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A view inside the SLS tunnel shows that the installation of the machine is fully under
way. In the center, one sees the girders of the storage ring with quadrupole and
sextupole magnets. In the foreground, the upper halves of the magnets are taken off
and the vacuum chamber with flanges and pumps is visible. The booster is mounted
on the right hand side of the tunnel. At the top, one sees the outlets for the cooling
system. In the background, one can identify the square holes in the shielding wall for
the outgoing X-ray beams.
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THE SWISS LIGHT SOURCE CONSTRUCTION PROGRESS

A. Wrulich (PS!)

In 1999 the SLS was entering the 3rd year of the four years construction period. After two years for design
and procurement, installation could start on July f after the storage ring and the technical gallery could be
taken over dust free from the construction company. An overview is given on the progress of the work.

OVERVIEW

In spite of the adverse weather conditions in the fore-
going winter, the General Contractor (GC) was able to
maintain the major building milestones, in September
finally, the SLS team could be united and moved from
dispersed places of the PSI to their offices in the new
building.

Fig. 1: SLS Building.

There was still work going on for the basic technical
infrastructure which was part of the original GC con-
tract. Additional infrastructure systems were added by
a contract extension. Since the GC was able to com-
plete this additional work also before July 1st, the
starting conditions were strongly improved. For in-
stance, the installation of the concrete sockets for the
girders of the storage ring and the mounting of the
booster consoles on the inner wall of the tunnel were
part of this extension contract. With this preconditions,
the chances to meet the overall project milestones
were enhanced. The aim was also to maintain the self
imposed project milestones with sequential commis-
sioning of the three accelerator systems, i.e. Linac in
March 2000, Booster in July 2000, and finally Storage
Ring in January 2001.

The Project Group leaders became responsible for the
preparation of the installation procedures and the fol-
low up of the proper installation of their components.
The activities on the floor and the insertion of auxiliary
personnel were coordinated by an Installation team,
strongly supported by GFA [1].

STATUS

Linac

Although the official date for 'Start of Linac commis-
sioning' was March 1st 2000, we were working on an
accelerated time schedule which foresaw first tests
already at the end of the year 1999. It turned out that
this approach was too optimistic, since technical diffi-
culties for the inductive brazing of the accelerating
structures delayed the delivery. Nevertheless, fabrica-
tion of the components (i.e. gun, buncher section and
two accelerating structures) and delivery to PSI were
completed before the end of 1999. The klystrons with
their power system were delivered in September and
tested up to 35 MW on a dummy load. Preliminary gun
tests were performed at DELTA in September in order
to demonstrate the 500 MHz pulsing for single bunch
and multi-bunch operation.

The transfer line from the linac to the booster inside
the Linac tunnel was installed, as well as the diagnos-
tic line for beam parameter measurements, such as
energy, energy spread and emittance.

The diagnostics of the Linac, including optical moni-
tors, position monitors and current measurement de-
vices, was supplied by SLS and installed together with
the accelerator components [2].

The control system, also provided by SLS was opera-
tional at the end of the year for handling radio fre-
quency, vacuum, diagnostic and magnets. Operator
tools were installed, allowing save/restore, archiving
and alarm handling [3].

Booster

No relevant delays were accumulated for the booster
components. Magnet delivery started in September for
the combined function bending magnets and in Octo-
ber for quadrupoles and sextupoles. The first magnets
went into the tunnel on October 22nd. Out of the total
273 magnets, 240 were delivered by the end of the
year. From 93 combined function magnets (BF,BD)
about 50% were installed in the ring. The delivery of
the booster vacuum chambers was completed already
in August 1999. One section covering two bending
magnets was installed in the tunnel for test purposes
in October. All 39 chambers with position monitors
integrated and vacuum pumps attached were ready
for installation. The RF power system and klystron for
the Booster were installed and tested in November.
The cavity for the booster arrived as scheduled in
December and was installed directly in the accelerator
tunnel. The main power supply for the booster magnet
was ready for tests in August and revealed very satis-



factory performance. The designs for the remaining
types were completed and fabrication was started.
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Fig. 2: Cavity installed in the accelerator tunnel with
connection to the RF power system.

Storage Ring

Prototypes of all different magnet types were delivered
at the beginning of 1999. For magnetic measure-
ments, the existing hall probe measurement bench at
the PSI was upgraded with an AC system and used for
the prototypes. New hall probe systems and rotating
coil system (RCS) were installed for series measure-
ments. The RCS is installed in a hutch in the experi-
mental area of the SLS which later on will be con-
verted into a measurement laboratory for insertion
devices. All series bending magnets were measured
at PSI. Since the quality of the quadruples and sex-
tupoles is crucial for the functioning machine, mag-
netic measurements were made at the factory and
afterwards verified at PSI. Series delivery was started
in June for the bending magnets and in Ocotber for
the multipoles. The bending magnet delivery was com-
pleted in the middle of November whereas about 50%
of the multipoles were in house at the end of the year
1999.

For the pulsed magnets, it was intended to construct
the septa in house and contract the kickers to external
companies. After a negative response of the CFT for
the booster kicker magnets, also their development
was started in house. Prototype kicker and septa with
pulsers were fabricated and tested. For top up injec-
tion the reduction of the leakage field for the injection
septum becomes important. With the novel concept of
using a bipolar excitation pulse, the long tail of the
leakage field could be considerably reduced. Addi-
tional magnetic screening around the vacuum cham-
ber and at the ends of the magnet reduces the aver-
age leakage field to 100 ppm. By introducing vertical
channels in the storage ring kicker magnets for cool-
ing, the danger of overheating is reduced and there-

fore the coating of the ceramic chambers becomes
less critical [4].

A full prototype vacuum sector was assembled April
1999. Extensive tests with very satisfactory results
were performed, including bake out of the structure in
the oven which was delivered in April. In view of the
great importance of the vacuum system for the SLS, it
was decided to make some system upgrades, partly
based on recommendations from the vacuum review
held in July 1999. After the provisional installation of
the vacuum hutch in the experimental area of the SLS,
the assembly of the first chamber for the storage ring
could be completed with subsequent bake out before
the end of the year and the installation in the storage
ring in January 2000.

* '• •

Fig. 3: Placement of the first sector vacuum chamber
on the opened magnets of one achromat.

Fabrication of the RF-system was progressing well.
Factory acceptance tests of the klystrons were done in
October. The fabrication of the cavities at the com-
pany were progressing according schedule.

Power supply prototypes were tested and series pro-
duction was started [5].

In order to reach a homogeneous control system,
contractors were urged to use standard SLS hardware
and software. This, combined with EPICS know-how
transfer to the suppliers lead to turn-key systems from
suppliers (like for RF and Linac) which can easily be
integrated in the SLS controls system. Also future
maintenance will be facilitated [3].

Technical Infrastructure

The primary electrical supply was set into operation,
as well as the air conditioning for the experimental
area and the accelerator tunnel. Test runs were per-
formed for the three different cooling circuits of the
SLS. A contract was given to an external company for
the cooling distribution from the main ring in the tunnel
to the accelerator components. The installation of



water cooling for the booster RF-system was opera-
tional at the end of the year and those for the two twin
stations of the storage ring were started at the end of
the year. About 80% of all racks were installed in the
technical gallery and roughly 80% of 150 km cables
were in place.

Beamlines

Substantial progress was made for the realisation of
the front-ends, insertion devices and beamlines. All
front-ends went in construction and delivery is ex-
pected from April to June 2000. The orders for two
insertion devices (W40 and UE212) could be placed.
A third one (UE56) will be constructed in collaboration
with BESSY and by involving external companies for
the construction of sub-components and the overall
assembly. The construction of the most critical device,
the in-vacuum undulator U17 was delayed, since an
intermediate solution could be found for the commis-
sioning phase of the machine. A device with 24 mm
period length, on loan from Spring-8 will be installed in
the first phase. During the storage ring commission-
ing, vacuum pressures higher than the final ones must
be expected and consequently larger gaps will be
required. With larger gaps, the light performance of
the temporary device is even superior than that of the
U17 with an enlarged gap. This will allow us to adjust
the final design to the requirements becoming evident
from the operation of the provisional device.

A basic decision was taken, not to construct a LIGA
beamline. As alternatives for the planned fifth beam-
line of phase I, a line for nanostructures and an EX-
AFS line are competing. The decision will be made in
year 2000, after a workshop on this topic.

PERFORMANCE RELATED NEW DEVELOPMENTS

The SLS will be the first Light Source of the medium
machine energy range which will enter the regime of
hard X-rays by the utilisation of higher spectral har-
monics of an undulator with short period and small
gap. An optimum machine performance with a high-
quality electron beam is needed in order to reach this
goal. New developments in the accelerator field were
required.

High orbit stability will be reached by an orbit feedback
system for the correction of fluctuations up to 100 Hz.
This requires a fast and accurate position reading and
a corresponding power supply. Two related develop-
ments were initiated for the SLS. A digital control unit
for the power supplies [6] and a new BPM electronics
[7] providing fast and accurate measurements at the
same time. For both developments, fall back scenar-
ios were prepared. The deadlines for the decision
were in July and April, when tests of the prototypes
were planned. Both tests were providing very satis-
factory results and the series production could be
started.

To guarantee high beam performance multi-bunch
feedback systems become mandatory. In 1999 sub-
stantial progress was made for the transverse multi-
bunch feedback system in collaboration with ELET-

TRA. RF-front end tests were successfully completed
at ELETTRA and a low impedance kicker unit was
developed and constructed at PSI [8]. The SLS will
gain from the experience of such a system imple-
mented in ELETTRA.

Simulations revealed, that for small vertical aperture
limitations, as introduced with the low gap undulators,
the Touschek scattered particles are lost by coupling
into the vertical plane already considerably before they
reach the momentum acceptance [9]. To alleviate this
effect a bunch lengthening system must be imple-
mented. The development of a passive supercon-
ducting higher harmonic RF-system was started in
collaboration with CEA and ELETTRA. Such a system
increases the bunch length without enhancing the
energy spread, i.e. the higher radiation harmonics will
not be affected and the lifetime will be improved due to
the reduction in charge density. It should be ready for
installation at the end of 2001.

Low insertion device gaps which require small vertical
vacuum chamber apertures cause a beam lifetime
reduction by particle losses due to elastic beam-gas
scattering. Additional measures were taken for the
realisation of the vacuum system in order to reach the
best possible performance. After a successful test at
DESY, it was decided to clean all chambers by vac-
uum firing at 850 C. This was made possible by coop-
erating with CERN and DESY for the use of their bak-
ing facilities. Furthermore, it was decided to add right
from the beginning also Titanium sublimation pumps
which was originally an option for future upgrading.

The multipoles of the storage ring magnet structure
are pre-mounted on a girder. The accurate positioning
of this girder can be reached by a mover system that
will be activated from the control room. Information
about the girder position will be provided by a hydro-
static levelling system and a horizontal positioning
system based on an optical sensor. The developments
of both systems were completed, prototypes were
extensively tested and orders were placed for series
production.

OUTLOOK

Conditioning of the full Linac system will start towards
the end of January 2000 and first beam could be ac-
celerated in February. The anticipated commissioning
of the booster in July 2000 will allow us to test the
performance of the diagnostic and control systems in
an advanced stage and give us the possibility to add
improvements if necessary before starting with the
overall commissioning of the SLS. The drawback of
this procedure is the high pressure on the installation
of the storage ring components. In order to start with
booster commissioning, the roof has to be closed and
therefore the major part of storage ring components
must be installed before that date.

The installation procedure for the storage ring is es-
sentially driven by the delivery schedule of the mag-
nets and the vacuum chambers. The fabrication of the
quadruples and sextupoles is scheduled to be com-
pleted in March 2000.



For the single elements of the vacuum chamber an
additional cleaning procedure was added which was
not foreseen in the original schedule. This extends the
delivery of the vacuum chamber until June 2000 but
gives us the confidence of a high performing vacuum
system for the SLS.

Installation of the first beamline hutches will start in
January 2000. The first front-ends should be delivered
in March. Beamline components will arrive in October,
among them also the provisional in vacuum insertion
device from Spring-8.

CONCLUSIONS

In spite of minor delays for the delivery of some com-
ponents, the global project milestones are maintained
and one can expect that the project will be completed
in time. It must be emphasised that this is only possi-
ble due to the great support the SLS is getting from
collaborations with other institutes, as BESSY, CERN,
DESY, ELETTRA, ESRF, LURE, SACLAY, SPRING-8
and others.

[2] V. Schlott, 'SLS Linac and Transfer Line Diag-
nostics', PSI Annual Report 1999.

[3] S. Hunt et al., 'Status of the SLS Control System',
PSI Annual Report 1999.

[4] C. Gough, 'Pulsed Magnets', PSI Annual Report
1999.

[5] H.-U. Boksberger et al., 'Power Supplies for SLS',
PSI Annual Report 1999.

[6] F. Jenni, unpublished.

[7] V. Schlott, 'SLS Digital Beam Position Monitor
System: First Results', PSI Annual Report 1999.

[8] M. Dehler, unpublished.

[9] A. Streun et al., 'Studies of Beam Lifetime and
Lattice Imperfections in the SLS Storage Ring,
PSI Annual Report 1999.
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STATUS OF THE SLS PRE-INJECTQR

M. Pedrozzi, H. Fitze, P. Marchand, L. Rivkin (PS!)

The SLS pre-injector, a source of electrons feeding the SLS booster synchrotron, consists of an electron gun, a
bunching section and a 100 MeV S-band linear accelerator (Linac). The turn key pre-injector is manufactured by
ACCEL Instruments, and will be commissioned in January-February 2000.

INTRODUCTION

The high design brightness of the SLS requires very
high phase space density of the stored electrons,
leading to a comparatively short lifetime of the beam in
the storage ring. This, in turn, requires efficient and
fast injection into the storage ring. Injection rates on
the order of 250 mA/min. to insure the fill times of the
storage ring from zero current to the design value of
400 mA not to exceed 2 min.
The performance specifications were set as values of
the beam parameters (shown in Table 1) that should
insure the above mentioned goals. The verification of
these beam parameters will be part of the final ac-
ceptance tests.
In order to achieve the required parameters a
100 MeV S-band linac is used as pre-injector, and a
call for tender for a turn-key system has been pub-
lished in November 1997. The concept and the time
schedule presented by the ACCEL Instruments
GmbH [1] has been accepted by SLS in May 1998.

SPECIFICATIONS

Two main modes of operation have been specified by
SLS: the "single bunch" mode and the "multibunch
mode" [2].

Max. bunch width

Charge in a single
bunch
Energy

Pulse to pulse en-
ergy stability
Relative energy
spread
Normalised emit-
tance (1a)
Single bunch purity

Repetition rate (sub-
harmonic of 50 Hz)

1 ns

<1.5nC

>100MeV

<0.25%

<0.5%rms, (±1.5% full
width)
<50 -nrnm mrad (both
planes)
<0.01

3.125 Hz (nominal),
10 Hz (maximal)

Table 1: Single-bunch specifications

The term "single bunch" defines a train of no more
than three adjacent S-Band micro bunches which will
be injected into a 500 MHz RF bucket of the booster
synchrotron. The values of the beam parameters de-
fining the single bunch operation are shown in Ta-
ble 1. In a multibunch operation a train of such single
bunches is produced. The total length of the train can
be varied from 0.2 y.s to 1 y.s. The total charge in a
train is specified to be 3 nC. In addition, the injector
complex is capable of performing top-up injection.
This mode of operation will ensure that the stored

beam current in the storage ring will remain constant
to a level of 10"4 at beam lifetime values as low as one
hour, under frequent injections.

GENERAL OVERVIEW

In the SLS linac we use components already devel-
oped and tested for the S-Band Linear Collider
(SBLC) test stand at DESY in Hamburg, also called S-
Band Test Facility (SBTF)[3]. An agreement between
ACCEL and Desy ensures the know-how transfer
concerning simulations, manufacture, brazing and RF
measurements of the accelerating structures.

The electron source (Fig. 1) is a 90 kV, 500 MHz
pulsed thermionic gun. According to the Linac speci-
fication the gun has to be able to produce either a
1 ns single bunch or a 1 jas bunch train. To achieve
this performance the emitter surface of the SBTF
original design had to be reduced (smaller cathode
capacitance). The cathode is a standard triode
cathode EIMACYU-171.

T
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Fig. 1: Electron gun

The bunching section (Fig. 2) has been designed in
order to capture more than 80 % of the beam pro-
duced by the gun within 16 degree of 3 GHz (15ps).
This section consist of a 500 MHz sub-harmonic pre-
buncher (SHB), a 4 cell S-band 27t/3, p=0.6 travelling
wave buncher (TWB1) and a S-Band 16 cell 8TI/9,
(3=0.95 travelling wave buncher (TWB2).



Gun

main linac components installed in the bunker after
delivery December 23rd ,1999.

Diognostics:
1) Wall current monitor
2) Faraday cup, Fluorescent screen
3) Fluorescent screen

4) BPM
5) ICT (Bergoz)
6} OTR, Fluorescent screen

Fig. 2: SLS Linac bunching section

To compensate the space charge effects and the RF
defocusing, the beam is focused by a set of 31 coils
up to the 10 MeV region. The 5.2 m long accelerating
sections are a 2rc/3, (3=1 travelling wave structure,
based on the SBTF DESY design. The typical accel-
erating gradient needed to achieve the required beam
energy is ~11 MV/m, the required RF power
-19 MW. The beam focusing in the 50 MeV drift
section between the accelerating structures is insured
by a quadrupole triplet. The total LINAC transmission
from 90 kV (gun) until 100 MeV has been calculated
to be 96 % (94 % within ±1 % of energy spread).The
structures are powered by two Thomson TH2100
35 MW klystrons, which are sitting outside the Linac
bunker (Fig. 3) together with the modulators and the
electronic racks. The klystron pulse width is 4.5 (as,
the maximum repetition rate 10 Hz (3 Hz in normal
operation). Two SF6 pressurised wave guide lines
insure the transmission of the RF power from
klystron 1 to the bunchers and the first accelerating
structure and from klystron 2 to the second acceler-
ating structure. In the first line the RF power is split to
the different structures via two 40 MW variable power
splitters.

Fig. 3: SLS Linac Layout

PROGRESS IN 1999

Manufacturing of all components and delivery to PSI
has been completed during 1999. In spite of some
delays, due in particular to the difficulties encountered
during brazing of the accelerating structures, the
commissioning of the Linac is still fitting the original
schedule of SLS and will not compromise the booster
commissioning in the Summer 2000. Fig. 4 shows the

•- X-

Fig. 4: The accelerating structures after delivery De-
cember 23,1999

Klystron and wave guide status

Two TH2100E klystrons have been delivered by
Thomson Tubes Electroniques (TTE) to SLS in Sep-
tember 1999. A third klystron is presently stored at the
TTE factory. Both klystrons have been tested in diode
mode and the high voltage power supplies were op-
timised. RF tests up to 35 MW output power have
been successfully performed on a dummy load. The
klystrons are operational for the next Linac commis-
sioning steps. The wave guides components have
been manufactured for ACCEL by the company
SPINNER. All components have been successfully
tested at the factory at low power level and vacuum
tested. The wave-guide assembly started at the end
of this year.

GUN STATUS

Some preliminary tests and optimisation of the elec-
tron source have been performed in September 1999
at DELTA in Dortmund by Puls Plasma Technik (PPT,
ACCEL subcontractor) together with PSI. The main
purpose of these tests was to demonstrate the feasi-
bility of a 1 ns pulse and a 1 \is bunch train. Both op-
eration modes have been tested and the beam pa-
rameters measured using a Faraday cup. The single
bunch as well as the bunch train measurements have
been very encouraging. Fig. 5 shows a 1.1 ns single
bunch of approximately 2A peak current.
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Fig, 5: Single-bunch mode (1.1 ns, 2A)

The small bumps on the right side of the pulse need
to be clarified but seem not to a part of the bunch.
Preliminary experiments indicate that the first bump is
related to a non-linearity in the electronics and the
second to a reflection in the measurements cables.
An example of a bunch train is shown in Fig. 6a and
6b. A 20 % flat top sag was observed during the tests
at 5 mA peak current (Fig. 6a). This drop has been
reduced later by PPT to 6 %, during the pulser opti-
misation.

-0.002

-0.003

-0.004

-0.005

-0,006 "

t
-0.007

_ \

4 10'7 -2 10"7 8 10'?

Fig. 6a: Bunch train envelope (encircled region
zoomed in Fig. 6b)

The encouraging results observed at DELTA showed
the feasibility of both operation modes. Nevertheless,
further measurements and optimisation have to be
done at PSI during the gun commissioning.

Fig. 6b: Bunch train detail

STRUCTURE STATUS

After brazing at ACCEL, the bunchers and the accel-
erating structures have been successfully tuned in
Hamburg by DESY personnel following the SBTF pro-
cedure. The bunching region has been assembled,
vacuum tested and pre-aligned at ACCEL before
delivery to PSI. Both accelerating structures have
been vacuum proofed as well. At the end of the year
all accelerating structures were installed at PSI, ready
for conditioning.

CONCLUSIONS

During 1999, all SLS-LINAC components have been
manufactured, partially tested and were finally deliv-
ered to PSI. In spite of some delays with respect to
the original time schedule, the LINAC commissioning
should not perturb the further SLS commissioning
steps. The first beam is expected beginning of Feb-
ruary 2000.

REFERENCES

[1] M. Peiniger etal., A 100 MeV Injector Linac for
the Swiss Light Source Supplied by Industry, PAC
proceedings, 3510-3512, New York, 1999.
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TOR LINAC for the SWISS LIGHT SOURCE,
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[3] R. Brinkmann, Conceptual Design of a 500 GeV
e V Linear Collider, DESY 1997-048.
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THE SLS BOOSTER

W. Joho (PSI)

The main activity on the booster during 1999 was the fabrication of the main components like magnets,
vacuum chambers, power supplies and RF-station. At the end of the year a substantial part of the magnets
was already installed in the tunnel, which houses simultaneously the booster and the storage ring.

INTRODUCTION

The booster synchrotron brings the electrons to the
necessary energy of 2.4 GeV, at which they are circu-
lating in the storage ring. The booster is part of a mul-
tistage accelerator facility:

o Electron Source (Gun)

• LIN AC

» Booster

» Storage Ring

90keV

0.09-100 MeV

0.1 -2.4 GeV

2.4 GeV

In the PSI Annex of 1998 the main features and the
relevant parameters of the booster synchrotron were
presented. We repeat here just the three basic char-
acteristics:

9 excellent beam quality

» compact magnets

» variable repetition rate up to 3 Hz with a provision
for continuos top-up injection

STATUS OVERVIEW

As a consequence of the large booster circumference
of 270 m, we have to install a total of 273 magnets. At
the end of 1999 about 240 of those magnets were
fabricated at 3 different factories. From the 93 com-
bined function magnets BD and BF about 50 % were
installed on the tunnel wall.

