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A B S T R A C T

The Design concepts of an asymmetric magnet pole undulator-prototype is presented. The asymmetric magnet 
pole undulator is designed with upper and the lower magnet arrays of 25 mm and 50 mm period lengths 
respectively. Novel features of the magnetic measurements of the magnet arrays are presented and analyzed with 
an alternate tunable end-termination scheme. The lower 50 mm period array employs a vertically magnetized 
end half magnet with a provision of 3.125 mm longitudinal movement. The end magnet of the upper magnet 
array with 25 mm period length has a scope of vertical movement of 3.125 mm. We propose to minimize the field 
integral by longitudinal and vertical movements of the end half magnets.

1. Introduction

In recent years there are interests on undulator technology with 
design and development of new generation high quality undulator for 
synchrotron radiation light sources and free electron lasers. The undu
lator is a periodic arrangement of dipole magnets designed in Halbach 
arrangement to provide a sinusoidal magnetic field to the relativistic 
electron beam. The relativistic electron beam while propagating over 
the undulator length emits electromagnetic wave and is the basis of 
development of synchrotron radiation source and free electron laser 
facilities. In its standard Halbach field configuration, the undulator is 
designed with a uniform gap where an upper and lower magnet array 
constitutes the undulator. Both the upper and lower magnet arrays have 
the same period lengths. Four dipole magnets make one undulator 
period. The undulator length consists of several number of periods. The 
undulator axis is the geometric axis of the gap between the magnet ar
rays. The APPLE undulator [1,2], the Knot undulator [3],the APPLE- 
Knot undulator [3], the biperiod undulator [4], the double period 
undulator [5], the asymmetric magnet pole undulator [6],the Delta 
undulator [7],the transverse gradient undulator [8,9],the quasi periodic 
undulator [10,11] are examples of some of the Genext undulators that 
have seen renewed interests for technology upgradation in synchrotron 
radiation sources and free electron lasers. The end termination of the 

undulator is the key to performance of the undulator. Mostly the end 
section of the undulator is terminated by a half magnet [12–16]. How
ever, novel undulators adopt novel end terminating schemes such as in 
biperiod undulators [17], the Delta undulator [18] and double 
undulators.

The asymmetric magnet pole undulator [19–23] has been reported 
for capable of producing circularly polarized light at off axis and can 
operate in quasi period mode to prevent higher harmonics in axis. In this 
paper, we present a tunable scheme of end terminating scheme for 
development of an asymmetric magnet pole undulator. The upper and 
the lower magnet arrays of the asymmetric magnet pole undulator will 
have different period lengths. As a consequence the asymmetric magnet 
pole undulator defines different magnet field profiles at different beam 
axis. In section II, we present the RADIA simulation studies of both the 
magnet arrays and report an alternate scheme of end field termination of 
the undulator. The end termination has an advantage of flexible tuning 
of the magnetic field integrals. In section III, we present mechanical 
structure of the magnet arrays. In section IV, we discuss the preliminary 
investigations of the field integrals and compare the results with RADIA. 
A conclusion and future ongoing activities are discussed in section V.
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2. Radia simulation

The Radia [24,25] is a 3D magnetostatics computer code used for 
design and optimizing undulator for Synchrotron Light Sources and free 
electron lasers. In this paper, we propose to design an asymmetric 
magnet pole undulator. In the prototype undulator design, the upper 
magnet array period length asλu1 = 25mm. The three-dimensional size 
of the magnet blocks is represented as Wx, Wy, Wz along x, y,
zdirections. The coordinates x, y represents the horizontal and vertical 

direction. The coordinate z is the longitudinal beam direction. The upper 
magnets have dimensions are Wx = 50mm, Wy = 6.25mm, Wz =

6.25mm respectively. The NdFeB magnets are rectangular in cross sec
tion. The lower array has a period length ofλu2 = 50mm. The lower 
magnet blocks haveWx = 50mm, Wy = 12.5mm, Wz = 12.5mm (Fig. 1). 
Four magnets will constitute a period of 50 mm period length.

