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After almost ten years of successful operation at a bending magnet beamline
of HASYLAB the FLIPPER monochromator was transferred to a 3Z-pole wiggler/
undulator. With new grazing incidence optics the original energy range of

15 - 450 eV could be extended to more than 1500 eV. The gain in intensity

is approximately two orders of magnitude. Undulatar effects are observed
hetween 36 eV and 900 eV and contribute considerably to this intensity gain.
Monochromators of the FLIPPER type are ideally matching the emissian charac-

teristics of undulators. The main problem with wigglers at high energy storage

rings is the heat load on the optical elements.
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During recent years it became obvious that wigglers/undulators used in

high energy storage rings (from 2 GeV upward) are not anly excellent sources
of x-rays but also deliver more photons in a small solid angle (i.e. more
brightness) in the vacuum ultraviolet (VUV) than wigglers/undulaters installed
in low energy storage rings. Moreover, much simpler technical solutions

are possible and the influence on the storage ring is small. When the in-
stallation of a 32-pole wiggler was planned at the 5.3 GeV storage ring
DORIS (see P. Girtler, /1/) it was therefore decided to split off a VUV

beam with a 2.2% grazing incidence mirror alternatively to the x-ray beam.
The FLIPPER monochromator with its angular acceptance of roughly 0.2 mrad
vertically and 0.8 mrad horizontally‘almost perfectly matches the emission
cone of this special wiggler W1 /1/. Furthermore it turned out that the
undulator peak in first order of the HASYLAB wiggler can be tuned via the
gap height over the whole energy range of the FLIPPER monochromatar (see

Table 1).

The FLIPPER /2/ was successfully operated at a bending magnet beamline for
almost a decade. Its optical design ariginates from the GLEISPIMO mounting
invented at DESY in 1968 /3/. The aptical layout of the FLIPPER has the
inherent property to reduce higher order radistion by taking advantage of
the cut-off of tatal reflection. Six alternatively used plane mirrors Sl ...
S6 (see Table 2) coaver the energy range 15 to 450 eV. An additional mirror

SO which is illuminated at 1.2" grazing angle was added for the set-up at

the wiggler line (see Fig. 1) and covers the energy range up to above 100D eV.
As a matter of fact the Al K edge at 1560 eV can be observed in absorption.
There the level of "good" light rougﬁly equals that of stray light. A plane
grating_(l.S? blaze, 1200 lines/mm) disperses the prefiltered radiation

and a parabnloid illuminated at now 2° grazing angle (formerly at 5.7°)

focusses a beam of fixed direction into the exit slit. An experimental chamber



suitable for photoemission and other surface sensitive techniques is mounted

behind the exit slit.

A critical element far a successful use of a VUV undulatar beam from a high-
energy storage ring is the first mirror 5_1. It has to take a heat load

of up to 600 watt when the wiggler gap is completely closed (see Table 1).
This power is concentrated in an angular interval of roughly 0.7 mrad hori-
zontally and 0.25 mrad vertically taking into consideration an anéular
divergence of the electron beam of 0.5 x 0.07 mradz_(FwHM) at the source
point. Due ta the grazing angle of 2.2° most of the power is distributed
over a strip of 10 x 100 mm2 on the surface. The plane mirror S_1 can be
remotely aligned in two degrees of freedom. From its active position it

can be retracted completely to allow the beam tu pass to the x-ray station.

The re-insertion of the mirror is reproducible.

The mirror itself is a copper block with dimensions 200 x 50 x 50 mm3 covered
with Kanigen and polished to high accuracy (90 % of reflected intensity

in an angular intervall of + 2"). It is pressed on a water cooled support
with a layer of indium in between providing good metallic contact. The rise
in temperature of the mirror block is only some ten degrees measured about
halfway between the irradiated surface and the cooled bottom. In order to
keep the temperature of this mirror low the Kanigen coating of the backside
bad to be removed partly for better thermal contact. Without this measure

the temperature rose up to 200°C. But even in the new configuration we abserve
large effects on the intensity of the monochromator output when the wiggler
gap is small and thus the power high. We found that these losses originate
from mirror 5_1. A drop in intensity of up to a factor of three is observed
in the first 20 seconds after opening the beam stop. The performance of

the monochromator appears to be otherwise unaffected. Qur present hypothesis

is that the surface of the mirror reversibly develops a bump due to a large
surface temperature decreasing rapidly with a high gradient into the inner

of the the copper block. Due to the elongated shape of the illuminated part

of the surface this bump will act as a cylindrical convex horizontally de-
focussing mirror which deflects part of the incident radiation in such a

way that it is lost at the horizontal apertures. Any additional horizontal
divergence added this way to the beam daes not puse serious problems to

the monochromatization since the spectral resolution of the monochromator
depends mainly on vertical imaging. Such distortions of heavily loaded mirrors
have been treated theoretically /4/. We have not yet attempted to do a similar

model calculation on our special arrangement.

