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Abstract. Linearly and circularly polarized x-rays have been very successfully applied to the
study of the properties of materials. Many applications can benefit from the availability of en-
ergy-tunable, high-brilliance x-ray beams with adjustable polarization properties. A helical un-
dulator that can generate beams of variable (linear to circular) polarization has been designed
and built by the Budker Institute of Nuclear Physics and the Advanced Photon Source. The first
harmonic of this 12.8-cm-period device will cover the energy range from 0.4 keV to 3.5 keV.
An important feature of this fully electromagnetic device is that it will allow us to generate
100% horizontally (Kx=0) or vertically (Ky=0) plane-polarized radiation, which will enable
many experiments otherwise not technically feasible. With symmetric deflection parameters
(Kx=Ky), the on-axis radiation will be circularly polarized, with a user-selectable handedness.
The polarization can be changed at rates up to 10 Hz.

INTRODUCTION

Studies of the magnetic properties of materials have been limited by the lack of
energy-tunable, high-brilliance x-ray beams with adjustable polarization properties.
Op-tics can be fabricated to simultaneously provide a high-quality beam and ad-
just-able polarization using the standard Advanced Photon Source (APS) undulator A
as a source, but only in the energy range above 5 keV. To extend the range below 5
keV, the Budker Institute and the APS have collaborated to build a fully electromag-
netic helical undulator that can generate light of variable (linear to circular) polariza-
tion in this lower energy regime. The polarization can be linear vertical, linear hori-
zontal, or elliptical to circular of either handedness. The expected brilliance of the
CPU operating in circular and linear modes is shown in Fig. 1. The curves are calcu-
lated for an ideal magnetic field and for: 7.0 GeV, 100 mA, ox = 0.359 mm,

oy — 0.021 mm, ax, = 0.0230 mrad, cy. = 0.0039 mrad, and a beam energy spread of

0.1%. The parameters for the device are shown in Table I.
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FIGURE 1. The brilliance range of the CPU is shown for circular (dashed) and linear (solid) po-
larization modes. The first three odd harmonics are shown for the linear mode.

MAGNETIC DESIGN

The 12.8-cm-period device uses electromagnets for both horizontal and vertical
fields. The CPU will share a straight section with a standard planar undulator, so the
CPU is made compatible with the APS standard insertion device vacuum chamber (1).
This means that the ID is constructed in a C geometry with poles above and below the
vacuum chamber, so that one side is left open for installation on the ring. The vacuum
chamber can be installed on the storage ring before ID installation, and the CPU can
be installed or removed without venting any portion of the vacuum system. The hori-
zontal field is produced by appropriately powering coils on four poles that are dis-
placed both transversely and vertically with respect to the beam (see figure 2) and are

TABLE 1. CPU Design Parameters
Parameter Description
Units
Period
Number of horizontal poles
Number of vertical poles
Vertical or horizontal full-field poles
Overall length
Vertical pole gap
Maximum magnetic field
Horizontal peak field at 1400 amps
Vertical peak field at 350 amps
Current to produce 0.28 T vertically
Current to produce 0.28 T horizontally
Switching frequency
Switching rise time (including overshoot)
Electromagnet DC stability
Maximum total radiation power
Maximum radiation power density

Value

12.8
34
34
28
2.3
11
0.24
0.287
0.31
315
1350
0-10
<20
<1
800
17

Units

cm

m
mm
Tesla
Tesla
Tesla
Amp
Amp
Hz
Ms
%
W
W/mm2
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FIGURE 2. Cross section of the CPU poles nested around the ID vacuum chamber. The horizontal
pole cross section is shown above the chamber; the vertical pole cross section below.

displaced longitudinally from the vertical poles by one-quarter period. The coils that
produce the horizontal field snake their way among the poles in four layers so as to
appropriately polarize the horizontal field poles while, ideally, not producing any ver-
tical field component. Separate coils power the vertical field poles.

MAGNETIC FIELD COMPENSATION

There are 34 poles each for the horizontal and vertical fields, including the ends.
At both ends of the device and in both field directions, the field strength pattern for the
end poles is 0, 1/4, 3/4, 1, ... This pattern was chosen to minimize steering and dis-
placement at the ends. The 'zero-strength' horizontal and vertical end poles at the up-
stream and downstream ends have separately powered compensation coils, so the first
and second field integrals through the undulator can be adjusted independently. Arbi-
trary function generators will be used to adjust the currents in the coils so that a tran-
sient magnetic field due to changing or reversing the current in the coils will also be
canceled.

Requirements are also imposed on the integrated multipole moments of the field.
Although there is certainly a dependence of the field strength with transverse position
even in a perfect undulator (the 'roll-off), the multipole moments of the integrated
field through this perfect undulator (with an integer number of periods) should be
small. Integrated multipole moments arise from imperfections in the magnetic materi-
als and from finite engineering tolerances. The CPU has integrated multipole mo-
ments that are larger than our requirements. Even at zero current, there is a residual
integrated moment due to a remanent magnetization. Initial attempts to demagnetize
were unsuccessful, and we are proceeding with other correction methods. A coil is
being added to the zero-strength horizontal field poles at the end of the undulator,
where they are the last poles. The direction of the current in the windings is set to
produce a quadrupole field instead of a horizontal field. These windings will be used
to cancel the integrated quadrupole field. We plan to place an additional electromag-



net at the end of the undulator, to correct the integrated skew quadrupole moment.
This additional magnet will have poles directly above and below the beam, with the
same polarity, but will have no poles in the transverse direction.

Although ideally there should be no cross-talk between the vertical and horizontal
field components, in reality we find that there is. One origin of possible cross-talk is a
changing permeability in the poles—for example, the horizontal flux that is shunted
through the vertical field poles will change when the vertical field changes because the
vertical flux in those poles changes. Another source of cross-talk is the imperfect
shaping and placement of the snakelike horizontal field coils and their proximity to the
undulator gap. Cross-talk between the vertical and horizontal fields does not neces-
sarily need to be corrected, but coil currents do need to be calibrated in order to pro-
duce radiation with the desired polarization and the desired energy.

The overall effect of the current-dependent integrated multipole moments, the mul-
tipole moments resulting from the remanent field, and the effect of the cross-talk on
the moments is that there will be a complicated set of multipole corrections. The cur-
rents needed in the multipole correction coils will be determined over the full range of
settings for the vertical and horizontal currents.

UNDULATOR POWER SUPPLY

The CPU power supply (PS) is designed to supply the undulator coils with DC, AC
or pulsed current. It has 8 channels: one each for horizontal and vertical coils and six
channels to supply the correcting coils. The PS produces an output current up to
1600 A (voltage up to 20 V) for the horizontal coil and up to 400 A (voltage up to
10 V) for the vertical coil. Channels supplying the correcting coils can provide up to
+/- 5 A with voltages up to 10 V. Both main channels can supply the load with posi-
tive or negative DC, AC current with a trapezoidal shape and a tunable repetition fre-
quency, or pulsed current of positive or negative polarities. Forced switching of the
current polarity is accomplished in a few milliseconds, seven times faster than the
normal transient process. As a result, operation at a frequency of up to 10 Hz is
possible.

SUMMARY

A new type of undulator for polarized radiation has been built and is undergoing fi-
nal tuning at the APS. We plan to complete the tuning in late 1999 and to install the
undulator in the storage ring in early 2000.
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