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Development Status of the
Superconducting Undulator at the NSRRC

It is a future trend to construct short-period undulators for the intermediate energy (3 GeV) as low-emittance 

synchrotron light sources. Although several short-period insertion devices, such as the in-vacuum permanent 

magnet[1] and in-vacuum cryogenic permanent magnet undulators[2] have been extensively operated and studied, 

the superconducting undulator (SU)[3-6] has the greatest potential to obtain a high field with the same periodic 

length by using the advanced superconductivity. However, the heat load on the 4.2 k beam duct comes from the 

electron image current and the synchrotron radiation induced by the bending magnet is quite large that will 

degrade the performance of the superconducting undulator. Therefore, the high temperature superconducting 

(HTS) wires are also studied. Nowadays, a field strength of 1.4 T can be obtained in the vertically-wound racetrack 

coil superconducting undulator using the NbTi superconducting coil. Hence, the superconducting undulator in 

a 3 GeV Taiwan Light Source (TPS) can provide intense hard X-rays up to 25 keV.  As a result, a superconducting 

undulator becomes a useful mechanism to those facilities set up for conducting experiments on protein 

crystallography, material science, and scattering. 
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The superconducting undulator (SU) is a potential in-

sertion device to provide high hard X-rays in a medium 

synchrotron light source. However, the development of 

superconducting undulator (SU1.5) [7] with periodic length 

of 1.5 cm and the magnet gap of 5.6 mm has several 

issues need to be studied carefully- (1) the magnet array 

construction with coil, (2) the beam duct design, (3) the 

philosophy of cryostat design, (4) the heat loads on beam 

duct, and (5) magnet field shimming. Magnet array with 

superconducting coil winding has been design, construction, 

and improvement. However, the cryostat and the beam 

duct are just in the design and test stage. The conducting 

cool in a cryogen-free cryostat cannot fast guide the heat 

load uniformly to the cryocooler via the copper material. 

Accordingly, a LHe-recondensation cryostat [8] and closed 

cycle with LHe-LN2 bath cryostat for SU1.5 is considered. 

The heat load from bending synchrotron radiation and 

the image current on the 4.2 K beam duct is large because 

the magnet gap is small [9]. A LHe vessel is adopted to allow 

magnet to be soaked in LHe, and a cryocooler is adopted 

to recondense the gaseous-helium (GHe) to LHe. The LHe-

recondensation with cryostat bath provides the advantages 

of the cryogen-free and the LHe-LN2 bath cryostat will 

need a closed cycle cryogenic plant. For the recondense 

mode, the GM type cryocooler (SHI, SRDK-415D) tolerates a 

60W@60K heat load on the first stage and a 1.5W@4.2K heat 

load on the second stage. Another shield cryocooler (SHI, 

CH-210) supplied 110W@77K to the first stage and 6W@20K 

to the second stage. 
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A 40-pole prototype of a SU1.5 array with field strength 

of 1.4 T at magnet gap of 5.6 mm was wound with round [9]

and rectangular wires [10]. Although the field strength is 20% 

larger than the design valve but the round wire is difficult to 

control the mechanical position. The maximum deviation of 

field strength in each pole is around 8% of the coil winding by 

using the round wire. Hence, the rectangular wire was used 

instead of the round wire that the wire position is easy to 

be controlled. The main parameters of prototype SU1.5 with 

rectangular wire were listed in Table 1. Figure 1 reveals the 

magnet circuit design with dimension of pole and coil as well 

as the coil construction. The 40-pole prototype was tested in 

the vertical test dewar and the field measurement was done 

to check the field quality. Figures 2 (a) and (b) display the 

training process and the I-B curve of the 40-pole prototype, 

respectively. The magnet flux density is 1.45 T at 510 A after 

21 training cycles. The measurement flux density at 510 A 

is about 3.5% larger than the nominal field. The maximum 

deviation and the average deviation of the measured field 

strength between the 30 main poles are 1.6 % and 0.36% at 

the excitation current of 489 A, respectively. Figure 3 shows 

the distribution of the measured field, the first and second 

field integral along the longitudinal axis. According to the 

measured field distribution, the big field error at three poles 

that induce the orbital distortion. Therefore, the field shimming 

and corrector magnets are necessary to compensate for the 

Period length, u 15 mm
Number of periods, N 40
Magnetic gap, g 5.6 mm
Current density

Excitation current

1080 A / mm2

510 A
Peak field B0

Maximum field on coil Bs

1.40 T 

3.02 T
SC wire  numbers 55 turns 
SC wire dimension with insulation     0.51 × 0.77 mm2

SC wire Cu/NbTi ratio 1.35
SC wire critical current (current @ field) 454 A @ 4 T

Table 1: Parameters of the 40-pole prototype SU1.5.

Fig. 1: (a)Pole and coil design and their dimension sketch, (b) 
Photograph of the coil construction of 40-pole prototype 
and a wire-wound end pole. 

Fig. 2: (a)Training process of 40-pole prototype. The excitation 
current is 510 A after 21 training cycles. (b) The I-B curve of 
40-pole prototype.

Fig. 3: The distribution of the measured field, the first (electron 
beam angle) and second (electron beam trajectory) integral 
field are along the longitudinal axis. The first and second 
integral fields were divided by the rigidity of the condition 
of 3 GeV TPS.

Table 1: Parameters of the 40-pole prototype SU1.5.
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first and second integral field. 

Unfortunately, the coil degradation occurred when the 

last quenching occurred at 510 A. We guess the electrical 

insulation between the coil and the iron pole has been 

damaged. Therefore, the insulation was improved to avoid 

SC wire degradation when the coil was trained up to high 

current. A Teflon coating (layer thickness 0.035-0.045 mm) 

on the iron pole is capable of providing insulation to 0.5 

kV. We added extra Teflon tape (thickness 0.12 mm) on 

the coating layer; this Teflon tape serves as a buffer that 

avoids the SC wires scraping the Teflon coating layer during 

adjustment of the position of the SC wire. 

In addition to the technical discussion, the main is-

sue is the head load on beam duct from the radiation of 

the bending magnet and the image current. A 500 MHz 

superconducting RF cavity is applied on the TPS, the bunch 

length is about 2.8 cm that will create 3.5 W/m on the beam 

duct. This heat load is quite large in order that a Landau 

cavity is necessary to enlarge the bunch length. The heat 

load from the radiation of bending magnet (magnet flux 

density is 1.191 T of the DBA lattice of the TPS) was also 

calculated according to the real field distribution that in-

cludes the edge field distribution. The calculated heat load 

is around 0.8 W that we have an absorber with 25 mm 

aperture in the horizontal axis. Therefore, the total heat load 

on the beam duct is 3.5 W for the one meter long SU1.5. 

The main contribution of the heat load is from the image 

current. A long bunch length in the storage ring is very im-

portant for the operation of superconducting undulator.

In the near future, a quenching experiment was also 

performed to detect the heat tolerance of the SC wires 

during extra heating of the beam duct; a heating tape 

(Ni80Cr20) simulated the heating of the beam duct by 

synchrotron radiation. The SC wires and heater are separated 

by the stainless steel (SS) beam duct (thickness 0.3 mm) 
[10] and an epoxy layer (thickness 0.1 mm). This result is an 

important design issue in cryostat and beam duct. After 

the experiment, the final cryostat will be designed for the 

1 m SU1.5 superconducting undulator. Meanwhile, several 

methods of the field shimming were developed [7]. We will 

depend on the field shimming method to perform the field 

measurement. The results will give us what is the next step to 

go head.  
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