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Abstract

Pulsed wire method (PWM)is used for undulator charac-
terisation. SCILAB Xcos simulation model is designed for
the analyses of data obtained by PWM. The data obtained
from PWM is given as input to the model and its output
gives the magnetic field of the undulator.

INTRODUCTION

The performance of free electron laser and synchrotron
radiation source depends on the quality of magnetic field
of undulator. In an ideal case the on axis magnetic field of
undulator is sinusoidal, such that the trajectory of relativ-
istic electron which is injected along the axis is sinusoidal
in the plane of oscillation. Any deviation in the trajectory
from ideal sinusoidal trajectory produces phase error,
which results in reduction of brightness of undulator radi-
ations. It is therefore important to characterize the field
quality of undulator. The magnetic field measurement by
Hall probe method based on the principle of measuring the
Hall voltage which is developed across one face of semi-
conductor say Indium Arsenide (InAs) crystal, on applying
magnetic field and constant current across the other two
perpendicular faces respectively. Different methods have
been used to evaluate quickly the magnetic field character-
istics, they are rotating coil and flipping coil methods,
stretched wire measurement system. In recent years there
exist interests in Pulsed wire method (PWM) magnetic
field measurements of undulators/ wigglers for synchro-
tron radiation and free electron laser applications, which is
proposed by R Warren [1]. In this method a thin wire is
stretched along the undulator axis. A current pulse is
passed through the wire produces a force on the wire pro-
portional to the local transverse magnetic field. The force
initiates a travelling wave that propagates in both the direc-
tion. An optical switch connected to an oscilloscope lo-
cated at a place along the wire captures the traveling wave.
A longer pulse returns a signal that approximates the sec-
ond integral of the undulator field. For a short current
pulse, the returned signal represents the first integral of the
undulator magnetic field.

PWM is useful for in-vacuum insertion devices, as it
can give magnetic profile of undulator with very small gap
[2]. Recent studies on improvements in PWM shows its
usefulness in measuring the magnetic field of planar, hy-
brid and superconducting undulators [3-6]. SCILAB is an
open source software for numeric computation [7].
SCILAB’s Xcos simulation model-based design is used for
determining the trajectory of electrons in real undulator, by
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using the magnetic field of proposed superconducting un-
dulator by RADIA codes [8].

The present work corresponds to develop SCILAB Xcos
model for analysis of the experimental data measured from
PWM. Xcos blocks are used to double differentiate the
PWM data. The advantage of using model-based design
over other methods is that we can visualise the output in-
stantaneously and does not need any separate plotting soft-
ware. The present model helps to visualise the filter used
for elimination of noise from the signal. In present anal-
yses, the magnetic field data of Hybrid undulator (U20) de-
veloped at DAVYV lab Indore is utilised for the execution
of the designed model. The details of the undulator is given
in next section.

HYBRID UNDULATOR AT DAVV LAB

U20 undulator is a variable gap hybrid type undulator [4]
made up of NdFeB magnets and M35 Grade Cobalt Steel
poles. The undulator consists of 25 number of periods and
each period is 20 mm long and each period have two mag-
nets and two poles, thus the total length of the U20 undu-
lator is 500 mm. There are 98 regular magnets and 98 reg-
ular poles. The regular magnets are 6.25 mm wide,
6.25 mm high and 50 mm long and regular poles are
3.75 mm wide, 4.7 mm high and 50 mm long. The U20 end
magnet and end pole dimensions are 3.75 mm x 6.25 mm
x 50 mm and 1.87 mm x 4.7 mm x 50 mm respectively. The
gap between the jaws of undulator can be varied with the
help of manually driven ball screw system from 9mm to
20 mm. The peak magnetic field range from 0.24 T to
0.05 T with respect to gap of the undulator.

PULSED WIRE METHOD SET UP
In the PWM, the second integral equation read as [1]

2viu
I

I, =x. (1
0
Where,

x is displacement of wire in meter

v is the velocity in m/s

w is linear density of wire in kg/m

Ip is current in wire in Ampere

In the present PWM set up, beryllium-copper wire of

250 micron is used, having linear density 4.1 x10-4 g/m, 10
is 5.08 A, tension in wire is 26.26 N, hence velocity is
253.12 m/s. By inserting these values in Eq. 1 the multipli-
cation factor comes out to be 10.34.
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Figure 1: Xcos model for PWM data analyses.
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Figure 2: Output of Xcos model for PWM data analyses.

XCOS MODEL FOR PWM DATA
ANALYSIS

SCILAB’s Xcos model developed for analysis of exper-
imental data obtained from PWM is displayed in Fig. 1.
The voltage v/s time data obtained from the optical sensor
is converted into displacement v/s distance data by multi-
plying with sensitivity and velocity of mechanical wave in
the wire respectively. The displacement v/s distance along
the undulator data is an indication of second integral of
magnetic field. The displacement is then inserted in Eq. 1
to get the I, in tesla x meter?. This data is fetched on con-
sole of SCILAB from excel file. The data is called from
console to the Xcos model through workspace tool box. As
the experimental data is incorporated with inherited noise
due to sensor limitations. Filter tool box is used to extract
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the low frequency second integral signal. The two deriva-
tive blocks are further used to get the magnetic field along
the undulator. In the present model derivative blocks of
Coselica tool boxes is used, and necessary porting blocks
are added as per requirement. The first derivative gives the
data in tesla x meter and on further derivation it gives the
magnetic field in tesla. The designed model gives four out-
put windows. The first output is non- filtered data or the
input data. The second window displays noise free filtered
data with some attenuation and time lag due to filtration.
The third and fourth window displays the first and second
integral respectively. A screen shot of the four output win-
dows is given in Fig. 2.
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RESULTS

The fourth output window, which comes after simulation
of the model is modified and presented in Fig. 3, It shows
magnetic field in tesla v/s distance along the undulator in
meters. The blue line is the magnetic field measured with
the hall probe and the red thick line is the magnetic field
from the double differentiation of the pulsed wire data. Fig-
ure 3 shows a clear match of the output of model with the
magnetic field measured with Hall probe method.
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Figure 3: Magnetic field along undulator.

CONCLUSIONS

SCILAB’s Xcos model is used for the analyses of the
experimental data obtained from pulsed wire method for
the undulator characterisation. The magnetic field results
from the model is compared with magnetic field data meas-
ured with the Hall probe method. There is phase lag be-
tween the data due to filer used in the model. A rigorous
analysis of the model is required for the mismatch of the
magnetic field at certain point. The present model can be
modified into holistic model to make PWD analysis for any
current in the wire of any densities and any sensitivity
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points. SCILAB’s Xcos model can also be utilized for de-
termining the phase error of the undulator.
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