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A review of insertion devices producing
circular or variable polarization

Hideo Onuki
Electrotechnical Laboratory

We review the radiation properties and operating principles of the new types of insertion devices

which produce circular polarization, or variable polarization that can be modulated in arbitrary
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Table 1 Insertion devices for circular or variable polarization

Classification

Devices

(1) Devices based on helical orbit

(=

(2) Double helix type

(b) Cross retarded type (Onuki)®
( 11 %5 AL R 185
(c) Modified cross retarded type (Yamamoto, Kitamura)'™
( FE 0 220 AR )
(d) Planar- helical type (Elleaume)™
(RETTL )
{e) Tilt pole type (Halbach)™
(R RARIRY)

a4 N8
1)

(2) Device based on circular orbit

metric field type (Goulon, Elleaume, Raoux)™

)

(3) Device based on interference effect

Cross=series type (Moissev, Nikitin, Fedosov)™, (Kim )™

(E3E S )
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Fig.1 Schematic diagram of double helix undulator.
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Fig.2 Schematic diagram of the cross- retarded type undulator®.
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Fig.3 (A) Front view of the cross- retarded type undulator installed in the
electron storage ring NJI-2
(B) Radiation patterns emitted from the above undulator { 4. = 8.6cm )
with electron energy 193 MeV, (a) and (b) show linearly polarized
radiations, and (c) and (d) show circularly polarized radiations. The K
value of (a) and (¢) is 0.94, and that of (b) and (d) is 1.04.
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Table 2 Parameters of the polarizing undulator for the TERAS

Overall length 380 mm
Block size of magnet 20 X 20 X 57 mm’
Magnet periods ( 4.) 80 mm
Number of periods 4
Magnet material NEOMAX-35H (Nd-Fe- B alloy)
Undulator gap 57 =97 mm
Peak magnetic fields
HE configuration 1.5—028kG
PF configuration 2.1 — 0.40 kG
K parameters
HF configuration 1.08 — 0.21
PF configuration 1.53 — 0.30
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Fig.4 Spectrum of the first harmonic from the cross- retarded type undulator
having the specifications of Table 2 with E=230MeV, K=1.0 and a =
7 [2'™ The dotted curve is the spectrum calculated for a zero -

emittance electron beam.
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Fig.5 Angular dependence of the undulator radiation
peak for the first hermonic™.
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Fig.6 70 dependence of the polarization ellipse of 400
nm radiation, keeping E=230MeV and K=1.0",
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Fig.7 Dependence of the axes ratio of the polarization
ellipse, x and the spectral function Gn(Kx, Ky),
on the value of Kx (Ky fixed at 2.0)".
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Fig.8 Schematic view of the planar- helical undulator.
The vertical undulator field is entirely due to the
lower magnets and likewise the horizontal field

comes from the upper magnets'.
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Fig.9 Design of the undulator Helios®.
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Fig.10 (A) Magnetic field symmetry of the tilt pole
undulator proposed by Halbach?®”",
(B) ‘Schematic view of the undulator with the z
axis representing the average direction of the

beam, and the periodic pattern of lines showing

schematically the “pole™".
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Fig.13 Schematic diagram of the cross - series undulator®,
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BWR=2

T2 al—%

EEOW 2T I, & ITHEEE LS 55K
¥illec 7 ¥ a b—7OW5IL, Ginzburg (1947) &
Motz (1951) OMIRORIEE 2. Ty Val—7
OEUER, T TIzMotzD ZOBOBEXLIZHSHONT
Wd, WTEETSEAMBL LT, —BSRABGY
e MmEB» VS NS, COBGHEWTHN
YYORBBISHA L TEERESEAWEHIZ 0O
T, WAREE S LIF5,

Ty ¥ab—#hooiEtid, BTFHERY >~ 7 ORMN
WHEHD TRTHFRETZHERD L > 7 o b o il
Eid, BN KB{ N> TV, EFTEiulT3

g, FHSRIZLD, BTFoarl¥—, HEEOH
W B B DRI SG TIRE - 7o RHE OB I L fo MR
K&tid, TOBEMEnETEE, A2 PO
iz E— 27801/ nBIRIcie D, E—2 OMRME
1 BlOSEFTTRET ML) n* iz s Lizdf
2T, Tr¥alb—2RMMEET, QEAEOREEY
BETRA D, £, BT EWMEND S5 & MR
EED TN TE 5, B, WETEDT Y
L—=odEREh, RALIHEATO S, HEOMRE
2, MFE-LOHIZKE (KFETHOT, E—LOW
i & o/ E VRT-EHR > 7 olES BERET
#EHSRTHS,
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