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INSERTION DEVICES FOR DORIS III

J. PflUger and P. Glrtler
Hamburger Synchrotronstrahlungslabor HASYLAB am
Deutschen Elektronensynchrotron DESY
Notkestrasse 85, D-2000 Hamburg 52, Germany

Abstract

To lmprove the possibilities of synchrotron radlatlon research at HASYLAB in
Hamburg, the storage ring DORIS II will be modified into DORIS I11I. One 65 m
long stralght section will be replaced by a new 73.6 m long arc which s built
in such a way that space for seven insertion devices will be created. The
sclentific background and requirements on the wlgglers and undulators are
briefly mentioned. The optimization procedure leading to the parameters for
the proposed devices 1s described. The requirements on vacuum chasber aper-
tures in the insertion devices, especlally for the high energy physics col-
1iding beam operation mode at 5.3 GeV, Is discussed.

to be published in Nucl. lnstr. Helh,

Introduct lon

At DESY, synchrotron radlation (SR) research has a long tradition since the
sixties. The first SR experiments used the DESY | synchrotron. When DESY built
Lhe first electron storage ring DORIS In 1972, also a [lrst beamline was con-
structed. Slnce then, the SR actlivities grew continuously: HASYLAB was founded
in 1978 and a large experimental hall was bullt In the following years. In the
meant ime, the radiation of more than 1/4 of the DORIS dipole magnets ls used
for SR experiments. The first wiggler/undulator was installed in DORIS II in
1984 [1]) and two more Insertion devices optimized for VUV physics and high
onergy X-ray experiments [2] followed.

Research using SR is rapidly expanding, and new experimental possibilities
for, e.g., Inelastic photon scattering, magnetic surface scattering, time
resolved studles became feasible with modern synchrotron radiation sources.
The high flux, brightness and brilliance that can be obtained with insertion
device tLechnology stimulated these developments to a large extend. As a con-
sequence, the demand on beamtime at Insertlon devices has Increased dramati-
cally.

At DORIS 11, however, the space for wigglers and undulators ls very limited
due to geomelrical constraints. In order to provide space for more devices,
the ldea of DORIS III was born. It will provide seven additlonal straight

secllions for Insertion devices.

In this article we present a brief description of the planned DORIS III pro-
Ject and give some Insight Into the problems of adopting the Insertlion devices
to the storage ring. The planned devices and their design criteria are des-
cribed in detall.

The Project DORIS 111

Until the end of 1986, two high energy physics experiments slmultaneously used
the storage ring DORIS at DESY In Hamburg (see Fig. 1). One, the Argus (A)
detector s still collecting data. The other, Lhe Crystal Ball (C), was
removed from the ring in 1986. Consequently, one of the two €5 m long stralght
sectlons was avallable for new activities. In ovder to use this opportunity
for the installation of wigglers and undulators several optlons were studied
by a working group with the following result: Each of the two dipole magnets
of 15% bending angle adjacent to the old Crystal Ball branch will be removed



- 3 -

and replaced by three shorter magnets of 5° bending angle which are distribu-
ted along the new arc. In this way seven additional stralght sectlons, most of
them providing 4 m of free space for insertion devices, are created.

In Fig. 1 the old Crystal Ball branch is still visible. It will be dismantled
but many of its components will be used for DORIS III. Fig. 2 shows Lhe Bypass
section in more detail. Using Lhe insertion devices, seven new beamlines will
become avallable.

8ince high energy activities at ARGUS will be continued, DORIS I1I will also
be operated in two different modes: one at 5.3 GeV energy with colliding beams
of positrons and electrons stored for high energy physics (LUM wode), and the
other with electrons at lower energy (4.5 GeV) for synchrotron radiatlon ex-
periments (SYN mode).

Of course, design criteria for a ring that i{s compatible with LUM operation
are different from that for a ring that is optimized for synchrotron radiation
only. For pynchrotron radiation operation the LUM optlon has two major draw-
backs:

1. A speclal magnetic lattice and corresponding electron optics are needed
to produce the Interaction point for LUM operation. Consequently, less
degrees of [reedom are avallable to produce an electron optices when op-
timizing the synchrotron radiation requirements. In general, the electron
optics will be a compromise between SR and LUM requirements.

