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Abstract

Factors that determine degree of polarization of a variably polarized superradiant THz source using a crossed-undulator
have been examined. Theoretical consideration and numerical evaluation revealed that the dominant factor is angular
dependence of phase difference caused by geometrical shift of optical path length due to the separated light source points
of each polarization component. This angular dependence substantially limits an effective angular range and available
radiation intensity to obtain high degree of polarization. Although this effect can be weakened by reducing the ratio of
phase shifter length to undulator length, the ratio of the effective radiation intensity to total intensity is in the range of
approximately 10% or less to obtain a degree of circular polarization of 0.9. This polarization property does not depend
on radiation wavelength. In an example our prototype system (a bunch charge of 20 pC, a frequency of 1.9 THz and the
number of undulator periods of seven), the aperture angle to obtain a degree of circular polarization of 0.9 was calculated
to be 2.9 mrad. It corresponds to the effective radiation energy of 4.8 nJ/bunch. The effective intensity is expected to be

34 nJ/bunch by increasing the number of periods to 20.
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Figure 1: Schematic diagram of a wavefront of two
polarization components when phase difference is set to
zero on the axis. L and 6 denote distance between the
center of undulators and observation angle, respectively.
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Figure 2: Schematic diagram of the geometry assumed in
the radiation calculation code.

Table 1: Parameters of Electron Beam and Undulator

Electron beam

RF frequency 2856 MHz

Macropulse duration 2 us

Beam energy £ 22 MeV

Energy spread os 1% (rms)

Normalized emittance 3 mm-mrad (x)
6 mm'mrad (y)

Bunch length o; 80 fs (rms)

Bunch charge O 20 pC

Planar undulator

Magnet array type Halbach array

Block size (x,y,z) 70 mm, 23 mm, 20 mm

Period length 80 mm

Number of periods 7

Gap 33 mm

Residual magnetic field  1.221 T

Peak magnetic field
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Figure 3: Phase difference dependence of the normalized
Stokes parameters, P;, P, P and degree of polarization P
on the axis.
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Figure 4: Spatial distribution of the normalized Stokes
parameters at yo = 7/2. The left, the middle and the right
figure show P, P», and Ps, respectively.
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Figure 5: Ps (blue) and normalized radiation energy (red)
within a circular aperture. The dots and solid line denote
numerical calculation and analytical calculation,
respectively.
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Figure 6: The number of period dependence of P; and
effective intensity W within a circular aperture. The
horizontal axis is normalized aperture angle 6, expressed
by Eq. (15). W; is the ratio to total intensity.
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