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Figure-8 Undulator

Japan Synchrotron Radiation Research Institute

Insertion devices (IDs), such as wigglers and undulators, are very important instru-
“ments for the third-generation synchrotron radiation (SR) facilities. In particular, use
~of undulators is indispensable because they not only intensify the brilliance but avoid the

unreasonable heat load brought by photons in the unwanted spectral part. In the case of
the planar undulator, however, the intensity of the unwanted higher harmonics cannot
be ignored when the magnetic field is strong. The figure-8 undulator is an ID proposed to
improve the disadvantage of the planar undulator described above. In this report, the
principle of the figure-8 undulator is described and some characteristics of radiation are
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Illustration of polarization of photons. A circularly polarized photon is regarded as the
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Figure 3. An example of combination of two helical
trajectories. Right- and left-handed helices are placed tan-
dem.
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Figure 4. Another type of combination of two helical
trajectories. Right- and left-handed helices are placed
parallel.
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Figure 5. Schematic illustration of the crossed undula-

tor.
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Figure 6. Magnetic fields to realize the trajectory shown
in Fig. 4. Discontinuous points exist, meaning that the
magnetic field is impossible.
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Figure 7. Trajectory in the figure-8 undulator. It is simi-
lar to that shown in Fig. 4 but the magnetic fields can be Sw yz
realized easily as shown in Fig. 8. 0
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Figure 8. Magnetic fields to realize the trajectory shown

in Fig. 7. The period length of the horizontal field is twice 2nfc Ki+K f

as that of the vertical. W= 1 1- 47 , (5)
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Figure 9. Schematic illustration of the figure-8 undula-
tor.
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Figure 10. Observation of the radiation from an elec-

tron moving along an arbitrary trajectory.
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Figure 11. Examples of spectrum obtained from the (a)
planar and (b) figure-8 undulators. The period length is
assumed to be 10 cm in each case and the K value 4.72
(planar) and 3.34 (=K,=K,, figure-8). The electron
energy is assumed to be 8 GeV and the average current
100 mA.
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Figure 12. Spatial distribution of the power density ob-
tained from the (a) planar and (b) figure-8 undulators.
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Figure 13. Orbits in the figure-8 undulator projected on
the x—y, y—z and z—x planes and the relation between the
horizontal (B,) and vertical (8,) velocities.
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Figure 14. (a) The electric field obtained from the pla-

nar undulator and (b) the deflection angle as functions of
the observer time. Pulse field is found at the time where
the deflection angle is equal to zero.

RE, (10°%V)
_1.\ o —_
l T T 7 T T
l—-l %
) | L I L I 1

—
[en}
N

Deflection Angle (v")
N

T T T T

1 L ' 1

Power Density (kW/mradf)

AR N R T E SN B
0.0 0.5 1.0 1.5 2.0 25

Obserber Time (10‘17sec)

Figure 15. (a) The electric field and (b) the deflection
angle as functions of the observer time, in the case of the
figure-8 undulator.
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Figure 17. The nomalized flux density as a function of
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13th harmonics are shown. In each case, the flux density
is normalized by the value at X,/K,=0.
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Table 1. Parameters used in the calculation.
Electron Energy 8 GeV
Average Current 100 mA

Natural Emittance 6 nm-rad

Coupling Constant 0.02
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Table 2. Parameters of the figure-8 undulator for soft x
ray. Superscript * means that it is a tentative value.

Period Length 100 mm
Number of Periods 44
Minimum Gap* 20 mm
Maximum K Value* 4.88(K,)
9.63(K,)
Energy Range 100 eV~5000 eV
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Figure 19. Peak brilliance of the fundamental and the
on-axis power density obtained from the figure-8 undula-
tor for soft x ray at the SPring-8.
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Figure 20. Spectrum and degree of polarization ob-
tained from the figure-8 undulator for soft x ray. The gap
is assumed to be 50 mm, where K,=3.1 and K,=3.5. In
this case, the energy of the fundamental is found to be
500 eV.
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Table 3. Parameters of the figure-8 undulator for hard
x ray. Superscript * means that it is a tentative value.
Period Length 26 mm

Number of Periods - 171
Minimum gap* 5mm
' , 1.66(K,)
Maximu K Value*
2.54(K,)
Energy Range 5keV~20 keV
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Figure 21. Spectrum and degree of polarization ob-

tained from the figure-8 undulator for hard x ray at the
SPring-8. The gap is assumed to be 11.5 mm, where X,
=1.3 and K=1.1. In this case, the energy of the fun-
damental is found to be 9400 eV.
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