2. The vertical aperture, that two circulating beams require, is for DORIS
II1 roughly twice as large as that of only one beam. This Is an lmportant
boundary condition for Insertion devices.

During the past year, a magnetic lattice and electron optic were developed
that allow for synchrotron radiation as well as for LUM operation [3). It
could be demonstralted that bolh operation modes are possible In a rather
asymmetric ring like DORIS III.

The impact of the larger aperlure requirements on the insertion devices ls
wmost severe. The consequences will be discussed in detall later in this paper.

lnsertion Devlices

The number of free parameters when deslgning the new part of the storage ring
was very limited. Therefore electron source sizes and electron beam divergen-
ces represent compromises within the glven emiltance of DORIS. The energy for
dedicated SR runs of DORIS IIT was chosen to be 4.5 GeV. Therefore the wigg-
lers and undulators are optimized for this energy. A maximum currvent of 100 mA
will be avallable. Numerous dlscusslons helped Lo define the users require-
ments on the device parameters [4,5,6). Due Lo geometrical constraints on one
of the new beamlines at present only six of the seven stralght sections are
considered for insertion devices, Four of them will serve as sources In the
X-ray region, one as an XUV- and one as an VUV- as well as an X-ray-source.
The six devices proposed for the stralght sections will be discussed in wore
detall in the following paragraphs. Thelr paramcters are listed in table 1
together with relevant parameters of the straiyhl seclions. A comparison with
exlisting devices in DORIS Il is glven as well.

X-Ray Undulator

The primary design goal for the X-ray undulalor was high brightness at 8 keV
photon energy. This will be reallzed with a short period length (Ao = 3.14 cm)
undulator In hybrid technology working on the third harmonic. The tunablility

"will be rather limited.

The energy of the n-th harmonic on axls Is given by
-1 .2 2 .
B, keV] = 2.483 x 107" y'en / A [em)=(1 + 0.5 K) (1)

Here y is the electron energy In units of its rest mass and Ao is the period

length. The undulator parameter K is defined as
K = 0.934 ¢ A, fcm) » B, Ir) (2)

Hu is the maximum wagnetic fleld on the undulator axls. It can be estimated
using Halbach's empirical formula [7] for hybrid devices:

8, IT) = 3.33 » exp(-q/lo(s.l'l-l.u g/lu)) (3)
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with the undulator magnet gap g. Equation (3) ls valid for 0.07 ¢ g/xo $ 0.7,
To be on the safe side, only 90 % of the value given by (3) were taken Into

account .

When inserting (3) into (1), !" is a function of g and Ao only, so 9-A palrs
can be found that satlsfy eq. (1) for a specific photon energy. This functlo-
nal relationship for "n = B8 keV Is shown by the full curve in Fig. 3.

The total flux of the n-th harmonic is gliven by
2 2
I, = oTemeNeF (K) + (140.5 K*)/nee (1)

N is the number of perlods, e the electron charge and ¢ the speed of light.
The function '“(K) is defined and reproduced in ref. 8. Above K = 1.5, the
Intensity lu In the third harmonlc reaches comparable or even higher values
than that of the flirst one.

The brightness of this device can be calculated from eq. (4). Possible q-Ao
palrs are reproduced by the full curve of Fig. 3. The brightness values for
these palrs are shown by the dashed curve. The number of periods N is re-
stricted by the avallable length of the stralght sectlon (4 m) and increases
contifnuously for decreasing gap since the period length Ao decreases with the
gap. Therefore, in order to obtain a reasonable brightness, low gap values are
necessary. At present a magnetic gap of 11 mm seems possible employing a so-
phisticated vacuum chamber with a minimum vacuum aperture of 7-8 mm. Machine
studles with DORIS demonstrated that In SYN-mode such a small aperture should
be possible by choosing a low vertical p-function with a corresponding low
vertical beam size at this device location.