It is possible to avoid this effect by operating the wiggler at large gaps.
The heat load on the mirror 5_1 is then drastically reduced. The wiggler

still provides a gain of roughly a factor of 40 compared to a bending magnet .
The undulator peak in first order, however, is shifted to 929 el at 3.7 GeV
and W = 168 mn (see Table 1)}. With the completely closed gap, W = 34 mm,

the undulator peak is lowered in energy to 36 eV at 3.7 GeV. As will be

shown below, the gain of intensity in the undulator peaks can be appreciable.
It can, nevertheless, be advantageous for low photon energies at high currents
in the storage ring to sacrifice this option in order to avoid the distortions
of 5_1 and the suhsequent losses.

A choice of other materials, other shapes for the mirrtor 5_1, larger distances
from the source, and maybe even more grazing angles for the first mirror

may solve this problem. To find the optimum solution a funqamental investiga-

tion of this problem is necessary.



for 3.7 GeV about 10 % of the radiated power is reflected by mirror S_l.
This is incident in mirror Sn which is made of AlMg5 coated with Kanigen.
This mirror has no water caoling. Due to a large reduction in the apparent
aperture a maximum of about 2 % of the total power hits the grating if S0
is illuminating the grating directly and about 4 % of the total power hits

the mirrors Sl to S, in the other mode. We have detected serious distortions

6
of the mirrors S1 to 56 which were fabricated fram glass (BK7). The heat

load resulted in a convex cucvature of the flat mirrors probably due to

both a bump at the surface and a bending of the whole mirror. This was an
especially serious problem for the less grazing incidence mirrors 55 to

56 where most of the incident radiation is also absorbed. The distortion

was observed as a defocussing stemming without doubt from these mirrors.

It could be rompensated by changing the focus of the paraboloid. In May

1985 these mirrors were replaced by all-metal mirrors (AlMg5 covered with
Kanigen) and this problem is now solved. Small warm-up effects still occur

on So and on the gyrating which is etched on glass and coated with gold.

We have attempted to measure the power incident on 53 by directly measuring
the rise in temperature of this mirror with a thermacouple. The first result,
namely 1.5 watt at 5.3 GeV storage ring energy and 30 mA is too low by roughly

a factor of 3. A more detailed analysis is needed.

The main information on the performance of the FLIPPER monmochromator is
condensed in Fig. 2. The old bending magnet version was actually operated
until August 1984 but no characterisation of the output was made immediately
before the transfer to the wiggler line. Therefore the status as of December
82 is given. Each of the mirrors SO to Sl is’ typically used in an energy
range between its high-energy cut-off and half that energy in order to avoid
second and higher order contributions. With the new arrangement some problems

with second order light appear to occur in certain regions covered by S1

and Sn although this is not fully investigated yet. As a possible remedy
special coatings can be selected or the undulator peak can be shifted to
influence the relative strength of first or second order radiation {in this
case attention has to be given to the second order undulator peaks). It
should be menticned here that the mirrors Sl ta 56 are usable at tuwo
different sections of the surfaces which can bave different materials on

the surfaces (see Table 2).

The curves have been measured at typical currents around &0 mA in DORIS.

DORIS is capable, however, to operate at 100 mA in main user shifts. Therefore
the intensiti es were linearily extrapolated to this value. To what extend
this lipearity holds for small gaﬁs could not yet be tested in dedicated

runs at 3.7 GeV after improving the cooling of the mirror S_1 in spring

1984, A similar investigation for the operation at 5.3 Ge¥, 35 mA of DORIS

in summer 1985 is not yet completed.

The most striking feature is the appearance 'of the undulator peak in first
order and also in higher orders (see ref. /1/}. It shifts according to the
theoretical calculation given in Table 1. The additional intensity gain

in this peak amounts to as much as 6, For the common photon energy ranges

of the two FLIPPER versions a maximum gain of 200 over the December 82 per-
formance was observed at the undulator. This must not be completely attributed
to the undulator since all optical elements and the arrangement of the pre-

mirrors have been changed in between.

An analysis of the shape af the undulator peak is given by Giirtler /1/,
The analysis is based on the solid angle accepted by the FLIPPER optics
and yields an excellent agreement hetween theory and experiment. It is well

known that undulataor effects are spatially confined to the immediate neighbour-



hood of the forward direction of emissien. By deflecting the beam with the
help of the remote control of mirror 5_1, the undulator peaks decay rapidly
as soon as the central ray of the beam is outside uf the entrance aperture.
It has to be taken into account that the emittance of the electron beam

in DORIS and subsequently its angular spread causes a spread of "forward
directions"”, This distribution has the following dimensiens at the entrance
aperture of the FLIPPER, namely 18 mm horizontally and 2.5 mm vertically
(FWHM). Thus the undulator perfectly matches the aperture of the lePPER
(see Fig. 3). Taking into consideration the properties of undulators /5/

it becomes obvicus that the FLIPPER monochromator installed at one of the
newly proposed low emittance storage rings could use smaller apertures without

intensity loss in the undulator peak.

