10th Int. Particle Accelerator Conf.
= ISBN: 978-3-95450-208-0

Abstract

Muon linac is developed for the muon g-2/EDM exper-
iment at J-PARC. In this experiment, ultra slow muon is
ccelerated to a momentum of 300 MeV/c with the four linac
tructures. This scheme offers new opportunity for precise
easurements; it enables us to reverse muon polarization at

early stage of acceleration. The reversal of polarization is
5 a common method of precision polarization measurements
-= as it can be used to identify or reduce systematic uncertain-
E ties dependent on time. It is necessary to accelerate muons
z and flip its spin without substantial emittance growth for the
~ experimental requirement. As one of the candidates for our
£ spin rotator, we are developing the Wien-filter type. In this
-2 poster, the design of the Wien-filter type spin rotator for the
% low emittance muon beam will be presented.
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INTRODUCTION

Muon anomalous magnetic moment (g-2) is one of the
&z fundamental parameters. Muon g-2 is derived at high preci-
< sion theoretically and experimentally. Therefore, muon g-2
& can be used as the test of theory. The previous measurement
& in Brookhaven National Laboratory (BNL) achieved the pre-
Q cision of 0.54 ppm (parts par million) and there is above 3 o
§ discrepancy between the Standard Model calculation [1] and
ié BNL’s measurement [2]. This result indicates that there is
2 the physics beyond the Standard Model (BSM). To verify
> this result, new and more precise experiment is necessary.
S The J-PARC muon g-2/EDM experiment will reduce
% the systematic error of previous experiment by using low-
f emittance muon beam [3,4]. By the low-emittance muon
¢ beam, the systematic error caused from the beam dynamics
% can be reduced than in the previous experiment. However
o due to the high intensity muon beam, the time dependence
g of detector systems caused the systematics error. This sys-
< tematics error can be reduced by the spin flip analysis shown
g as Fig.1 . Figure 2 shows the acceleration scheme [5] in the
4 J-PARC experiment. Muon spins can be flipped at the low-
£ momentum section in the linac. As a first step, we intend to
& insert the spin rotator (SR) after the RFQ to take the spin
~ flip analysis.

The requirement of the SR design is the low emittance
-5 growth in the SR section. The emittance values in other
acceleration sections are shown as Table 1. First of all in this
paper, the concept of the Wien-filter is explained. After then,
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Figure 1: The analysis method of muon g-2. (left) The time
dependence plot of detected e+ counts in the magnetic stor-
age ring. (right) The time dependence of the spin asymmetry
by taking the spin flipped data.
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Figure 2: The scheme of muon accelerators in J-PARC muon
g-2/EDM experiment. The spin rotator is located between
RFQ and IH-DTL in this paper.

the design schemes are discussed and the simulation result
of the emittance growth is showed. Finally, the summary
and prospects are presented.

WIEN-FILTER TYPE SPIN ROTATOR

We are considering the Wien-filter as a spin rotator. The
Wien-filter is famous as a mass spectrometor [6—9]. This is
consisted of one magnet and electrodes shown as Fig. 3 (left).
The magnetic and electric field are applied in a direction per-
pendicular to the particle velocity. The magnetic and electric
forces are cancelled and the particle feels no deflection when
the particle velocity satisfies Eq.1.

ve=—* )

Table 1: The normalized RMS emittance(without SR). The
unit is [7 mm mrad].

‘ En,x,rms €n,y,rms

Before RFQ | 0.376  0.106
After RFQ | 0.296  0.167
After IH-DTL | 0.316  0.190
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Figure 3: (left) The conceptual figure of the Wien-filter.
(right)The effective length plot of magnetic and electric field
for muon spin flip(e = 180 [deg])

v, is the longitudinal velocity of muon beam, E, and By, are
electric and magnetic field excited by the Wien-filter. This
condition is called as “Wien condition”. From the Thomas-
Bargmann-Michel-Telegdi (T-BMT) equation [10, 11], the
spin rotation angle @ of the beam can be calculated as Eq.2.

LeB,, LeE,
o = —

ymov,  ymov?

2

L is the effective length of fields, e is the elementary charge,
v is the Lorentz factor, my is the mass of particle (muon).
From these equations, the parameters of the fields are deter-
mined such as in the next section.

DESIGN OF THE WIEN-FILTER

This section discuss about the design of the Wien-filter.
Figure 3 (right) shows the effective length dependence of
the magnetic and electric fields when the input beam energy
is the RFQ output (340 keV, 8 ~ 0.08) and the spin rotation
angle is 180 deg. To maintain the bunch structure after
RFQ, the effective length of the fields is set as 500 mm.
In this case, the magnetic and electric fields are 0.18 [T]
and 4.3 [kV/mm]. The emittance growth is important in
the Wien-filter design. The emittance growth caused from
the two components: 1) The beam momentum dispersion,
2) The difference of the electric and magnetic forces along
the beam direction. The design is conducted such as this
components should be reduced.