The brightness of this undulator is strongly Influenced by the electron beam
divergence. The width of the radlation cone o) Is considerably swaller than
the horizontal and vertical electron beam divergences o," and n;.

In order to maximize the brightness we also tried to minimize o," when design-
ing the electron optics. Numerical values for o; and o; are glven In Table 1.
o; was already fixed by Lhe requirement for a small vertical beam size.

X-Ray Wigglers

Many experiments use X-rays In the range up to roughly 20 keV. Experiments
like, e.g., EXAFS, XANES, swmall angle scallering, protein crystallography,
X-ray diffraction, powder diffraction, and inelastic X-ray scattering need a
high photon flux, energy tunability, and imaging of the source rather than
high collimation and brightness. To meet these demands, three ldentical stan-
dard wigglers have been proposed. Unlike for undulators the divergence of the
radiation plays only a minor role. Most of the radiation of a wiggler is
emitted incoherently, therefore the total opening angle is much larger and
glven by

6= 2K/y (5)

Since the K-value can be quite large, & can reach several wrad. In order to
collect the radiatlion or to Image the source, oplical elements such as focus-
ing mirrors will be used. The horlzontal acceptance of these mirrors is limi-
ted to about ¢ 1.5 mrad thus limiting the K-value to 13.2 at 4.5 GeV. On the
other hand, the emitted spectrum should not extend to too high photon energles
in order to avold background problems. A critical energy around 12-14 keV is

sufficient which allows for X-ray experiments even well above 20 keV.

These facts are summarized and illustrated in Fig. 4. The allowed Ao values
that fulfil equ. (2) and (3) with K = 13.2 are shown by the full line. Again
Halbach's formula minus 10 % was employed Lo calculate the maximum fleld. The
maximum field on axis, the critical energy and the number of perlods possible
in a 4 m long straight sectlion are also plolted. As one sees immedlately, a
wiggler with K = 13.2 allows for more perlods, higher fleld and higher criti-
cal energy, the smaller the gap. It is obvious that the flux emitted by this
device also Increases at least proportional Lo N if the gap s decreased.
Further the total power emitted by these wigglers Increases dramatically pro-
portional to Bz. The critical energy was chosen not to exceed 13.6 keV thus
allowing for a maximum fleld of 1.01 T and a period length of 14 cm. The cor-
responding magnet gap 1s 3 cm, requiring a vacuum chamber aperture of 26 mm.
This can be reallized with vacuum chasbers already In use at DORIS. The total
power al 100 mA ring current will be 5.25 kW, a value considered tractable

with modern state of the art SiC-mirrors [9].

We intend to standardize these wigglers as [ar as possible, e.g., mechanical

drives as well as magnetic structures will be identical. This also allows for
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economic manufacturing. The magnetic structures can be easily dismounted from
their drives in order to facilitate a quick exchange of magnetic arrays.

Asymmetric Wiggler

There la a rapidly Increasing demand for circularly polarized radlatlon In the
X-ray region for spin dependent photoabsorptlion, magnetic scattering, magnetic
surface scattering, and magnelic inelastic scattering.

Plans are underway to bulld an asymmetric wiggler for DORIS III following the
orlginal ldea of Goulon et al. [10], however, with a modified magnetic struc-
ture. A prototype based on & pure REC magnetlic structure is already under
construction [11).

For DORIS III an asywmmelric slructure that uses hybrid technology will be
built. Thie will allow for high fields and consequently more polarized inten-
ity at higher energles. Although a helical wiggler as proposed by Yamamolo
and Kitamura [12] offers more polarized intensity for a glven device length,
we decided on the simpler asymwetric design which is mechanically fully com-
patible with the symmetric structures. This allows the construction of at
least one structure that can be used alternatively at any X-ray wiggler beam-
line. The influence of possibly different optical elements on photon polari-
zation can be elither predicted theoretically [14) or determined experimentally
[15).