Since the storage ring DORIS is almost unaffected by the wiggler/undulator
/1/ a mode of operation of the FLIPPER monochromator is planned where the
undulator gap would follow the wavelength scan in such a way as to keep

the selected wavelength always at the undulator maximum.

There is still annther advantage of observing the undulator peaks. This
provides a perfect criterion to align the monochromator in such a way that
it laoks "head-on" at the undulator. This minimizes any apparent increase
of the source size due to an oblique projection of the 2.15 m long radiating

path.

The theoretical resolution as calculated for a 200 pm slit width is indicated
in Fig. 2. How far this can be scaled down for smaller slit widths depends
on the quality of the alignment of the monochromator, the‘influance of the
source size, the imaging ercors of the paraboloid due to the fact that the

source is not at infinity, the slope errors of the parabeloid, and the

astigmatism due to the change of the vertical divergence at the grating.
The latter leads to a different aparent source distance for vertical and
horizontal focussing /3/. This effect is especially important for the mirrors
S, and S

1 2
grating wofw deviates considerably from 1. While the distance of the source

where the ratio of the angles of incidence and take-off at the

for horizontal focussing stays fixed at 36.555 m with a horizontal image
from the paraboloid {focal length 1000 mm) at b = 1028 mm, the distance

of the virtual source for vertical focussing varies between 36.555 m and
almost infinity. This leads to a vertical image point between 1028 mm and
1000 mm from the paraboloid. In the vertical plane the image of the source
is geometrically demagnified as 1 : 36. On the other hand outside the
horizantal focus the intensity distribution resembles a sickle resulting

in a coupling of the horizontal beam width to the vertical dispersion plane
/6/. Since we have to keep the exit slit fixed we have to find a compromise
position. We choose 1013 mm which gives a greater weight to good resolution
at high photon energies. As expected, the resolution is very much improved
by reducing the horizontal aperture. Figure 3 shows an example of ray tracing

calculations.

Figure & shows as an example for the performance of the FLIPPER set-up a

total yield spectrum of a clean Cu sample in the region of the Cu L edges.

The spectrum was obtained by measuring the total current leaving the sample
with a DC ampere-meter in the 10'1B A range. The signal is normalized to

the photon flux measured by a diode. Such photoelectric yield curves repraduce
the absarption in a layer of about 50 R below the surface. Many possible
applications of monochromatic beams: with such high intensity are obvious.

The main research fields for the FLIPPER will be surface and atomic physics.
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Table 2 Optical components. For the mirrors Sl - S6 only the coating of position 1 is given,

position 2 is blank kanigen.

function dimensions material coating angle of manufacturer
{length,width,heigth) incidence
(mm) :
S " coaled pre- 200 x 50 x S50 Cu kanigen 2.2° Zeiss
mirror
5 premirrar 250 x 50 x 50 AlMg kanigen 1.20/2.7° "
o 5
mH " 100 x 88 x 25 " kanigen 40 "
/+2008 Cr
mN " 100 x 88 x 25 " kanigen 7.5° "
+300A C -
mu " 60 x 88 x 12 " xm:wmm: 12° "
+300AC
mb " 60 x 88 x 12 " kanigen 2p° "
+300A C
mm " 60 x 88 x 12 " xm:wmm: 330 "
+300A C
mm " 60 x 8B x 12 " xm:»mm: so° "
+300A C
G plane grating, 65 x 40 x 15 quartz glass 2508 Au var. Astron
12001/mm, 1.5°blaze
p paraboloid, 250 x 60 x 35 Zerodur Aus 2° Zeiss
29 grazing, usable area
f = 1000 rm 200 x 3¢
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fig., 1 Schematic arrangement of the optical components in the FLIPPER . wn RN I [N 2 -
set-up at the wiggler/undulator beamline at HASYLAB. The angles
are somewhat distorted. Sx are deflecting mirrors (see Table 2),
G = Grating, ES = exit slit. Mirror So can reflect either to
i —
Sl 56 or directly on G. b]
e
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Fig. 2 Intensity behind tbe 200 pm exit slit at the wiggler/undulator
(Oct. 84) and at the bending magnet (Dec. 82). The resolution
as marked by arrows can be improved by about 1/3 by reducing
the slit width (see also Fig. 3), W, marks the wiggler gap
(see Table 1).
Fig. 3 Results of ray-tracing calculations for image planes at different “:' 1
distances b from the center of the paraboleid. b = 1013 mm is % T
the standard position of the exit slit. A slit width of 50 um g
is indicated. The source size was zera.
Fig. 4 The L edges of Cu observed on a clean Cu sample in total electron
yield. The spectrum was obtained with a horizontal aperture w
of 10 mm and a slit width less than 30 pm. g L
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