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Introduction of the European XFEL project and
current status

Adaptive mirrors design concept

FEA simulation with heat load and electrical
voltages

Metrology measurements
Conclusion: future modeling perspectives

(Best ) ELMHOLTZ
Fan Yang, MEDSI 2014, Melbourne, Australia Y | ASSOCIATION



European

- _ s - k .Xr_l
- = g
] .r‘ £

FEA simulation for adaptive mirrors at European XFEL

Introduction of European XFEL

Fmm -
[

7. AN R

er Barn

e e e

1 “Hamburg

'Osdb

i
i ;

Fan Yang, MEDSI 2014, Melbourne, Australia

ﬁ HELMHOLTZ

‘ ASSOCIATION




1 | FEA simulation for adaptive mirrors at European XFEL

European

XFEL| Extreme heat load & time structure in EXFEL

1 pulse train = 2700 pulses

Jsor Il
// L

100 ms 54 \W _.‘

100 fs
Photon pulses

s -

process

At =200 ns

20 GW

[M. Altarelli et al., The XFEL Technical Design Report, 2006 ]

Energy: Qs =12.3x10°eV x10" x1.602x10™" =2 mJ

2mJ 2mJx 2700
copo=<™ _ogw P = —9kW
Power: Ipulse 100 fS /pulse train 0.6 ms
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XFEL | Bendable mirros in distribution system

— 0 m source point FEL
+— 15 m end of last module

— 230 m CRLs

r— 270 m first offset mirror
+— 280 m second offset mimor

— 300 m B.S collimator

322-354 m XS3

r— 370 m distribution mirror left station

r— (380 m distribution mirror right station) "

— (430 m intermediate focus)

r— 850 m Si mochromator (FXE)

— 900 m experimental area

N.C.

SPB

-205 m first undulator module SASE 1
Photon Beam
Transport
Layout CDR 2011 |- 15 mend of last module

- -205 m first undulator module

41— 0 m source point FEL

T— 230m CRLs

247-279 m XS2

T— 290 m first offset mirror
+— 300 m second offset mimor

+4— (310 m option C-Mono, MID)
1— 320 m B.S collimator
- 390 m distribution mirror left station

- (395 m distribution mirror right station)

+— (460 m intermediate focus)

1 890 m Si mochromator (MID)

T 940 m experimental area

= Bendable

N.C.

MID

SASE 2
Photon Beam
Transport
Layout CDR 2011 _|_ 15m end of last module

={—-116€ m first undulator module

== 0 m source point

172-194 m XSDU2

= 250 m first offset mirror
—— 252.8 m second offset mirror

—{— 260 m B.S collimator

—1— 353 m reflecting mirror
+ VLS grating 500 mm

—t— 357 m distribution mirror

—— 412m horizontal slit

—T— 422 m experimental area

SCs

= Not Bendable

SASE 3

Photon Beam
Transport
Layout CDR 2011

_9-25 mrad
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European

XFEL

Optics specification

Mirror specifications

Prototype specifications

Substrate size (LXWxH)

950x52x52mm3

950x52x52mm3

Optical surf (mer x sag)

850x20mm?

850x20mm?

Substrate Material

Single crystal silicon

Single crystal silicon

Surface coating

B,C

none

Figure

Flat

Flat

Cooling system

InGa eutectic bath

Groove present but not used

Height error (Peak to Valley) <2 nm <20 nm
(4th order polynomial removed)
Slope error (root mean square) <0.05 urad <1 urad

<0.5 urad sagittal

<0.5 urad (3rd order removed)

<5 urad sagittal

Roughness (@10x) rms <0.3 nm <0.3 nm
No points over 0.6 nm
Radius of curvature >600 km >50 km

>1 km sagittal

Bending capability

-50 km to flat to +50 km

-50 km to flat to +50 km
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European

XFEL|] Collaborations

Technical specifications Mirror chamber design ( Tino Noll)
coordinate the collaboration & FEA Metrology lab (Maurizio, Frank Siewert)
European XFEL
(WP 73) HzB5 J
o2l Bruker /ASC, CINEL
(JTEC, etc.) (Riccardo Signorato)

\

Provide the mirror substrate,

PZT actuators and other
necessary components

develope and build the mirror prototype
including bending and cooling mechanisms

Fan Yang, MEDSI 2014, Melbourne, Australia ‘335{ | ASSOCIATION
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European

XFEL| Adaptive (bimorph) mirror model

Water-cooled copper blade in an PZT
indium-gallium liquid eutectic
Silicon substrate

PZT

applied voltage expanding

«— <«— — —>

X-ray beam —_ —> «— <«
shrinking

Bending capability top view

(382 £ wermnorz
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| : 1.4 -
c 0.20 4 1.2 i
E 4
S = ] :
£ 0154 c 08 no PZT, no gravity
3 £ 064 —— with PZT, mechanical and electrical gaps,
£ L 1 no gravity
brd T 0.4
0.10 - % ]
S © 02-
3 no PZT, no gravity s |
2 Lo —— with PZT, mechanical and electrical gaps, | £ 0.0
= no gravity Q 0.2-
O i m -
2 / \ 5 044
2 0004 -0.6
8 ]
T T T T T T T T T T T J -0.8 I r T r T r T y T y T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
mirror length in m mirror length in m
22,175 Max
I 22,16
22,146
— 22,132
— 22,118
22,104
22,0849
— 22,075 . . -
22 061 3 mm wide stripe on optic
22,047 surface, homogeneous,
22,033
BT, heat load of 10 W from
spontaneous radiation
O 202 (thermal convection coeff.
5] 15000 W/m2K)
. ,/EE;g\‘ gHELMHOLTZ
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bending of single pzt on the optic surface in micron