The magnetic properties of all these magnets were
roughly measured at the DANFYSIK factory in Den-
mark. A few pieces were then carefully checked with
field measurements at PSI and serve as calibration
units. These measurements indicate, that the com-
bined function magnets have the desired bending and
focusing properties. A report on the design and the
prototype measurements of the BD-and BF-magnets
appears in the PSI-Annex of the Department for Large
Research Facilities (GFA).

Fig. 2 shows a basic booster cell of the so called
"FODO"-type.

The multipole magnets were fabricated at SIGMAPHI
in France and measured at Trieste. Results of these
measurements are reported in another section by the
magnet group.

In November of 1999 the RF power system and
klystron for the Booster were installed and tested. In
December the RF cavity for the booster arrived from
the ELETTRA project in Trieste, Italy and was imme-
diately installed in the tunnel. Fig. 1 shows a photo of
this cavity.

Since four of these cavities will be installed in the stor-
age ring as well, the booster cavity and the corre-
sponding RF transmitter will be used for first power
tests in January of 2000.

The status of pulsed magnets, diagnostic equipment
and power supplies are treated in separate contribu-
tions to this SLS Annex.

f:

Fig. 1: RF cavity for the booster. An intricate water
cooling system allows an exact control of the cavity
temperature, avoiding higher order mode resonances.
Four more of those units will be installed in the storage
ring.
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Fig. 2: Basic cell of the booster synchrotron. Looking backwards in the tunnel containing the booster and the stor-
age ring one sees a combined function magnet BF, two corrector magnets, a pumping station, a sextupole magnet
and a combined function magnet BD (below the bright neon light). On the right hand side one sees above the
booster a few outlets for the air conditioning system, which keeps the tunnel temperature constant within 0.2°.

OUTLOOK

In March of 2000 all major components of the booster synchrotron should be installed in the tunnel. Vacuum tests
on the closed ring will follow. After a successful incorporation of all individual components into the control system we
plan to start the commissioning of the booster in July 2000.
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THE STORAGE RING

L. Rivkin (PSI)

Storage ring progress last year was dominated by the prototypes and series production of various compo-
nents, as well as by the deliveries and site acceptance tests. Soon after the SLS building was finished in
June the installation of the first components of the storage ring began.

OVERVIEW

Prototypes of all the major ring systems were finished
and series production is in full swing. Some, as, for
example, the ring dipoles and girders, were already
finished and delivered to PSI by the end of the year.
Half of the quadrupole and sextupole magnets were
delivered to PSI as well.

RF SYSTEM

The SLS complex uses five identical 500 MHz RF
systems, one for the booster and four for the storage
ring. Each system consists of a single cell RF cavity
(ELETTRA, Italy), a 180 kW klystron (Marconi Ltd,
formerly EEV Ltd, UK) and a HV power supply
(Thomcast, CH). The first cavity was installed and
aligned in the SLS tunnel in December 1999. By the
end of the year the first two klystrons were delivered
to SLS and one of them, together with the first HV
power supply, was installed in the SLS Technical
Gallery for RF tests with a dummy load.

i

*
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Fig. 1: The Marconi Ltd. (formerly EEV Ltd) and SLS
teams around the first klystron at the factory.

A collaboration between CEA Saclay, ELETTRA and
PSI to construct an idle super conducting RF cavity
was also started last year. We plan to use this cavity
to lengthen the electron bunches, thus reducing the
bunch density and improving the beam lifetime and
stability. The design of the cavity model as well as a
pre-study of the cryomodule were finished last year. It
is foreseen to install this cavity by the end of 2001 in
a medium length straight section 7M of the ring.
Place has been reserved in the Technical Gallery
nearby for a cryogenic source.

VACUUM SYSTEM

The Storage ring vacuum system consists of twelve
very long achromat chambers connected together by
the straight sections vacuum chambers. A prototype
achromat chamber has been manufactured last year.
Assembled at PSI, the 18 meters long chamber was
subjected to various vacuum and mechanical tests.
By the end of the year the bake-out oven, capable of
taking in the complete chamber with associated
pumps, has been installed in the SLS Experimental
Hall and the prototype chamber was baked-out for a
week at the temperature of 250°C.

#t

Fig. 2: The 18 m long prototype vacuum sector being
taken to the bake-out oven.

Several steps have been taken to minimise the
"beam cleaning" time needed in order to reach the
design lifetime for the stored beam. All the vacuum
chamber pieces that form the vacuum sector will first
be vacuum fired up to 950°C at CERN and DESY.
The chamber will then be assembled in the clean
room built for this purpose in the SLS Experimental
Hall and the final assembly with pumps and diagnos-
tics elements will be baked-out for one week at 250°C
in the oven nearby (see Figure above).

In collaboration with LURE, a design for the shielded
bellows that is similar to the one developed for
SOLEIL project was adopted for the SLS. A prototype
was successfully tested with beam at the ESRF ring
in Grenoble.

Series production of all the vacuum system elements
is well under way. The goal is to finish the vacuum
installation in time for closing the tunnel for booster
commissioning in July 2000.
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MAGNETS AND GIRDERS

Dipoles

Bending magnets for the storage ring were manufac-
tured by TESLA Engineering Ltd. In each achromat
there are two 0.8 m long BE magnets, each providing
8 degrees of bend and one 1.4 m long BX magnet
bending by 14 degrees. All 36 magnets were
delivered to PSI by mid-November.

bench to position the magnet and the rotating coil
with respect to the reference surfaces of the girder.
After the initial measurement the magnet pedestal is
machined to bring the magnetic axis position within
tolerance of 30 microns transversely. After the
magnets are delivered by truck to PSI (typical journey
lasts about two weeks) they are measured again on a
similar magnetic measurement bench at PSI. So far,
all of the magnets met the specifications.

vV 7 •'

Fig. 3: A BX dipole at TESLA Engineering.

Upon delivery all of the dipole magnets were meas-
ured by the SLS Magnets Group, using a Hall array
magnetic measurements bench that was built by
BINP. The machine provides field measurements
along seven parallel straight lines down the length of
the magnet. Comparison of the integrals of the mag-
netic field along these straight lines showed a rather
small spread between the magnets of each type.
Some of the results of the measurements are pre-
sented in this Annex (cf. B. Jakob et al).

In addition, a full field map of a few of the dipoles was
taken at the PSI magnetic measurements lab. These
were used to calibrate the series measurements and
the 3-D field model of the magnets.

All of the dipole magnets will be connected in series
to a single power supply. Because the two types ex-
hibit different saturation effects, the BE chamfer was
chosen to match the two at the current corresponding
to the design energy of 2.4 GeV. An additional coil,
running through all of the BE magnets was introduced
to compensate for the systematic differences at other
energies.

Quadrupole and sextupole magnets

The multipole magnets are being manufactured by
the Budker Institute of Nuclear Physics (BINP), No-
vosibirsk, Russia. For lack of space, the closed orbit
correctors are integrated into the sextupoles.

Very stringent requirements were placed on the loca-
tion of the magnetic axis, as well as on the field
quality of the multipoles. Each magnet is measured at
the factory on a rotating coil magnetic measurement
bench. A short piece of a ring girder is used in this

Fig. 4: Quadrupole magnet on the rotating coil mag-
netic measurements bench at PSI.

The collaboration with BINP includes the performance
of the magnetic measurements of multipole magnets
at PSI, as well as the pre-assembly of the girders.

Girders and installation in the tunnel

Ring girders, manufactured by Olssons Mekaniska
Verkstad AB in Sweden, have been all delivered to
PSI last year. Quality control and reference surfaces
straightness measurements were performed at the
factory, using an HP interferometer. All the delivered
girders met the specifications (cf. the contribution by
S. Zelenika et al in this Annex for more detailed re-
sults).

By the end of the year the multipole magnets were
mounted onto four girders in the special pre-assem-
bly area in the SLS Experimental Hall. The girders
were then transferred to the SLS tunnel and aligned,
using the girder movers. The top halves of the mul-
tipole magnets were then removed and the sector
was ready to receive the first vacuum chamber.
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RING INJECTION SYSTEM

All the injection elements (four pulsed kicker magnets
and the septum) occupy one of the 11 m long straight
sections of the storage ring. The four kicker magnets
with their ceramic vacuum chambers (coated on the
inside with a thin metallic layer) are being manufac-
tured by the Accel Instruments, while the septum
magnet is being built at PSI. A set of pulsed power
supplies is being manufactured in collaboration with
LURE (France). This particular approach has been
taken to insure that the first version of the injection
system will be ready in time for the ring
commissioning in the beginning of 2001.

Furthermore, work on a prototype of an improved ver-
sion of the kicker magnet and its coated ceramic vac-
uum chamber has been started in collaboration with
LURE. In addition to reducing the impedance of the
vacuum chamber components as seen by the beam,
the improved design addresses reliability and stability
issues, in particular the ones associated with the
planned top-up injection mode.

DIAGNOSTICS AND FEEDBACK

Digital BPM system has been under development
throughout last year. Prototype tests with beam at
ELETTRA and in the lab gave good results (cf. contri-
bution by V. Schlott in this Annex).

Optical diagnostics is in development and includes a
dipole magnet based beam line for beam size meas-
urements in the X-ray region. In addition to two
screens in the injection region, the synchrotron light
from about six dipole magnets around the ring will be
used for beam observations in the optical wave-
lengths region.

Fast transverse multibunch feedback system is being
developed in collaboration with ELETTRA. The kick-
ers were built at PSI and will be installed in the injec-
tion straight of the storage ring. ELETTRA has been
developing the digital electronic part of the system. It
is foreseen to test the feedback in the ELETTRA
storage ring in April 2000.

HLS AND HPS SYSTEMS

The development of the Hydrostatic Levelling System
(HLS) proceeded last year, with long term tests at the
girder test stand in the SINQ hall. The results were
highly encouraging and after additional tests in the
SLS tunnel on the first installed girders, the order for
series production was placed in 1999.

••] ••••
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Fig. 5: HLS long term tests set-up at the girder test
stand in the SINQ hall of PSI.

The Horizontal Positioning System, utilising a linear
optical encoder, was tried out successfully at the
girder test stand as well. Similar encoders are fore-
seen to be used for monitoring the positions of the
BPMs with respect to the adjacent quadrupole mag-
nets.

i
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Fig. 6: The Horizontal Positioning System tests. Two
arms under the girder surface are equipped with opti-
cal linear encoders to measure the horizontal dis-
placement of adjacent girders with respect to each
other.

CONCLUSION

The status of all of the storage ring components by
the end of 1999 was compatible with the major mile-
stones of the SLS project. We plan to finish the in-
stallation of both the booster and storage ring com-
ponents by the end of June 2000, in time for the start
of the booster commissioning.

NEXT PAGE(S)
left BLANK
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THE SLS STORAGE RING GIRDER AND MOVER SYSTEM
S. Zelenika, P. Wiegand, M. Rohrer, D. Rossetti, L. Rivkin (PSI)

Storage rings of 3rd generation synchrotron radiation facilities require ever increasing positioning
and alignment precisions that must be preserved over long time spans. In this work are described
the SLS storage ring mechanical support and disturbance compensation systems that allow to
meet these requirements.

DESIGN GOALS

The increase of brightness of 3rd generation synchro-
tron radiation sources is accompanied by the quest for
lower emittance. This poses severe challenges in
terms of stability and reproducibility of the stored
beam. Therefore, the elements of the SLS storage
ring, a state-of-the-art 3rd generation synchrotron ma-
chine, must be positioned with extreme resolution and
accuracy. Based on these arguments, the design
goals for the SLS storage ring support structure have
been formulated as:

* support the storage ring magnets, vacuum cham-
bers, diagnostics devices and position measure-
ment systems (horizontal positioning system -
HPS, and hydrostatic leveling system - HLS);

* obtain one large rigid item not necessitating fidu-
cialization of individual magnets or items other than
the support itself;

* provide high precision reference surfaces both in
the horizontal and in the vertical direction;

* provide a simple and reliable mechanical design
allowing easy mounting and alignment;

* provide a kinematic support;

* provide means for compensation of thermal and
geological horizontal and vertical disturbances with
large time constants;

* provide smooth, hysteresis-free and remotely con-
trollable motion at micrometric level;

* guarantee that the eigenfrequencies of the support
structures and magnet assemblies do not coincide
with the main sources of ground motion noise
(ideally they should be above 40 Hz). The
maximum ampli-tudes should be below 0.2 urn in
the vertical and 2 urn in the horizontal direction.

STATE-OF-THE-ART

Mechanical Design

Based on the above requirements, a girder structure
was designed as the basic support unit of the storage
ring elements (Fig. 1). The upper part of the girders is
designed to provide ground horizontal and vertical
reference surfaces with a precision of ± 15 jam (Fig. 2).
In total, 48 girders will be used, 4 in each of the
12 triple bend achromats (TBA) of the SLS storage
ring. The girders are connected in a single achromat
by dipole magnets.

The alignment and disturbance compensation aims of
the design have been met by using a pre-alignment
push-push screw arrangement and then, for the final
micrometric range alignment, eccentric cam-shaft sup-
port drives ('movers' - Fig. 3) based on a recent devel-
opment at the SLAC facility [1]. These drives allow to
minimise friction by substituting conventional sliding
with pure rolling motions.

Fig. 1: The SLS storage ring girder support structure

Fig. 2: Reference planes for positioning the SLS tor-
age ring elements on the girders

The movers kinematic chain on the driving side in-
cludes a simple and low cost DC motor - worm gear
assembly (Angst&Pfister type 0277 SW2K 404.004;
nominal voltage: 24 V; reduction ratio: 1:78) and a
planetary gearbox (Neugart type PLE 80; reduction
ratio: 1:40). The system is powered by Series 700 ISD
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power supplies. This arrangement allows to obtain a
pseudo stepper motor with resolutions of 2 urn.

> "."I ' | : \ !'.,'. IV

Fig. 3: Mover system

The feedback signal of the achieved position is ob-
tained by using BFA series Baumer absolute rotary
encoders whose resolution has been increased to
17 bits by an in-house developed interpolation elec-
tronic unit [2]. The encoder is positioned on the driven
side of the kinematic chain and thus gives a reading of
the movement of the cam independently from the
backlashes on its driving side. The Siemens Simatic
S7-300 SPS programmable controller is then used.

Tests on Prototypes and Design Optimisation

The prototypes of the girder and mover systems have
been delivered at the 1998/99 year turn. Ever since,
an extensive measurement campaign has taken
place. In particular the following tests have been car-
ried out:

• Dimensional checks of the main components have
been carried out at the PSI laboratories proving
that the design tolerances can be met.

o The straightness accuracy of the reference sur-
faces was assessed by using the HP 5529A laser
interferometric system. It was proved that the very
tight tolerances (± 15 |irm) have been met.

• The mounting and alignment procedures were
reviewed. As a result, several alignment reference
points have been added both on the mover sup-
ports and on the girder bodies. Also, the vertical
and horizontal degrees of freedom have been
completely uncoupled, contributing hence further to
the easiness of the alignment procedure.

® A thorough vibration measurement campaign was
performed checking the influence of the number of

contact points and of the grouting at the concrete-
to-metal interface. For these purposes the system
was excited by an eccentric mass driven by a DC
motor. The results obtained by using the PCB Pie-
zotronics ICP accelerometers were analyzed by
using the corresponding mono-dimensional analyti-
cal model. Once an estimate of the stiffness and
the damping of the system was obtained, the
transmissibility of the excitation from the ground to
the system was assessed by considering the theory
of the vibration response of a mechanical system
to the vibrations of its basement. It was thus estab-
lished that, although there are some resonance
peaks below 40 Hz (mostly in the horizontal direc-
tion), the transmissibility of the system is such that
the amplitudes of these vibrations should remain in
the acceptable range (see above).

• Based on the experimental results, the parameters
of a numerical (FEM - Fig. 4) modal model were
tuned and thus further design variables (screw
types at the concrete-to-metal interface, grouting of
the supports, ribs in the girder body, ...) could be
investigated. It was hence proved that, from a dy-
namic point of view, the system configuration in
which a kinematic support arrangement with grou-
ted supports, a proper fixation of the magnets onto
the girder body and with dipoles used to couple the
single girders, fulfils efficiently the design goals.

orientation of
mode shape vector

Fig. 4: FEM modal model of the girder system

• An 85'000 cycles fatigue test of the mover-to-girder
interface under full load was also performed. The
analysis of the involved surfaces performed by us-
ing ST microscopy evidenced the need of changing
the material of the cam and increasing its surface
hardness to 60 HRC.

8 The tests on the mover system proved its function-
ality. The measured resolution of a single mover
proved to be within the specified ± 2 (j.m, while that
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of the whole girder is within + 3-H5 u.m. The posi-
tioning repeatability of the system in the whole mo-
tion range (± 3.5 mm) was also proven to be better
than the specified ±10 urn.

• The software which allows the full operational con-
trol of the mover system, and thus creates all the
pre-conditions not only for an easy and reliable
alignment of the SLS storage ring, but also, when
coupled with the diagnostics equipment, for beam
based girder alignment (therefore optimizing the
usage of corrector magnets), has also been opti-
mized [3] and tested proving its functionality.

Production and Mounting of the Girder and Mover
System

Based on the above tests, the design of the girder and
mover systems was optimized and the approval for
their serial production was given. During the produc-
tive cycles, a very thorough quality control was per-
formed. In this frame, the reference surfaces of each
girder were measured by using the HP laser interfer-
ometric system (Fig. 5); where needed, these have
been re-ground to meet the required tolerances. The
inspection records accompanying every girder and
respective components have been obtained from the
manufacturer (Swedish company Erik A Olssons) and,
where this was considered necessary, a double check
of the achieved tolerances was performed also at the
PSI laboratories.
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Fig. 5: Typical results obtained by measuring the
straightness of the girder reference surfaces

All the pieces have been delivered to PSI according to
schedule (or even before). The assembly of the motor-
gearboxes units and encoders (delivered by local
Mueller Konstruktionen and Eltromatic companies)
onto the movers was completed in early Novem-
ber 1999 as was the determination of the movers zero
positions (which had to be performed with micrometric
accuracy to allow for the proper usage of the respec-
tive software - the needed tools were developed in-
house). The supports have concurrently been
mounted onto the concrete blocks and then the mov-
ers onto the supports.

As soon as the storage ring magnets have been deliv-
ered and all the magnetic measurements have been
completed, the first TBA was mounted onto the girders

and installed into the SLS storage ring
(December 9, 1999) by using a specially designed
lifting tool (Fig. 6). The alignment of this first sector
and the mounting of the respective vacuum chamber
is envisaged for the first half of January 2000.

Fig. 6: Mounting of the first girder/magnets assembly
onto its place in the SLS storage ring

FUTURE ACTIVITIES

The grouting of the supports onto the concrete blocks
will be performed at the beginning of February 2000.
Subsequently with the mounting of the TBAs of the
SLS storage ring, the elements of the beam
diagnostics system and those of the position
measurement and feedback systems (HPS and HLS -
described elsewhere in this Report) will be mounted
onto the girders (February to July 2000).

In February/March 2000 a further vibration measure-
ment campaign will be performed in order to establish
the dynamic response of the girder system under real
operating conditions (including the operation of the
cooling and conditioning units that introduce some
excitations in the SLS tunnel).

Finally, once the storage ring will be commissioned
and fully operational (year 2001), the mover power
supply and control system, which is currently a self-
standing unit, will be integrated into the global SLS
Epics-based control system together with the above
mentioned HPS and HLS systems, allowing therefore
real on-line girder alignment.
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PRODUCTION AND MEASUREMENT OF THE MAGNETS
FOR BOOSTER AND STORAGE RING

B. Jakob, Ch. Vollenweider, J.A. Zichy (PSI)

To build the Booster Synchrotron and the Storage Ring 612 magnets were ordered in five different coun-
tries. A large part of them has been delivered and measured in 1999. The evaluation was still going on at
the end of the reporting period, therefore only some preliminary results are presented here.

INTRODUCTION

The magnets of the two machines were ordered in
summer 1998. The quality assurance during fabri-
cation, control of the time schedule, the measurement
of the magnetic field, and the installation of the
magnets have been either performed or just started in
the reporting period.

FABRICATION

The magnets were produced at four sites in Europe,
and at BINP Novosibirsk in Russia, see also Table 1.
Several small errors concerning the interface be-
tween magnets and the supplying facilities could be
eliminated by interacting with the contractor during
the design phase. The quality control was carried out
by performing at the suppliers site on some magnets,
in the presence of PSI staff, the tests stipulated in the
contract.

MAGNET MEASUREMENTS

The prototypes of the dipoles and of the correctors
were measured at the Dipole Measuring Bench
(DMB) of PSI. For this purpose the DMB-hutch was
remodeled and equipped with a new air-conditioning
system. These measurements enabled us to check
and improve the field quality. The bolts clamping the
upper and lower yokes of BD and BF dipoles created
a field bump, which could be minimized by introduc-
ing non magnetic screws. The measurements were
also used to specify the magnetic length of the di-
poles to reduce the closed orbit distortions in both
machines.
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Fig. 1: Harmonic coefficients of QS quadrupoles

The series dipoles for the Booster and the series
multipoles for the Storage Ring were measured at the
suppliers site. For the multipoles the measurements
were repeated at PSI. Comments concerning the
results for the series dipoles are given in paragraph
C.7 by W. Joho, responsible for the Booster. The field
measurements were performed for the series

multipoles of the Booster at ELETTRA in Trieste and
for the series dipoles of the Storage Ring at PSI.

The QS and SB multipoles

The multipoles for the Booster were measured at
Sincrotrone Trieste with their Rotating Coil System
(RCS) as part of the cooperation between ELETTRA
and SLS. The harmonic coefficient of the series ele-
ments are much smaller than they of the prototype
For the QS quadrupoles is shown in Fig. 1 the distri-
bution of the normal harmonic components bn, nor-
malized to the radius r0, and divided by the quad-
rupole strength b2. The octupole content b4 is smaller
than 1 %o. The 20th pole b10 is the largest contribution,
however it is still less than 2 %o.
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Fig 2: Non linearity of the QS's excitation curve.

The excitation curve of the QS quadrupoles shows no
saturation effects. Therefore the excitation curves of
all QS have been fitted to the same line. The
deviation from this common line in function of current
is shown in Fig. 2 for all QS-s. The maximum
deviation is about 5 G/cm],
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Fig. 3: The first systematic harmonic coefficient of
the SB sextupoles.

