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SXL FEL Undulator development

Magnet type

Period Length
Photon energy range
Magnetic gap range
Effective K range
Max. gap / min. eff. K

Undulator magnetic length

P. N’gotta

SmCo (B,=1.1T)
40 mm

0.25-1 keV
8.0-17.3 mm
3:.9—1.51

28 mm / 0.55

3m

- 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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Presentation of the PWM method

Pulsed wire system layout

Pulley
Damper

Reference Magnet
Local field measurement (Similar to Hall probe)

First and second Field integral measurements
Magnet alignement (magnetic center)
Fast measurement (<50 ms !)

Undulator Magnet ,
Weight

VVVY

+» Signal distorsion (dispersion, resonance, pertubations, ...)
% Low signal to noise ratio

< Wave damping

% Wire Sag

Supporter

Courtesy T.C. Fan
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Presentation of the PWM method

Analytical modelisation

Time domain Frequency domain
{ Input signlal ) y Syaltem kernel | Output signal Fourier transform
current pulse impulse response < E
x(t) — h(@) —y@) x(w) —’[ h(w) — y(w)
¢ y(w) = h(w) - x(w)
y(t) = x(t) = h(t) = !x(‘r) -h(t — 7)dTt (Product)

( Convolution product )

Pulse wire system _1 1 1
impulse res:onse :> h((ﬂ) - 2” (L— . . B(k))

Fourier transform

/./ ,f _\ ]
Wire mass density  Integrator Fourier transform _ Magnetic field
Fourier transform
21

_ co=+T/
Wave K= e Al i w =k - ¢y [rad/s]
number length Wave speed Wire tension
[rad/m] [m] [m/s] [N]
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Presentation of the PWM method

Analytical modelisation

Correction strategy

X(w) ho(w) - 6(«))}-» ya(w)-».-»yu (w)
' t . '\

Dispersion Origin and effects

O Different speed of each frequency
component of the wave signal

{co = c(k)
w=k-c(k)

f
r .
. ) / ) Dispersive  Correction Corrected
@ Orginal kernel  Dispersion  gyutput signal  function signal
-1 1 1 _
h(w) = | ket ( (k)+dc(k) - B(w)
|
corrupted/ Tun\_‘
integrator k- k(w) Non constant de(k)
wave speed ) c()\ [ €U + k== i k- c(k)At
§@)™ =\ Co dlecoat _ |

s

Measurement of wave speed function ¢ (k)

D. Arbelaez et al.

Simulation of dispersive wave
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Simulations goals

v' Signal dispersion

4 Test of the wave speed identification

4 Test the efficiency of the correction method

4 Test the sensitivity of the correction result

Simulations Parameters

parameter variable value Unit
Undulator period A 20 mm
Undulator Length L, 2 m
Wire tension T 5 N
Wire flexural rigidity Ei, 6.4-10"7 Nm?
Wire mass per unit length H 6.9-10° kg/m
Current pulse amplitude ,'puIse 2 A
. Copper-Nickel-Silicon wire

= 100 um diameter
. Co =269m/s

Undulator model magnetic field

L 1

140

00

B[1]
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s |mm|

c(k) [m/s]

Wire displacement expression

I 00

iwAt _1_

ulse e —iof
e | ——B (k)e dk

= Zﬂ J

(e )fae)

2
@

(short and long current pulse)

_ ot
B (k)e “*dk (positive+negative current pulse)

Discrete version for simulation

(NSampIe/Z)_l

|
Vy (t)=2%e| 2= Y

2u k=1

(ei~k~kf c(k)At _1)

(k ki 'C(k))z

Sample
number

280 -

278 4

276 —

274

272 A

270 —

K = 2r
first order — 1 As-N

Wave number sample

A
Sampling step
[mm]

| |

I I T I T

0 100 200 300 400 500

k (wave number order)

B (k ) e—i-k-kf -c(k)t

I c(k):co‘/l+ETiWk2

(generation of a discrete Table
of wave speed function)
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Field intogral | T m|

Second field integral |1 m*]

B |T|

Undulator magnetic field
(model)

10

054
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Field

15t Field
integral

2d Field
integral

Wire displacement [um]

Wire displacement [pm]

Pulsed wire measurement

(Simulation)
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Dispersion correction Wave speed measurement with thin dipole