Fig. Sa shows a wagnetic flux line plot of the upper part of one half period
of thls device obtained with the PANDIRA program code. The fleld on axls is
" shown in the diagram below. The asymmetric fleld is obtaind by choosing dif-
ferent lengths for the two magnet blocks. In this way Lhe asymmetry can be
adjusted. Purther, more periods can be installed in a given straight sectlon
than proposed by the design glven in ref. 13, The fleld Integral Is kept zero
since each flux line of one block crosses the midplane twice, thus causing no
net deflection. If the length of both blocks ls ldentical, a full period of a
symmotric structure will be obtained. Thls case is shown for comparison in
Fig. 5b which corresponds to a symmelric X-ray wiggler with Ao = 14 cm. The
perlodicity is doubled in the latter case. The lengths of the first blocks are
the same in the symmelric and asymmetric device and very similar values for
the negatlve peak [leld are oblalned. It can be shown by Integration that the
l.;l- beam deflection of both devices is also very similar so that both the

synmetric and asymmotric wiggler require the same acceptance for the beamline
optics.

VUV-Undulato ~ra ler

One beamline will be shared by a VUV and an X-ray expeciwent. An undulator s
designed to dellver a high brightness photon beam for a high resolution plane
grating VUV-monochromator in the range from 5 to 100 eV. For a flrst harmonic
at 5 eV, a large period length and large K value of 10.5 is needed. This means
high magnetic field and such a device is simultancously a wiggler for the
X-ray rvange. Due to the large perlod length, the magnetic gap can be fairly
large and the device Is bullt In pure REC technology.

The electron beam size In this wiggler ls very small so that is is well suited
for imaging optics. However, the length of the device Is limited to 2.7 m due
to two quadrupoles needed to produce a LUM optic for high energy physics.

XUV-Triple Undulato

SR-experiments on the K-shelle of free atoms aund molecules up to Silicon re-
quire very high resolution because Lhe eleclrunic excitation levels are very
sharp. To cover this energy range a beamline tunable from 50 to 2000 eV that
offers both very high resolution (up to 10000) and very high flux is planned.
A new Lype of monochromator using a varled-space plane grating with self-fo-
cusing properties will be used, that allows for high photon throughput (16,
17).

In order to reach Its design goals, this monochromator needs a highly colli-
maled photon beam that can only be delivered by an undulator. Three magnet
structures with different perlod lengths will be provided that can be alter-
natively used in a revolver type [18]) device. The flrst harmonic of each can
be tuned by changing the gap. In this way the full range from 50 to 2000 eV

can be covered.

The optimization procedure for the three mugnet structures is illustrated in
Fig. 6. A conventlonal pure REC structure with tour blocks per period ls as-
sumed. The lowest possible energles of Lhe [irst harmonics of these struc-

tures at the minimum gap were set to 50, 200 and 80O eV. Possible g-A palrs



that satisfy this condition are also shown in Fig. 6. Generally, the smaller
the minimum gap, the smaller the period length and the wore perlods can be
used In a given device length, which in turn increases the obtainable inten-
sity. The K-value also Increases, but only slightly, and the tunability

becomes larger.

On the other hand, the total power emitted by this undulator and correspon-
dingly the power density on the first optical element Increases dramatically
when reducing the gap and this sets a lower limit. Fig. 6 demonstrates how
relevant parameters change with design modiflications. As a compromise between
intensity and tunablility considerations on one side and power load problems on
the other side, we decided to use a minlmum magnetic gap of 30 mm which allows
to employ the same vacuum chambers as for the X-ray wlgglers. The power load
of 2.54 kN at 100 mA beam current is again consldered to be tractable.

of the Insertlon Devices

A comparison of brightness and flux for all insertion devices described In
this paper is shown in Figs. 7a and b. Finite electron divergence was properly
taken Into account for the calculation of brightness. Undulator harmonics are
reproduced by the dotted curves. The first In the case of VUV and XUV, the
third in the case of the X-ray undulator.

