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1 Introduction

This report is to study the electron polarization in the KEK Linac. Figure 1 shows the layout
of the linear accelerator including the acceleration and injection section. The electron beam is
prepared at 8.5 MeV at the exit of the source, then accelerated to 7 GeV by RF cavities, passes
through four pairs of vertical bends, and enters the tunnel where the ring locates. The proposed
polarization upgrade for the SuperKEKB HER is to install a pair of rotators to polarize the
electron beam in the longitudinal direction at the interaction point (IP), and it requires the beam
to be vertically polarized at the injection point. The vertical spin is preserved in the horizontal
bending field but not in the vertical bending field. In staging this project, we are considering
installing the polarized source with vertically polarized electrons in the HER as a first step and
to study the spin lifetime and other properties before proceeding with the installation of the spin
rotator. As Figure 2 shows, the vertical polarization in the HER has a long lifetime, which is
about 12 hours based on the linear regression result. To test the behaviour of the spin in the
Linac, the initial spin is set to be vertical in the BMAD simulation. As Figure 3 and 4 show,
the vertical spin is well preserved before it reaches the vertical bends prior to the HER injection
point. We can see that the vertical spin is rotated to other direction and re-established. It was
found that those vertical bend pairs have an anti-symmetric structure, as shown in Figure 5.
The bends in each pair have the same field strength but in the opposite direction. The spin
rotation from the vertical direction is canceled out, which explains the re-establishment of the
vertical spin. Thus, if the electron beam is vertically polarized at the source, we can guarantee
the vertical polarization at the injection point. Given that we have shown that the transverse
spin at the source is also present at the HER injection point, and that BMAD shows that a
transverse spin has a long lifetime in the HER, we now focus on how to produce a vertically
polarized the beam at the source.
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Figure 1: The layout of the KEK Linac

Figure 2: Vertical polarization as a function of number of turns in the HER where one turn is
approximately equivalent to 10µs.
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Figure 3: Spin motion in the Linac

Figure 4: Left: the spin motion of the electron when passing through first two pairs of vertical
bends; Right: the spin motion of the electron when passing through second two pairs of vertical
bends

Figure 5: Vertical bends
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2 Wien Filter

The electron beam is generated and longitudinally polarized at the source. A spin rotator must
be installed to rotate the spin from the longitudinal to the vertical direction. Also, this rotator
should not change the trajectory of the electron beam. When charged particles travel in the elec-
tromagnetic field, they experience the Lorentz force. The Wien Filter consists of perpendicular
electric and magnetic fields. A charged particle with a velocity v⃗ which follows a straight path,
as shown in Figure 6, experiences zero Lorentz force. The Wien Filter can be used as a spin
rotator that preserves the straight trajectory of the particle.

Figure 6: Wien Filter

The Lorentz force due to the E field and the B field should cancel out each other:

qE⃗ + qv⃗× B⃗⊥ = 0, (1)

which requires

E⃗ = −v⃗× B⃗⊥. (2)

The spin motion of a charged particle traveling in the electromagnetic field follows the
Thomas-BMT equation:

dS⃗

dt
= Ω⃗× S⃗ = − q

mγ

[
(1 + Gγ)B⃗⊥ + (1 + G)B⃗// + (Gγ +

γ

1 + γ
)
E⃗× β⃗

c

]
× S⃗, (3)

where S⃗ is the spin vector in the rest frame of the particle; t is the time in the lab frame; q
is the charge of the particle; B⃗⊥ and B⃗// are the transverse and longitudinal component of the
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magnetic field with respect to the velocity of the particle in the lab frame; E⃗ is the electric field
in the lab frame; the velocity of the particle is given by β⃗c and c is the speed of light; γ is the
Lorentz factor; G = g−2

2 is the anomalous gyromagnetic g-factor; Ω⃗ is the axial vector of the
precession.

For the electron, q = -e, and there is no longitudinal B field in the Wien Filter, B⃗// = 0. The

expression of the axial vector Ω⃗ can be expressed as:

Ω⃗ =
e

mγ

[
(1 + Gγ)B⃗⊥ + (Gγ +

γ

γ + 1
)
E⃗× β⃗

c

]
. (4)

Plugging Eq.2 into Eq.4 can reduce it to following form:

Ω⃗ =
1 +G

γ2m
eB⃗⊥. (5)

Take the approximation that ds
dt ≃ v and re-express the equation of the spin motion:

dS⃗

ds
=

dS⃗

dt

dt

ds
=

1

v

dS⃗

ds
=

1

v
Ω⃗× S⃗, (6)

where s is the s-position in the co-moving coordinate, v is the speed of the particle.

For a Wien Filter with length L, the rotation angle of the spin vector can be determined as
following:

θ =

∫
Ω

v
ds =

1 +G

γ

e

p
B⊥L =

1 +G

γ

B⊥L

Bρ
, (7)

where Ω is the magnitude of the axial vector, and Bρ is the magnetic rigidity.

The target is to rotate the spin vector from the longitudinal to the vertical direction, the
total amount of rotation is π

2 , thus can find:

B⊥L =
γπ

2(1 +G)
Bρ. (8)

The Wien Filter is not suitable for MeV electrons, the required E field is too strong (
>10 MeV/m) which is unrealistic to build and install. There is an acceleration stage in the
source in which the electron beam is initially accelerated to 8.5 MeV before it reaches the exit.
Thus, the Wien Filter must be installed before the acceleration stage. Based on Eq.8, it can be
found that for a 250 keV electron, the required magnetic field is 44 gauss (i.e. 4.4mT), and the
electric field is about 1 MV/m for a 1 m long Wien Filter. (We note that the earth’s magnetic
field is 0.25-0.65 gauss, which represents a 1% effect on the Wien filter magnetic field.) It’s nec-
essary to study the structure of the source and figure out how much space can be used between
the RF gun and the acceleration stage.
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