The harmonic coefficients of the SB sextupoles are
larger by a factor of two than those of the QS
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Machine

Booster

Ring

Type
Dipoies

Quadru poles

Sextu poles
Correctors

Dipoies

Quadruples

Sextu poles

Magnets
Name

BD
BF
QS
QL
SB
CH
CV
BE
BX
QA

QAW
QB

QBW
QC

QCW
SR

SRW

No. ordered
50
47
16
13
20
59
62
25
14
44
13
43
13
55
14
86
38

No. installed
48
45
12
6
18
54
54
24
12
42
12
42
12
54
12
84
36

Supplier

Danfysik

Sigmaphi

Goudsmit

Tesla.

BINP

BINP

Delivered
%

100
100
31
0
75
69
65
100
100
61
8

20
8
18
7

42
16

Measured
at

Danfysik

Sine. Trieste

PSI

PSI (HMB)

BINP & PSI

BINP & PSI

Table 1: Magnet production and measurement until the end of 1999.

quadrupoles. As an example the normalized first
systematic harmonic multipole, the b9 is shown in
Fig. 3 for the 18 SB sextupoles.

The saturation of the Booster sextupoies is also negli-
gible, therefore the excitation curves of all SB-s were
fitted to the same line. The deviation from the com-
mon line is shown versus current in Fig. 4 for all SB-s.

several excitations along the central line -, is shown
for all BX dipoies in Fig. 5.
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Fig 4: Non linearity of the SB's excitation curve

The values are more spread than those for the
Booster quadrupoles, but a common linear fit of the
excitation curve seems to be a viable solution for the
SB-s too.

Correctors CH and CV

The excitation curve measured for the prototype is
linear up to 5 [A]. Along the central line (x = 0) the
JB(Z,0) dz of the delivered 41 correctors does not
change more than ±2 %0.

The dipoies BE and BX

All BX, and few BE dipoies were measured with the
Hall probe measuring bench, built at BINP.

The saturation is different in the two types of dipoies
and only a 4th order polynom fits the individual excita-
tion curves. For these magnets the magnetic field
was measured along seven straight lines. The distri-
bution of the integrated field - JB(z,0)-dz, measured at

Fig. 5: Distribution of |B(z,0)-dz - <JB(z,0)-dz> for BX

The symmetric and asymmetric multipoles

To measure the multipoles for the Storage Ring two
identical RCS were built at BINP in Novosibirsk. The
multipoles were measured with RCS before and after
delivery, at BINP and PSI, respectively. Data taken at
PSI are shown in Fig. 6.
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Fig 6: Even multipole coefficients of symmetric QA-s.

CONCLUSIONS

As summarized in Table 1 all dipoies and ca. 70 % of
the correctors were at the end of the reporting period
delivered to PSI. Nearly 1/3 of the multipoles were at
PSI too. The measurement of the magnetic field was
for dipoies and multipoles still in progress. First re-
sults showed that the requested field quality has been
achieved.
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PULSED MAGNETS

Ch. Gough, (PSI)

OVERVIEW

A total of nine pulsed magnet systems are needed for
injection and extraction of the electron beam in the
SLS machine. The electron beam energy is such that
electrostatic deflection (used in the PSI cyclotrons)
would be possible only for Booster injection. Thus the
choice was made to standardise on magnetic deflec-
tion for all elements. The required magnet currents are
in the range of 0.3 kA to 10 kA for a single turn coil; to
limit dissipation, very short magnet current pulses are
used, only during the time that injection or extraction
takes place.

The original design of the SLS machine took full con-
sideration of the experience gained in earlier synchro-
trons. Firstly, the Booster extraction and Storage Ring
injection is with very low beam emittance (small physi-
cal cross-section); this means that the septum con-
ductor thickness is not critical, and also that the sep-
tum magnet height needs to be only 6 mm. Secondly,
an 11 m long straight section was made available for
Storage Ring injection, without the complication of
intervening multipole magnets; with this long straight,
the injection kicker magnets require only 6 mrad de-
flection angle, permitting operation at a relatively low
current of 3 kA.

Overall, the technical design choices were made to
minimise project manpower, while taking maximum
advantage from the existing PSI infrastructure.

SEPTA

The SLS septum magnets utilise eddy currents flowing
in a passive conductor sheet to separate a strong
magnetic field from a region where there should be no
field.

Tek Run: 2.50MS/S Hi Res
[ T

Fig. 1: Cross section of the SLS eddy current septum,
with circular leakage field screen.

Chi 50.o 1-4 V 15 Jatl 2000
18:05:29

Fig. 2: Typical septum measurement result. The up-
per trace is the main field, lower trace is the leakage
field, scaled by 104.

60
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Fig. 3: Septum leakage field along the beam axis, be-
fore and after insertion of the end magnetic screen.

The important parameter is the unwanted leakage
field. Earlier eddy current designs used a unipolar
pulse shape, giving a long decay time for the leakage
field. The SLS septa use a fast bipolar pulse to sup-
press this long tail. The inclusion of a circular sheet of
magnetic screening material (brand name Co-Netic)
gives a leakage field integral below 50

The fast pulse means that the total dissipation in the
pulser and magnet is only 3 J/shot, even with 5 kA
pulses. The low dissipation is beneficial; the pulse
amplitude remains stable to <±4x10"4 and the pulse
length to <±-2.5x10"5.
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Fig. 6: SLS Booster kicker magnet current pulse,
800 A amplitude and 1 us length.

Fig. 4: Plot of the peak septum magnet current, with-
out water cooling. When water cooling is used, the
stability is improved by a factor of four.

BOOSTER KICKERS

To limit the cost, the choice was made to accept a
modest 200 ns rise time for the Booster kickers. The
Call for Tender for these kickers was not successful,
so the design and construction became SLS responsi-
bility. The vacuum tank design is a copy of the SLS
septa design. Inside the vacuum tanks are simple
lumped-inductance ferrite magnets. The rise time
means that even a few meters of connecting cable
between the magnet and the pulser would have to be
treated as a pulse transmission line. The pulsers are
placed in the synchrotron tunnel next to the magnets
to avoid this added complexity.

Magnet
Conductors

Fig. 5: Cross-section of the SLS Booster kicker mag-
net.

STORAGE RING KICKERS

To accumulate the electron beam in the Storage Ring,
the stored beam must be momentarily "pushed" close
to the septum so that the newly injected electron
bunches are accepted into the already stored electron
bunches. The design choice was for four identical
kickers, placed symmetrically on the injection straight
and operated at the same pulsed current level.

The magnet is mounted in air outside a metallised
ceramic chamber, through which the stored electron
beam passes. The metallisation on the inside surface
of a non-circular ceramic tube is troublesome; if the
resistivity is too low, then the magnet flux is attenuated
by eddy currents; if the resistivity is too high, the image
currents of the stored electron beam will overheat the
chamber. A novel feature is vertical channels in the
magnet which permit the passage of cooling air. In this
way, the chamber has a large safety margin against
overheating.

The Call for Tender for the complete systems was not
successful, so we chose to order the magnets and
chambers from an external company, while taking
responsibility for the system integration within an SLS-
LURE collaboration.
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SLS DIGITAL BEAM POSITION MONITOR SYSTEM: FIRST RESULTS

V. Schlott (PSI)

INTRODUCTION

The SLS digital beam position monitor (DBPM) system
is a four channel system, consisting of a RF front end
module, a digital receiver (DR), and a DSP controller.
It is specified to provide high speed/medium precision
(up to 0.5 MHz bandwidth with < 20 jim resolution) and
low to medium speed/high precision (up to 10 kHz
bandwidth with < 1 |inn resolution) beam position data.
The performance characteristics are freely selectable
through the EPICS control system and allow for the
first time the use of only one BPM electronics for all
possible operation modes of an accelerator facility like
SLS. The modes are pulsed (for LINAC and transfer
lines), turn-by-turn (for machine studies and
commissioning), booster, tune, closed orbit and
feedback mode. An overview of the SLS DBPM
system layout and its specifications can be found in [1]
and [2]. Here we report on the first prototype
measurements performed at Sincrotrone Trieste
(ELETTRA) in July 1999.

DBPM PROTOTYPE TEST MEASUREMENTS

Two groups of measurements were performed during
the tests. One of them in the laboratory to evaluate
long-term stability and beam-current dependence of
(mainly) the RF front end module. Measurements on
the S 11.2 button pick-up of the ELETTRA storage
ring should demonstrate the integration of the
complete DBPM system into the EPICS control
system as well as performance on the real machine
with special emphasis on bandwidth issues in turn-by-
turn mode.

Laboratory Measurements

The configuration used in the laboratory consisted of a
prototype RF-front end module, 4 commercial analog
to digital converter boards (Analog Devices AD 9042)
and one 4-channel PENTEK4241 digital receiver
which was tested to have the same performance as
the SLS DR module. The control system interface to a
PC, which was running on a LINUX platform was
realised by using the MIX bus, VME bus and Ethernet.
The prototype electronics was connected via 15 m
long RG 232 RF cables to a 50 Q terminated button
BPM simulation station, called bazooka [3], which
reflects exactly the ELETTRA vacuum chamber
profile. A signal generator was connected via a power
amplifier to a wire inside the bazooka, simulating an
on-axis electron beam.

Several measurement cycles reaching from -7 dBm to
-100 dBm of the 500 MHz input power level at the
bazooka were performed. For each cycle (M1...M6)
the output level of the RF front end was set to 0 dBm,
while the input power level at the bazooka was
decreased stepwise over a range of 40 dB. Fig. 1

shows the recorded x- and y-positions. For constant
gain level in the RF front end and without correcting
systematic errors, the beam current dependence was
measured to be ± 30 (im over the whole dynamic
range of the system (-8 dBm to -65 dBm).
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Fig. 1: Beam-current dependence of the prototype
DBPM system. Each measurement cycle was
recorded with constant gain in the RF front end.

For the determination of long term stability of the
electronics, the same laboratory set-up as described
before was used. A constant power level of -12 dBm
was applied to the bazooka, while position data were
taken for a period of 15 hours over night, starting at
18:00 in the evening until 9:00 in the morning. Fig. 2
shows the results.
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Fig. 2: Long term stability of the SLS DBPM RF front
end prototype electronics. The large movement
around 18:30 is due to mechanical deformation of the
bazooka.

The long term stability was measured to be within
±1,5 jim. The larger values around 18:30 in the
evening could be traced back to a mechanical
deformation of the bazooka, which was caused by
heat up while the sun was directly shining on the
stainless steel button pick-up chamber.
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ELETTRA Storage Ring Measurements

The electronics configuration used on the storage ring
consisted of a prototype RF front end module, 4
commercial analogue to digital converters (AD 9042)
and four 1-channel prototype digital receivers, which
were developed at SLS using the Harris HSP 50214 B
digital down converter chip as a key component. Two
Wiese WS 2126 DSPs served as controller units.
Optionally, one VME IOC could be used for data
acquisition. A PC, running LINUX, acted as a file
server and data archiver. This set-up was brought to
the technical gallery and directly connected to the
S 11.2 button pick-up of the ELETTRA storage ring.
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Fig. 3: Bandwidth of digital receiver in feedback mode
(left side) and in turn-by-turn mode (right side).

In the feedback mode of the DBPM system, the
bandwidth of the digital receiver was set remotely to
1 kHz (see left side of Fig. 3) and beam position data
were taken with stored beam at 2 GeV energy in
multibunch mode of the ELETTRA storage ring.

1.60

JM.55

• 1 0
4

• 1.50

1
LU

1.45

— Electrode A

Electrode B

— Electrode C

— Electrode D

-20 i-

< -60

1 "80
E -100
•s
t -120
U-

-140

Noise Floor

@-107dB

0 100 200 300 400 500 600

Time [ms]

200 400 600 800

Frequency [Hz]

Fig. 4: Raw data of the four channels of the prototype
DBPM system (left side). FFT of raw data allows to
determine the noise floor of the system to 1.6 jam rms
(right side).

By applying a fast fourier transformation (FFT) to the
raw data of the pick-ups it is possible to determine the
noise floor and therefore the resolution of the system
using the following relations:

Resolution = 16.7 mm/(2*SNR)

S/N = - (10 *log10(M/2) + noise floor)

Here S/N is the signal to noise ratio, which is 74 dB
(equals to a ratio of 1 : 5000), M = 8192 is the FFT
length and 16.7 mm is the SLS storage ring vacuum
chamber scaling factor. In feedback mode and for the
SLS vacuum chamber geometry, the resolution of the
DBPM prototype system was determined to be 1,6 \xm
rms, which is almost within the specified 1 jam rms for
the final DBPM system.

Tuning the bandwidth of the digital receiver to 500 kHz
(see right side of Fig. 3) allows to acquire turn-by-turn
data of the electron beam. This is of special interest
during injection into the storage ring, since the
damping of the electrons after the injection kick can be
observed and the horizontal tune can be determined.
Such measurements were performed at the ELETTRA
storage ring with a beam energy of 0,9 GeV and a
stored beam current of 150 mA. Fig. 5a shows a time
domain plot of the data from one electrode over 8192
samples (turns). Fig. 5b shows a zoom into the first
500 turns. Here, one can see more clearly the
injection kick and the damping of the electrons
afterwards. Moreover a strong synchrotron oscillation
can be observed. The related synchrotron sideband as
well as the horizontal tune of the machine was
determined by applying a FFT to the turn-by-turn data,
which is shown in Fig. 6.
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Fig. 5a: Signals of one channel of the prototype
DBPM system in turn-by-turn mode, taken at
ELETTFIA during injection in multibunch mode at
0.9 GeV energy and 150 mA beam current. 5b: Zoom
into the above data set.
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Fig. 6: FFT of the above data set taken in turn-by-turn
mode. The horizontal tune at 300 kHz as well as the
synchrotron sideband at 22 kHz can be seen. The
-80 dB noise floor of the signal corresponds to 28 \xm
rms resolution of the system in turn-by-turn mode at
SLS.

CONCLUSIONS

The DBPM test measurements at Sinchrotrone Trieste
(ELETTRA) showed the feasibility of the DBPM
electronics layout and the system integration into the
EPICS control system, which is of special interest,
since the unique flexibility of the DBPM system relies
strongly on the remote setting and control of operation
modes. The performance of the prototype system is
almost within the specifications for application at SLS.
The results are close to or even better than required.
The table below summarises the test results and
compares them to the final system as well as to a
commercially available BPM electronics.

Table 1: Prototype DBPM performance

Parameter

Resolution

- Feedback

- T-b-T Mode

Current Dep.

-1-400 mA

-1-5 Range

Zero Position

Stability

12h Stability

SLS

Requirem.

< 1 |im

< 20 urn

< ± 50 urn

<± 2,5 urn

< + 2,5 p.m

<±2,5 urn

DBPM Test

1,6 urn
28 urn

±30 urn
+ 30 urn

+ 1,5 urn

+1,5 |̂ m

Com.

System *

< 1,5 nm

not applic.

<± 10|im

<± 10 p.m

+1 urn

no data

DBPM

Final **

< 1 p.m
< 20 urn

<± 10 nm

< ± 2,5 urn

< + 2,5 urn

<±2,5 urn

' The commercial system does not provide turn-by-turn mode.
: DBPM final values estimated from changes in electronics

design.

In some cases, the missing performance of the
prototype system demonstrated technical problems,
which lead to the following changes in the final DBPM
electronics design.

o Special matching circuits for the analogue to
digital converters will decrease the systematic errors
of the beam current dependence (see Fig. 1)
drastically.

e The EMI/EMC compatibility of the RF front end
module was improved by more than 15 dB by
enclosing the electronics in a milled Al box.

o The above change in design of the RF front end
module resulted in the implementation of a digital gain
control loop of the four DBPM channels.

® The appearance of spurious frequencies (500 Hz
and higher harmonics) in the feedback mode of the
prototype system lead to a change of the PLL in the
RF front end module (the resulting performance is
already shown in Fig. 4).
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SLS LINAC AND TRANSFER LINE DIAGNOSTICS

V. Schlott (PSI)

INTRODUCTION

A detailed description of the SLS pre-injector LINAC
can be found in [1]. The main electron beam pa-
rameters, which need to be measured in all three dif-
ferent operation modes of the SLS accelerators,
namely single bunch (SB), multi bunch (MB) and top-
up (TU) mode, are listed in the table below.

Table 1: SLS Pre-lnjector LINAC

Parameter
Single Bunch Length

Length of Bunchtrain

Charge per Bunch

Charge per Bunchtrain

Energy (MeV)

Energyspread (rms)

Emittance(nmm mrad)

SB-Mode
1 ns

-

< 1.5 nC

-

>100

0.5 %

<50

Parameters

MB- Mode
1 ns

< 0.9 us

6pC

3nC

> 100

0.5 %

<50

TU-Mode
1 ns

< 0.9 us

< 0.8 pC

400 pC

>100

0.5 %

<50

The most challenging task for the LINAC diagnostics
is the vast dynamic range which has to be covered
due to the different operation modes of the SLS. This
has either been solved by optimised monitor design or
by special combination of diagnostics components
along the sections of the SLS LINAC. An overview of
the LINAC diagnostics layout is shown in Fig. 1, fol-
lowed by a detailed description of the monitors and
their operating principle as well as their dynamic
ranges.

CURRENT RELATED MEASUREMENTS

Electron beam parameters such as bunch charge,
,,micro" bunch length and duration of the ,,macro"
bunchtrain are particularly important behind the elec-
tron gun and in bunching section. Average current,
transmission and transmission efficiency are meas-
ured and optimised throughout the LINAC. The fol-
lowing diagnostics monitors are used to perform these
current related measurements.

Coaxial Faraday Cup (FCUP)

A coaxial Faraday cup, which can be moved into the
beam through a pneumatic actuator, allows to deter-
mine the micro as well as the macro bunch configura-
tion of the 90 keV electron beam directly behind the

, SM-l ICT-J

Accelerating Section 1

Focusing
Quadrupoles

WCM-L
FCUP-1

gun. The FCUP-1 is designed as a 50 Q coaxial de-
vice with a bandwidth of 4 GHz. The measured beam
signals are transmitted directly into a N-type connector
and fed into an RF-switch via a low noise RF cable.

Fig 2a: CATIA drawing of FCUP-1. 2b: Bunch charge
measurements behind electron gun for different op-
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eration modes of SLS pre-injector LINAC (Meas. per-
formed with FCUP at ACCEL company in Sept. 1999).

Wall Current Monitor (WCW1)

While the FCUP-1 de-
scribed above is a de-
structive diagnostics
device, which will mainly
be used during gun tests ,
and optimisation, a WCM \
represents a non-de-
structive monitor which
measures the micro as
well as the macro bunch
configuration behind the "'""
electron gun during normal LINAC operation. The
WCM consists of a ceramic gap, bridged by 13
resistors in parallel, resulting in a total gap resistance
of 1 Q. In addition a highly inductive ferrite core is
placed around the gap in order to expand the lower
limit of the bandwidth. A gap voltage, which is propor-
tional to the image current flowing along the vacuum
chamber, is detected at the resistors. It fully reflects
the longitudinal charge distribution with a bandwidth as
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Fig. 1: SLS pre-injector LINAC diagnostics overview
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high as 4 GHz and a cut-off frequency of < 100 KHz.
The above picture shows a CATIA drawing of WCM-1
directly behind the gun.

Integrating Current Transformer (ICT)

Two ICT monitors in front of the first structure and
behind the second structure of the LINAC measure the
average current and the transmission as well as the
transmission efficiency with relatively high accuracy of
about 1-2%. They are standard commercial diagnostic
devices [2], which are fundamentally acting like current
transformers having a tape wound core of high-
permeability metal alloy. The single primary turn is
represented by the beam. The SLS ICTs have 5 turns
on the secondary winding, where 1/5 of the beam
current should flow. Integrating the secondary current
over the bunch duration measures exactly 1/5 of the
beam charge. After
some amplification and
scaling, a sample and
hold circuit in the front
end electronics holds the

signal for reading by an i
ADC card of the SLS I
control system. The pic-
ture shows a CATIA
drawing of ICT-1 in front ~~~ j
of the main LINAC.

Distribution of Current Related Signals

All transient, current related beam signals coming
from WCIVIs, FCUPs and isolated scrapers in the SLS
pre-injector LINAC and transfer lines as well as from
broadband pick-ups in the booster and storage ring
are interfaced to the control system via a remotely
controllable RF signal distributor unit. This so called
"RF switch" allows input of up to 16 transient beam
signals, which can be freely chosen by a multiplexer
electronic. The 4 output channels provide broadband
and medium bandwidth signals to GPIB interfaced
oscilloscopes. The DC component can be read into
the control system by an ADC card, simultaneously.

BEAM POSITION MONITORS (BPM)

Two versions (DN40CF
and DN63CF) of stripline
BPMs are installed in the
LINAC and transfer lines.
A CATIA drawing of the
DN40CF version is
shown aside. Their ,
mechanical design is
optimised for maximum
beam aperture.
Electrically, the striplines
represent low Q resonators at the 500 MHz bunch
repetition frequency. This increases the signal coming
from the stripline in the low current top-up mode of the

SLS such that the newly developed digital BPM
electronics [3] can be used in the so called pulsed or
LINAC mode without any modification.

OPTICAL MONITORS {SM AND SRM)

There are 7 optical monitors along the LINAC to
measure beam position as well as transverse beam
parameters like emittance, energy and energy spread.
All SM stations consist of three stage pneumatics.
They allow to insert either a highly sensitive YAG:Ce
detector, which visualises the transverse beam distri-
bution during commissioning and in the low current
top-up mode or an Al-foil for production of transition
radiation (TR). The optical part of TR represents a
linear radiation source, which is used for the meas-
urement of transverse electron beam parameters
(especially at the SM-5 and SM-E) stations. The co-
herent, far infrared part of TR can be used for con-
trolling of the bunching process in the LINAC as well
as for bunch length measurements. Each bending
magnet in the transfer lines, like the one directly be-
hind the LINAC, is equipped with a synchrotron radia-
tion monitor (SRM), Each SM and SRM port is
equipped with a modular optical set-up, which allows
the free choice of the area of interest (AOI) via a re-
motely controlled telescope including an online cali-
bration in case of measurement. Such optical set-ups
will be used in several versions along the SLS accel-
erators.

Tilting
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i

Detector

Collimatiiig f%^\
Lois tjg7 1 Electron

Calibration | Beam
Ruler

Telescope Lenses

CCD Camera

Fig. 3a: CATIA drawing of SM-5.
3b: Schematic overview of optical set-up.
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SURVEY AND ALIGNMENT IN 1999

F.Q. Wei, K. Dreyer, U. Fehlmann, J.L Pochon, H. Umbricht (PSi)

The Swiss Light Source (SLS), a third generation light source, is a high brilliance machine designed for
extremely low emittance, which is, therefore, highly sensitive to alignment errors. For the magnet position-
ing, a relative accuracy of 0.1 mm must be achieved. The SLS alignment network consists of 312
references, that were measured twice in 1999. The standard deviation of the second measurement of the
tunnel network was 0.13 mm. The SLS consists of several hundreds of magnets and other components
which have to be aligned. Most of the machine magnet supports were aligned to their positions in 1999.

