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A beam shaping active optics system .
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FERMI
" FEL 1 and FEL2 @VP,

FEL-1, based on a single stage High Gain Harmonic Generation (HGHG) scheme initialized by a

UV laser, covers the spectral range from ~100 nm down to 20nm

first dispersive

MOD1 Fo8en

RAD1

to e-beam dump

FEL-2, is based on a double cascade of HGHG in order to be able to reach the wavelength range

from 20 nm to ~4 nm

IWXM, Barcelona, July 5% 2012 3
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FELI&II future upgrades Undulator to experimental area
photon beam transport lines

photo injector electron beam "ansptzrt‘iﬁ}g&sr [N N L
: £ . o — = v“'i._,_ ey e e e R _"_‘._._ e Ty _._.:'_ Tt

T

"\u dﬂ ™= Lnacs  BC2 dumw

new extenision existing structure

LINEAR ACCELERATOR UNDULATOR HALL

photon energy: 1240 ¢V MM ey 6199 eV 122088V MVHT eV 41328 eV 1230 84 oV
1 ! ! i | | -
. photon energy. 12« ML Mev 12298 oV W N I 120084 v
14 - g = e = Parameter FEL 1 FEL 2
10 1 “’"‘n..um:. W w Ei,f:—‘;“f:;;:_m nisie: | aaed
10° - e — Sl tachater TS0V
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10 p ]| | S - o
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3 10" E ’:EEH:‘EE::::: \
& 10" % - \
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- FEL2812C w0 T PG 20w sz S2E Results "
g 1 { - FEL2GY X
10 - roaga o S S - el Polarization variable variable
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Experimental hall '25'739»

TIMER

Transverse Coherence

Shutters -:;: Plane mirrors y Diagnostics TIMEX
BPM —_— ﬁ" EIS Switching DiPROI
BPM
At 2.5° KB SystﬂQ
FEL 1 °°
GA - _ —— [

- = 5° A Delay Lines Switching
FEL 2 BDA o Edo ° ¢ ?x Spectrometer TIMEX-LDM

— by Monochromator

\ = A KB Syster’r\J
Y N
PADReS Beamlines

LDM: Low Density Matter

ref.C. Callegari, F. Parmigiani, S. Svenson, K. Prince, S. Stranges, J. M. Dyke, T. Moller, F.
Stienkemeier...

DIPROI: Diffraction and PROjection Imaging
ref. M. Kiskinova, F. Capotondi, B. Kaulich, H. Chapman, J. Hajdu, A. Nelson...

EIS: Elastic and Inelastic Scattering
-TIMER: TIME-Resolved spectroscopy of mesoscopic dynamics in condensed matter
-TIMEX: ultrafast Time-resolved studies of Matter under EXtreme and metastable conditions
ref. C. Masciovecchio, F. Bencivenga, A. Di Cicco, E. Principi, R. Cucini...
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TIMEX scientific case "5‘?‘3‘97

TIMEX: ultrafast TIme-resolved studies of Matter
under EXtreme and metastable conditions

heat
diffusion ™

Main scientific goals:

pyrometer

- ultrafast studies (conductance,
reflectivity, trasmission, scattering)
of warm dense matter (WDM)

- transitions occurring in stable,
metastable and excited states
under extreme conditions

hole

sample foil —

IWXM, Barcelona, July 5% 2012 6




Beamline design "'@5:';‘3"9

FEL Sources

Sample
Top view Ellipsoidal
mirror
Plane mirror /v
> 15m

77.5 m
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| Beamline design %‘?ﬁpf

X-ray Optics, Mirror Design and Fabrication

1000
500% /\
0

10+ Expected a spot size ~ 3 um

Y /um
(=]
1

Up to 107 W/cm?

-10 4

-15 -
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Beam-shaping "5‘?‘3‘?7

The natural spatial Gaussian distribution of the focused photon beam
is not suitable for the TIMEX porpuses

]

Need for a versatile beam-shaping system

In the VUV/soft X-ray range the beam-shaping is possible by using reflective
elements with peculiar shapes

]

Use a bendable-plane mirror as an active optics

IWXM, Barcelona, July 5% 2012 9



“Lorentzian-like” mirror’s shape F@.E'?i"yr

A)/a_l A=amplitude
= X,=center of simmetry

]1;[( X — xo)a + ya] y=scale parameter (HWHM)
a=slope-parameter

110+

— =2
— =4
— =6

-
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©C © © © 9O ©
L | | l | L L

Mirror profile / nm

w
l=]
1

- N
c o 9
| |

0 40 80 120 160 200 240 280 320

Mirror position {(mm)
B
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“Lorentzian-like” mirror’s shape "5‘?‘3‘?7

A)/a_l A=amplitude
= X,=center of simmetry

j'[[( X — xo)a + ya] y=scale parameter (HWHM)
a=slope-parameter

110 ~
100
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80 - e 21 00MM
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— = 50mMmM

704
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50
40
30+
20
10

o.q " L4 . l' L) ‘[ L] l' L] L '
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Mirror position
R —————
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“Lorentzian-like” mirror’s shape F@.E'?i"yr

