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FIG. 70: Top: Time spectrum of positron of dµ = 10−22e · cm for Pµ = 1 (Initial spin direction is

parallel to the magnetic field).

Bottom: Asymmetry of positron yield as a function of time for spin up and spin down for 5

lifetimes. Red solid line is fitted line with an expected function (reduced chi-square value is 1.1).
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XII. SCHEDULE AND COST

We intend to start the experiment in 2014 as shown in Fig. 71. There are four major areas

of activities: the ultra-cold muon Source, the ultra-cold muon beam, the ultra-precision field,

and the detector system. Especially the development of the muon source represents a major

challenge. We plan to perform a test experiment at TRIUMF to optimize the muonium

production target in 2010. In parallel, we plan a test experiment at Rutherford with a

newly developed high-power laser system.

The Muon LINAC can be constructed in two years, and be commissioned together with

the source.

We have started a conceptual design of the ultra-precision field employing technology

developed for MRI. We expect to have an engineering drawing in a year so that construction

would start in about one year. The measurement scheme with NMR probes is being devel-

oped at this time. A test of this technique at 1.5 T is planned, followed by a test in a 3 T

magnet at National Institute of Radiological Science (NIRS). A reasonably long commis-

sioning time is allocated for the magnet, since it would be one of the most time-consuming

process to shim the magnet to sub-ppm level.

The physics production run should be divided into a few phases at least; the first step

would be to reach similar precision to the E821, then further improvements would follow.

A cost estimate is given in Table XV. This is very preliminary without engineering

designs, but we will give the basis for each number.

• Surface muon transport

The surface muons produced at the production target will be transported to exper-

imental hall for muonium production. The first capture solenoid should be made

radiation resistive. Therefore, the cost estimate is based on the current conceptual

design which requires 960 m of minerally insulated coil (MIC). The super conducting

curved solenoid is assumed for further transport line to maximize the transport effi-

ciency. In addition, the area should be shielded very carefully. Detailed cost estimate

requires more detailed facility design, which is the next step.

• Laser Ionization of Mu

The laser for this experiment is being prepared at RIKEN.
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FIG. 71: Preliminary schedule of the efforts towards the experiment.

• Muon LINAC

The current design assumes significant overlap in design with the existing J-PARC

LINAC. This approach is expected to reduce the cost of the LINAC.

• Ultra-precision magnet and monitor

The current design of the magnet resulted in the stored energy of ∼30 MJ. We are

working on the reduction of the energy. A major cost driver for the magnet would be

person-power to achieve the required precision. Since the magnet is the heart of the

experiment, we will work out the details with the in-house experts. Consequently, the

cost would be minimized.

• Detector

We currently assume silicon detector for the tracking detector for muon decays. It

would be followed by the absorber/calorimeter.
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TABLE XV: Preliminary estimate of the cost of this experiment.

Item Cost (Oku-yen)

Surface Muon Transport Facility

Ultra-Cold Muon Source

High-power Laser System 3.0

Initial Acceleration System 0.5

Muon LINAC 15

Ultra-precision Magnet

Solenoid 10

Field Monitor 1

Detector System

Silicon Tracker 1.5

Readout Electronics 0.5

TOTAL 32 + Facility
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XIII. SUMMARY

We propose to measure the anomalous magnetic moment of the positive muon aµ down to

the level of 0.1 ppm with a novel technique utilizing an ultra-cold muon beam accelerated to

320 MeV and a 66 cm diameter precision magnetic storage ring without focusing field. The

beam will be also useful in measuring the electric dipole moment beyond current precision.

The proposed measurement will provide a rigorous test of the Standard Model of particle

physics as demonstrated by previous experiments. Our measurement will be complimentary

to the previous measurement which was done at 3.1 GeV, the “magic“ energy approach with

a 14 m diameter storage ring. This proposed experiment will have very different systematics

from the previous experiment.

There are many challenges in realizing the experiment. Those include

• increasing the surface muon flux,

• optimizing the muonium target,

• realizing the high-power Lyman-α laser,

• developing the scheme to maximize the muon polarization,

• finishing the actual design of the re-acceleration system,

• monitoring the very low intensity muon beam,

• realizing the ultra-precision magnetic field with zero electric field, and

• developing the high-rate tracking detctor system.

Although we have touched the most of the areas mentioned above, and we have developed

the time-line of these R&D activities, we are almost sure that we will have new challenges

on the way to realizing the experiment. It is the nature of this kind of precision physics,

which requires continuing efforts.

We conclude this proposal by requesting the lab’s deep involvement into this

new experiment, which has full of new challenges!
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