INTRODUCTION

The SLS has a 100 MeV Linac, transfer lines, a
booster with 270 m circumference, and a storage ring
with 288 m circumference. As a particularity of the
SLS design, both, the booster and the storage ring
have similar radii, permitting them to be installed
within the same shielding tunnel [1],

The ground breaking for the SLS building took place
in July 1998.. Only one year after this date, July 1999
the SLS building was ready for machine installation.
Now the booster supports and the support pedestals
of the storage ring girders have been aligned. In 1999
a laser tracker LTD500 was delivered and tested as a
main instrument for survey and alignment. Using the
laser tracker and a precision levelling, N3 the tunnel
network has been measured twice. The results are
good enough for the pre-alignment of the machine
components.

SLS ALIGNMENT NETWORK LAYOUT

Fig. 1: SLS Alignment Network

The SLS alignment network (Fig. 1) consists of the
Linac network, the tunnel network and the experi-
mental network. They are separated by the tunnel
shielding wall. There are 3 to 4 datum in each net-
work. These datums were built and measured before
construction of the shielding wall and the final floor in
January 1999. Most of the wall references were
mounted on the wall and all the floor references were
inserted into the final floor in May 1999. The Linac

network consist of 3 floor references and 3 wall refer-
ences. The tunnel network consists of 102 wall
references and 53 floor references. The experimental
network consists of 40 wall references and 111 floor
references. Most of the floor references of the experi-
mental network are placed on lines parallel to the
planned beamlines.

FIRST RESULTS OF THE TUNNEL NETWORK

Fig. 2: LTD500 measurement in tunnel

A precision levelling N3 was used to measure the
elevations of the tunnel network in May 1999. All dif-
ferences in height between two adjacent references
were measured. At the same time, the network was
measured with the LTD500 and its software Axyz.
The measurements were performed in 53 stations
nearby each floor reference. At least two floor
references and two wall references of each side,
forward and backward were measured as shown in
Fig. 2. At that time the shielding wall was not
completed. Civil engineering work was going on
nearby and 12 wall references were missing.
Because of the poor environmental conditions the
standard deviation of the first measurements was
0.24 mm.

In July 1999 the tunnel shielding wall was completed.
All 102 wall references were fixed. The tunnel
network was measured again by use of the LTD500.
The standard deviation of the second measurements
was 0.13 mm which is a significant improvement as
compared to the first measurements because of the
improved environmental conditions. The heights of
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the tunnel floor references measured in May and July
1999 are shown in Fig. 3.

Fig. 3: Heights of the Tunnel Floor references in May
and July 1999

Deformations of the SLS tunnel network by ground
motion can give rise to the offsets of the alignment
network from the previous values [3]. An alignment
network of the SLS dimensions can move by 1.0 mm
to 3.0 mm per year in horizontal and vertical direction,
respectively. Vertical positions of the storage ring
supports will be monitored by a Hydrostatic Levelling
System (HLS). Horizontal positions of the storage ring
supports with respect to each other will be monitored
by an optical system with linear encoders (HPS).
Their absolute positions can be defined only by
survey. Therefore, the SLS tunnel alignment network
will be measured regularly, at least once every 6
months, for the adjustment of HLS and HPS.

ALIGNMENT OF THE STORAGE RING

The SLS storage ring consists of 48 girders. Each
girder is supported by 4 pedestals sitting on concrete
piers. All the quadrupoles, sextupoles and BPMs are
well fixed on the girder using forced center mounting
systems. All components have a machined mechani-
cal reference surface. Our main alignment goal is that
the relative transverse direction of the storage ring
magnet components reaches a standard deviation
better than 100 jam. Here are the involved quantities:

magnet center to the girder groove ax = 30 pm

girder groove to the girder reference <J2 = 30 pm

deformation of the tunnel network <r3 = 25 pm

survey tunnel network locally a4 = 80 ptm

This leads to cr,Total = 94 pm

We believe that the final local accuracy value of the
tunnel network a4= 80 pm will be reached after the
tunnel roof will be closed completely.

ALIGNMENT OF LINAC, TRANSFER LINE AND
BOOSTER

There are at least 3 reference holes on the top of
each component of the Linac, the transfer line, and

the booster. Though requirements on positioning
accuracy of these components is not as high as for
the storage ring magnets, the same alignment
instrumentation LTD500 is used. At end of 1999 all
their supports were aligned into their positions.

ALIGNMENT OF THE BEAM LINES

The experimental network was measured in July
1999 using the total station TDA5005. The standard
deviation of the measurements was about 0.4 mm. 14
additional references of the individual beam line were
added after the detailed designs of the hutches of the
beam lines 4S and 6S. Most components of the beam
lines such as front ends, monochromators, mirror
boxes, slits and experimental stations have several
reference holes. They can be used for positioning the
components with an accuracy of 0.5 mm with respect
to the storage ring position. The final alignment will be
realised by a laser beam and the synchrotron
radiation beam itself.

Fig. 4: SLS Alignment team in the tunnel

REFERENCES

[1] A Synchrotron Light Source for Switzerland, SLS
Project, Paul Scherrer Institut, Villigen.

[2] F.Q. Wei et al, "Survey and Alignment for the
Swiss Light Source", 6th International workshop
on Accelerator Alignment, Grenoble, October,
1999.

[3] S.-C. Lee, "Measurement of the Storage Ring
Deformation and Smoothing Method for Pohang
Light Source", 5th International workshop on Ac-
celerator Alignment, Chicago, October, 1997.

[4] F.Q. Wei et al, "Survey and Alignment of the
Synchrotron Light Source Elettra", 3rd Interna-
tional workshop on Accelerator Alignment, An-
necy, September, 1993.

[5] F.Q. Wei, "Elettra Alignment", 2nd International
workshop on Accelerator Alignment, Hamburg,
September, 1989.



32

STATUS OF THE SLS CONTROL SYSTEM

S. Hunt, M. Dach, M. Grander, C. Higgs, M. Heiniger, M. Janousch, R. Kapeller, T. Korhonen, A. Luedeke,
T. Pal, W. Portmann, H. Pruchova, T. Schilcher, D. Vermeulen, (PSI)

Based on a paper presented at ICALEPCS 99, Trieste Italy.

The high performance and aggressive time schedule
of the SLS machine and experiments put some par-
ticularly high demands on the accelerator and beam
line control and data acquisition systems. An inte-
grated system based on the Epics toolkit and Cdev
has been built to provide machine and beam-line con-
trol as well as experimental data-acquisition. The con-
trol and data acquisition system consists of 28,000
signals, with requirements spanning from sub mili-
second response times to multi-mega bytes per sec-
ond throughput. Sub-systems including the complete
Linac and the RF systems are being delivered as turn-
key units. The contractor for these systems will deliver
a working control system, built using the standard SLS
control system hardware and software components.
This will simplify integration, maintenance and opera-
tion of these sub-systems. To reduce development
time, tools have been produced to allow system con-
figuration and state machines to be built graphically.
Extensive use is made of Personal Computers, as well
as VME systems and 10 cards making use of new
features such as 'hot-swap' technology.

INTRODUCTION

At SLS, the high brightness photon beams, coupled
with advanced detectors such as the protein crystal-
lography beamline pixel detector, and material science
beamline silicon strip detector, will dramatically in-
crease the speed of data taking. This will allow more
precise results and increased numbers of users per
beam line. But I turn this will put high demands on
control and data acquisition components including
real-time computers, network components and data
storage components.

DATA STORAGE

Data storage requirements for both machine and ex-
perimental data are high with an initial on-line capacity
of 1 TB. This is being implemented using a distributed
data storage system [1] of high performance file serv-
ers using RAID technology. Access to the data from
SLS offices and outside the facility is provided via a
Web interface.

PHYSICS APPLICATIONS

Machine physics applications use a dedicated model-
ing server [2], to calculate new machine parameters.
The model server is accessed by a Corba interface,
while actual values of the machine are read via the
control system Cdev interface. Machine physics appli-
cations have been developed with simulated SLS ma-
chine control points using epics soft channels. This

has allowed applications to be developed before con-
trols hardware can be installed.

OPERATOR INTERFACE LEVEL

The operator interface level makes use of standard
personal computer hardware running the Linux oper-
ating system. Personal computers provide the best
price performance ratio, and allow regular upgrades
for be affordable by 'recycling' machines for office use.
Linux makes maximum use of available performance,
while providing a robust environment for program de-
velopment and operation. Familiar Unix tools are used
for system and network administration. Java, C++, Tel
and IDL are the standard languages for writing appli-
cations. Access to the control system is provided by a
Cdev layer. Cdev provides a standardized device ori-
ented view of the control system, allowing standard
operations to be carried out on individual or groups of
devices, for example to return the currents in all quad-
rupole magnets. Standard Epics tools such as the
alarm handler, channel archiver, save-restore tool and
DM2K operator screen package are also used.

NETWORK LEVEL

Network hardware consists of standard 100 Mbit/sec
switched Ethernet. Each VME crate and Console is
connected via a dedicated 100 Mbit connection to one
of 40 local Ethernet switches, which are in turn con-
nected to a 'backbone' switch with 100 Mbit (in future
1 Gbit) fiber optic up-links. The SLS network is ar-
ranged as a single class C IP network without direct
connection to the PSI public network. Dedicated serv-
ers (File server, Database server, and Archive server)
have two network interfaces, on the SLS controls net
and the PSI public network to allow SLS data to be
accessed from offices without increasing network
usage on the SLS controls net.

Equipment access is via Epics Channel Access proto-
col which runs over TCP/IP. Data updates are ar-
ranged by setting monitors on devices properties,
such that a message is only sent when a property
changes by a value greater than a set amount. In this
way network traffic, and client processor load is mini-
mized. The network performance has been tested,
and provides up to 5 M Bytes per second throughput
and < 1 ms response time to each VME crate.

EQUIPMENT INTERFACE LEVEL

Equipment to be controlled and monitored connects to
the control system via VME crates located close to the
equipment. In total 145 VME crates will be installed,
dedicated by machine (Linac, Booster, Ring, Beam
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line), function (Diagnostic, RF, Magnets, Vacuum,...)
and location (Sector 1,2,3,...). For instance one crate
will be used to control ring vacuum in storage ring
sector 4. Dedicating crates to one purpose improves
the reliability and maintainability of the system.

With such a large number of systems, crates must
have a high reliability and low down time when adding
or replacing a module. For this reason VME-64 Exten-
sions (VME64-X) standard crates have been chosen
which support hot swap of I/O modules. In our system
it is possible to replace or add an I/O card designed to
support hot swap without shutting down the crate. The
crates are also equipped with fan failure warning to
detect when a fan is operating below normal speed
(an indication of imminent failure), and the fan units
can be replaced without powering down the crates.
VME64X crates also support slot keying, geographical
addressing, better EMC performance, more ground
pins, and more user defined IO pins. VME64-X Indus-
try pack carrier boards are being used which support
these features allowing the choice of hundreds of IP
modules[3], and Epics drivers have been written for
some standard IP modules that support this function-
ality.

TIMING

All VME crates are equipped with timing modules to
design which is an upgraded version of the APS event
system[4] messages are broadcast to all crates, with a
resolution of 20nS and a jitter of 100pS. The VME
receiver module decodes those events which it has
been programmed to accept, and provides hardware
signals (programmable level and duration) and/or
software synchronization events to trigger Epics rec-
ord processing. Even higher resolution hardware syn-
chronization is available for those systems needing it
(such as the Linac Gun) by using VME modules, de-
signed at KEK[5]. These provide 2nS resolution with
5pS jitter. Phase compensated fiber optic cable is not
needed for this system as distances are never greater
than 100m.

DATABASE

An Oracle database is used to hold all static and dy-
namic system configuration information. This informa-
tion includes all devices, their properties, and their
characteristics. This information is used to generate
Epics configuration data for each VME crate, informa-
tion for the Cdev directory service, and also hold in-
formation directly used by physics application pro-
grams, such as the distance between a magnet and a
BPM or the magnetic length of a magnet. Equipment
specialists can manipulate the oracle database via a
web interface to update operational parameters (such
as operational limits for a power supply).

DIAGNOSTICS

The main diagnostic tools for the SLS include: beam
position monitors; beam current transformers; beam
loss monitors; and beam profile monitors. Beam posi-
tion monitors use a VME digital mixer and a commer-

cial VME DSP card to provide either first turn capabil-
ity or closed orbit information from the same pickups.
This system can provide the required one micron
resolution from full beam current (400mA) down to
single bunch (5mA) in the storage ring. Beam current
monitor electronics are interfaced to standard VME
analogue input cards. Beam profile monitors (Optical
transition radiation monitors and fluorescent screens)
use CCD cameras, the signal from which are directly
digitized using a VME frame grabber.v Critical pa-
rameters (beam center, size,...) as well as the raw
image is then made available to application programs
via Cdev/Epics.

LINAC AND RF

Both the SLS Linac and RF system are being deliv-
ered as a turnkey system complete with controls.
These control systems are being built following SLS
standards, using hardware supplied by us. Controls
specialists from the contractors have received training
on Epics at PSI. This approach minimizes problems
integrating a turnkey system into the control system,
and reduces future maintenance load, and eliminates
the need to learn two systems.

MAGNET POWER SUPPLIES

In order to achieve maximum performance, and to
facilitate machine commissioning, all quadrupole
power supplies are individually powered. This contrib-
utes to a relatively high total number of power supplies
to be controlled (450). Each power supply is controlled
by a dedicated digital power supply controller, incorpo-
rating a Share DSP. The power supply controller is
connected via a low cost fiber point to point link to an
industry pack mezzanine board mounted on a VME
carrier. Each industry pack board can control two
power supply links, so a single width IP carrier board
can control eight power supplies.

VACUUM

Vacuum components (gauges, valves and pumps) are
controlled directly from VME using standard analogue
and digital I/O cards. In parallel, the interlock system
built using a Siemens S7 PLC, monitors the system,
and if necessary closes the valves in a vacuum sec-
tion. Further information on vacuum performance is
gained from monitoring the power consumption of
each pump, which gives an indication of the vacuum
at that point.

ALIGNMENT

Because of the tight tolerances of the SLS, computer
monitoring and control of alignment is needed to com-
pensate for ground motion. The system consists of
three parts: A magnet mover system with three de-
grees of freedom, which can position any of the
48 magnet girders with an accuracy of
<10 micro meter; a Hydrostatic leveling system which
monitors the height of the four corners of each girder;
and a horizontal positioning system which monitors the
relative movement in the horizontal plane of two gird-
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ers. Each of these sub-systems is being
into Epics.

INSERTION DEVICES

integrated

The insertion device control will be directly carried out
in VME with Epics. This involves the synchronized
movement of many motors. This is accomplished us-
ing VME motor controllers (Oregon Micro Sys-
tems),absolute encoders interfaced using SSI bus,
and other standard VME I/O cards.

SLS BEAM LINES

Both the control and the data acquisition for SLS
beam lines will use the same technology (hardware
and software) as the machine controls. Both of the
SLS high energy beamlines will use advanced detec-
tor technology, which will produce high data rates. In
the case of the protein crystalography beamline the
initial data rate will be 5Mbyt.es per second, which can
be handled by our standard architecture, but later the
data rate may be up to 80 Mbytes per second which
may require local storage.

PRESENT STATUS

The control system is now operational for the Linac,
controlling the RF, Vacuum, Diagnostic and Magnets.
Operator tools are installed to allow archiving, alarm
handling, and save-restore of machine data. Installa-
tion of the booster controls will start soon, and will be
operational in March 2000. Stand alone controls have
been delivered for Booster RF tests, Cavity tests,
magnet measurements, and test stands for beam line.

CONCLUSION

The control and data acquisition system of the Swiss
Light Source is a conservative design, making best
use of commercial components (PCs, Ethernet, and
VME crates), and software sharing (Epics and Cdev).
It places a high emphasis on maintainability (hot swap
VME), and support of modern software tools (Java),
Database technology is used as a central part of the
control system.
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POWER SUPPLIES FOR SLS

H.U. Boksberger, M. Emmenegger, M. Horvat, G. Irminger, F.Jenni, (PSI)

A total of 488 power supplies is needed to fully operate the SLS. The specifications range for the various
units from < 10ppm resolution to 1 kHz bandwidth and up to 1000 A in the case for the bending magnets.
A modular concept was required for the designs in order to take full cost advantage and to enable a
concurrent design: All phases of the power supply project had to be optimised with respect to specification,
engineering, manufacturing, operation and maintenance.

SPECIFICATIONS

Optimising the specifications is the key to a successful
design.

Intense discussion with team members of beam dy-
namics and diagnostics, magnet design and power
supply engineering led to a minimum set of require-
ments, yet allowing for special enhancements:

Resolutions
Stabilities

Bandwidths

Waveform patterns

Modulation

< 7 ppm for the correctors
< 15 ppm for the bends

« 1 kHz for the closed orbit cor-
rection with the correctors
1 - cos 3Hz for the Booster units

< 10 Hz for beam based align-
ment with the Storage Ring quad-
ru poles

Furthermore an identical control system interface with
a fully digital fiber optic link for all power supplies indi-
cated a major cost saving item allowing for a clear and
EMC hard interface.

Understanding each other's requirements and defini-
tions led over all to interesting and cost effective
specifications.

ENGINEERING

The operating voltages of power supplies called for
two ranges of design classes:

• IGBT-based designs for the bending magnet
power supplies of the Booster and the Storage Ring
with output voltages > 200 V. The switching fre-
quency was chosen to be 10 kHz.

• FET-based designs for all other units with a
switching frequency of 100 kHz.

The modularity enabled the design of basic power
units:

4 Quadrant - Module 7 A 20 V
All LINAC, Booster, Transfer Lines and Storage Ring
corrector magnet switching units are identical and
individually powered from the mains with an open loop
bandwidth of 1 kHz. The total of a 275 enabled a high
production optimisation.

1 Quadrant - Module (1Q) 120 A 60 V
The LINAC and Storage Ring quadrupole units are of
the same design, resulting in a complement in excess
of 200 modules.

It resulted in favourable
production costs sup-
porting the choice of
individually powered
quadrupole magnets
for the storage ring,
enabling an integrated
modulation of the
magnet currents for a
beam based alignment
of the beam position
monitors and quad-
rupole magnets.

Fig. 1: 120A 60V Power
Module

Fig. 2: Schematic of the 120 A 60 V Power Module

Power Supply Controller
High efforts were directed towards a clean and up-
gradeable power-supply controller. Digital and ana-
logue functions were separated onto two boards with a
full electrical isolation.

The controller card integrates the pulse-width modu-
lator for the solid-state switches, the control of the
entire unit to operate in a safe regime, the control al-
gorithms and the interface to the machine control
system.
The Epics machine control system interface is a pro-
prietary link and its coding is implemented on the field
programmable gate array (FPGA) of the controller
card. It also allows standard 115 kbit/s RS232 com-
munication as well as reprogramming the FPGA and
down loading of the application program.
A fast Share DSP handles the control algorithm and
the higher level communication with the control sys-
tem. Its computing power provides margin for future
requirements of the modern state controller for the
magnet loads which exhibit a strong non linear load
characteristics due to the required large control band-
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width. The floating point operation will not impede
resolution for the setpoint to the FPGA-pulse width
modulator.

DIGITAL [DSP]
CONTROL

CONTROLLER CARD

MULTIPLE ABC

PRECISION ADCi-

ADC/DAC CARD

Fig. 3: Power Supply Controller

Furthermore, the controller card provides I/O to di-
rectly drive external devices.

The ADC/DAC card comprises high precision 16 bit
ADCs for 1 channel at 200 kHz conversion rate or
4 channels at 50 kHz each. An additional ADC con-
verts 4 channels at 50 kHz at 16 bit resolution. A 14 bit
4 channel 100 kHz conversion rate DAC is built in for
test and maintenance purposes.

The combined effort resulted in a compact and cost
effective solution, yet allowing gradual upgrades for
future requirements due to the modular concept.

The dynamic requirements of the magnet current
control resulted in demanding specification to the
power supply feedback system. The magnets show a
significant frequency dependency which needed to be
compensated with the feedback algorithms. An ex-
panded nonlinear state controller with reduced feed-
back is being implemented.

Magnet R,,

Fig. 4: Control Principle

MANUFACTURING

POWER SUPPLY CONTROLLER:
The pre-production run for all LINAC units is complete
and operational. The withdrawal of components re-
quired a design change just as the series production

got to be released; however, the overall schedule will
be met.

LINAC:
The LINAC units served as tests for first manufactur-
ing runs. All required power supplies are complete and
tested.

BOOSTER:
The bending magnet power supply performance had
been successfully verified on the test floor.

Input current to the
2Q - modules
[100 A/Div]

Load current
[100 A/div]

Input power to the
power supply
[10 kW/Div]

Fig. 5: Booster Bending Magnet Power Supply

The three quadrupole power supplies are in production
in our own workshop, while the two sextupole power
units are on the test bench. The 108 corrector power
modules are manufactured and ready for test. The
power supply cabinets are being assembled by a local
company.

STORAGE RING:
The 150 corrector power supplies are being manu-
factured as part of the overall order of 7A 20V mod-
ules. The 220 quadrupole power unit production is
50% manufactured. The modular and clean design re-
sulted in very attractive offers. The engineering of the
bending magnet power supply is completed and
production has started.

OPERATION

In order to meet the project schedule we applied con-
current engineering to a very large extent. The first
prototype power supply controllers were immediately
used to verify the Epics control system interface and to
detail the application program interface. The as-
signment of a dedicated liaison engineer ensured the
link to the beam dynamics group, responsible for the
future operation of the SLS. Presently the first set of
LINAC power supplies is controlled from an Epics
console.
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A CORBA BASED CLIENT-SERVER MODEL FOR BEAM DYNAMICS
APPLICATIONS AT THE SLS

M. Boge, J. Chrin (PSI)

A distributed object oriented client-server model, based on the Common Object Request Broker Architec-
ture (CORBA), has been established to interface beam dynamics application programs at the Swiss Light
Source (SLS) to essential software packages. These include the accelerator physics package, TRACY,
the Common DEVice (CDEV) control library, a relational database management system and a logging
facility for error messages and alarm reports. The software architecture allows for remote clients to invoke
computer intensive methods, such as beam orbit correction procedures, on a dedicated server running the
UNIX derivative, Linux. Client programs typically make use of graphical user interface (GUI) elements
provided by specialized toolkits such as Tk or Java Swing, while monitored data required by procedures
utilising the TRACY library, such as beam optics parameters, are marshalled to the model server for fast
analysis. Access to the SLS accelerator devices is achieved through a generic C++ CDEV server.