shape error residual of single pzt in nm

600

1000V applied on each PZT acu

tator sequentially

mirror length in m

——no.3
| —no.4
500 no.5
400—- : 22?
300 — — :gg
1 ——no.10
200 | ——no.11
1 —no.12
100 —no0.13
] no.14
0 —no.15
1 ——no.16
-100 T T T T T no.17
0,0 0,2 0.4 0,6 0,8 f— no.18
mirror length in m
no.1
150 - 2
100 - \ 7O (/ -
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| | ) — 11
-100 — 12
1 —13
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shape error residual in nm

bending on the optic surface in micron

800
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200

-200
-400
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—13
——1-4
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1-8
—19
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——1-16

-800

0,0

0,2
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0,8

)
0,0
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1 )
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1
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-

T 1-17
1 —1-18
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[(x1l0*%-5&]
T.031

6.311
5.588
4.385
4.14=
3.419
Z2.6%98
1.9%3
1.250

527

Convex Bending on the optic surface in m

-.1385

095
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Affaire 5174
Fichier source : MO-M10.DAT ﬁ_
Fichier de sauw. : MO-MTOC.TXT
Date de sauvegarde : 1974413
Données sur toute la surface
Inferféra. Tygo &GPl ﬁ
Dimensicns 316 = 177 pix
850 *41.49 mm Y|

angle de mesure B85° en X
Ecart PV

RALS 2.0857 pm
Pentes PY 155.2738 prad

RMS 214883 prad

zone ubile 1 :

Conique de comparaison

: profil Py .0789 pm
Type IMmleue petite - ” RMS 0237 pm
i Pente PY 2.2939 wad
Caleuler
zone utile 2 :
profil PV
Type |ﬁ.uct.ne L” RMS
nkm [ ] eme P
EShe RMS

Caleuler |

Simulations V.S. Measurements (1000V)

PV (ANSYS): 7.22 um
PV (SESO): 7.09 um

3.547 [jum)
Mb de points :
2265 s
Ecart
P 7.0942
1182 s
RS 2. 0857 pm
0 Pente
P 1552738 prac
1182 RMS :21.4863 prad
Ao304
-2.365 } e
Y: 222 (pm)
Moy. de 8 Profils
3547 -
supprimer
&w@mj profil horizontal en micrometre
i Zone ufile
694 ZU1l:
925 38 mm
691 zuz:
1895 mm
688

a0 13 20 305 JM 4TS S0 B4 T 85 00
(wrad) pentes en microradian =)

ma

Recalculer

Ba Fpo= S n =
i_
o oy
S
[

500 1§ 220 305 290 4TS 560 B45 TID 815 900
(mem)
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European

XFEL| Slope Map with Piezo Prints

—— 1500V, mid-line on the optic surface

150
edge of the substrate
. —— 1mm from the edge
—— 3mm from the edge
c 100 H —— 5mm from the edge
c ] 10mm from the edge
=
© 50
=
B
w p
L
5 o
(5
pt |
o
S 50
w
-100 T J T y T T T T T T

No effect of PZT are observed on the optic surface

-19,75- Ty ¥ ¥ T 1 _—1._4
'E' ] [} -_D
; -100- - w
= -2 B
o m
= -120- ey
-129-| 1 , 1 I 1 : ' ] 1 --4
135 200 400 a00 a00 107225 =
MO X [mm] ls5g
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height [nm]

700 -

500 -

400 -

300 -

200 -

100 -

-100

Mirror shape at different voltages

HZB Helmholtz

Zentrum Berlin

INotgood!I

P
-

Stick-slip eﬁecfs

#,

100 200 300 A00 500
X-position [mm]
Initial OV state: R = 652km
Moving back to 0V state: R = 368km
-3V state: R = 680km
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—— 3 Points Support bending (Fixed vs. Simply
XFEL ] supported)

cooling groove PZTs 7mm |+
—
—_—
N .
Bottom view of the mirror
400
= ]
=
£ 3004
Tju all fixed support
% 200 4 simply supported
e
5 difference between the bending curves
8 5 100 with 2 kinds of supprots
c . o i 0,0
g 74 a
= J g 0
w
c 64 ] 1S
‘Q ] 3 -0,54
S 5 -100 £
= ] @
? 44 S
g . -200 T T T T T T T T T T T L 1,04
S 3 0.0 02 04 06 0.8 10 £
=]
2 5] mirror length in m o
£ 154
5 all fixed support =
2 " simply supported 2
£ ]
5 o4 -2,04
=] .
-1 T T T T T T T T T T T ! T T T T T T T T T
0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 08 1,0
mirror |ength inm mirror ]ength inm
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European

XFEL|] Conclusions

FEA Simulations agreed well with initial SESO and HZB
measurements (~ 600 nm/100 V)

Deformations due to the radiation are in the extent of adjustable,
Stress and strain concentration are in the safety range

No influence visible from piezos in optical area (so far...)

2 nm PV NOM measurements seems possible (measurement setup
should be improved)

Next steps to do with the prototype:
Adaptive ability of the piezos ( min. PV per applied voltage)

Investigate the relations between friction bending and different
supporting concepts

AAAAAAAAAAA
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European

XFEL ] X-Ray Optics and Beam Transport Group
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