The full lines correspond to the wiggler spectrum of the VUV-undulator/ X-ray
wiggler. The X-ray wiggler spectra are shown by the dot-dashed curves. For
comparison, the spectra of the already existing devices Wl and W2 as well as
the spectrum of a dipole magnet for | mrad horizontal width are Included. The
highest brightness is delivered by the undulators especlally In the XUV and
VUV region. In the case of the XUV-1 undulator a galn of 40-50 In comparison
with a wiggler Is expected. This is due to the fact that for higher photon
energles a smaller period length is required. But for a fixed gap the magnetic
fleld on axis in then decreasing ceusing a rapld decrease In brightness. Be-
cause of this effect, undulators in the XUV spectral region are promising de-
vices for a storage ring llke DORIS. This is already shown with the exlsting
wiggler/undulator Wl [19].

The total flux emitted by the undulators is conslderably lower Lhan that of
the wigglers. This indicates that they are optimally used only when a highly
coll.hntod beam 18 needed. When flux 1s the figure of merit like in the case

of wany X-ray experiments, wilgglers are superior, especlally If also a broad
spectral range ls required.

Figs. Ba-c show spectra of the asymmetric wiggler. Instead of reproducing the
general brightness and flux curves, a direct comparison is made for an expe-
riment on spin dependent photoabsorption made at HASYLAB [20]. This experiment
uses the circularly polarized light emitted by a dipole magnet above and below
the orbital plane. Flg. Ba shows a direct cowparison of the total flux re-
celved at this experiment with an acceptance of t 0.2 mrad horizontally and
0.14-0.18 mrad vertically for a dipole magnet (dot-dashed) and the asymmetric
wiggler with 19 perlods (full line). Fig. 8L glves the circularly polarized
flux lﬁ-ll. where the positive and negative signs stand for right and left
handed polarization, ‘respectively. Electron beam divergence is taken into ac-
count. Only left handed polarized light Is obscrved at a dipole. At the asym-
welric wiggler a weak positive and a strong negalive f[leld contribute to the
forward emisslon which always leads to a change of sign of the polarization at
low energles. The photon energy at which this change occurs can be influenced
by the magnet deslign, l.e. by chooslng the proper ratlo of lengths of the two
magnet blocks In Flg. Sa. The galn In polarized intensity is roughly equal to
the number of perlods which Is readlly verified in Fig. 8b. Thls ls different
from symmetric wigglers where two poles contribute per period and consequently
the Intensity is Increased by about 2 N when compared to a bending magnet.

The degree of polarization le glven in Flg. Oc. Especlally below about 3.0 keV
it is lower than that of a dipole magnet. Above 5 keV there ls practically no
difference. Of course, the polarization characleristics can be strongly in-
fluenced by choosing appropriate different apertures. In the example glven
above Lhey were kept flixed.

Aperture Requirements

In Lhe preceding chapter it was polnted oul that the minlmum magnetic gap s

essential for the optimizatlon of a glven device, since for most applications

devices optimized al a swaller gap perform better. There are two constraints

tor .ll-o magnetic gap:

1. Photon emisslon characteristics like maximum radiated power, power den-
gity, or maximum critical energy of the radialed spectrum.

2. Vertical aperture requirement for the circulating electron beam, |.e.
lifetime of the beam.



The needed aperture In a storage ring depends In a complex way on a number of
machine parameters like electron energy, electron optlcs, beam size, vacuum
pressure. Since it s difflcult to predict the aperture requirement exactly,
the information on a particular storage ring ls obtained experimentally by
uging scrapers. For DORIS the main parameter that determines the lifetime was
found to be the vertical source size. For SYN and LUM operation the following
relationship was found |21):

l“m = 27 o, (6a)

Aam " %9 (6b)

L™ 'Mo' (6c)

a. 1s the vertical source size. The A's In eque. (6a-c) are minimum apertures
for the electron beam without shortening its lifetime. LUM operation generally
requires almost twice as much vertical asperture as SYN operation for the same
o'. Equ. (6b) and (6c) already contain a security factor for beam deflection
by fleld errors. If the aperture can be adjusted to the electron beam, so that
it passes right through the center, the smaller value (6a) can be taken. The
sperture given by Equ. (6a-c) are reproduced in table 1 for SYN and LUM ope-
ration together with the minimum magnetic gape for the Insertion devices and
the inner height of the planned vacuum chambers. '

In SYN wode for all devices except the X-ray undulator the minimum magnetic
gap was chosen on the basis of heat load considerations or the desired criti-
cal energy. In contrast, the X-ray undulator will fully use the aperture limit
given by Equ. (6a). In order to obtain this emall value (7.3 mm) a vacuum
chamber with a varlable gap has to be developed.