INTRODUCTION

A considerable number of high-level beam dynamics
application program interfaces (APIs) are required for
the commissioning and operation of the SLS
accelerator complex and for machine physics studies.
These APIs typically share a number of generic tasks
including:

access to an accelerator physics package

accelerator device control

database access and management

logging of error messages and alarms

With the aid of object-oriented methodology, common
functions can be identified and developed as reusable
components. Furthermore, a distributed system allows
optimal use of available resources, an important
consideration given the computer-intensive physics
algorithms employed by the accelerator modelling
procedures. To this end, a distributed client-server
model, based on the Common Object Request Broker
Architecture (CORBA) [1], is presented; client
programs readily access shared services, either locally
or across the network, through CORBA objects.

ARCHITECTURAL MODEL

In the evolution of object-oriented distributed
computing systems, CORBA is a recent standard that
provides a mechanism for defining interfaces between
distributed components. Its most distinguished assets
are platform independence, in so far as the platform
hosts a CORBA Object Request Broker (ORB)
implementation, and language independence, as
ensured through the use of the Interface Definition
Language (IDL). The latter feature is of particular
interest to SLS beam dynamics API developers as it
provides for the option to choose between high-level
application languages. For instance, the client
component of the prototype closed orbit correction API
has been implemented in the Tool command

language/Toolkit (Tcl/Tk) using the BLT1 extension,
which adds widgets like X-Y graphs, bar- and
stripcharts to the Tk toolkit. Thus this package is an
appropriate match to the requirements of this
particular application. The server components, on the
other hand, have been implemented in C++ for high
performance and run on a dedicated server machine,
it is interesting to note that in this multi-language
scenario, the Tcl/Tk client program is comparatively
short in length and, therefore, quite managable.
Optimal use of the Tk/BLT package is made for
building the graphical user interface (GUI) component
of the API, while the more complex components are
routed to server processes by means of CORBA
objects.

Server Hardware and System Software
Components

The chosen operating system and platform for server
applications is RedHat Linux version 6.0 on a server
housing dual 550 MHz Intel Pentium III processors.
The use of Linux and the GNU2 project C++ compiler
(egcs) avoids vendor dependency; compilation with
egcs further reduces the dependency on the operating
system thereby increasing the portability of
applications. A second identical server is permanently
available to provide redundancy. Client programs
typically run on local Linux PCs.

The principal CORBA product employed is MICO [2],
a fully compliant CORBA 2.3 implementation, available
free of charge under the GNU public license terms.
Use is made of the Naming Service, the Event Service
and Interface Repository facilities provided by MICO.
Significantly, in addition to the given IDL to C++
mapping, a Tel interface to MICO [3] that provides
CORBA client and server functionality to Tel scripts
has been incorporated. Noticably absent from MICO at
present, however, is mapping for the Java
programming language. Since Java client components
will be an integral part of SLS beam dynamics

1 What does BLT stand for ? Whatever you want it to.
2 The GNU (GNU's Not Unix) project was launched to develop a
complete Unix-like operating system which is free software: the
GNU system.
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applications, another CORBA product, namely the
Java-based JavaORB package [4], provides IDL
mapping to Java. Applications involving permutations
of client-server processes written in C++, Tcl/Tk and
Java have all been tried and tested, further verifying
the interoperability between the different CORBA 2-
compliant products3.

Server-Client Software Components

A CORBA interface to the C-based TRACY library [5]
provides users with convenient access to the
accelerator physics routines. This capability in itself
provided strong motivation for the use of CORBA as it
allows access to the same machine model as used in
offline simulations; procedures tested in simulation
can thus be effectively employed for the optimization
of the accelerator online. In a prototype client -server
application measured beam positions are marshalled
to the dedictated TRACY model server for analysis. A
new set of corrector values is calculated and
presented to the client together with the predicted
orbit. The corresponding hardware settings required to
achieve the improved orbit are handled by the Analysis
and Database Servers.

Synchronous and asynchronous interaction with the
EPICS-based local accelerator device control
system [6] is achieved through use of the Common
DEVice (CDEV) C++ class library (version 1.7) [7], A
generic CDEV Server employs a CORBA server
object that responds to CDEV-type verbs. The "set",
"get" and "monitor" verbs are accompanied by a
CORBA sequence of objects containing the
parameters required to, respectively, download
setpoints, readback device attributes and monitor
selected channels. The configuration information is
held in a SQL92 compliant relational database [8]
which is accessed through a CORBA encapsulated
Database Server. The Analysis Server further
retrieves monitored data from the real-time system,
through the CDEV Server, for recalibration and
analysis. The application API embedded in the client
GUI component polls the Analysis Server for updated
values and displays them.

All client-server processes are able to report error
messages and alarms to a dedicated Message Server
through a CORBA interface. Presently the server
employs the UNIX syslog message logging facility,
incorporating a variety of priority levels. Syslog entries
are further converted to SQL insert queries for
immediate entry into the database. Error messages
are viewed either through a Tcl/Tk based browser or
the native database browser.

The server-client components featured are typical of
the requirements of several anticipated applications.
The framework further allows for critical code
components to be better tested through their eventual
use in different APIs.

FUTURE DEVELOPMENTS

The model presented here represents work in
progress and, as such, a number of developments are
foreseen. Since several of the servers have write
privileges to sensitive software and hardware
channels, it is intended to add authentication
procedures that identify and authorize the client,
e.g. through use of the Secure Sockets Layer (SSL), a
protocol also supported by MICO. Server diagnostic
tools will also be added to provide a synopsis of
usage and performance.

CONCLUSION

An object oriented client-server model in which
dedicated C++ servers provide essential services to
clients by means of CORBA objects has been
presented. A prototype client application has
demonstrated that the proposed architectural model
offers an appropriate framework for application
programmers to develop APIs within the beam
dynamics environment.
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STUDIES ON BEAM LIFETIME AND LATTICE IMPERFECTIONS
IN THE SLS STORAGE RING

A. Streun, M. Boge, M. Munoz (PSI)

We give an overview on studies of lattice imperfections done for the SLS storage ring in order to ensure
sufficient beam lifetime and stability in high brightness operation. This report updates and summarizes
previous publications on the same topic.

INTRODUCTION

Brightness, beam lifetime, and beam stability are the
key performance issues for SLS.

Brightness

High brightness requires low horizontal and vertical
beam emittance and large beam current. The beam
current is limited by the capabilities of the RF system
and the radiation absorbers (provided that the vac-
uum chamber impedance is sufficiently low to prevent
the beam from collective instabilities). The horizontal
emittance is defined by the linear lattice design. The
vertical emittance disappears in an ideal flat lattice,
however in reality skew-quadrupolar fields from quad-
rupole rolls (rotations around beam axis) or sextupole
heaves (vertical displacements) lead to coupling of
the horizontal betatron oscillation into the vertical
dimension and the generation of spurious dispersion
by vertical orbit errors and thus create a nonzero
vertical emittance.

Beam lifetime

Beam lifetime in SLS will be limited by Touschek
scattering, i.e. collisions of electrons within the bunch,
and by gas scattering, i.e. collisions of electrons with
residual gas atoms. Gas scattering events deflect the
electrons transversely and lead to losses if the elec-
trons hit the vacuum chamber or leave the dynamic
acceptance, i.e. the region of bounded motion.
Touschek scattering events transfer transverse mo-
mentum to longitudinal momentum and will lead to
particle loss if the resulting longitudinal momentum
exceeds the momentum acceptance of the machine
which is given as the lower value of the RF bucket
height and the lattice momentum acceptance. Due to
translation of momentum deviations into horizontal
betatron oscillations through dispersion, the lattice
momentum acceptance thus translates into the hori-
zontal lattice acceptance for off-momentum particles.
This again strictly holds for an ideal lattice only, in
reality coupling also leads to vertical oscillations
which eventually could become responsible for parti-
cle losses, if there were tight restrictions of the verti-
cal aperture, which actually is the case in SLS due to
the presence of mini-gap insertion devices.

Acceptance
Both, horizontal and vertical acceptance are the lower
value of the physical acceptance which is defined by
the vacuum chamber and the dynamic acceptance
which is defined by the separatrix for onset of un-
bounded or chaotic motion. While the physical accep-
tance is well known, the dynamic acceptance
depends on the proper arrangement of the sextupole

magnets even in the ideal lattice, and is subject to
aggravation from lattice imperfections as magnet
misalignments and multipolar errors.

Beam stability

Ground noise excites a jitter of the stored beam and
with it of the photon beam. Stabilisation is achieved
by an active feedback system as described earlier [1].

LIFETIME

Previous studies of Touschek lifetime [2] were further
refined by including suppression of linear coupling as
well as aperture restrictions at mini-gap devices into
the momentum acceptance tracking [4,9]. The results
indicate that optimum beam lifetime requires rather
low values for the ratio K of vertical to horizontal emit-
tance in the 0.1 % range. This result was surprising
because up to 1.5%, the narrow vertical aperture
should not yet cut off the beam. Obviously, the cou-
pling in the halo of Touschek scattered particles is
larger than the beam-core coupling and leads to
losses at the vertical aperture restriction in the mini-
gap sections. Beyond some value of K, this kind of
beam loss overcompensates the usual growth of
Touschek lifetime with VK. The optimum operation
conditions for SLS were found at rather low values of
K < 3 - 1 0 " 3 with correspondingly short beam lifetime
but high brightness. Larger values of K would gain no
lifetime but reduce the brightness and increase the
particle losses in the insertion devices. Including a
gas scattering contribution from 1 nTorr of carbon
monoxide we expect for SLS a beam half lifetime of
31/4 hours, that may be increased to 8 hours by
means of a 3rd harmonic cavity [10].

LATTICE IMPERFECTIONS

Misalignments
Quadrupole and sextupole magnets are precisely
mounted onto girders equipped with an active mover
system for online adjustment [5]. The bending mag-
nets are supported by the adjacent girders. Virtual
joints established through transverse position meas-
urement systems connect the girders. The expected
rms (cut at 2a) displacement errors are given below:

Magnet to girder
Girder to girder
Girder absolute

Sway
50 \xm

100 urn
300 urn

Heave
50 urn

100 urn
300 urn

Roll
100 jirad

0 jj.rad
25 urad



40

The orbit correction for centring the beam in a lattice
with these errors has been described previously [3]
and required less than 70 % of the maximum correc-
tor deflection angle of 0.74 mrad @ 2.4 GeV. The
impact of misalignments on dynamic aperture and
lifetime has been described earlier too [4,8].

Magnet errors

Based on measurements of the storage ring dipoles,
quadrupoles, and sextupoles [6] simulations were
done to investigate the impact on lattice performance

in
Errors in effective length and longitudinal position of
the dipole magnets of BX and BE type lead to a hori-
zontal closed orbit excitation. Based on the require-
ment that not more than 10 % of the maximum cor-
rector strength should be needed to correct the dipoie
errors we arrived at following limitations (rms values,
cut at 2c):

Effective length error < 250 urn
Longitudinal position error < 300 jam

Axis errors, i.e. transverse displacements of the sex-
tupoles as well as roll errors of quadrupoles create
skew quadrupolar fields creating linear coupling and
with it vertical emittance. SLS is equipped with a cou-
pling suppression scheme based on 3 dedicated
skew quadrupole pairs which allows reduction of
vertical emittance by a factor of approx. 3.5 [3]. After
suppression the emittance ratio K should be K < 3-103

for 95 % of the test seeds in order to ensure that
Touschek lifetime is not affected by the insertion de-
vices' narrow gaps. This requirement gave a criterion
for the total sextupole axis error, i.e. the magnet in-
trinsic axis error and the error in mounting onto the
girder. Assuming sextupoles that fulfil this specifica-
tion, we required for the quadrupole roll error that it
increases the average K by less than 10 %. This gave
the following limitations concerning coupling (rms val-
ues, cut at 2a):

Sextupole axis error
Quadrupole roll error

Multipolar errors in the magnets excite higher order
betatron resonances and thus lead to a reduction of
dynamic aperture. Some multipolar errors are ran-
domly distributed, i.e. different for every magnet like
for example the octupolar error in quadrupoles
caused by finite precision of yoke mounting. Other
errors are systematic, i.e. identical for magnets of
same type like for example the dodekapole error in
quadrupoles, which in turn has a constant part from
the deviation of the pole shape from its ideal contour
and a current dependant part from saturation effects.
It turned out that the octupolar error in the quad-
rupoles affects most the dynamic acceptance. Simu-
lations gave a criterion for the maximum ratio of oc-
tupole to quadrupole amplitude at some radius of
measurement rthat can be tolerated (rms, cut at 2a):

B4/Bz(r = 28 mm) < 2.5-10"
BAIB2{r = 28 mm) <6 10'4

< 60 jam
< 100

Narrow quadrupoles:
Wide quadrupoles:

The requirements caused special efforts by the quad-
rupole manufacturer and were fulfilled eventually.
Other multipolar components in quadrupoles and in
sextupoles turned out not to affect the beam signifi-
cantly. In particular a relatively large decapolar field
excited by the orbit correction coils in the sextupole
magnets had no visible effect [7],

INJECTION

Accumulation of current in the storage ring requires
large horizontal acceptance in order to store the in-
jected beams until they merge with the stored beam
through radiation damping. Low coupling is also re-
quired since otherwise the injected beam may start a
vertical oscillation and hit the vacuum chamber in the
narrow gap region. Simulations of injection including
magnet displacement and roll errors were carried out
and predicted a reliable injection process [11].
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DC-LINK CONTROL FOR A 1 MVA-3 HZ SINGLE PHASE POWER SUPPLY

F. Jenni, H. U. Boksberger, G. Irminger (PSI)

The power pulsation of a single phase 1 MVA - 3 Hz power supply has to be kept off the mains. The analy-
sis of the DC/DC converter in conjunction with the DC-link reveals a partially unstable system. A robust
control scheme for the smallest possible current pulsation is presented.

INTRODUCTION
At the Paul Scherrer Institute a synchrotron light
source (SLS) for about 160 million Swiss francs is
being built. Bending magnets with currents up to 1 kA
at 3 Hz are needed for the control of the electron
beam. The necessary peak voltage to drive the current
is 1 kV. The requirements of the magnetic field and
therefore of the currents for these magnets are un-
precedented: a short time stability of less than 10 ppm
of its nominal value and waveform distortions of the
same order of magnitude. The resulting 3 Hz power
pulsation with peak amplitudes of up to 1 MVA has to
be kept off the mains in order not to cause voltage
flicker, which would affect the sensitive research in-
struments of the SLS [1]. To obtain the required cur-
rent stability and decoupling from the mains a DC-link
is introduced. However, this DC-link is partially unsta-
ble.

Set up of the power supply

The current sources are built as switched mode power
supplies (PS) in order to get high efficiency and control
speed. Using the newest IGBTs and a very compact
design, all switching frequencies were chosen to be
10 kHz.

Fig. 1. depicts the main blocks of the 1 MVA PS: Two
DC-links with the DC/DC-converters and 4 two quad-
rant converters supplying the chain of serially con-
nected magnets, shown as a single magnet. The DC-
links are supplied from the mains via 12 pulse diode
bridges and a DC/DC converter, each. This structure
potentially decouples the 3 Hz power pulsation from
the mains and keeps the mean value of the DC-link
voltage constant. However, the DC-link voltage still
varies between 350 V and 600 V. This is the maximal
possible range needed for a correct operation of the
2Q inverters.

HV-practice and restrictions were avoided by using
two branches with a grounded midpoint resulting in a
total complement of four 2Q (two quadrant) inverter.
Each of them carries half the current, i.e. 475 A and
half the voltage, i.e. 500 V. Eventually, the PWM fre-
quency seen by the load is four times 10 kHz, i.e.
40 kHz. This frequency determines the ripple current.

Fig. 1: Power supply block diagram

Magnet current waveforms

Within the boundaries of the voltage and current limits
the chosen structure of the power supply permits vari-
ous waveforms of the magnet current. For the near
future we expect two typical applications:

1. Long bursts: The current will be an extended num-
ber of periods of approximately iM = ("tMl2){^ - cos(raf)}
with a frequency of3 Hz, superimposed to a small DC
offset.
It is expected that the SLS will be put into operation in
this mode. To simplify the control task of the whole
power supply, the load current amplitude could be built
up over several periods before the beam is injected
into the storage ring. As in this case the energy effi-
ciency of the system is not optimal, rise and fall time of
the current amplitude should be as short as possible.
2. Short burst: One or only a few periods of the above
waveform. Current and power of a short burst of two
full periods are illustrated in Fig. 2. (This could be
used to trickle charge the storage ring in future.)
Later, the power supply has to be capable of two more
modes:
3. An arbitrary waveform with a fundamental fre-
quency of a few Hz.
4. A constant DC current with a reduced amplitude. In
this mode the booster ring can be used as a storage
ring with reduced beam energy.
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Fig. 2: Magnet current and power of one DC/DC con-
verter for a burst of two periods: top: current iMl lower:
power PM.

Objectives of the DC-link voltage and mains cur-
rent control

As mentioned before, the magnet current leads to a
strong pulsation of the DC-link voltage and, without
counter measures, consequently also of the mains
current amplitude. The control scheme of the DC/DC
converter has to fulfil two goals: a low pulsation of the
mains current and a stable mean value of the storage
capacitor voltage. It is obvious that this demand can
be fulfilled only in the steady state operation of the
power supply i.e. not for single pulses or short bursts.
When operated with short bursts the rise and fall time
of the mains current amplitude should be as soft as
possible.

THE MODEL AND ITS PROPERTIES

The circuit and its linearized model are shown in
Fig. 3. The low frequency behaviour (neglecting the
PWM) of the nearly ideal converter is described by
their voltage and current transformation equations (1),
i.e. with the modulation function m [2], The small delay
and jitter of the converter itself is neglected in the line-
arized model, but included in the simulation. The only
difference between the two converters is the range of
the modulation function: while it is 0 < mHr < 1 for thedc

DC/DC converter its range for the 2 Q inverter
-1 < m2Q < 1, as long as the current is positive.

is

" r f c = uM =ucm2Q

1M ~~ l2Q ' m2Q

Mains, rectifier and input filters are modelled with the
DC source UdR together with RR. The voltage udc at the
output of the DC/DC converter is therefore described
by:

"dc = m
dc = mdcUddR

For the further analysis these equations are linearized
in their respective point of operation (index 0).
For the DC/DC converter the following expressions
are valid:

-2mdcORRidcO m
dc

- ' dcOmdc 'dc

Mains, rectifier and DC/DC-converter represent a
controlled voltage source uR=UdRomdc with the
source resistance RS0(0<Rso <RR).

The 2Q inverter itself is always controlled in such a
way that its output properties correspond to the de-
sired values, i.e. the reference current waveform
'M_refFor t n e i d e a i inverter uci2Q = PM = iMuM is
valid. The applied control principle shall not be dis-
cussed further in this place. Magnet voltage and cur-
rent are independent of the DC-link voltage, as long as
the modulation function is within its limits. Changes of
the DC-link voltage are compensated with a variation
of the modulation function m2Q. This results also for a
constant load in a negative differential input imped-
ance Auc I Ai2Q for a given positive product uMiM :

I'd =~« n2Q0 -~ U C( M (4)

With Rtof = Rso RF , the elements of the DC-link and
the differential resistor rd, the linear description (5) for
the system results:

R,.
dt

X-uf,^-mdc
c

duc 1 . 1
(5)

CF

•uc

From these equations the transfer function
= ldc I mdc can be calculated in the frequency

domain:

(6)

u,IR0 f,

RM , 1 1 , Rl0,

L, + >\,C,,}\L,,C, + r,LFCF]

Fig. 3: Top: full model for stability considerations of
the DC/DC converter, DC-link and 2Q inverter; bottom
linearized model
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The analysis of the transfer function reveals that this
circuit shows instabilities under certain load conditions
(3). Stability requires for a system of second order all
elements of the denominator to have the same sign.
Therefore, for (negative rd's) the following relation
must be true:

1 L^<Rtot<rd (7)

To evaluate the stable range of the system, physical
data are needed now.

Data of a single DC/DC converter

The output voltage UdR of the rectifier will approxi-
mately be 650 V. The voltage udc varies between
350 V and 600 V while the average output current ldc is
200 A. The average power with the nominal waveform
is about 100 kW. The input voltage uc of the 2 Q con-
verter is nearly identical to the output voltage of the
DC-DC converter but, the input current /2Q pulsates
between -200 A and + 800 A. The elements of the DC-
link are: RF = 20mQ, LF = 300juH, CF = 200mF. The
impedance of the transformer, together with the recti-
fier, represents a resistance of approximately
RR = 150mQ.

Stability range of the system without state feed
back

With the elements given, circuit stability for every
value of the modulation function mdc can be deter-
mined. An important case is mdc = 1. For that operat-
ing point the DC/DC converter can be omitted. The
result corresponds to the circuit of the majority of
applications in this power range: a DC-link coupled di-
rectly to the voltage source, i.e. the mains rectifier.
With Rtot =RS0 +RF the system is stable for
[rd| > llOmQ. This results in a current idc of 3.5 kA for
a capacitor voltage uc of 600 V, i.e. a power
exceeding 2 MW.
For mdc less than 1 the maximum current for stable
operation becomes even higher due to the reduction
of Kso (3).

CONTROLLER - PRINCIPLE AND ACHIEVED RE-
SULTS

Stabilization of the system in steady state

The goal of the controller is a mains current amplitude
?R as constant as possible and a stable average value
of the capacitor voltage uc d. Mains current /^and the
output current idc of the DC-DC converter represent
the same state as is obvious in the linearized model:
the states of the system are the inductor current idc

and the capacitor voltage uc. In its basic form the cho-
sen state controller consists only of the two feed back
coefficients k, and ku as depicted in Fig. 4.
For that case stability can again be derived analytical
out of (8):

dt

dnc

~~dt

1 1
C r C
^F 'd^F

UdROku

-Ur

L,
(8)

Fig. 4: State controller for the DC/DC converter in
steady state

Also with this set of equations the transfer function
G(s) = ldc I mdc (9) can be determined:

(9)

k,, , Rtol- UMokt

rdCF \+\ LFCF

Both coefficients k{ and ku have to be negative for the
stabiisation of the mains current and the capacitor
voltage. Increasing A> stabilises the current idc, how-
ever, resulting in an additional pulsation of the ca-
pacitor voltage. The pulsation of the capacitor voltage
Uc changes the transformation ratio of the current idc to
mains current iR. For the modulation index the ap-
proximate expression mdc ~uc I udR0 is valid.
On the other hand, a negative value of ku stabilizes the
capacitor voltage but increases the current ripple. We
face the fact that for an optimal suppression of the
voltage pulsation ku should be as large as possible
while it should be small for a constant mains current
amplitude.

With an optimal combination of the two feed back
constants, the mains current could be kept constant.
But, unfortunately, the stability range is strongly limited
according to (10):

(10)

With these constraints an optimal combination of the
two coefficients has to be found for an acceptable
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suppression of the current ripple in the mains and
stability of the system.