. Wave speed measurement (c(k) ) | 10 mm lelnght | l
- Identification of the parameter (Ei,,) 340 B
—— shift Imm
Wave speed measurement S5 —— shift_2mm N
. - — shift Smm
L ~ l\ || 3
a 2 300 -
gl ¢
Wave travel . i
— 2
- Measurement at two location 260
: T 0T | 1 i
. Use of undulator field or thin dipole magnet o 200 100 00 500
k order
s Wave speed measurement with undulator
Thin dipole 10mm length 1 pl | i 1 i |
| | | | |
1.0 - = 2 | S|
- T . —— Original function ’ N
05 |~ Dipole magnet = ® Mcasurcment ) A
—— PWM meas s —— Mecasurcment fit P S0 |
06 |—— PWM meas shifted location = .
__ o04-| PWM field measurement - o] AXshift < Ay -
£ z
M 2 - E
T 276 -
0.0 adantAmWAWWATR N A A L ES
: MMM 111 AR A X 5
0.4 — -
T T T T T 272 I
700 800 900 1000 1100
S[mm] 370 : o
= — — I 268 - -
* T T T I T T T
Arg (V sD ((0 ) Vsig (60)) 0 100 200 300 400 500 600

Harmonic order
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Dispersion correction

sample/Z

o 0=2] 5T V(o) k(o e

/ R

Corrected signal Dispersed signal FFT Correction function

2
= A (k-c(k)) c | | |
Cs ( ) - C, (ei-k-c(k)At _1) (l—ei'k'c(k)m) Field correction function
k (a)) _ \/_ T + \/-F\/COZT + 4Eiw‘02 /\/E Frequency to wave number transfert function
Ei, C,Ei,

MAXTV
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al errar | I'm|

eld inte;

i

Field error T|

PWM signal correction simulation

QY

I

HII

)

1
Model
— — PW\ simulation

10" Fjeld integral

sssss

Error: Original field - corrected signal

Field
. S/N=5.103

*1S/N= 3,5.103

» 7 »
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5
-23x10° 7

Error RMS normalized

Dispersion correction

Second Field integral

S(Iensitivilty to Eliw error

—@— Field
150 - —i— Field integral
100 —
50
0

0.0 0.2 0.4 0.6
Eiw fit error [%]



PWM bench implementation

PWM Bench architecture

Data acquisition

[ o o o |

Laser modulation
signal amplifier

Photodiode ‘D.

Current amplifier

I

Pulse signal

Photodiode signal
amplifier

3 Current puls
' generator

Lock-in
amplifier

Photodiode

Translation stages =~

|z Data acquisitio

P. N’gotta

x —W

—— —

Lockin Amplifier
(signal recovery with low noise)

Overview of the pulsed wire test setup

Test EPU Stretch / pulsed wire towers

Flip coil bench Kugler Hall probe bench

MAXTV
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Field integral [Tm]

First measurements results

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.

O 68mm period undulator
O 2m Length
d  20mm Gap

T
1000

T T
2000 2500

xxxxx

P. N’gotta

Phase error (deg)

NS b b kb ow

»»»»»

nnnnn

zzzzz

Phase error: 3°

°

0s

25

> Photodiode Calibration curve

Photodiode voltage [V

VVVVVVYYVYY
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PWM calibration and parameters

uuuuu

|| |“
" JHP il

\JM | v
- I I 1 I I _— -
’ e Noise RMS: 3 mV

N
0.8 —
0.7 — —
0.6 7 —
0.5 1 —
T T T T T T T T
23.0 23.2 234 23.6 23.8 24.0 24.2 24.4

Wire displacement [mm]

First measurement at different wire tension
Copper-beryllium wire (CuBe) available

Current pulse 4A, 100 ps

Wire Diameter 125 pm

Wire length 5.5 m

C0=279 m/s

Low Eiw parameter (wire inertia x young modulus)
Low Dispersive effects
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Field Integral [Tm]

First measurements results

Forseen of the PWM measurement with Hall probe data

» Copper-beryllium wire (CuBe)
» Current pulse 4A, 100 ps

m

> Wire Diameter 125 pm

T

|

—— Hall probe measurement
—— PWM simulation (T=1 N)
—— PWM simulation (T=8 N)

!

S[mm]
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PWM measurements

> Effect of wire tension

| 1 1 ] ]

PWM measurements

» Measurements analysis

‘S 60 |_——0 Signal shape modulation (wire resonance mode ?)
= 1 Q Signal Damping
= 7 n Q Ghost Tail signal
g 20 O Noise @ 0.5pum (measurements without Lock-in amplifier)
8 o O Good repetability of the measurements
<
o 20 U
'E 40 - » Wave speed measurement with undulator field
—
S 60 Q Fit around the undulator order
=
[ I [ [
0 5 10 15 20
Time [ms] “ il
— L l ] L l iyl ] ikt ()
= 20 M | J
o
& - AXspire = 6mm / |
2 5 ! | | / |
] 290 % -
% 44 ® Measurement * .
kS e ; .
o 2 58 Original function N
> 30 - .
B T T T T T T T 2
0 2; 4 6 8 10 12 14 =) 286 —
— | | | | 8
(5]
§ T=8N o 284
Ig 10 — - E
= =
S L 282 -
[]
2
g -10 < u v - 280 —
B 220 — -
T | | | 100 150 200 250
0 4 E B & 10 Frequency order
AN
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First measurements results

Hall probe measurements

PWM measurements T=8N
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coopooU

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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