In the straight sections 2, 3, and 6 the LUN mode requires much more than
twice the aperture as compared to the SYN case due to the electron optics. The
consequence ls that In these sections elther vacuum chambers with the aper-
tures given In Table 1 have to be Interchanged when switching between SYN and
LUM operation or variable vacuum chambers have to be employed. While Lhe flrst
alternative ls a straightforward solution, It requires 3-4 changes per year,
with the drawback of breaking the vacuum of the storage ring. The second al-
ternative requlires a consliderable engineering effort. At present only one such
chamber is in use worldwide |22). A varlable gap vacuum chamber has been de-
signed at HASYLAB and a protolype Is under construction and will be tested
this fall.

- )2 -

Mother solution has been successfully Lried out at BESSY where the whole

magnet structure is placed In a large vacuum vessel [23,24).

Time schedule

The time schedule for DORIS 111 is as follows:

Electron optics calculations are almost completed. The dipole, quadrupole, and
sextupole magnets as well as correction colls are deslgned. First prototypes
will be delivered during 1989. Ae far as possible Lypes already exlsting in
one of the four DESY storage rings were used or wodifled. The design of the
ring vacuum chambers and exit chambers has started. There will be a conceptual
phase for the mechanical drives of the insertion devices as soon as all geo-
metrical boundary conditlons are clariflied. Test structures of the X-ray un-
dulator, X-ray wiggler and asymmetric wiggler will be built during 1989 in
order to check Lhelr magnetic properties. The [ull devices will be constructed
in parallel. Civil construction including the new experimental areas, the mo-
diflcations of the DORIS tunnel as well as a new experimental hall are planned
for 1990.

In the begiuning of 1991 DORIS 111 will becowe operational. At thle time most
of the insertion devices as well as several beamlines will be completed.
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Fligure Captlons

Fig. 1

Flg. 2

Fig. 3

Flg. 4

Fig. S5a

Site plan of DORIS I11. The old Crystal Ball branch (C) is still
visible.

It will be dismantled and its components used for DORIS III.
Explanation of symbols:

A:  Argus detector

C: Crystal Ball detector

D: DORIS maln hall

Do: DORIS office bullding

E: EMBL bullding and laboratory

H:  HASYLAB experimental hall

W: Wiggler hall

Actual planning stage (January 1989) of DORIS III.

The full line represents all possible Ao-gqruluu for an undula-
tor that result in a third harmonic of 8 keV. Halbach's hybrid-
formula minus 10 % |s assumed. The dashed curve glves the brightuness
of the third harmonic corresponding to the full curve.

Gap/A values tor the X-ray wigglers when K = 13.2 resulting in an
opening angle of 3.0 wrad. For these pairs, the maximum [ield, the
critical energy and the n of periods in a 4 m long straight

section is also shown.

Flux line plot of the asymmetric magnet structure obtalned with

the PANDIRA program code. The upper part of one half period is
shown. The asymmetry of the fleld can be influenced by a proper
cholce of the lengths of the magnet blocks. The flux density on axls
is shown In the lower dlagram. Parameters: ‘o = 19 cm, Gap = 3.0 cm,
NdFeB with lr = 1.1 7.

If the lengths of bolh magnets are equal, a full period of a symme-
tric structure is obtained. The length of the flrst magnet is un-
changed. The parameters of thls figure are those of the X-ray wigg-
ler “o = 14 cm, Gap = 3.0 cm, NdFeB with l‘ = 1.17).