Adaptive state controller for improved stability

Simulations have shown that for an optimal operation
of the converter ku has to be adapted to the operating
point: For the nominal operation range the feed back
coefficients are chosen for minimal current ripple as
well as system stability. Outside that range, especially
for uc < 350\/maximum stability is the goal. This is
achieved with an additional feed back coefficients ku1

as depicted in the state controller in Fig. 5.: if the volt-
age drops below 350 V the system is stabilised with an
increased feed back coefficient ku1 in parallel with ku.
This approach results in a very stable behaviour, as
long as the current is not limited.

1 ^

•S3
\ -0.0f)5

17

IT"

0

|k

Fig. 5: State feed back controller for optimal steady
state behaviour

Fig. 6 shows the resulting stability borders for uc and
S2Q in the "Simulink" simulation of the full system. The
capacitor voltage is limited by the peak value of the
mains voltage.

Operation at capacitor voltages below 350 V and limit-
ing it to 650 V causes increased distortion of the
mains current.

For the stabilisation of the average value of the ca-
pacitor voltage uc the system is expanded with an
integrator, acting as an 'outer control loop'. This allows
an exact control of the capacitor voltage, also with
varying system parameters. The 3 Hz pulsation calls
for a good low pass characteristic of this loop. The
feedback coefficient klnt in the extended state control-
ler of Fig. 5 is numerically optimized for fast response
without increasing the mains current ripple nor affect-
ing stability. With this structure mains current and
capacitor voltage can be stabilised in steady state.
This operating point is visualised in Fig. 6. at full load,
i.e. for a sinusoidal magnet current of 950 A in a 3 Hz
steady state. The voltage-current-diagram shows the
variations at the input of the 2Q-inverter, superim-
posed to the stability limits, versus voltage and current
at the input and output of the DC/DC-converter. It can
be seen, that this circuit operates partly in unstable
regions (uc, ho input). It demonstrates the good
damping of the current pulsation by the DC/DC con-
verter, despite of heavily varying capacitor voltages.
For further illustration some of the properties are de-
picted in Fig. 7. The mean value of the capacitor volt-
age is stable at 500 V and the pulsation of the mains

current is limited to less than 20% of its average value
in steady state.

The maximum current limiter of Fig. 5. limits the out-
put current of the DC/DC converter to 350 A for short
circuit operation respectively to 250 A at full output
voltage. These limits are indicated in Fig. 6. The out-
put limits can be transformed for the input with (1). At
last, the controller limits the modulation function mdc to
its physically reasonable range of 0 < mdc < 1.

For the most simple mode of operation the magnet
current amplitude is varied slowly in respect to the
frequency of 3 Hz. In that case the described controller
structure is sufficient.

Even for hard load, without using a feed forward in-
formation, the system is stable for a peak current of up
to 800 A. But, the capacitor voltage drops below 350 V
and the mains current amplitude pulsates heavily for a
few seconds. The transient state lasts for about 5s, as
depicted in Fig. 8. Although, the system is not in-
tended to be used in this way, it is capable of recov-
ering of such operation modes. With the current limiter
set to a higher value, the system recovers also from a
step with nominal load.

Fig. 6: Voltage/current diagram of 2Q - and DC/DC
converter in steady state; solid: voltage/current plots;
a-b-c-d-e: stability limits: above unstable, below stable;
f-g: idcand h-g: iR limit
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Fig. 8: Recovery from a 800 A peak load step without
any load feed forward. Positive peaks in the mains
current are caused by uc < 350V and negative by
uc «65 OF

Controller for optimized transient behaviour

As mentioned before the power supply will be oper-
ated in different modes, i.e. long and short bursts and
steady state. For the most demanding case, the short
bursts, a two stage feed forward for load changes is
introduced. The feed forward signal is 0 at no load and
1 if the load is switched on. This load feed forward
signal must not be a feed back signal for it would in-
fluence the systems stability.

The final resulting controller, with all coefficients and
limits is depicted in Fig. 9.

Fig. 9: Full state controller with all coefficients and
limits

The reference value for uc with the 'load feed forward'
signal being zero is increased to the maximum possi-
ble voltage of approximately 630 V. With a 'load feed
forward', the reference value is reduced to 500 V (fa).
Using a higher capacitor voltage at no load allows a
softer rise of the mains current in case of a load step.
On the other hand the mains current is allowed to fall
slower in case of a load shed.

For the same reason, the direct 'load feed forward'
signal is filtered before being fed to the sum block.

The entire circuit, expanded with load feed forward, is
well capable of handling single pulses and bursts as
shown in Fig. 10. The feed-forward constants are not
yet matched in the simulation. This can be seen in the
slow recovery of the capacitor voltage after the burst.
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Fig. 10: Capacitor voltage, DC-link and rectifier output
current for a burst of two pulses with load feed forward

Recalculated AC feed forward

Instead of using the presented 0/1 feed forward signal,
it is possible to use a more complex precalculated
signal. This signal could also be optimized for an op-
timal transient behaviour of the system. Additionally it
would be possible to reduce the ripple of the mains
current amplitude further for a given load power
waveform. Due to the high costs of an implementation
this option is not considered any further.

MEASUREMENTS

For the present, one DC/ DC converter and one 2Q
inverter exist at the PSI for tests. The other blocks are
currently under manufacturing. Additionally the 2Q
inverter is not yet capable of single pulses. Because of
the size and power ratings of the entire power supply
and the number of bending magnets, the whole sys-
tem will be built up only in the final plant. It is expected
that this will be at the begin of 2000. Therefore, tests
were limited. Nevertheless, the operation was
demonstrated for a resistive load of 0.6 £2 as depicted
in Fig. 11. Due to the fact, that only one 2Q inverter is
available only half the nominal power of one DC/DC
converter was demonstrated. It resulted in an average
power from the mains of slightly more than 50 kW.
The lack of the large inductive component of the load
leads to minor differences in the current waveforms.
But the comparison of Fig. 7 with Fig. 11 shows a very
good correspondence of the simulation with the
measurements. The voltage pulsation in Fig. 11 is
smaller than in Fig. 7 due to the reduced power.
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Fig. 11: Measured properties of the DC/ DC converter:
top: capacitor voltage uc [100V/div]; middle: dc-link
current idc [50A/div]; bottom: mains current ampl. iR
[50 A/div]; time: [100 ms/div]

CONCLUSIONS

The presented control scheme keeps the mean value
of the capacitor voltage under control for all operating
points, as there are: start up, steady state and load
shed. The pulsation of the mains current is much
lower than in existing conventional solutions. However,
the ultimate goal of a constant current flow from the
mains is not achieved, due to the stability require-
ments of the system. The implemented controller
demonstrates a very good dynamic behaviour.
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OVERVIEW AND STATUS OF THE BEAMLINES

R. Abela

An overview of the SLS beamlines and the related infrastructure is given. After an extensive design phase
in close collaboration with the future users four beamlines are now under construction. Their concept and
status are described.

INTRODUCTION

During the year 1999 the detailed technical specifica-
tions of four beamlines including the experimental
infrastructure have been completed.

The designs of the four first beamlines fully exploit the
low emmittance characteristics of the SLS and take
into account the technical possibilities offered by the
long straight sections in the storage ring. Four of the
beamlines are designed as high performance ones
covering well specified experimental requirements.
Their photon sources are three state-of-the art undu-
lators and one high field wiggler. The layout of the fifth
beamline is still open, awaiting detailed optimization in
collaboration with the future users.

OVERVIEW

The location of the proposed beamlines is sketched in
Fig. 1.

t LINACdOOMeV)

C\ / / Booster (2.4 GeV)

Storage Ring (2.4 GeV, 288 m)

Undulators

Fig. 1: Layout of the beamlines under construction
and planned at the SLS.

Two of the beamlines cover the soft X-ray range and
are will focus on complementary experimental tech-
niques: the Surfaces/Interfaces Spectroscopy Beam-
line (SIS) is designed to study the electronic and
atomic structure of surfaces and interfaces using
photons of different polarization. It covers an energy
range from 10 eV to 800 eV The experimental tech-
niques implemented are: high resolution photoemis-
sion spectroscopy, low energy photoelectron diffrac-
tion, angle-resolved ultraviolet photoelectron spectros-
copy, X-ray absorption and X-ray emission spectro-
scopies. In order to provide the high energy resolution
and good harmonic rejection needed for such experi-
ments over this broad range of photon energies, the
optical layout of the beamline is based on a innovative
design combining a normal incidence with a plane
grating monochromator.

The Surfaces/Interfaces Microscopy Beamline (SIM) is
dedicated to photoemission microscopy. It will be used
for studies of magnetic, catalytic or nanostructured
materials with 20 nm resolution. Because of the wide
photo energy range (94-2000 eV) and the switchable
photon helicity (linear and circular) it will provide both
chemical as well as magnetic contrast. The instrument
will be equipped with an energy filter allowing energy
filtered images to be taken and with an electron gun
for low energy electron microscopy.

The Protein Crystallography Beamline (PX) is de-
signed for the study of biological crystals with small
physical dimensions and those with large units cells. It
covers the energy range between 5 and 17.5 keV,
allowing the use of multiple anomalous diffraction
(MAD) or other anomalous diffraction techniques.
Special efforts at PSI are centered on the develop-
ment of a dedicated x-ray pixel detector which will
allow rapid data collection with very low dead-time.
The use of in-vacuum technologies for mini-gap un-
dulators is mandatory to achieve the desired bright-
ness over the entire photon energy. In a first step an
undulator built at SPring8 will be installed.

The Materials Science Beamline (MS) is a high flux
line in the energy range 5 - 40 keV and will serve three
experimental stations: X-ray micro-tomography, pow-
der diffraction and in-situ surface diffraction. In order
to open up new experimental possibilities and to
achieve the rapid throughput needed at the powder
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diffraction station a new micro-strip detector is under
development at PSI. It will consist of 20.000 individual
detector strips covering a wide angular range and
providing high angular resolution.

STATUS OF THE MAIN COMPONENTS

The frontends of the four beamlines are under con-
struction. The first two will be installed in the storage
ring during the summer, the remaining two in the fall of
2000. Contracts for all major optical components of
the four beamlines (mirrors, monochromators, slits,
chambers, cooling) have been awarded following in-
ternational calls for tender.

Two of the four insertion devices are contacted out:
the electromagnetic undulator for the SIS beamline
(UE212) is under construction at the Budker Institute
in Novosibirsk, and the wiggler for the MS beamline
(W61) will be manufactured by Danfysik. They will be
delivered to PSI in January and February 2001.

The in-vacuum undulator for the PX beamline is con-
structed in collaboration between Spring8 and PSI. As
part of this collaboration Spring8 will provide an in-
vacuum undulator (U24) for the commissioning phase.
This device is optimized for relatively larger gaps. It
will be replaced by a dedicated device (U17) optimized
for even smaller gaps after the storage ring has
achieved a routine low emittance performance.

For the SIM beamline a twin elliptical undulator (UE56)
is being constructed in collaboration with BESSY. The
photoemission-electron microscope for this beamline
has been ordered and will be delivered in February
2001.

FUTURE BEAMLINES

Definition and specification of future beamlines have
continued. Two special workshops have been dedi-

cated to new opportunities for a Micro/ Nanostructur-
ing beamline. A decision on the construction will be
taken in the spring of 2000.

Conceptual design studies for an X-ray absorption
spectroscopy beamline and an infrared beamline both
located at bending magnets are under way.

USERS RELATIONS

The close contacts with academic institutions and
industry have been continued. Meetings with the fol-
lowing topics were organized:

« Information Day on In-situ Surface Diffraction

• 1st and 2nd SIM User Meeting

• 2nd and 3rd SIS User Meeting

• Workshop on a possible Micro/ Nanostructuring
Beamline

« 2nd International SLS Workshop on Synchrotron
Radiation in Brunnen

CONCLUSIONS

The four first beamlines at the SLS have left their de-
sign stage and are now being realized. All major com-
ponents have been ordered or are being fabricated in
house. First components are expected to arrive in the
spring of the year 2000. A detailed schedule for test-
ing, installation and commissioning of these compo-
nents has been worked out. Although the time sched-
ule is extremely tight and the resources are limited it is
still planned to provide first photons on a sample at the
SLS on August 1st, 2001.

NEXT PAGE(S)
left BLANK
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SLS FRONT ENDS FOR INSERTION DEVICE BEAMLINES

Q. Chen, ft Abeia, H. Auderset, B. Frauenfelder, M. Janousch, H. Kalt,
B. Patterson, M. Shi, D, Vermeulen (PSI)

The conceptual designs of SLS Front Ends (FEs) for the insertion device (ID) beamlines have been com-
pleted. Four FEs, for sections 4S, 6S, 9L and 11M, are under construction and will soon be delivered to
PSI. The critical FE component, the head of photon shutter, has been designed and tested.

INTRODUCTION

The FE is an interface section between the storage
ring and the beamline. It consists of a set of Ultra High
Vacuum (UHV) components mounted on frames, with
associated control cables and fluid supply.

The main functions of the FE are: vacuum protection
for the storage ring and vacuum measurement, radia-
tion absorption when the beamline is closed, beam
definition, and the beam position monitoring [1]. Some
insertion devices, i.e. the mini-gap wiggler and the
mini-gap undulator, produce synchrotron radiation with
high total power and high peak power density [2]. The
mechanical design, the thermal and structural
analysis, and the tests for the photon shutter of the
Material Science Beamline 4S [3] which produces the
highest power load (8 KW, 9.7 kW/mrad2) of all the
SLS beamlines, will be described here.

SLS FRONT END GENERAL LAYOUT

The general layout of the 4S FE is shown in Fig. 1.
The main components are: diaphragm, photon shutter,
stopper, slits, filters, and beryllium windows.

to ]D source - 15800

valve and a reservoir, which allow temporary operation
of the component in case of pressure failure. The
water cooling circuits supply demineralized water to
the water cooled components. A water flow meter
combined with a flow switch is included in each
branch.

The safety interlock system protects FE components
from over-heating and malfunction. The control sys-
tem defines the FE operating sequence and it con-
nects with the machine control system and the vac-
uum and safety interlock systems [6].

COMPONENT DESCRIPTION

The diaphragm is a fixed, water cooled mask which
receives almost half of the total power of 8 kW. The
water cooling channels are situated outside of the
vacuum environment. The tapered rectangular open-
ing inside the diaphragm block has the dimensions at
the narrowest point of 24.4 mm horizontal by 2.24 mm
vertical. The angle of the wall with respect to the
center line of the cone is 2° for the upper and lower
walls.

Meniputot

aier pipe connectors

Thernocouple Dcmp

Flange CF63

•Thermocouples

•Heod box

'Dter channels

Fig. 1: SLS 4S front end layout.

The vacuum components, vacuum gauges, ion pumps
and gate valves, create the UHV environment for the
FE. The fast valve and fast valve sensors represent a
vacuum interlock system. The fast valve will be closed
in 10 ms when the trigger pressure is reached. The
photon shutter, gate valve and stopper will be
subsequently closed to protect the vacuum of the
storage ring and to close the FE.

The pneumatic circuit consists of an air-treatment unit
and branch circuits for each of the pneumatically-ac-
tuated components. There are three pressure
switches: on the main circuit, the shutter circuit and
the stopper circuit. In each circuit, there is a non-return

Fig, 2: Shutter assembly and 3-D shutter head.

The photon shutter consists of a vacuum chamber, a
pneumatic manipulator, and a water cooled head, as
shown in Fig. 2. It absorbs the remainder of the power
when the beamline is shut down. The same water
cooling channel system is used in the shutter head as
the one for the diaphragm. The head can move to the
closed position within 2-3 seconds.

The stopper consists of a vacuum chamber, a pneu-
matic manipulator, and a tungsten block of 200 mm
length. It absorbs the Bremsstrahlung radiation, and
should never be hit by the synchrotron radiation beam.
It must close within 2-3 seconds after photon shutter is
closed.
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The slits consist of two pairs of water cooled blades,
driven by motorized manipulators in the horizontal and
vertical. They are used to define the beam size.

The filter is a fixed, water cooled frame with special
absorber foils. It will cut off the beam in the low energy
range. The beryllium window is used to separate the
UHV of the FE from the HV of the beamline. It too will
cut off the beam in the low energy range, and
therefore it is also water cooled.

The FE components are standardized and modular-
ized. This results in reduced design effort, ease of
manufacturing, improved quality control, ease of in-
stallation, and reliability in maintenance and operation.

HEAD LOAD ANALYSIS AND TEST

The photon shutter is the most critical component of
the FE. A finite-element analysis of the thermal and
structural characteristics were performed using the
ANSYS 5.5 code [5]. The absorbed power density
defined in [2] was used. The obtained temperature
distribution is shown in Fig. 3.

pared in Fig. 4 with the temperature obtained from the
test.

r
• 2 "

Fig. 3: Calculated temperature profile, in degree C, in
one quarter of the shutter head. The distance from the
absorption surface to the water channels is 6 mm.

Test experiments on a prototype of the shutter head
have been carried out, using an electron beam to
simulate the photon source. The test set-up and the
characteristics of PSI electron beam welding machine
were described in [4]. The maximum power of the PSI
electron beam welding machine is 7.2 kW. The spot of
the electron beam was focused to a diameter of ap-
proximately 10 mm, and the head was scanned in the
water channel direction over a range of ±30 mm with a
frequency of 1 kHz. The measured and normalised
absorbed power density distribution has been used as
input to the thermal analyses. The results are com-

Temperature vs. absorbed tolal power

3 4 5
Absorbed tolla power [kW]

Fig. 4: Temperature vs. absorbed power for the shut-
ter head. Solid lines and stars are the values obtained
from the test experiments, while the dashed lines and
circles are from the calculation. The thermocouple
positions are described in [4].

The finite-element analysis and the test experiment on
the designed shutter indicate, that for the Materials
Science Beamline 4S, the shutter will operate safely
under the given conditions, with temperatures below
200°C. The thermally induced equivalent strain will be
less than 0.2 %, which implies that the shutter can
safely make 104 cycles. Since 4S is the most powerful
beamline with respect to thermal load on the shutter
head, the designed shutter can be used as well for the
other FEs at the SLS.
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INSERTION DEVICES FOR SLS

G. Ingold, T. Schmidt (PSI)

The main features of the insertion devices (IDs) for phase I of the SLS project are summerized and pro-
gress during the last year is reported.

OVERVIEW

At the end of phase I of the SLS project
(August 2001) five unduiators and one wiggler will be
installed in four straight sections of the SLS storage
ring. Altogether there are two long (10.6 m), four
medium (6.2 m) and three short (3.2 m) straight
sections available for ID installation. The energy
range 10 eV to 40 keV will be covered by the four ID
beamlines under construction: the SIS-beamline
(Surface/Interface Spectroscopy), the SIM-beamline
(Surface/Interface: Microscopy), the PX-beamline
(Protein Crystallography) and the MS-beamline
(Materials Science).

Insertion Devices dedicated to Experiments:

jrface - Speclroscopy; UE212 2 elliptical Unduiators in series with 1 mm i
parallel offset of electron beam and opposite helicity |

10 oV Unduiators 1 &2
\

Surface - Microscopy: UE56 § Electrons
Light sources

700 eV | o r 2 phase matched Unduiators with the same field

Protein - Crystallography: U24/U17
Steering Magnets

In-Vacuum Undulator
2m long, 11th Harmonic, 4mm Gap

cooled flex ble taper

"ZL.
ri\ — — — * ~ . - • - • • -~~~~~~C

Magne

Materials Science: W61

UHVCha

Minigap Wiggler,
2T. 8kW Ligh!

Fig. 1: The mode of operation is sketched for the IDs
planned in phase I of the SLS project.

Both, the SIS (10-800 eV) and the SIM beamline
(94 eV - 2.0 keV) use elliptical twin-undulators to
produce two parallel displaced photon beams with
opposite linear or circular polarization. The same
'footprint' of the optics in the beamline is used while
transporting the opposite polarized beams onto the
sample. A chopper at an intermediate focus will allow
to switch the helicity at a rate of 0.1-1 kHz. A 7-ma-
gnet chicane system which is identical for both the
SIS and SIM beamline will be used to operate the
twin-undulators either in the opposite heliciy mode or
in the single undulator (single helicity) mode. The SIS
UE212 twin-undulators (period length 212 mm) to be

installed in a long straight section are DC
electromagnetic devices. By a proper adjustment of
the coil currents the unduiators can be operated in
the linear or circular polarization mode as well as in
the periodic or quasi-periodic mode to suppress hig-
her harmonic radiation in the energy range 10-30 eV.
The SIM UE56 twin-undulators (period length 56 mm)
to be installed in a medium long straight section are
planar elliptical, pure permanent magnet (ppm)
devices of the Sasaki/APPLE II type. With elliptically
polarized radiation up to the 1th harmonic the degree
of circular polarisation is more than 0.8 for most of
the energy range.

For the two hard X-ray beamlines a hybrid in-vacuum
undulator will be installed for the PX beamline (5-
18keV) and a minigap hybrid wiggler for the MS
beamline (5-40 keV). In both cases the IDs will be
installed in a short straight section. In a first step an
already existing U24 (period length 24 mm) in-
vacuum hybrid undulator delivered by SPring-8 will be
installed. In a second step this device will be replaced
by a new to be built U17 (period length 17 mm) in-va-

type

period (mm)

per. No.

gap (mm)

Bmax (T)

energy (eV)

status

installation

UE212

elm

212

2x21

18/13

0.5/0.1

10-800

constr

6'2001

UE56

ppm

56

2x32

16/11

0.8/0.6

94-2k

constr

6'2001

U24

hybrid

24

60

8/8

0.67

5k-18k

modifi

3'2001

U17

hybrid

17

117

4/4

1.0

5k-18k

design

4'2002

W61

hybrid

61

30

7.5/5

2.0

5k-40k

constr

4'2001

Table 1: Relevant parameters for the IDs in phase I
have been summarized. Both the magnetic and the
vacuum apertures are given as gaps. The magnetic
fields for the elliptical polarized devices are the verti-
cal and horizontal fields respectively. The status of
the IDs for phase I at the turn of the year 1999/2000
is as follows: IDs UE212, UE56 and W61 are under
construction, ID U24 exists and will be modified in a
SPring8/SLS collaboration whereas ID U17 is in the
design stage.
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cuum hybrid undulator. Compared to the U24 the new
U17 undulator operating on the 9th and '\Mh
harmonic in the gap range 4-6 mm will provide pho-
tons with more than one order of magnitude higher
brilliance at energies of 12-18 keV. The W61 hybrid
wiggler (period length 61 mm) for the MS beamline is
designed for maximum horizontal flux density up to
40 keV with a total radiated power not exceeding
8 kW. This device will ultimately be operated at a
magnetic gap of 7.5 mm by using a small gap (5 mm
beam stay clear aperture) fixed vacuum chamber.

