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Abstract _ I
Switching mirrors are used to provide several beamlines e

with Free Electron Laser or synchrotron radiation from one _" [ iogme mlu"

source. Since most users do not need the nominal bunch — . v

train density, a fast switching mirror is a method to supply FEEN Sot Hersy photons.
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many experimental groups. So far, the switching process £ |___[\\ AN Lt

has a duration of several minutes. A feasibility study at N N

DESY analyzes possible ways of permanent switching at s

half of FLASH’s bunch train frequency of 1 to 10 per sec-
ond. A first prototype with highest demands on repetition _
accuracy of the position (below Am) and yawing of the Figure 1: Time scheme of the electron bunches at FLASH,
mirror (about 1 arcsec) has been tested. In the course ken from [1].

the work several technical concepts from industry like Pro-
grammable Logic Controllers or Position-Velocity Stream- |
ing found their way into beamline technology, thus allow- sl
ing fast proceedings in development.

Time scheme of the mirror motion at 2.5 Hz

Final pastion

lateral position {(mm)
FEL train (approx. 800 ys)

INTRODUCTION

The state of the development of Free Electron Lasers i - Ttime
(FEL) allows to provide external experiments with the out- IR
coming photon beam. At the FLASH facility at DESY ) ] ) )
Hamburg, biochemical, material scientific and other physi- Figure 2: Time scheme of the motion of the mirror.

cal experiments are supplied with an intense radiation with
awavelength downto 6.5 nm. The VUV and soft X-Ray ra3 o beam with a stroke of 30 mm at a grazing angleof 3

dlrzt:ijr? '?ni?g:ﬁid Igztlot(f)IVQeGbe:rnlllenne'[so?)'[/hsellIi(r:](();r;rrnnilrr]ro::z dI_hus ensuring that the beam can pass the chamber if the mir-
grazing ' P . . 9 ror is off center. The time span for such a motion is smaller
ation are totally reflected at a covering layer with a roughy

=]

[1]. By the use pf thege MIrrors it s possub!e o build MO hronized to the machine’s time scheme, as shown in fig
than one experiment into a hall. These mirrors have to bf

) . . . Inthel rth f linear motors, Programmabl
carefully adjusted in order to minimize their influence o the last year the use of linear motors, Programmable

- o rLogic Controllers (PLC) and the interface to the FLASH
the beam position at the target. At present, this allgnmegteamline control system (DOOCS) have been prepared in
can be done only from time to time.

order to establish a toolkit which enables one to quickly
The peak current of the FEL of several thousand Amper evelop and to implement off-the-shelf solutions for this

calnr:0|t be supplled_at alclj tIITtleS i 6: pl:ltshed operlatlotn 'Sf aRind of motion and communication problems. This work is
SOlUIEly necessary in orderto protect the accelerator ol . 1o h . ration with HASYLAB, BESSY and the depart-
damage. This is achieved by splitting the electron bea

into bunches with a separation ofd and the alignment Ment of mechanical engineering at DESY Zeuthen. We de-

' . . scribe our methods as well as the first measurements of an
of up to 800 bunches in a bunch train. These trains S borate construction.

shot with a repetition rate of up to 10 per second, and eagh
bunch produces an FEL pulse in the undulator (cf. fig 1).
Pump and probe experiments can usually be done within  THEORETICAL CONSIDERATIONS
one bunch train. That is why it is natural to consider the

possibility of a switching mirror, that moves periodically
so thatevery second bunch train is deflected

For the feasibility study, the task is to move the mirror int

One can now calculate the influence of a change of each
of the six degrees of freedom (three translations and three
c{otations) of the mirror, according to the law of reflection.

Seen from the user’s perspective, a small translation will
* stefan.pauliuk@desy.de lead to a parallel offset of the outgoing beam that is in-
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Operation of the fast switching mirror chamber: Available features in april 2008

Motor driver database
(LinMot, (Féhrenbach)) 4—"‘(“" -PLC 1
Mirror Chamber | motor driver Modbus DoocsJ
Measurement equipment interface | Motor control, synchronisa- | DOOCS-
position (Heidenhain), tion, data collection and server I
angle (ELCOMAT) ’ data storage Operation by BKR
final position, ... %‘P 9 i beamlineyuser
ata

A Y A
Power supply | - | TTL Evaluation and documentation:
Trigger generator | Hard disc -> MATLAB, C++, Origin...

Figure 3: Communication scheme of all components.

dependent of the distance from the mirror. An error in theritical quantity, the yawing of the mirror, is not yet in
angle will however lead to an offset that grows proportionad feedback loop. Instead we try to limit the clearance
to the distance. of the angles by making use of a stiff construction and
In table 1 the calculated errors are presented. The yawingduced incoupling of vibrations. In figure 3 one can see
~, a small change in the angle of incidence, is by far ththe communication scheme of the machine. A Beckhoff
most critical error. Due to the special alignment (grazing’LC is used for general control, communication and data
incidence), the influence of the errors of the other angles &quisition. It is also used to synchronize measurement
reduced. A misalignment of the motor position leads to and motion according to a trigger signal. The elaboration
horizontal offset which is almost two times higher.de- of this control system has been a substantial part of the
notes the angle of grazing incidence (her®;, 8 the direc- work of the last year.