Flg.

Fig.

Flg.
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Optimization curves of the XUV-triple undulator, Gap-ko pairs are
determined such that the resulting winimum energy of the flrst har-
monic is 50, 200 and 800 eV for XUv I, II, and 111, respectively.
The resulting K-values are large cnough to guarantee sufficlent
tuning range. The resulting maximum K-values and maximum power load
is also shown. Since the number of possible periods Increases with
decreasing lo, more perlods can be installed in a device that ls
optimized at lower gap. A good choice of parameters must be a
balance between gain of intensity and tunabllity and tolerable power
load o the first mirror.

Spectral brightness and flux of all DORIS III insertion devices.

Dotted: the undulator harmonice of VUV and XUV I-1II (lst) and X-ray
undulator (3rd). Full: Incoherent wiggler spectra of the VUV-undu-
lator which is also a good X-ray wiggler. Dot-dashed: X-ray wiggler.
Dashed: W1, W2 (already existing) and dipole magnet (1 mrad of orbit

arc).

Emission characteristice of the planned asymmetric wiggler. A com-
parison between an experiment using clircularly polarized X-rays
performed at HASYIAB on a dipole magnet (see ref. 20) and the In-
tensities that would be possible with this device |ls made. The ex-
periwental aperture t .18 mrad horizontal and 0.14-0.18 wmrad
vertical. Electron beam divergence is included. Full llnes: asym-
metric wiggler. Dashed lines: DORIS dipole magnet.

Total Intenslty accepted by the experimental aperture.

Clrcularly polarized flux accepted by this aperture. The maximum

gain ie about N times that of a dipole magnet. Below 3 keV the po-
larization of the asymmetric wiggler changes sign because of the
small positive fleld present In forward direction. This behaviour
can be influenced by the cholce of the lengths of the magnet blocks.

Degree of clrcular polarisation. Because positive and negative

flelds contribute, the polarization of the asymmetric wiggler is
lower than the of a dipale magnet. But above 4 keV it ls still lar-
ger than 0.7. Above 10 keV It is practically the same in both cases.
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TAME | 1 OVERVIDW OVCR THE CUARACTERISTIC PARNKTCRS OF THE PROPOSED AND CXISTING TUSENTION DEVICLS ron

THE DORIS =~ BYPASS  ( DORIS 111 ) N©O MOUIRCHENTS OF SYN AND LUM OFTICS
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1) VALUCS ARC CAICULATED FOM 4.3 GLV
1) 4.56DV NID SYH OFTICS AL ASSWNLD, ELLCTRON BEMT DIVERGLHCE 15 1HCLUDCO
1) TO CMAWATE THE FORCE BETWELH THC TWO STRUCTURES A PAGHUITIC WIUTH OF 10 O 13 ASSWEED rof e UIPASS DLVICLS
THE WILTHS OF EXISTING DEVICLS ARC : WL 3 9Cn , W2 1 15CA , W) 1 licn
“ A CUNDLR AL, £ IO JUL CLECTRON RCAR 15 RCQUIRLD TO OBTALN TUE SIALLEK SLT OF VALULS fOR THE K~RAY WEIRLATOH
THE SPALILR VALUCS ARC MUCCSSANY TO ONTAIN THE PLASICD PLAFOWWICE
51 CITHCA DIFFERCNT VACAR CHAMNLAS FOR SYH AND LA% OFTICS OR A VARIANLE VAQART CHAMIER JBE KEQUERED
€) EXOUIREAMILE PAGHLT STRUCTUNLS ANC FLAAIED, SIMILIAR TO Wi ( SCE 71), WUICH CAY BE OPLIATLD ALTCMAATIVELY 06 CITUCR OF
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THE WIGGLER / UMDULATON 15 1N OPLRATION  SINHCE 1984, THC ASTITCTRIC STAUCTUREG 15 A TEST NID PROTOTIPE STAUCTURG
WHICH WILL BLCOME OFLRATIONAL BY SPRING 1989, THEY WILL SWARL TIE SAME blwang,