A)/a_l A=amplitude
= X,=center of simmetry

]1;[( X — xo)a + ya] y=scale parameter (HWHM)
a=slope-parameter

200 -
160 -
é — Aw100nm
= e — A" SOnm
2 t — Aw200nm
o
S
o
5 80—
E
p=
40
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Mirror's position (mm)
B

IWXM, Barcelona, July 5% 2012 12



Some ray-tracing results "@5'?‘3"9,

160 - 20 —

1204

80

Mirror's heigth (nm)

40~

0 50 100 150 200 250 300 350 400
Mirror's position (mm) -5 -

v=80 mm, o=4 , A=150 nm
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Some ray-tracing results

Mirror's heigth (nm)

Flat-top spot with tales for irradiating the sample
and probing the temperature with a pyrometer

1204
100+
| y=40mm
80— A-z‘(.)__%nm
60
404
20
Y 1 1 I I 1 T T |
0 50 100 150 200 250 300 350 400

Mirror's position (mm)

v=40 mm, =8 , A=100 nm

200
150
100
50

0 -

20

FERMI
@elettra
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Ray tracing Vs wavefront propagation F@El?y

-30 -20 -10 0 10 20 30
Screen size / um

Screen size / um

— Ray tracing (Shadow)
— Wavefront propagation (RSC)

)

I 1 T T I 1 1
-30 -20 -10 0 10 20 30
Screen size / um
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The active mirror "'@'5'?3"9,

The sides of the mirror are clamped and the shape is changed
due to the effect of the applied forces below the substrate

13 Piezo-actuators glued on the bottom of the mirror’s substrate

IWXM, Barcelona, July 5% 2012 16



The active mirror "5‘?‘3‘?7

Substrate
400 mm x 40 mm x 10 mm

Optical area
360 mm x 20 mm

Residual slope errors (after best sphere subtraction):
Tang. < 0.5 yrad rms, Sag. < 5 urad rms (within 70 mm length)

Micro roughness < 0.3 nm rms

Coating: Gold 50 nm

IWXM, Barcelona, July 5% 2012 17



Straing-gauges and piezo F@.E'?i"yr

{

—d
3
e
S
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Straing-gauges and piezo F@%I?y
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Straing-gauges and piezo

IWXM, Barcelona, July 5% 2012
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wl Metrology results "'@5:'?\”"29

S pm
Central part (300 mm)
2.5 um Torsion free
PV =2um
0 pm
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Mirror Profile / um

I o T T 4
0 50 100 150 200 250 300 350
Mirror position / mm

T = T

Central part (300 mm) P,V =4.5 um

23
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ACT F@%Ry

The Adaptive Correction Tool (ACT) calculates

- the 1teraction matrix for a bimorph mirror with N piezos

-the voltage to apply to the piezo-actuators in order
to obtain the desired mirror profile

- . . .
Adaptive Correction Tool Adaptive Correction Tool
Adaptive Correction Tool
Calculate New CORRECTION vector Pulse Flles Upload
Remember to upload PULSE flles in the right sequence
Inpet error file Is1: no pulse on any electrode; 2nd: pulse on first elecirode; 3rd: puise on first & second
(Crocae Fie ) no the wiected elecorode; ... [ (N ]k pulse on ALL n elecorodes of the mivrov

-, Shape (00.00]  (Croone File ) no fie seiected
oternction Matrix tnfs  [puise=100 Shape [10.00]  (Croose File ) mo fie seiecned
Fri May 28 13:03:38 CEST 2010 Shapclllml '..CAF.‘_’_“_!':‘M"'"W

Vaas { Oroone Foe ) 20 fie selected
Shape [11..10] { Oncove File ) no fie selected

Calculate New INTERACTION MATRIX Shape [11..11]  (Croove File ) o fie seiected
Number of Pulse flles
Pulse Voltage (Volix
(Usioad Pine fies )
(Care Mawrn )
[Close][Howto pdf] [Back] (Close)
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ACT %5‘*:‘9

The Adaptive Correction Tool (ACT) calculates

- the 1teraction matrix for a bimorph mirror with N piezos

-the voltage to apply to the piezo-actuators in order
to obtain the desired mirror profile
Adaptive Correction Tool

CH. Voltage Correction
00 ' 124V
01 137V
0 26V
03 100V
04 “wHV
05 47V
06 +166V
(] +1.1V
08 91V
09 82V
10 98V
1 $3V
12 J0V
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ACT F@%Ry

Applyed voltage +20 V

1.0 4
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04 -

Residual profile / um
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Metrology results LTP F@E'Z"i"y«
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Summary and outlooks %’?\tt"ip'

Performed both ray tracing and wavefront propagation simulations
Mirror + Staing-gauges and piezo actuators work fine
Design a brand new holder (suggestions are very welcome)

We will use the same scheme for the KB system for correcting the FEL
wavefront deformations (L. Raimondi tomorrow morning)

TIMEX beamline will be operative 1n a temporary configuration for
the first user dedicated beamtime
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Thank you for your attention!
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D. Spiga, G. Sostero, M. Zangrando
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