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Abstract

We summarize activity of the COMET task force. This is the 1st report of
the group and should be regarded as an intermediate report. The final report
is prepared after the extinction measurement completes.

1 Introduction

It was suggested to form a task force for the COMET experiment in the 4th J-PARC
PAC meeting as follows. “If possible a task force should be set up to consider the
special demands of the required beam structure, energy, and intensity.” In response
to this, the task force has been formed by convening experts in the fields of accel-
erator, super-conducting magnet, beam line, and experimental hall, and physicists
from the COMET group. The goal of the task force has been discussed by the mem-
bers ourselves and is defined, “In order to realize the experiment that can provide
significant physics result, the task force aims at showing a realistic solution(s) for
the experiment under discussion among experts from accelerator, beam channel, and
physics groups.” Tasks have been defined later in order to archive this goal. They
are

Proton beam acceleration

Extinction

Proton beam extraction/transportation
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2 2 PROTON BEAM ACCELERATION

These issues have been discussed among task force members. In this report we will
show possible solutions obtained in these discussions for some of them and/or address
propostions that will necessary to be proved by experiments for the others.

2 Proton beam acceleration

As we have stressed many times, the success of the COMET experiment hinges on the
quality of proton beam to produce pions/muons. The proton beam must be pulsed
and the purity — extinction — must be sufficiently good as described in the proposal
[1]. In the proposal three acceleration methods are presented as summarized in Table
1.

Table 1: J-PARC MR bunching scheme. N, is the number of RF harmonics, N, is
the number of filled bunches.

Method | RCS MR Difficulty | Extinction Note
Ny Ny | N N
(1) 2 1 |9 4 |Easy Bucket Leak (RCS, MR) | Heat Load
(II) 1 1 |9 4 | Moderate | Bucket Leak (MR)
(III) 1 1 |4 4 | Higher Good Major Work

The method (I) is the simplest one that can be realized without any hardware
modification in the J-PARC accelerator chain. Thus we concluded that all kind of
preceding tests should be done in this scheme. A possible problem contained in this
method is that protons can be trapped in the empty bucket in the RCS when it
is operated for providing protons to the main ring (MR) and that empty bucket is
transferred to the MR without any change. In this case apparently the extinction
level is deteriorated. Proton leakage to the empty bucket in the RCS can be caused
by overshoot at the chopper scraper in the LINAC. In this sense the method (II) is
better since the RCS beam is not affected by the performance of the chopper scraper
although we need a minor modification of the hardware. A drawback of this method
is longer pulse width due to modification of the RF frequency of the RCS. However if
the pulse length is acceptable for the experiment, this method should be emphasized
as a balanced solution in terms of performance and necessary cost. The method (III)
is ideal because there is no empty bucket anywhere, resulting in no proton capture
outside the buckets. Of curse there is possibility for protons to escape from the RF
separatrix as illustrated in Fig.1 ! However such protons cannot stay in the accelerator
and are swept out after a few turns in the ring. Thus they are not to contribute to
deteriorate the extinction at a crucial level to the COMET experiment. Difficulties
to realize this method comes from the fact that we need to modify the harmonics
number of the MR. This indicates that (almost) complete replacement of the RF

'We need a full understanding of the accelerator parameters such as noise level of RF and exact
shape of the beam in the phase space to evaluate the probability of leakage.
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Figure 1: Illustration to show how particles can escape from buckets in the phase
space where it is supposed that the RF harmonics number is 4 with all buckets filled.

cavities in the MR is necessary, which is obviously not a trivial thing, from the view
point of MR operation schedule. Changing the main harmonics number is equivalent
to produce new cavities according to the RF group and we would like to leave this
option not to be emphasized until we fail to reduce the extinction level by employing
all methods considered by now.

As already reported in 6th J-PARC PAC meeting, we propose to start a systematic
study of the extinction by employing the method (I) and establish the measurement
technique. After that we can compare two methods (I) and (IT) with measurement
data.

It will be beneficial to study the growth of beam structure by a simplified sim-
ulation. Especially studying the beam purity development will be useful in future
when we try to improve the extinction in the MR. Evaluating contributing factors
of each to deteriorate the extinction will be perhaps useful in order to improve the
extinction systematically. Of course to simulate such behavior will require complete
understanding of the accelerator.

3 Extinction

Which extinction level we can measure and achieve will determine how small branch-
ing ratio we can reach in the experiment. As we have emphasized, it is necessary
to develop both methods to improve and measure the extinction level in order to
realize such an extreme requirement (< 107 extinction) of the experiment. This
development work is in progress under close collaboration between the task force
and experiment group. The COMET group is developing monitoring device to be
installed in the MR and/or proton transport line, and also an external extinction de-



4 3 EXTINCTION

Figure 2: Abort line detector for extinction measurement. A layer of plastic scintilla-
tors can be seen with optical fibers to transfer scintillation light to photomultipliers.
View along the proton beam line.
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