Fig. 2a represents the standard end termination scheme with half- 
magnet for the lower 50 mm period length array. The magnetization 
is vertically upward and the size of the end magnet isWx = 50mm, Wy =

12.5mmand Wz = 6.25mm. The volume of the full magnet is 50 mm ×
12.5 mm × 12.5 mm is 7812.5 mm3. The volume of the end magnet (50 
mm × 12.5 mm × 6.25 mm) is 3906.25 mm3. The volume ratio of the 

end magnet to the regular magnet is 1/2. In the schemes 2b, 2c and 2d 
the end magnet size is Wx = 50mm, Wy = 6.25 mmand Wz = 12.5mm. 
The magnetization is still vertically upward but the magnet is translated 
from downward to upward. In scheme 2d such as in Fig. 2d, the end 
magnet is located at the center of the regular magnet. In scheme 2b, the 
end magnet is located at the lower position and in scheme 2c, the 
magnet is located at the upper position.

In Fig. 3, we plot the magnetic field in RADIA for all the schemes. 
Fig. 4 plots the magnetic field and the first field integral with all these 
schemes. The scheme in Fig. 2a and d are equivalent schemes offering 
minimum field integral. The schemes 2b and c offers opposite values. 
Fig. 5 plots the second field integral. The schemes Fig. 2a and d compute 
the same second field integral from RADIA. There is additional infor
mation contained in Figs. 4 and 5. By translating the end magnet 
vertically upward and vertically downward, the field integrals are 
tuned.

Fig. 6 represents the end schemes of the 25 mm period length array. 
The scheme in Fig. 6a is the standard end magnet scheme. The volume of 
the regular magnet is 6.25 mm × 6.25 mm × 50 mm =1953.125 mm3. 
The volume of the end magnet is 6.25 mm× 3.125 mm × 50 mm 
=976.5625 mm3. The ratio of the volume of the end magnet to the 
regular magnet is 1/2. In Figs. 6b, c and d the magnet location is 
translated from upward to downward. In Fig. 6d, the magnet is located 
at the center of the regular magnet. Fig. 7 represents the magnetic field 
for all these schemes. Fig. 8 represents the first field integral. The plots 
yield the result that scheme 6a and scheme 6d are equivalent in geom
etry to provide minimum field integral.Fig. 9 illustrates the second field 
integral and supports the result obtained as in Fig. 8. The scheme 6d is 
equivalent to scheme 6a. However, scheme 6d provides additional 
feature that the field integral can be tuned by translating the magnet 
location vertically upward to downward.

In Fig. 10, the tunability of second field integral is shown. By 

Fig. 1. Radia model of single magnets.

Fig. 2. Radia model of undulator end termination schemes.
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vertically shifting the end magnet position from downward to upward in 
small steps, we can obtain a range of second field integral values, which 
is minimum for middle position. In the present design,the scheme 6d, for 
the 25 mm period length magnet array offers a tuning of 2000 Gcm2 field 
integral value.

3. Mechanical design of the magnet arrays

The magnet keeper is 1525 mm in length (Fig. 11).It accommodates 
60 periods, 25 mm each period length. An extra 25 mm is kept to ac
count for the oversize of the magnets and to allow flexible end termi
nations. Fig. 11b represents the cross sectional view of the magnet 
keeper. The hole-to-hole distance is 68.25 mm. The magnet Wx length is 
50 mm. A length of 18.25 mm at each end accounts for the place of the T 
clamps. The two clamp widths and the magnet length of 50 mm defines 
the grove length of 86.5 mm. The total groove width is 112 mm and 
height is 33.25 mm (Fig. 11c) The T clamps overhangs the magnets by 2 
mm in height and 5 mm in length. Thus, a length (50 mm- 5 mm × 2) of 

Fig. 3. Radia magnetic field for different schemes.

Fig. 4. Radia first field integral for different schemes.

Fig. 5. Radia second field integral for different schemes – lower keeper.

a)Scheme 6a

b)Scheme 6b

c)Scheme 6c

d)Scheme 6d

Fig. 6. Radia model of undulator end termination schemes.
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40 mm is available for good field region measurements. Scheme 2a is 
used as the end termination of this magnet array.

There will be 30 periods which will be assembled in the 1500 mm 
keeper length. An extra length of 12.5 mm is kept at both the ends. It will 
take care of the oversize of the magnets and allow flexible end termi
nations. The end magnets of length 6.25 mm are used. Fig. 12a repre
sents the lower magnet keeper. ̀ . 12b and c represent the cross sectional 
view of the magnet keeper without and with the T clamps. Except the 
hole tapping all the dimensions are same as in the upper magnet keeper. 
Scheme 6d is used for the end termination.

