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SAU. This enables us to use Hybrid Bulk HTSC SAU at 
higher temperature. 
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Figure 4: The undulator field dependency on the critical 
current density in each undulator type 

 
Figure 5 shows the dependency of the required amount 

of the solenoid field change on the undulator field. This 
shows that the required amount of the solenoid field 
change to generate the same amplitude of the undulator 
field, it is related to the required solenoid field, is weaker 
in Hybrid Bulk HTSC SAU. Especially, Hybrid Bulk 
HTSC SAU at 3.5	kA, the solenoid field of 2.2 T is 
just required, while the solenoid field of 4.0 T is required 
in normal Bulk HTSC SAU at 6.5	kA,. 
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Figure 5: The dependency of the required amount of the 
solenoid field change on the undulator field in each 
undulator type. 

CONCLUSION 
To enhance the undulator field of Bulk HTSC SAU, we 

studied numerically introducing hybrid staggered array 
configuration in the undulator. To calculate the magnetic 
field in the structure consisted of the bulk HTSCs and the 
soft magnetic pieces, we made the calculation by RADIA 
code with the model of the bulk HTSC and the method to 
treat it. As a result, we found that the undulator field in 
the hybrid type was stronger than the normal type at the 
same critical current density of the bulk high-temperature 
superconductor magnet. We also found that the critical 

current density and the amount of the solenoid field 
change required to generate the certain undulator field 
were less in the hybrid type than in the normal type. This 
implied that the hybrid type can operate at higher 
temperature and the lower cost than the normal type. 

REFERENCES 
[1] J.A. Clarke, “Possible Insertion Devices for the 

DIAMOND Light Source”, Proceedings of European 
Particle Accelerator Conference 2000, p. 2319. 2000 

[2] I.G. Boege et al. “Performance of Small Gap 
Undulators at the SLS Intermediate Energy Storage 
Ring”, Proceedings of 9th International Conference 
on Synchrotron Radiation Instrumentation p. 388, 
2007 

[3] T. Hara et al., “Cryogenic permanent magnet 
undulators”, Physical Review ST-AB Vol. 7 050702, 
2004 

[4] S. Kubsky et al., “Superconductive Mini-Gap 
Undulators – A New Way To High Energy Photons: 
Latest News”, AIP Conference Proceedings Vol. 705 
p. 223, 2004 

[5] M. Tomita and M. Murakami, “High-temperature 
superconductor bulk magnets that can trap magnetic 
field of over 17 tesla at 29 K”, Nature Vol. 421, p. 
517, 2003 

[6] T. Tanaka et al., “Application of high-temperature 
superconducting permanent magnets to synchrotron 
radiation device”, Physical Review ST-AB Vol. 7 
090704, 2004 

[7] T. Tanaka, R. Turu and H. Kitamura, “Pure-type 
superconducting permanent-magnet undulator”, 
Journal of Synchrotron Radiation Vol. 12 p. 442, 
2005 

[8] R. Kinjo et al., “A Bulk High-Tc Superconductor 
Staggered Array Undulator”, Proceedings of Free 
Electron Laser Conference 2008 p. 473, 2008 

[9] P. Elleaume, O. Chunbar and J. Chavanne, 
“Computing 3D Magnetic Field from Insertion 
Devices”, Proceedings of Particle Accelerator 
Conference 97 p. 3509, 1997 

[10] S. Sasaki, “The possibility for a short-period hybrid 
staggered undulator”, Proceedings of 2005 Particle 
Accelerator Conference, p. 982, 2005 

[11] A.H. Ho, R.H. Pantell, J. Feinstein and B. Tice, “A 
novel wiggler design for use in a high-efficiency free 
electron laser”, Nuclear Instruments and Methods in 
Physical Research A296 p. 631, 1990 

[12] R. Kinjo et al., “Numerical evaluation of bulk HTSC 
staggered array undulator by Bean model”, 
Proceedings of Free Electron Laser Conference 2009 
p. 746, 2009 

[13] C.P. Bean, “Magnetization of high-field 
superconductors”, Review of Modern Physics Vol. 
36 p.31, 1964 

 

WEPB19 Proceedings of FEL2011, Shanghai, China

ISBN 978-3-95450-117-5

426C
op

yr
ig

ht
c ○

20
12

by
th

e
re

sp
ec

tiv
e

au
th

or
s/

C
C

B
Y

3.
0

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)

FEL Technology


