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1. Eﬂﬁ@ﬁﬁ Table 1 Parameters of SAGA-LS storage ring
Circumference 75.6 m
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CDOITHIIF— ER A 540 keV #£JE F TOMHEBIZ 138 Stored beam current ~300 mA
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Length of long straight section 2.5m
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Fig. 1 Principle of three pole wiggler.
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Fig. 2 Basic structure of SAGA-LS-SCW.

Table 2 Design parameters of SAGA-LS-SCW

Superconducting Main Pole

Field 4T
Coil material NbTi/Cu
Pole material Iron
Pole Gap 82 mm
Magnetomotive force 450 KAT
Current (Ip) 176.5 A
Maximum field in coil 6.1T
Critical temperature@Ip 6.7K
Stored energy of coil 50.5kJ
Turn number of coil 2549 turn/pole
Average current desity 144.6 A/mm?
Cryocooler
Type SRDK—415D
Performance
1st stage 45 W (50 K/60 Hz)
2nd stage 1.5W (4.2K/60 Hz)

Normal-conducting Side Pole

Field 097T

Pole material Iron

Pole gap 36 mm
Magnetomotive force 14.7 kAT /pole
Current density 9.8 A/mm?
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Table 3 Heat loads of cryocooler

First Stage (60 K) Second Stage (4 K)

Mechanical supports 1.85 W  Mechanical supports  0.03 W
Current leads 20 W Current leads 0.2W
(normal conducting) (HTS)

Tubes and bellows 2.48 W  Tubes and bellows 0.13 W
Cables 0.23 W  Cables 0.02 W
Radiation 4.8 W Radiation 0.074 W
Total 29.4 W  Total 0.454 W

- 1385 mm
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Fig. 3 External appearance (left) and cross section (right) of the main pole cryostat.
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Fig. 4 Principle of field-integral reduction by the field clamps.
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Fig. 5 Vertical-field distribution along longitudinal axis of the
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Fig. 6 Horizontal beam displacement at the SCW section.
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Table 4 First field integral of the SCW

Total 0.39 Tm
Positive field area (B>0T) 0.47 Tm
Undershoot area (B<0T) —0.08 Tm
Undershoot/positive field 18 %

In
Rh Pd AdpeTe

BL7
Spectral range

SAGA-LS-SCW

0.05 0,025 0 0.025 0.05
6 (rad)

Fig. 8 Angular distribution of radiation-power density of the SCW

Bending magnet
& at BM5 (Odeg) port.
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2 5
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[ Practical limit of ] ..
bending magnet ﬂ Table 5 Radiation power from the SCW
1.E+09 LLLLI
1.E402 1.E+403 1E+04 1.E+05 Magnet section Radiation power*® (W)

Photon Energy [eV]

Fig. 7 Spectrum of the SCW and the bending magnet.
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Main pole (without field clamps) 1045
Two field clamps 17
Two side poles 227

Total 1289

* Stored beam current 300 mA
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Fig. 9 Installation of the main pole via a ceiling hatch of the long
strait section LS2 by an overhead crane.
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Fig. 11 First observation of the SCW light by a fluorescent plate at BL7 upstream section. Pictures of left and right cor-
respond to field excitation and non-excitation of the SCW, respectively.
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Fig. 12 Typical operation of SAGA-LS with the SCW.
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Development and operation status of a hybrid
type three pole wiggler that consists of a super- and
normal-conducting magnets at SAGA-LS

Sigeru KODA", Yoshitaka IWASAKI", Yuichi TAKABAYASHI',
Tatsuo KANEYASU', Tomoyuki SEMBA?, Tsutomu YAMAMOTO?,
Yukihiko MURATAS3, Mitsushi ABE3

'Saga Light Source, Tosu, 841-005, Japan
2Hjtachi Ltd., Hitachi Works, Hitachi, 317-8511, Japan
SHitachi Ltd., Hitachi Research Lab., Hitachi, 319-1292, Japan

Abstract A hybrid type three-pole wiggler was newly developed and installed on the long straight section
LS2 of SAGA-LS storage ring. The wiggler consists of a 4 T superconducting mainpole and two 1 T normal-
conducting sidepoles. The wiggler generates hard X-rays in the energy range up to about 40 keV. Employment
of normal-conducting side poles reduced the heat load on the cryogenic system of the wiggler. A cryogenic
system of liquid helium-free was employed to ensure long-term operational stability of the wiggler system. The
superconducting coil and iron poles of the main pole was cooled by a Gifford-McMahon cryocooler via
mechanical contact. To suppress the magnetic first and second field integrals of the main pole, we designed
the main pole with relatively large field clamps. This pole structure was effective in suppressing beam dis-
placement. The wiggler was manufactured in FY2009 and was installed in late March 2010. The first light
from the wiggler was observed in late June 2010. User operation of the wiggler started in November 2010.
The wiggler has been stably operated until present (February 2011).
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