tion of the beam, y the direction of motion and z the normalt present, two different setups are pursued. One is
to ground. The nodding denotes a small rotation aroundshown in figure 4: A motor from the LinMot company
the beam axis anda small rotation around the axis of mo-drives a mirror clamping trough bellows. A linear guiding
tion. From this point of view it becomes clear that it issupports the clamping from outside and a linear encoder
more important to reduce the clearance of the guiding ar{tieidenhain MT 60K) is mounted below the slide. It
the vibrations induced by the motor rather than to tune theturns the position with a resolution @00 nm. This
feedback so stiff that the position error stays small. Presonstruction from our facilities has a comparatively low
tuning of the feedback loop is done in accordance to thmoving mass (around 24 kg), however the motor controller
method of Ziegler and Nichols [3], whereas the fine tunindpas no notch filters available and the mounting suspension
is done empirically by the evaluation of the recorded posif the mirror has to be guided through bellows, resulting
tion time series y(t). The mass of the system and the dig a resonance frequency of less than one kHz. First
friction are entered as feedforward parameters. measurements are presented below. Another approach is to
move the whole existing mirror chamber with a very strong
and compact linear motor from the Fohrenbach company.
This would require only small changes in the existing
In the recent years one has made good experienE?nStr“Ction bpt it means one would have to move a mass
with low clearance linear guidings for the linear supporP abouts0 kg in accordan_ce to the above _mgntloned t|rr_1e
of beamline equipment. Particularly for the TTF WireScheéme. Such a setup with a test mass is in preparation.
Scanner [2], a rather compact linear guiding together with 'S construction can be designed very stiff as there is
a slot curve drive an a stepper motor had been choséh(? bellows between the motor and the mirror. Further on
In this drive there are two ball bearings which add theif"® motpr pontroller has mtegrated notch filters to avoid
clearance to the position of the moving slide. In additiod €xcitation of mechanlcalmresonances. However the
the masses that we will have to move are considerab!l rge momentum of up t80 kg'g leads to large vibrations

higher than those moved by the wire scanner, the weig the ground that will have to be compensated. We use

of the mirror itself is already about 4.5 kg. On this accoun@! @nalog acceleration sensor ADXL320 to measure the
ibration spectrum of the motion and on the ground via a

we decided to drive the slide with linear motors which ard/'*"& ; ith idith of K
state-of-the-art. Fourier transform with a bandwidth of 0 to 2.5 kHz.

PRESENT APPROACH

The task is then to tune the controller and the feedforward
in order to achieve highest possible positioning accuracy The angle measurement is taken synchronously with the
and minimal possible vibrations. Note that the mostinal position with an electronic autocollimator ELCOMAT
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Table 1: Beam misalignment due to positioning errors of tireanas seen by the beamline user.

Cartesianerror: AX Ay Az
horizontal: sin2a - Ax 2.cos’a- Ay
vertical: 0 0 0
Angleerror:  Yawing~y Noddingv Rolling p
horizontal: 2y 0 0
vertical: 0 2.sinacosa-v~01r 2-sin®a-p~0.005p

3000 which delivers a horizontal and a vertical angle valu

every 40 ms with a noise of 0.2 arcsec rms. ‘?able 2: Measured beam misalignment as seen by the

beamline user.

accuracy user’sview
Y position: +3 pum (20) £6 um
Yawing: +0.6arcsed2s)  +640

Nodding: ~ +3arcsed2s)  +1.54M

FUTURE OPTIONS

During the next weeks, tuning of the controllers and
measurements, especially of the Fohrenbach motor, will
proceed. The above results show that at a distance of up
to 20 m to the experiment the horizontal spread will be
more than).2 mm. This may be insufficient as direction-
Figure 4: Current design of the Switching Mirror Chambekensitive devices like monochromators will get out of tune.
(LinMot version). Thus it is being investigated whether it is possible to close

the feedback loop for the yawing angle. A possible choice
is alaser and a four quadrant photodiode as yawing detector
and voice-coil or piezoelectric actuators to add a very kmal
FIRST RESULTS shift to the mirror clamp. The PLC would act as controller.
Another step is a mechanical blocking in the final position,

We measure the Y position accuracy by averaging ovdyhich can be used for demonstration but which is also_ an
1500 final positions and calculating the standard deviatioRPStacle if one has to tune the stroke. A mirror clamping
For the angles’ measurement one has to take into accoth@t allows for the support of a mono-crystalline mirror is
that the autocollimator vibrates due to the motion of th&€ing developed. At the moment we pursue FEM calcula-
motor. A mounting of the device on a different stand is notions and interferometer measurements of the test clamping
possible, as the stands will vibrate against each other. |§€€n in figure 4. Therefore a dummy mirror made of alu-
stead we take a mirror that is glued to the very massive wdlinium with a surface roughness of better than 50 nm will
of our laboratory as reference and make two measuremerf§; Used as optical mirror to measure the deformation of a
1.) The device against the wall while the motor is runningSlamped mirror with an interferometer at BESSY.

2.) the autocollimator against the moving mirror. Both

measurements are then approximated as normal distribu- REFERENCES

tions and are deconvoluted. Thus we obtain the standa[; Jochen R. Schneider et al. “FLASH. The Free-Electrosera
deviation of the (hypothetical) measurement of the movin ! :

in Hamburg”, DESY publication, 2007.
mirror against the reference mirror 9 ) P ) ]
(cf. table 2) [2] U. Hahn, M. Sachwitz, H. Thom et al. “Prototyp eines Wire-

scanners fur TTF 11", TESLA Report 2002-08, DESY 2002.

The misalignment seen by the user is calculated via tllg Heinz Mann. Horst Schiffelaen. Rainer Frorien. “Einfian
formulae in table 1. All errors refer to a confidence interval®! €Nz Mann, Horst Schiffelgen, Rainer Froriep, *Eihfiing
in die Regelungstechnik”, Carl Hanser Verlag, Minchen,

of 95% (20). The errors lie beyond our demands. (Com- 2005,
pare: The FLASH beam diameterds3 mm.) Tuning may

reduce the Y position error, but for the angle errors we have
reached the lower limit of this construction.
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