ+ Pz and t distribution at the exit of the 2nd Induction
Linac in the study II model, in the case of using only 2nd
Induction Linac channel, and in the case of using only 1st
Induction Linac channel are shown in Figure 4.

(µ+ or π+)/primary proton ratio as a function of z are
shown in Figure 5 from the target to the end of the cooling

channel in the study II model, in the case of using only 2nd
Induction Linac channel, and in the case of using only 1st
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Figure 4: µ+ Pz and t distribution at the exit of the
2nd Induction Linac in Plan A(blue), Use only 2nd Ind.
Linac(red) Use only 1st Ind. Linac(green)
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Figure 5: (µ+ or π+)/primary proton ratio as a function of
z

3 CONCLUSION

Removing the First or the Second Induction Linac Chan-
nel and the Mini-Cooling is shown to degrade the phase
rotation and cooling performance in this study.

The ultimate cost-saving front end model can be a set of
a phase rotation ring, (FFAG, for example) a cooling ring,
an emittance exchange(bunch stacking)/cooling ring.
A figure of merit will be a total 1-turn channel length.

Induction Linac channel.
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