Adaptive mirror design for European XFEL
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an offset and distribution mirror scheme is designed using adaptive piezoelectric bimorph technology. There are all together eleven mirrors planned
over all the 3 beamlines, e.g. SASE1, 2 and 3. For the first and second mirrors in these three beamlines, specially in SASE 3, the spontaneous radiation is considered as cnpcal heat Ioad_ on the mirrors.
Moreover, the different éxpeﬁmen(s ;-squire that the shape error of the mirror should be at the unpreceFjented level of below 2 nm peak-to-valley level over 700 mm optical length, with the 1o<?u5|ng
curvature continuously tunable between an ideal flat and 50 km spherical radius [see CDR for X-ray optics _and beam transport, xfel.eu, 2012, Harald Sinn et al.]. To fulﬁl! all these extremely stringent
requi under the d heat load, a bimorph mirror based on a novel concept and including provisions for cooling has been desu}gn_ed in the length of 930 mm, with four rows of PZT actuators
attached on the four mmer,-s of the silicon substrate. Using the finite element tool ANSYS®, static thermal and mechanical performance of this innovative bimorph mirror are simulated. Besides, the mirrors
will operate in a vibration-optimized UHV chamber based on parallel kinematics, to meet the requirements on pointing stability dictated by the long distance to the experimental setups.
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Figure 2: Initial design of the 2°? offset mirror, including cooling scheme and piezo
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Figure 1: Layout the the SASE3 beamline in European XFEL. All these mirrors need to be cooled, specially o
Ihg 1# oﬁse!ym/rmr (Mirror 1), which is exposed to the spontaneous radiation of 10 — 100 W. The 2 offset actuators with individual electrodes covering the surfaces. The PZT aCanlOV: near
fr flat to about 50 km, to compensate the thermal deformation of the optic surface are inversely polarized from the actuators near to the back side,
B e o e bro aho[;/ i therefore applying the same electrical potential, the inverse deformation of the
e o piezo actuators will cause the total bending of the mirror substrate.
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Figure 3: Temperature distribution of the 1 offset mirror
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Figure 6: Mirror chamber
design based on parallel
kinematics. By means of
FEA simulation the shape
and the structure was
optimized so that the
eigenfrequencies of the
chamber are above 90 Hz
The deformation due to the
vacuum force are up to 100
micrometers. For the final
design, a support of granite
was chosen to optimize the
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Figure 5: Pulse f d the ad. substrate. The plots of
aling the P zonal control capability of the mirror St
Modes 1-6 show the local bending capability with 315 V voltage applied on all the 18 electrodes sequentially. If
the voltage is applied alterately on the elactrodes, the high frequency oscillation is plotted as Mode 7, which

shows the minimum limit of local bending capacity of the active mirror.

(Mirror 1) with heat load from spontaneous radiation. 0081 [ convection coefficient = 30000 W/m*.2C
The substrate is 930 mm long, with a cooling groove on 0.04 convection coefficient = 15000 W/m®.°C | fitting a polynomial over 700
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