For the insertion devices of phase 1 the mode of
operation has been summarized in Fig. 1 and the
relevant parameters are given in Table 1.

Details of the quasiperodic harmonic reduction, the
fast switching of the circular polarization states and
the expected brilliance for 5 to 18 keV X-rays at the
medium energy storage ring SLS have been given in
the annual report 1998.

ID FOR SIM AND SIS BEAMLINES

T. Schmidt, G. Ingold, A. Imhof, G. Heidenreich,
A. Keller, L Patthey, L Pochmann, C. Quitmann,

L Schulz and R. Abela

The undulators for surface science experiments will
provide high flexibility in their polarization states. Both
beamlines are very similar in their layout and
functionability: two undulators in series and a chicane
system of seven steerer magnets as shown in Fig. 2
for the SIM beamline will be operated with the two
undulators having the same or opposite helicity. The
steerers create the parallel displacement of the
electrons in the undulators as well as the phase
matching between them. The electron trajectory has
to be controlled with beam position monitors (BPM)
up- and downstream of each undulator. These BPMs
will be read out by an analog electronic (Bergoz)
which is connected both to the interlock system and
to the control system.

i

i;.

i '•'"'

if •'

Fig.2: Layout of the 6.2 m long medium straight section 11M for the SIM beamline: Two UE56 permanent undu-
lators, the 7 steerer magnets of the chicane system and the ID vacuum chamber with end boxes and its supports
are shown.
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UE212 Undulator

The SIS beamline uses electromagnetic elliptical
undulators with 21 periods of 212 mm length each
(UE212). Their magnetic design is taken from the
ELETTRA EEW which has been built two years ago
with the option to switch the circular helicity with
frequencies up to 100 Hz. Although the UE212 shall
be operated in DC mode to minimize electron beam
distortions during helicity switching, for construction
laminations may have been used. During the call for
tender the Budker institute of nuclear physics (BINP,
Novosibirsk) proposed an engineering design based
on solid magnet iron. The vertical poles together with
the back yoke which also serves as the I-beam to
minimize sag will be machined in one piece over the
whole length of 4.4 m. The horizontal poles will be
machined separately and mounted onto the long
structure. The gap tolerance between the upper and
the lower half of 30 u.m shall be achieved during the
final machining where the two rows are mounted face
to face on the same grinding machine. Therefore a
reduced gap machining error is expected when the
tools position is moved along the longitudinal travel.
In addition, every pole will have a correction coil with
several leads to be used as a kind of "digital
corrector" with only a few power supplies, if needed.
A redesign of the coil windings allows to use the new
power supplies developed for the SLS booster and
storage ring magnets.

The quasiperiodic scheme will require only two inde-
pendent current circuits for the vertical field and a
modified interconnection of the coils. The current
design has zero offset of the trajectory. Windings not
used in the coils for the entrance poles and the chi-
cane steerers will be used to match the undulator to
be transparent to the storage ring and to correct
certain multipole errors like a skew quadrupole.

To achieve the required integrated pressure in the
long straight section, a special stainless steel ID-
vacuum chamber with antechamber for NEG pumps
providing enhanced pumping efficiency is under de-
velopment which fits the geometry of the undulator.

UE56 Undulator

For the SIM beamline, the permanent magnet undu-
lators UE56 will be built in collaboration with BESSY.
For SLS the BESSY UE56 undulator design will be
modified such that no reengineering of the basic
design is necessary. BESSY also uses twin undula-
tors but uses a chicane system with tilted beams
instead of a horizontal displacement. The BESSY
chicane system and the two undulators are mounted
on a single base while the SLS UE56 are two inde-
pendent devices as shown in Fig. 2.

The period length is kept but the remanent magnetic
field is increased from 1.05 T to 1.24 T to reach an
energy of 95 eV. An elliptical undulator has in addition
to the vertical gap drive system a longitudinal one and
the magnets see both vertical and horizontal forces
resulting in a torque which causes problems as the
electron beam is located just above a 1 mm

horizontal gap between the two magnets rows on
each backing beam. BESSY has solved these stabil-
ity problems which are more severe for the SLS
because of the higher remanent field. A shift of the
longitudinal rows changes the horizontal and the
vertical field. Therefore the gap should be measured
directly with linear encoders and the best solution is
to change gap settings by using servo motors oper-
ated in cloosed loop. The control system for these
undulators shall follow the SLS design while the
BESSY control system is considered as backup
solution.

For the ID vacuum chamber BESSY has modified the
APS ID chamber family to be compatible with the
horizontal dimensions of the UE56 magnets ( magnet
block size: 40x40 mm2 ). The matching to the SLS
storage ring vacuum chambers will follow the sce-
nario developed for the W61 vacuum chamber in-
cluding NEG pumping.

To achieve the required field quality and to minimize
multipole errors, the inhomogeneities of each magnet
will be measured with an integral moving wire method
and will be taken into account in a simulated
annealing sorting algorithm.

To produce circular light, two diagonal magnet arrays
are moved into the same direction. A movement in
opposite directions would result in linear polarized
light with any polarization angle. This new feature
causes longitudinal forces between the upper and
lower beam which has to be considered in the design
of the support structure and of the keepers fixing the
magnets. FEM calculations for these modifications
are currently under way.

ID FOR PX AND MS BEAMLINES

G. Ingold, W. Bulgheroni, M. Dehler, A. Imhof,
A. Keller, T. Korhonen, D. Kuster, B. Patterson,

L Pochmann, T. Schmidt, L Schulz, C. Schulze and
R. Abela.

U24 Undulator

Within a SPring-8/SLS collaboration an existing 1.5 m
segment of the SPring-8 hybrid-type in-vaccum
undulator will be installed at the PX beamline after the
commissioning of the SLS storage ring. Operating at
gaps of 6-10 mm this device is optimal for beamline
commissioning and first experiments using high
brilliant photons up to 12keV. SPring-8 currently
replaces the old magnetic arrays and will deliver the
device including flexible cooled taper transitions in
October 2000. SLS is responsible for the installation
and operation of the undulator at the SLS storage
ring. For alignment it is planned to install the U24
undulator on movable supports which have been
developed for an active 5-axis alignment of the SLS
storage ring girders.The installation is scheduled for
March 2001.
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U17 Unclulator

A specification for the U17 undulator is currently
under preparation. The installation is scheduled for
March 2002 to replace the U24 undulator at the PX
beamline. An effective field of 0.92 T (gap 4 mm) on
axis can be achieved if Sm2Co17 magnets instead of
NdFeB magnets have to be used because of possible
radiation damage. For a gap parallelism below 5 jim
needed for higher harmonic operation the ID drive
system will be operated with four linear encoders
reading the magnetic gap on either side of the beam
axis. Two motors are used for gap control within
±2 \im. Flexible cooled taper transitions will be
installed and as for the U24 undulator movable sup-
ports are planned for the alignment of the device
using the electron beam as the reference.

U17 in-vacuum undulator
Support and drive system

C-frame
support motor 1 + 2

linear encoder

vacuum chamber

upper magnet array

tower magnet array

vacuum feedthrough

elevator base stage

mover unit

Fig. 3: Conceptual design of the support and drive
system for the U17 in-vacuum undulator.

W61 Wiggler

The call for tender has been closed in Novem-
ber 1999 and the placement of a contract agreed in
January 2000. The magnetic, the mechanical and the
electrical design of the wiggler will be the responsibi-
lity of the manufacturer. The electrical part of the ID

drive system and its control including the relevant
hard- and software will be the responsibility of SLS.
The contractor is required to make a full engineering
design of the completed assembly of the wiggler, the
manufacture of the completed assembly of the
wiggler, its magnetic measurement, its testing and
delivery to SLS.

The first and second field integrals have been speci-
fied to be within ±100G-cm and ±10000 G-cm2

respectively for both the vertical and horizontal ma-
gnetic field component in a 'good field region' of
x=±20 mm. The tolerance for the integrated higher
order multipoles has been specified as 50 G,
60 G/cm and 100G/cm2 for the normal and skew
quadrupole, sextupole and octupole respectively.

The layout of the vacuum chamber assembly has
been finished. The vacuum chambers for the wiggler
W61 (as well as the undulator UE56) are made from
aluminum with an elliptical beam chamber and a
pumping antechamber. Rigid supports bolded to the
floor are used to enable precision alignment of the
chambers within ±0.1 mm (see Fig. 2). Two cham-
bers with a beam stay clear aperture of 12 mm and
5 mm will successively be installed to lower the ma-
gnetic gap in two steps from 14.5 mm to 7.5 mm. The
chambers will be designed, fabricated and vacuum
tested by APS. The fixed taper transitions
(watercooled) have a length of 378 mm to keep the
impedance below 1 mQ for the short SLS bunch
length (4.4 mm) as determined by MAFIA calculati-
ons.

ID TESTSTAND

A 2-axis test drive system is under construction at
SLS. The exponentially changing forces with gap are
simulated by two springs built as stacks of belleville
washers. The purpose of the test drive stand is to
develop an ID drive and control system which is fle-
xible enough to meet the different needs for ID ope-
ration with an unified approach. Both the stepping
motor and servo-motor option operated in open or
closed loop will be developed using linear encoders
(Heidenhain) for a direct gap measurement for each
axis. The VME based motor controller board will be
interfaced to the control system via EPICS. The re-
producibility of the gap as well as the difference bet-
ween two gaps during gap drive and at rest shall be
below ±2 jim. The SIM polarized twin-undulators are
optimally controlled via 2 x 4 axis operated with
position and velocity feedback.
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THE SURFACE/INTERFACE: MICROSCOPY BEAMLINE

C. Quitmann, T. Schmidt, U. Flechsig, Q. Chen, M. Botkine, L. Patthey, R. Abela (PSI)

The Surface/Interface: Microscopy (SIM) beamline is currently under construction at the SLS. It is a
beamline dedicated to photo emission electron microscopy (PEEM) for surface- and materials science. In
this contribution we describe the progress which has been made during the past year. A user group was
established and the beamline concept as well as the design of the major components was discussed
during two meetings. This lead to an optimization of the design, which is now completed. The main
components have been ordered or are being built and a detailed plan for the installation and
commissioning has been setup.

INTRODUCTION

The Surface/interface: Microscopy (SIM) beamline is a
soft X-ray beamline for photoelectron microscopy un-
der construction at the SLS. It will allow the inves-
tigation of magnetic, catalytic, and nanostructured
samples with very high spatial resolution (20 nm) and
chemical as well as magnetic contrast [1],
It will use a pair of elliptical undulators [2], a plane
grating monochromator [3], refocusing optics and pro-
vide a complete experimental endstation.

USER GROUP

In order to optimize the design, a user group was es-
tablished. The beamline concept and the design of the
major components were discussed with the users
during two meetings.
The first meeting concentrated on the conceptual de-
sign, the insertion device, and the optics. The proposal
to use a photoemission electron-microscope at the
endstation and to use elliptical undulators together
with a plane-grating monochromator was approved by
the users. The key parameters of the beamline are
given in Table 1. Following the suggestion of the users
the energy resolution of the monochromator was
improved to AE/E > 8000 which also allows high
resolution spectroscopic work. The beamline will
provide rapid helicity switching [4] for experiments
using X-ray circular dichroism.

Energy range

Undulator flux

Flux on sample

Focal spot on sample
vertical x horizontal

Polarization

Photon energy resolution

94 - 2000 eV

<1015ph./sec/400mA

< 1013ph./sec/400mA

110x170u,m2

(30 x 30 |im2)

circular left & right
linear horizontal - vertical

AE/E > 8000

Table 1: Key parameters of the SIM beamline.

The second meeting focused on the endstation and
the formation of an official users group. In addition to
the PEEM, the endstation will offer tools for sample
preparation and characterization. The sample holder
design will allow the various sample holders designed
at the home laboratories to be used in the PEEM. In
order to widen the flexibility of the endstation it was

decided to choose a microscope which also allows
illumination of the sample with electrons thus enabling
low energy electron microscopy (LEEM).

The users formed a SIM users group with
Dr. Jorg Wambach (PSI) as the speaker and were ac-
knowledged by the SLS project management.

DESIGN MODIFCATIONS AND STRATEGY

The following major design modifications and strategic
decisions were taken after consultation with the users:

• The energy range was extended down to the Si-2p
core level (EB = 99 eV) and the undulator design
was chosen accordingly.

• The photon energy resolution was upgraded to
AE/E > 8000 to allow high resolution spectroscopy.

• It was decided not to use a rotating platform for the
endstation, but to have two experiments in a row
(see Fig. 1) This results in much lower mechanical
vibrations which would otherwise limit the spatial
resolution.

• It was decided to start with a conservative refo-
cusing optics and to upgrade this later using bend-
able plane elliptical mirrors which will allow the
smallest possible spot size (30 x 30 |im2).

• It was decided to purchase the best microscope
available in order to be competitive with similar in-
stallations at other synchrotrons. This may com-
promise the amount and quality of the additional
surface science tools available.

ENDSTATION LAYOUT

The endstation will be equipped with a commercial
microscope (Elmitec, LEEM III) with a spectroscopic
energy filter. It will allow PEEM as well as LEEM and is
shown in Fig. 1.

Samples can be loaded into the preparation chamber,
where they are cleaned and investigated with standard
surface science tools. They can then be transferred
into the microscope where they can be cooled or
heated. The manipulator can be retracted to allow the
synchrotron light to pass through the microscope
chamber onto a sample in a second generic
endstation, which can be brought by the users.
The main parameters of the endstation are given in
Table 2.
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Fig. 1: Drawing showing the SIM endstation with the
preceding refocusing optics, and the generic endsta-
tion behind it.

Spatial resolution

Energy resolution

Kinetic energy

Field of view

Illumination

Sample
temperature

Possible
techniques

> 15 nm

> 0.5 eV

0 - 2000 eV

2 - 180 u.m

Photons or electrons

150-1800 K

PEEM, XPS, M-XPS, XPD,
LEED, LEEM, ...

STATUS OF THE COMPONENTS

All major components have been ordered. They are
either ordered from commercial companies after a
public call for tender or they are built in collaboration
with other laboratories. Details are given in Table 3.

Front end

Insertion
device

Optics

Endstation

Media

Hutches

Radiation
safety

Manufacturer: CINEL
Delivery: June 2000
Installation: October 2000

Collaboration with BESSY
Completed : January 2001
Installation: May 2001

Manufacturer: ZEISS
Delivery: Jan 2001
Installation: March 2001

Manufacturer: ELMITEC
Delivery: January 2001
Installation: July 2001

Preliminary layout complete

Layout complete
Installation: June 2000

Under investigation,
Design complete by March 2000

Table 3: Status of the main components for the SIM
beamiine.

CONCLUSION

The SIM beamiine will offer a complete experimental
setup allowing users to perform photoelectron
microscopy experiments using soft X-rays with high
brightness, high energy resolution, and variable
polarization. It will also provide the infrastructure
necessary to prepare standard samples and
characterize them.

The beamiine is scheduled to provide the first photons
by August 2001. After commissioning and optimization
the beamiine should be available for regular users
operation in early 2002. Upgrades for the refocusing
optics and the experimental infrastructure are planned
and will be installed as soon as possible.

PSI Scientific Report
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Table 2: Key parameters of the SIM microscopy end-
station.
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SURFACE AND INTERFACE: SPECTROSCOPY BEAMLINE

L. Patthey, T. Schmidt, U. Flechsig, C. Quitmann, M. Shi, R. Betemps, M. Botkine, R. Abela (PSI)

We describe the Surface and Interface: Spectroscopy SIS beamline under construction for the first set of
beamlines for the SLS. This beamline is mainly dedicated to fundamental research activities in surface
science. The electronic and atomic structure of surfaces, their catalytic activity and their magnetic proper-
ties will be investigated using high resolution photoemission, angle-resolved ultra-violet photoelectron
spectroscopy (ARUPS), photoelectron diffraction, X-ray absorption- and X-ray emission-spectroscopy. The
SIS beamline is optimized for high energy resolution in the spectral range from 10 to 800 eV.

INTRODUCTION

The SIS beamline provides a state-of-the-art experi-
mental set-up to study the electronic and atomic
structure of surfaces using UV and soft X-ray photons
with various polarization (linear and circular). The SIS
end station will be a fixed and dedicated experiment
supporting:

High resoiution photoemission

Angle-resolved ultra-violet photoelectron spectros-
copy (ARUPS)

Photoelectron diffraction

Fermi surface mapping

X-ray absorption spectroscopy

X-ray emission spectroscopy

In addition, the SIS beamline will provide photons to a
second end station. This will allow users to bring their
own experimental set-up to the SLS and to perform
specific measurement making use of the high photon
beam quality.

General parameters of the beamline are given below:

Spectral range

Flux on the probe

(photons/s/400nW0.1%BW)

Photon energy resolution
AE/E

Harmonic contamination

Spot size on the sample
@ 200 eV (FHWM):

10-800eV

<2 1013

>1 104

<1 %

50 x 100u.m2

The photon source of this beamline is the twin elec-
tromagnet undulator U212 [1], A reversible quasi-peri-
odic scheme is used in this undulator to reduce the
contamination by higher harmonics at low photon en-
ergy. In addition, the U212 provides circular and linear
polarisation. The switching of polarisation is done
optically using the parallel beam displacement scheme
[2]. The aim is to achieve a switching rate of 1 Khz.
To fulfill the need of high energy resolution and rea-
sonable harmonic rejection over the entire energy
range, the optical concept for the beamline is based
on a novel design combining a normal incidence (NIM)

with a grazing incidence (PGM) monochromator in a
single device [3]. In addition, the monochromator is
used with collimated light which allows to operate the
beamline in different modes (high transmission, high
resolution, and high harmonic rejection) without dis-
turbing the focus of the optics or moving the exit slit.

Fig. 1: Side and top view of the SIS beamline. From
the left to the right, we can see the front end, the
shielding wall, the optics and the end station.

EXPERIMENTAL STATION

The SIS end station consists of an analyzer chamber
(at 1400 mm from the SLS floor), a preparation cham-
ber and a distribution chamber (at 1750 mm). Figures
2 and 3 show top and side views of the SIS
end station respectively.

The analyzer chamber (AC1) is equipped with different
detectors and sources such as a hemispherical
Photoelectron Spectrometer (PS), an X-ray Emission
spectrometer (XE), an X-ray Absorption Spectrometer
(not shown), an X-ray source (not shown) and a UV-
lamp (not shown).
The preparation chamber (PC1) is mounted directly on
top of the analyzer chamber. A long axis manipulator
(MA), mounted vertically on top of the preparation
chamber, is used to transfer the sample from this
chamber to the analyser chamber. The same ma-
nipulator is used to perform the measurement in the
analyser chamber. This manipulator is equipped with a
He cryostat which allows measurement from 16 to
850 K [4,5]. This cryostat supports two full rotations of
the sample for angular resolved measurements and
UHV sample transfer. The preparation chamber is
equipped with standard surface science tools (LEED,
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ion-gun, gas inlet,...) for the sample preparation. The
distribution chamber provides a flexible environment
for sample preparation and future extension. It allows
to transfer the sample between a load lock, a sample
park, the SIS end station, and the user's end station
(ES2). It also allows to attach other chambers (PC2)
for specific sample preparation or sample characteri-
zation (high pressure cell, STM,...).

end station or the user's end station into the photon
beam. The auxiliary modules of the platform are used
to transport the user end station from its storage place
to the beamline in one block (including electronics and
power supplies).

Sample preparation is more and more becoming the
critical issue in surface science. The preparation pro-
cedures are becoming more complicated, more diffi-
cult and more time consuming. They often require
large and specific equipment which is difficult to bring
to the beamline for a few days of beamtime. As for the
user's end station, the auxiliary modules of the rotating
platform allow large and delicate sample preparation
equipment to be brought to the beamline in one block.

The user's end station and the large equipment for
sample preparation can be attached to the beamline in
a fast "pug and play" fashion and the dead-time
usually used to install such equipment at the beamline
is minimized. Therefore, this module concept provides
a flexible and efficient use of the beamtime.
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Fig. 2: Top view of the SIS end station.

A-A

Fig. 3: Side view of the SIS end station.
The end station is sitting on a modular rotating plat-
form. This platform is used for bringing either the SIS
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PLANE GRATING MONOGHROMATORS FOR SLS SOFT X-RAY BEAMLINES

U. Flechsig, L Patthey, C. Quitmann (PSI)

The optical concept for the soft X- ray beamlines at SLS is described. It is based on plane grating mono-
chromators operating with vertically collimated light. This principle maintains the focusing condition for all
photon energies whereas the total included angle at the grating is a free parameter to comply with the
different needs for high energy resolution or higher harmonic rejection. Two undulator beamlines with
similar optical layout will be installed until 2001. The performance calculations presented here concentrate
on the low energy beamline.

INTRODUCTION

Two undulator beamlines in the soft X-ray range will
be installed at SLS until 2001. The Surfaces and In-
terfaces Spectroscopy (SIS) beamline [1] covers the
photon energy range from 10 eV up to 800 eV. High
energy resolution and high harmonic rejection are the
main design parameters. The Surfaces and Interfaces
Microscopy beamline [2] covers the photon energy
range from 95 eV up to 2000 eV and is optimized for a
photoemission electron microscope (PEEM), which
requires high flux density (small spot size). The
beamline has to be flexible to also comply with the
needs for general applications.

Both beamlines adopt the principle of a parallel dis-
placed beam in a double undulator [3] and a chopper
at an intermediate horizontal focus in front of the exit
slit to allow for circular dichroism experiments.

DESCRIPTION OF THE OPTICAL SYSTEM

The optical layout of the SIS beamline is shown in
Fig. 1. It is based on a SX-700 type plane grating
monochromator without entrance slit.

Optical Layout of the SIS Beamline

a

[ side view PGM mode

side view NlPd mode

Fig. 1: Optical layout of the SIS beamline. The picture
shows the top view, the side view in grazing incidence
mode (20 eV- 800 eV), and side view in normal inci-
dence (NIM) mode (10 eV- 40 eV).

The plane gratings are operated in collimated light,
produced by a toroidal mirror just outside the shielding

wall. In such a scheme, the total included angle at the
grating and the off value [5] respectively is a free
parameter allowing different modes of operation.

After the plane mirror and plane grating, a horizontally
deflecting toroidal mirror focuses the light on the
chopper (horizontal) and exit slit (vertical). The third
toroidal mirror is used for refocusing the intermediate
focal points to the sample position.

The monochromators will be equipped with two or
three gratings interchangeable under UHV conditions.
The total included angle at the grating is changed by
translating and rotating the plane mirror in such a way
that the central ray exactly hits the rotation axis of the
grating.

