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Construction and Operation of IASW-R2 
Magnet in the TLS

Introduction

The TLS storage ring is a triple-bend achromatic lattice 
with six periods and six straight sections.  Six long straight 
sections are filled with superconducting RF cavity, injection 
section, four permanent magnet insertion devices and two 
superconducting insertion devices.  IASW magnets with 
a period length of 6.1 cm and a field strength of 3.1 T can 
provide high flux and brightness in the 5-23 keV range for 
the X-ray scatting, medical imaging, and X-ray diffraction 
experiments.  Since the space between the bending 
magnets is limited in the achromatic sections of storage 
ring, the length of IASW magnet is designed within 960 mm 
and constructed in-house.  Previously, the first IASW 
magnet has been successfully installed in R6 arc-section 
in January 2006 [1-4].  The installation of a second IASW 
magnet in R2 arc-section was completed in July 2009.  The 
operation of IASW magnets can not affect the electron 
beam in the storage ring.  Presently, two IASW magnets 
are successfully operated at a magnetic field of 3.1 T with 
electron beam energy of 1.5 GeV.

The design and parameters of IASW-R2 magnet

Table 1 shows the main parameters of the IASW mag-
net.  The superconducting racetrack coil is made of  NbTi 
superconducting wire with a diameter 0.64 mm and 473 
winding turns.  The magnetic field of IASW-R2 magnet 
was measured by using a cryogenic Hall-probe system in 
a vertical testing dewar.  The peak strength of field mea-
surement is 3.13 T driven at 265 A.  The coil circuits are 

A short in-achromat superconducting wiggler 
(IASW) magnet was constructed and installed in the 
storage ring of Taiwan Light Source (TLS).  The length 
of IASW is 960 mm limited by the available space of 
arc-section.  The first IASW magnet was installed in 
R6 arc-section in January 2006. Recently, a second 
IASW magnet was installed in the R2 arc-section 
of storage ring.  We were able to drive the IASW-R2 
magnet to a maximum current of 270 A.  The magnet 
field was measured in the vertical Dewar at 265 A to 
obtain 3.13 T.  This report describes the construction, 
installation, and measurements of the IASW-R2 
magnet.
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Table 1: Main parameters of the IASW magnet

 Magnetic period (mm)    61
 Pole gap width (mm)   19
 Vertical beam aperture (mm)  11
Horizontal beam aperture (mm)   98
Total number of poles   16
Total length of wiggler (mm)  960
Peak field (T)   3.1
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connected in series to the main power supply.  In addition, 
two separate power supplies were connected to both trim 
coils in order to correct the dipole field integral indepen-
dently.  Three pairs of R620 cold diodes were linked across 
the 16 coils in parallel, to protect the coil during quench.  
The main power supply is interlocked to turn off when the 
coil voltage exceeds 4 V or the protection diode tempera-
ture exceeds 7 K or the pressure of the liquid helium (LHe) 
vessel exceeds 19 PSI, indicating a quench in the coil.

The construction of  IASW-R2 magnet

The IASW-R2 magnet is installed 
in a compact LHe  cryostat.  The inner 
LHe vessel is surrounded by the liquid 
nitrogen (LN) thermal shield.  Figure 1 
depicts the 3D schematic drawing of 
IASW-R2 magnet.  The IASW-R2 mag-
net has a wide vacuum chamber with 
17 mm vertical height and interior 
beam aperture of 11 mm height and 
98 mm width.  Hence, the vacuum 
chamber requires an interior width 
at least 98 mm to ensure that syn-
chrotron radiation from the bending 
magnet cannot illuminate the cold 
walls at the end of magnet.  A clear-
ance of 0.8 mm remains between the 
4.2 K aperture and 77 K beam duct 
for thermal shielding.  We use a small 
fiber-glass tip mount between the  
4.2 K aperture and the 77 K beam duct 
to minimize their surface contact.   
Figure 1 (b) depicts the steam-electri-
city separation system in the cryostat.  
The steam-electricity separation sys-
tem is designed to supply electricity 
and return the helium gas to prevent 
freezing on the ceramic of the power 
feedthrough. 

The location and cryogenic system 
of IASW-R2 magnet

The space between bending 
magnets in the achromatic sec-
tion is limited for an IASW magnet.   
Figure 2(a) shows the top view of 
IASW-R2 magnet.  The IASW-R2 located 
in a arc-section between sextupole 
(SM) and bending magnets (BM).  The 
space between sextupole and dipole 
magnet is approximately 1185 mm.  
Figure 2(b) shows the photograph of 

IASW-R2 installed in the storage ring.  The IASW magnet 
also needs piping for the LHe and LN filling.  The piping of 
IASW-R2 magnet includes four transfer lines to LHe-inlet, 
gas helium (GHe)-outlet , LN-inlet , and gas nitrogen (GN)-
outlet.  Figure 2(c) shows a simplified piping layout of the 
cold gas return and the LHe transfer system on the roof 
of the tunnel.  A flexible transfer line with vacuum shield 
connects the cold valve and the cryostat.  The evaporated 
helium gas is recycled to the compressor through the 
gas return pipe and is liquefied again using a refrigerator.  
The installation process of IASW-R2 involves the magnet 

Fig. 2: (a) the top view of IASW-R2 in the R2 arc-section. (b) the photograph of 
IASW-R2 in the storage ring. (c) the simplified piping layout of IASW-R2 
magnet.  (d) the stepping auto-filling system of IASW-R2 magnet.

Fig. 1: (a) drawing of the IASW-R2 magnet.  (b) steam-electricity separation sys-
tem.
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installation, alignment, piping of transfer lines and in-
strumentation cables, and the vacuum leak check. The 
complex operation of cleaning the particles and removing 
the impurity by the nitrogen gas in the helium vessel are 
undertaken.  An auto-filling system of LHe was operated 
on the IASW-R2 after the pump and purge with pure He-
lium gas.  Figure 2(d) shows the status of fill cycles and 
the control of LHe support valve opening respectively.  
The filling interval is approximately 2 hrs including the 
magnet operating consumption and LHe filling time.  The 
fill process was separated by several steps to avoid the 
pressure over 17.5 PSI during the LHe filling.  The open-
ing of support valve is stepped by 5 % (240 sec), 10 %  
(120 sec), 15 % (240 sec), 20 % (120 sec), 30 % (60 sec), 
35 % (60 sec), 40 % (60 sec), 50 % (60 sec) and 55 %  
(1200 sec) to fill the LHe.

The operation of IASW-R2 magnet

The commissioning experience of the first IASW in-
stalled in R6 arc-section in 2006 was helpful to us when 
we installed the IASW-R2 in July 2009.  With 100 mA stored 
beam current,  the main power supply of IASW-R2 was 
driven step-by-step from 0 to 255 A.  In each step, the 
closed orbit distortion was carefully controlled and the 
tune shift vs. magnetic field was measured and compared 
with the prediction as shown in Fig. 3(a).  After the tune 
compensation and orbit adjustment, the lattice was tested 
for the top-up operation successfully.  This new insertion 
device has been delivering photon beams to users since 
July 2009.  With the orbit feedback system, the stored 
beam current could be retained without loss once the 
IASW-R2 was tripped as shown in Fig. 3 (b).

Fig. 3: (a) the tune shift vs. 
the magnetic field of 
IASW-R2. (b) The influ-
ence of IASW-R2 system 
trip to the stored beam: 
the top is the magnetic 
field of the IASW-R2; the 
middle shows that the 
stored beam current 
was retained during 
the trip of IASW-R2; the 
bottom is the photon 
beam quality during 
the IASW-R2 trip and 
recovery.
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