Emittance Growth From The Initial Beam

To understand the reference emittance growth in the SR,
the emittance growth caused from the initial beam is simu-
lated by Geant4 [12—15]. In this simulation, the SR is located
after RFQ. Then, the RFQ output beam is used for the SR
input beam. However, the large twiss parameter « cause
the big momentum dispersion which effects the emittance
growth. For this reason, the RFQ beam is transferred as the
twiss parameter « is zero.

That profile is shown as Fig.4 (top). The momentum
distribution of the RFQ output beam is shown as the Fig.5.
This momentum dispersion causes the emittance growth in
the Wien-filter. To evaluate the emittance growth caused
from the initial beam condition, this simulation set the SR
fields condition as the fields is 4.3 [kV/mm] and 0.18 [Tesla]
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Figure 4: (top) SR input beam as the RFQ output beam after
transferred. (bottom) SR output beam in the ideal case of
fields.
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Figure 5: The momentum distribution of the RFQ output
beam

in only the effective length region (500 mm). The muon
beam profile after this region is shown as the Fig.4 (bottom).

From these beam profiles, the normalized RMS emittance
is evaluated as Table 2. The emittance growth in x — x’
plane is +22%. This value is the reference for the design of
the Wien-filter magnet and electrodes; the emittance growth
after the realistic model should be close to the this reference
emittance value.

Design Of The Magnet And Electrodes

The magnet is designed such as that the uniformity of the
magnetic field is enough for the low emittance muon beam.
The design and analysis is performed by Opera3D [16].The
yoke length is set as 500 mm and the other parameters and
magnetic field distribution is shown as Fig.6. Based on this
magnetic field distribution, the electrode shape is optimized
so that the electric field distribution along the z-direction is
same as that of magnetic field. For this purpose, the elec-
trodes is designed as that edges is curved such as shown in
Fig. 7. By tuning the parameters of electrodes, the differ-
ence of the Lorentz force from the electric and magnetic
fields can be reduced about 5% shown as Fig. 8.

Table 2: The normalized RMS emittance before/after SR.
The unit is [7 mm mrad].

‘ Input Output Growth
0.296 0.362 +22%
0.167 0.167 0%

En,x,rms

En,y,rms
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Figure 7: The concepts of the curved electrodes design.
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Figure 8: (left) The distribution of the electric and magnetic
fields at the edges. (right) The difference of the electric and
magnetic fields.

Emittance Growth By The Model

stribution of this work must maintain attribution to the author(s), title of the work, publisher, and D

S This input beam is the transferred RFQ output beam shown as
Z' Fig.4. Figure 9 shows the spin distribution after the SR. From
< . . .

_- this result, the normalized field is correct to flip the muon
g beam spin. Therefore, the emittance growth is evaluated
© With this normalized fields.

% The beam profile after the Wien-filter model is shown as
% the Fig.10. From this profile, the emittance is evaluated as
2 Table 3. The emittance growth is +64% in x-x plane and
= +56% in y-y’ plane.

E These emittance growth in the current model is about 2-3
O times greater than in the ideal case. To study this origin, the

2 case of the no additional electric fields (Ey, E;) is simulated.

& The beam profile of this simulation is shown as Fig.11. And

~

able 3: The normalized RMS emittance before/after the
urrent model. The unit is [/ mm mrad].

(@]

| Input  Output Growth
0.296 0.484 +64%
0.167 0.260 +56%

En,x,rms

En,y,rms

Table 4: The normalized RMS emittance before/after the
current model without the additional electric fields (Ey, E).
The unit is [7 mm mrad].

‘Input Output Growth

Content from this work may be used under the terms o

Enxrms | 0296 0435 +47%
Enyrms | 0.167 0171  +2%
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Figure 6: (left) The designed magnet in Opera3D. (right)

The emittance growth is evaluated by the current model.
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the emittance is shown as Table 4. The emittance growth is
+47% in x-x’ plane and +2% in y-y’ plane. From this result,
the emittance growth in the current model is mainly caused
from the additional electric fields.
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Figure 9: The polarization distribution along Z. The initial
polarization is set as —1.

Figure 11: The beam profile after the current model without
the additional electric field(Ey, E ).

SUMMARY AND PROSPECTS

In the J-PARC muon g-2/EDM experiment, the muon
beam spin can be flipped at the low-momentum section of
the muon linac. By taking the dataset of the muon spin
flip, we can take the spin flip analysis and the systematic
error depend on time could be reduced. The Wien-filter is
considered as a spin rotator.

The design of the Wien-filter is conducted such as that the
difference of magnetic and electric fields is small. For this
purpose, the electrodes edges are curved so that the electric
field is same distribution as the magnetic field. As a result
of this design, the emittance growth can be reduced to +64%
in x-x’ plane and +56% in y-y’ plane.

This emittance growth is about three times greater than in
the ideal fields case. If we can exclude the additional electric
field, the emittance growth will be reduced to +47% in x-
x’plane and +2% in y-y’ plane. This value is comparable
of the emittance growth by the each acceleration section.
Therefore, we will tune the Wien-filter model and plan the
demonstration with real muon beam.
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