4. Measurement & results

In the prototype asymmetric type magnet pole undulator design, we 
adopt the concepts of Figs. 2a and 6d as the end termination schemes. 
The motivation and objective to adopt scheme Fig. 6d is to introduce 
additional tuning to the field integral values. Fig. 13a, b and c give 
magnetic field, first field and second field integral of the lower magnet 
array with 50 mm period length. The 50 mm period magnet array has an 
end termination scheme as in Fig. 2a. There is a disagreement of first 
field integral value of 1000 G-cm from RADIA. The second field integral 

value of the designed magnet array provides a value of 40,000 Gcm2 
higher than RADIA. Fig. 14a, b and c show the magnetic field, first and 
second field integrals for the upper magnet array with 25 mm period 
length. The end terminal scheme is scheme as in Fig. 6d for the keeper. 
The first integral value is 200 G-cm and the second field integral value is 
14,000 G-cm2 for the lower keeper. The angular offset and trajectory 
offset can be calculated from 

0.3
GeV

I1(Tm) radian 

0.3
GeV

I2
(
Tm2) meter 

This allows a trajectory correction of 0.3 mm with a 18 MeV electron 
beam with tunability second field integral value of 2000 G-cm2. The 
good field region of the 50 mm array and 25 mm array are shown in 
Figs. 15 and 16 respectively at different vertical heights.

In Fig. 17, the magnetic field is plotted at different vertical heights 
from the two magnet arrays. The magnet axis will be defined as the axis 

Fig. 7. Radia magnetic field for different schemes – upper keeper.

Fig. 8. Radia first field integral for different schemes – upper keeper.

Fig. 9. Radia second field integral for different schemes – upper keeper.

Fig. 10. Tuning of second field integral with the vertical movement of the 
end magnet.
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Fig. 11. 25 mm period upper magnet array. Cross sectional view of the 25 mm period upper magnet array. Cross sectional view of the 25 mm period magnet array 
with T clamps.

Fig. 12. 50 mm period lower magnet array. Cross sectional view of the 50 mm period magnet array.Cross sectional view of the 50 mm period magnet array with 
T clamps.
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Fig. 13. Magnetic field in Hall Probe and Radia for scheme 2a. First field Integral Hall Probe and Radia for scheme 2a. Second field integral Hall Probe and Radia for 
scheme 2a.
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where two magnet arrays produce the same magnetic field. The device 
will produce 2320 G at a gap of 23.5 mm gap. In Fig. 18, we plot the 
difference in peak values of magnetic field from the average magnetic 
field from Hall probe measurements (Figs. 13a and 14a). The deviation 
of the peak magnetic field from the average value is limited to 100 G.

5. Conclusion

The magnetic measurements of the magnet arrays of an asymmetric 
magnet pole undulator-prototype is presented. The conventional undu
lator has in general two end termination schemes [12]. The simplest 
method to ensure a zero first integral of the vertical magnetic field is to 
use a vertically magnetized half-length block at each end of the array. In 

Fig. 14. Hall Probe and Radia magnetic field for scheme 6d for 25 mm period magnet array. Hall Probe and Radia first field integral for scheme 6d for the 25 mm 
period magnet array. Comparison of Hall Probe and Radia for scheme 6d - Second field integral for upper keeper.

Fig. 15. Good field region for the 50 mm period magnet array.
Fig. 16. Good field region for the 25 mm period magnet array.
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another end pole design, using 1/4 and 3/4 fractional magnetic blocks 
ensures the integral of the magnetic field along the electron beam axis is 
zero. The tunability of these schemes are provided by the longitudinal 
displacement of the of the end magnets from the undulator ends. The 
scheme presented here provides an alternate method and tunability of 
the minimizing the field integrals. In the scheme, The 50 mm period 
magnet array has a conventional vertical magnetized half magnet end 
termination with a provision of longitudinal displacement of the end 
magnet while the 25 mm period magnet array has a provision of 
transverse displacement of the vertical magnetized end half magnet. 
This adds to novelty of the asymmetric magnet pole undulator. The 
purpose of the proposed prototype asymmetric undulator relates to the 
application of the pulsed wire measurement of undulator. In a pulsed 
wire technique, the pulse length is determined by the undulator period. 
In our proposed experiment, it is interesting to know the requirement of 
pulse length in the asymmetric undulator due to two superposed 
undulator periods [26,27].
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