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SXL FEL Undulator development
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- Due to limited accessibility a 
functioning pulsed wire system is 
needed.
- Horizontal slit can be incorporated if 
necessary for Hall-probe access.
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Courtesy T.C. Fan

Pulsed wire system layout

 Local field measurement (Similar to Hall probe)
 First and second Field integral measurements
 Magnet alignement (magnetic center)
 Fast measurement (<50 ms !)

 Signal distorsion (dispersion, resonance, pertubations, …)
 Low signal to noise ratio
 Wave damping
 Wire Sag
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Analytical modelisation



Presentation of the PWM method
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Analytical modelisation



Numerical simulations
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Simulations goals

 Signal dispersion 
 Test of the wave speed identification
 Test the efficiency of the correction method
 Test the sensitivity of the correction result

Simulations Parameters

 Copper-Nickel-Silicon wire
 100 µm diameter
 𝐶0 = 269 m/s
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Undulator magnetic field 

(model) 

Pulsed wire measurement 

(Simulation)

Field

1st Field 

integral

2nd Field 

integral

𝛥𝑡 ≪
𝜆𝑢
𝑐0

𝛥𝑡 ≥
𝐿𝑢
𝑐0

𝛥𝑡 ≪
𝜆𝑢
𝑐0
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Dispersion correction

 Wave speed measurement
 Identification of the parameter 

( 𝑐 𝑘 )

(𝐸𝑖𝑤)

Wave speed measurement

Wave travel

 Measurement at two location
 Use of undulator field or thin dipole magnet

𝛥𝑥shift < 𝜆𝑢
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Wave speed measurement with thin dipole 
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Wave speed measurement with undulator

PWM field measurement 
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Dispersion correction
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PWM signal correction simulation

Error: Original field – corrected signal

S/N= 5.10³

S/N= 3,5.10³

Field

Field integral

Second Field integral

Error

Sensitivity to Eiw error  

Dispersion correction



PWM bench implementation
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PWM Bench architecture

Stretch / pulsed wire towersTest EPU

Overview of the pulsed wire test setup

Kugler Hall probe benchFlip coil bench



First measurements results
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Hall probe measurements

Kugler flat stone Hall probe 
measurement system is 
used a reference for the 
wire system, i.e. local field 
value and phase error. 

 68mm period undulator
 2m Length
 20mm Gap

Phase error: 3°

PWM calibration and parameters

 Photodiode Calibration curve

 First measurement at different wire tension

 Copper-beryllium wire (CuBe) available

 Current pulse 4A, 100 μs 

 Wire Diameter 125 μm

 Wire length 5.5 m

 C0=279 m/s

 Low Eiw parameter (wire inertia x young modulus)

 Low Dispersive effects 

Noise RMS: 3 mV



First measurements results
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Forseen of the PWM measurement with Hall probe data 

Copper-beryllium wire (CuBe)

Current pulse 4A, 100 μs 

Wire Diameter 125 μm



First measurements results
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PWM measurements

 Effect of wire tension  Measurements analysis

PWM measurements

 Signal shape modulation (wire resonance mode ?)

 Signal Damping

 Ghost Tail signal 

 Noise @ 0.5μm (measurements without Lock-in amplifier)

 Good repetability of the measurements

 Wave speed measurement with undulator field

 Fit around the undulator order

𝛥𝑋𝑠ℎ𝑖𝑓𝑡 = 6mm



First measurements results
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PWM measurements Hall probe measurementsT=8N



Conclusion
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 PWM system is operationnal
 First results encouraging
 Good agreement between simulation and measurements
 Dispersion correction code effective
 Improvement of the PWM model (remove the wire resonance mode)
 Reduction of the signal noise with the Lock-in amplifier
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