Normal incidence Mode (SIS only)

At the SIS beamline, the plane mirror can be retracted
and the incoming beam will be reflected by a small
mirror installed at a fixed angle (see fig. 1). This mirror
and a small grating mounted at a predefined angle in a
grating slot realizes a normal incidence path. This is a
new design and an elegant way to combine a grazing
incidence and normal incidence monochromator in a
single device. This solution has to be chosen due to
the fact that neither a usual NIM or a usual PGM alone
can provide the requested high energy resolution
together with reasonable harmonic rejection in the
large energy range from 10 eV to 800 eV.

EXPECTED PERFORMANCE

Fig. 2 to 4 show performance calculations for the SIS
beamline. Fig. 3 shows the energy- dependent refo-
cused spot size in horizontal and vertical direction for
the different gratings. One can see the obvious in-
crease of the spot size to lower energies due to the
diffraction- limited source size. On the other hand, the
spot size in the vertical direction is almost identical to
the width of the exit slit (1 to 1 imaging). In the cal-
culation, the slit width is matched for optimum energy
resolution.

The resolving power depends on energy and the cff
value. Fig. 2 shows a typical behaviour. For high
resolution mode, high cff values have to be used
whereas for higher order rejection low cff values are
appropriate. A resolving power exceeding 10000 can
be reached over the entire energy range.
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SIS beamline spotsize

mal incidence reflections at the plane mirror and the
grating and gives an upper limit of the NIM mode.

E (eV)

Fig. 2: Spot size at the sample for different gratings.
Note: in practical operation the vertical spot size is
determined by the width of the exit slit (see text).

40000 -

30000 -

800
1.S

Fig. 3: Resolving power E/AE as function of photon
energy and cff value (1200 line/mm grating).

Along with photon flux, spot size (flux density) and
energy resolution, the higher order contamination is a
major design parameter of a beamline. It becomes
critical at low energies where the undulator has to be
operated at high k parameters and produces more flux
in higher harmonics than in the fundamental. To solve
this problem, we have to apply an combined solution
with a quasi- periodic [4] operation of the undulator,
normal incidence reflections below 30 eV and laminar
gratings with optimized profile operated at variable cff
value.
Fig. 4 shows the photon flux and the higher order
contamination in the low energy range. With the nor-
mal incidence optics the higher order contamination
can be reduced below 2% above 10 eV even without
quasi periodic operation of the undulator. The figure
also shows the dramatic drop in transmittance above
30 eV. This is due to the loss in reflectivity of the nor-

NIM mode, beamline flux

Fig. 4: Photon flux and higher order contamination in
normal incidence mode (NIM) mode.

CONCLUSION

The first two plane grating monochromator beamlines
in the soft X-ray range will provide very high perform-
ance together with high flexibility. A combination of
proven designs and new solutions will be applied to
cope with the special requirements at SLS and built
state of the art beamlines with high reliability.
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THE MATERIALS SCIENCE BEAMLINE

B. D. Patterson, H. Auderset, F. Fauth, M. Lange and P. Pattison (Univ. Lausanne)

The Materials Science Beamiine of the Swiss Light Source will provide a high flux of hard X-rays (5-40 keV) for
tomography and diffraction experiments. Emphasis is placed on in-situ and real-time experiments.

optics

exp 2

Fig. 1: Layout of the Materials Science Beamiine, showing the three shielded hutches. The length of the optics
hutch is 9.5 m.

MOTIVATION AND EXPERIMENTS

The Materials Science (MS) beamiine will produce a
high flux of hard (5-40 keV) X-rays and sequentially
serve three experimental stations: computer microto-
mography (CMT) and powder diffraction (PD) in the
first experimental hutch, and in-situ surface diffraction
(SD) in the second experimental hutch (see Fig. 1).

The CMT instrument is being designed and built by a
user consortium. It will measure the transmitted inten-
sity through an accurately positioned and rotated
sample using a high-resolution scintillator/camera
combination. The goal is to achieve image collection in
both absorption and phase-contrast modes with mi-
crometer spatial resolution. Of particular interest are
microstructural studies of porous, composite or fiber-
reinforced construction materials, biocompatible mate-
rials and medical biopsy samples of bone or soft tis-
sue.
The powder diffraction instrument will be equipped
with high- and low-temperature sample environments
and allow capillary and flat-plate diffraction experi-
ments with either a crystal-analyser / detector ar-
rangement or with a 15'uOO element silicon microstrip
detector (see the contribution by B. Schmitt, et. al.).
The former will produce very-high-resolution diffraction
data for detailed structure analysis, and the latter de-
tector will simultaneously cover a large angular region
in 28 and be read-out at down to sub-second intervals,
making possible novel real-time investigations of
phase transitions and solid-state reactions. These

studies will include the charac-terisation of so-called
"smart materials", which undergo structural state
changes induced by subtle alterations in the physical
and chemical environment.

In a separately-accessible hutch, a large diffractome-
ter will accept user-specific in-situ process chambers
for performing glancing-incidence measurements (i.e.
reflectivity, small-angle scattering and diffraction) of
surfaces and thin films under process conditions. Ex-
amples of such processes are: layer deposition, epi-
taxy, surface-melting and electrochemistry. With suit-
able attachments, it will be possible to use at the SD
facility the same sample preparation equipment as for
photoemission experiments on the soft X-ray SLS
beamlines

PHOTON SOURCE AND OPTICS

The minigap wiggler source of the MS beamiine (see
the contribution by G. Ingold, et. al.) will radiate a total
of 8.4 kW and produce a continuous spectrum of
photons, with a critical energy (dividing the spectrum
into two parts with equal integrated intensities)
Ec=7.9 keV. The angular acceptance in monochro-
matic mode, determined by a fixed collimator in the
front end, is 0.23 mrad vertical by 2.5 mrad horizontal.
A polychromatic "pink beam" mode, up to 32 keV, will
also be available, for which the primary slits will be
narrowed to limit the heat load.
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Besides the beam collimator, the front-end safety
system includes synchrotron and Bremsstrahlung
beam blockers, the primary slits and beryllium vacuum
windows. (See the contribution by Q. Chen, et. al.)

Vertical collimation and focusing is provided by vari-
able angle, variable curvature cylindrical mirrors,
which also serve to eliminate higher order harmonics.
Monochromatization is performed by a fixed-exit dou-
ble-crystal monochromator situated between the two
mirrors. The second monochromator crystal will be
bent (using a bender designed by the ESRF, Greno-
ble), to provide horizontal focusing. A schematic of the
optics is shown in Fig. 2.

.-*> •T.
\ U-

Fig. 2: Schematic view of the beamline optics.

The mirrors consist of 1 m long Si blanks which are
Rh-coated, can be tilted up to 5 mrad and bent
(5<R<30 km), as required for the desired photon en-
ergy. The surface of the mirrors is polished to a rms
roughness less than 0.5 nm and to a rms residual
slope error less than 2.5 jxrad.

The double crystal monochromator consists of two Si
[111] crystals which can be precisely positioned and
oriented in the X-ray beam. Two successive Bragg
reflections, with an inherent energy resolution of
0.014%, direct photons at the desired energy parallel
to, but offset from, the incoming beam. This "fixed
exit" operation is achieved by placing both crystals on
a common rotation stage, with the diffracting surface
of crystal 1 on the rotation axis. Crystal 2 remains
accurately parallel to the first crystal and is translated
in the scattering plane along two perpendicular
directions.

Absorbed heat loads of up to 1 kW must be safely
dissipated by both the first mirror and the first crystal.
The mirror is cooled by water-cooled copper strips
which are immersed in a Ga-ln eutectic in grooves in
the mirror surface. The first crystal is indirectly water-
cooled and dynamically flattened, as described in the
contribution by S. Zelenika et. al.

The optical system will produce a monochromatic
spectral flux density at 10keV of approximately 1013

photons/s/0.1% bandwidth which will be focused into a
spot at the experimental stations of minimum size
1 mm2.

3. BEAMLINE OPERATION

Local beam shutters will allow access to the first ex-
perimental hutch while the incident beam keeps the
beamline optics warm, and to the second hutch during
CMT or PD operation. This will allow SD users to pre-
pare off-line sensitive experiments requiring careful
surface preparation. Flexible scheduling will be made
possible by rapid changeovers from one experimental
station to another. User groups will be encouraged to
perform on-site checks of data quality and even limited
sample preparation.

A user-friendly control system, based on graphical
user interfaces and compatible with the machine con-
trol system, will increase beamline efficiency and pro-
mote safe operation. With sufficient manpower, it is
possible that a sort of "diffraction service" can be of-
fered to small user groups preferring to stay at home,
and a limited number of instrument operations could
be made remotely accessible via the Internet.

Fig. 3. The status of beamline construction in January,
2000, showing the shielded experimental



66

SIMULATION AND MANUFACTURING OF A HIGH HEAT LOAD
MONOCHROMATOR CRYSTAL MOUNT

S. Zeienika, B. Patterson, M. Shi, H. Auderset, M. Lange, PSI Mechanical Workshop (PSI),
H. Schu/te-Schrepping (HASYLAB - DESY), P. Pattison (Uni. Lausanne)

The main characteristics of the mount to be used for the first monochromator crystal of the SLS
Materials Science Beamline are briefly outlined.

CHOSEN DESIGN

The SLS Materials Science (MS) beamline will provide
a high flux of hard X-rays (5 - 40 keV) to be used for
powder diffraction, in-situ surface diffraction and
computer microtomography experiments. The high
flux implies, however, a high heat load on the optical
elements, which in turn poses severe design
challenges, especially for those elements that see the
complete polychromatic spectrum.

In this framework, particular attention was given to the
proper choice of the crystal mount for the first
monochromator crystal. In fact, this Si (111) crystal will
absorb up to 1.1 kW of power, with peak power
densities approaching 3 W/mm2.

Within a collaboration established with the Hamburger
Synchrotronstrahlungslabor (HASYLAB) at the DESY
facility, the applicability to the SLS Materials Science
Beamline heat load and stability requirements of their
crystal mount, a result of 6 years of development, was
thus evaluated. The HASYLAB crystal holder (Fig. 1)
is characterized as follows [1] [2]:

Crystal

10 cm

Adjustment screw

Elastic hinge

Elastic hinge
with strain gauge"

^ Ceramic spacer

j — Copper rod

Heating element

1 Ceramic spacer

Fig. 1: Monochromator crystal mount [2] (courtesy of
HASYLAB).

* It accommodates a 90 x 90 mm2 top surface Si
crystal with an effective usable area of approxima-
tely 20 (in-beam direction) x 70 mm2. The elastic

hinges executed in the crystal support have the
function of decoupling it from the support structure,
as well as allowing an adaptation of the crystal
shape (see below).

The cooling of the crystal is obtained through a
series of channels in a copper structure that fills
the silicon cavity, i.e. the cooling is indirect in the
sense that the cooling medium is not in direct
contact with the crystal.

The cooling medium is water with flow rates of
approximately 300 - 400 l/h. The water AT in
operation is approximately 3 gC.

The compensation of the distortion (convex bowing
of the reflecting surface) induced by the heat load
on the crystal is achieved by mechanically loading
the wing-like sections of the top crystal plate with
forces produced by thermal expansion of copper
rods (Figs. 1, 2).

Crystal
without

load

Crystal
under
load

Compensated
crystal

under load

Fig. 2: Compensation of thermal deformations of the
monochromator crystal [2] (courtesy of HASYLAB).

* The compensating forces are measured by strain
gauges (Fig. 1) positioned on the supports of the
lever arms used to transfer the force from the
actuators to the crystal surface.
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* These supports comprise again a set of flexure
hinges used to allow longitudinal and transversal
compliance, as well as to obtain a suitable
bandwidth of the signals measured by the strain
gauges.

SIMULATION AND MANUFACTURING

The applicability of the HASYLAB monochromator
crystal mount to the SLS Materials Science Beamline
was assessed by performing Finite Element (FE)
numerical simulations employing the ANSYS code
(Fig. 3).

Crystal - .005
- .001
.0029

Coolin<j
surface

1-1 r

.015-585

.0196S

.023835

tiS-J

Fig. 3: FE model of one quarter of the first mono-
chromator crystal: (1) crystal, (2) bender, (3) actuator,
(4) thermal insulators.

In Fig. 4 are shown rocking curves resulting from a
varyiation of the compensating force; these were
obtained by applying different temperatures to the
actuating copper rods (values shown on the curves on
Fig. 4). The rocking curves were calculated by
convoluting the crystal slope error over beam footprint
with the respective Darwin width. When the influence
of the second monochromator crystal is taken into
account, these results translate into an overall
transmission efficiency of approximately 40 %.
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Although further evaluation of the rocking curve widths
and transmission efficiencies, based on the Takagi-
Taupin model, are still in progress, it has been
established that the mount is essentially suitable to be
applied in the foreseen conditions. Therefore, based
on the HASYLAB construction drawings, the mount
has been fabricated in the PSI workshops (Fig. 5).

Fig. 5: First MS beamline monochromator crystal
mount produced in the PSI workshops.

Given the HASYLAB experience in this project, the
mounting of the crystal on the finished mount will be
performed on their premises. In fact, the assembly
process is extremely important, since an improper
fixation of the crystal block to its support (a small
vertical misalignment between the two crystal legs)
can induce stresses in the crystal and thus an offset in
the rocking curve.

CONCLUSIONS

The HASYLAB design of the monochromator first
crystal mount represents a good, relatively simple and
reliable solution, which is applicable to the SLS Mate-
rials Science Beamline. It has thus been produced in
the PSI workshops, and it will be installed as soon as
the respective vacuum chamber and positioning
mechanics are delivered (fall 2000). Once the
beamline is fully operational, a further optimization of
this design in terms of an increase of the cooling
efficiency and on-line controllability of the heat-bowing
compensating actuators will be investigated.
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Fig. 4: Calculated rocking curves.
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STATUS OF THE PROTEIN CRYSTALLOGRAPHY BEAMLINE

C. Schulze-Briese, T. Tomizaki, C. Pradervand, R. Abela, H. Auderset, Ch. Bronnimann, S. Burger,
Q. Chen, E. Eikenberry, W. Gloor, G. Ingold, M. Janousch, M. Lange, D. Rossetti, M. Shi and

S. Zelenika (PSI)

The SLS protein crystallography beamline is dedicated to the study of biological crystals with small physi-
cal dimensions (micro-crystals) as well as those with very large unit cells. In addition, it fulfils the stringent
requirements of the Multiple wavelength Anomalous Dispersion (MAD) technique. The beamline design is
based on three key-components: an in-vacuum minigap undulator for the production of high brightness
synchrotron radiation in the 1 A wavelength regime; a dynamically focusing optical system for the adjust-
ment of the photon beam properties to the phase space acceptance of the sample and a fast read-out pixel
detector for high resolution data-acquisition. The layout of the beamline was finalized; the main compo-
nents were ordered or their construction has started; the work on the beamline control and the data acqui-
sition systems has started in 1999.

MAIN SPECIFICATIONS

The beamline covers the energy range from 5 to
17.5 keV, i.e. all the relevant K- and L-absorption
edges used in MAD and other anomalous diffraction
techniques. The focal spot size is continuously adjust-
able between 20 and 500 urn. Moreover, in order to
reconcile the conflicting requirements of a divergent
beam in micro-focusing with the need for a parallel
beam in large unit-cell experiments, two diffractome-
ters will be installed at different positions. This allows
the beam divergence to be varied between 0.07° and
0.02°, and 0.01° and parallel beam in the horizontal
and vertical plane, respectively.

Fig. 1: View of optics and experiments hutch as well
as the straight sections 6S and 7M.

INSERTION DEVICE

Protein crystallography requires high brightness syn-
chrotron radiation between 5 and 17.5 keV. At medium
energy storage rings, these spectral properties can
only be reached by undulators with magnetic gaps
smaller than 7.5 mm which requires the in-vacuum
technology to be used.
The in-vacuum technology was pioneered by the
Spring-8 insertion device group [1]. As part of a col-
laboration between Spring-8 and SLS, Spring-8 will
provide an U24 undulator as well as the flexible taper
sections for the commissioning period. Due to the
larger period and the stronger magnet material

(NdFeB vs. SmCo) this device is even better suited for
commissioning at relatively large gaps than the
dedicated SLS U17 undulator. Fig. 2 shows the ex-
pected performance of the U24 at a 10 mm gap. It can
be seen that the device provides sufficient flux for
commissioning and reasonable tunability for MAD
experiments at energies up to 10 keV.

For the SLS U17 device it is planned to measure the
absolute gap setting by means of encoders in order to
minimize performance degradation due to taper [2].

OPTICAL SYSTEM

Unlike other monochromators for protein crystallo-
graphy, the SLS system is based on a design for
spectroscopic applications in order to provide highest
angular and positional resolution, stability and repro-
ducibility, as a prerequisite for micro-crystal experi-
ments and accurate MAD data collection.

Prototype focusing components of the optical systems
were successfully tested. The mirror design was
adapted to the vacuum, size and stability requirements
[3]. The sagittal bender is currently adapted to the
constraints imposed by the monochromator design.

PIXEL DETECTOR

A pixel detector dedicated to protein crystallography is
currently under development at PSI [4]. Its main
advantages over existing detectors are the very fast
full frame read-out time of 100 ms and high local and
global rate capabilities in single photon counting
mode. The relatively large pixel size of 200 urn offers
the advantage of a smaller number of exposed pixel
per reflection, thereby reducing the diffuse back-
ground. The outstanding point-spread function of this
kind of directly bonded detector as well as the ability to
control the effect of charge sharing were experi-
mentally confirmed recently [5],
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Fig. 2: Brightness and flux of the U24 undulator at
10 mm gap (62 periods, B = 0.5 T). Curve b) shows
the spectrum integrated over 250 x 50 urad2 after
passing through 250 urn Be and C.

DATA ACQUISITION

Extremely fast read-out time of the pixel detector and
highly brilliant X-rays from undulators allow diffraction
images to be taken in a very short time. Continuous
data collection would be the best choice to maximize
the advantages. This challenging method will eliminate
most of the systematic errors related to synchro-
nization and spindle accuracy, making it an optimal
acquisition mode for very fine ^-slicing. Moreover, the
thermal cycling of crystals, which is suspected to
cause fast sample deterioration, is minimized [6].

The most important aim of the development of data
acquisition is to support users at various levels of ex-
perience in terms of collecting the best datasets from
their crystals. Precise suggestions to optimize experi-
mental conditions are necessary for the beginners. On
the other hand, experienced users would like to make
optimal use of the beamline in order to collect the best
datasets in their opinion. Fully interactive GUI like real-
time graphical display of the statistics of diffraction
experiments or database systems, which store user
information and experiments history, will be available
to the users. For example, the status of the images
such as l/a(l) and completeness should be displayed
to the users in real time, since they are essential to
recognise the crystal decay or to decide whether they
should stop the experiments. Intelligent data collection
strategy connected to the database will be available to
the users as well. The strategy will optimize the data
collection parameters such as oscillation angles, miss
setting angles, camera distance in order to minimise
the radiation damage and to maximize the data
quality, especially the signal-to-noise-ratio and
completeness.

The GUIs will be implemented on AT-PCs running
Linux. EPICS is one of the best protocols to connect
GUIs and VME crates. It offers the possibility to sup-
port real time data processing and image correction by
hardware. Three-dimensional profile fitting will also be
implemented to improve the data quality of fine-slicing
datasets. In order to support widely used data
processing programmes such as DENZO, MOSFLM,
XDS and other, off-line image correction will be
available. A network based backup system will be at
hand.

EXPERIMENTAL INFRASTRUCTURE

The experimental hutch will comprise two diffracto-
meters, located at 7.5:1 and 2.5:1 demagnification
positions, respectively. Beamline commissioning will
start with the HR-diffractometer. It will be equipped
with a K -goniometer with the goniometer head being
motorised in the three translational degrees of free-
dom.

Present work concentrates on sample environment
such as an exposure box (XBPM, slits, filters, shutter,
etc.) and a high-resolution alignment camera. A small
laboratory for crystal mounting and storage will be
available at the beamline. While a 20° C crystal grow-
ing room will be located next to the laboratory, a 4° C
cold room can be found at approximately 75 m in the
central bio-chemistry laboratory of SLS. An automatic
refill system is foreseen for the dewars of the cryo-
stream coolers. Finally, the beamline design com-
prises non-destructive diagnostic tools all along the
optical path, which should provide the means for high
level beamline control, both for the optimisation of the
beam and its stabilisation.

SCHEDULE

The front-end and the optical system will be installed
in October 2000. The in-vacuum undulator is sched-
uled for installation in March 2001. First beam may be
expected for July and commissioning will start in
August 2001. The SLS U17 undulator will start to pro-
duce photons in summer 2002.
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THE IN-VACUUM FLEXURAL HINGE BASED DYNAMIC MIRROR BENDER
FOR THE PROTEIN CRYSTALLOGRAPHY BEAMLINE

D. Rossetti, C. Schulze-Briese, S. Zelenika, M. Shi (PSI), M. Rossat (ESRF)

One of the key features of the SLS Protein Crystallography Beamline will be the dynamic focusing
adaptability of the photon beam to the various experimental set-ups. In this work are described
the modifications done to an already existing mirror bender mechanism in order to make it suited
to meet these requirements. The numerical evaluation of the resulting mechanical arrangement
shows its full applicability in the desired working range.

AIM OF THE WORK

The SLS Protein Crystallography (PX) beamline will
span the 5-17.5 keV energy range and it will be used
for MAD and other anomalous diffraction techniques.
To provide the possibility of studying both small crys-
tals and large unit-cell structures, the option of obtain-
ing either a highly focused (divergent) or a highly par-
allel fixed-exit photon beam must be given. These
requirements pose severe challenges on the design of
the optical system that has to provide stable dynamic
focusing adaptation of the beam [1].

One of the critical elements in this framework is the
vertically focusing mirror that will be placed in a vac-
uum chamber (p = 2-10"7 mbar) on the same optical
table and downstream of the double crystal mono-
chromator. This rhodium coated fused silica mirror,
positioned 20.5 m from the source (beam size - 4a - is
5.25 x 1.00 mm2), has to be dynamically bendable
providing radiuses of curvature in the 400 -12500 m
range. Suitable dimensions of the mirror have been
assessed to be: 40 (width) x 30 (thickness) x 400 (free
length) mm. Since the mirror is hit by the monochro-
matic beam, it will absorb less than 10 mW of power
and thus it does not need to be cooled.

MECHANICAL DESIGN OF THE BENDER

In order to meet these requirements, a simple and
reliable vertical focusing mirror bender developed at
the European SR Facility (ESRF) was chosen [2]. The
mechanics of the bender (Fig. 1) is characterised by
the application of two independent bending moments
at the ends of the mirror (which makes possible the
eventual attainment of asymmetric - e.g. aspherical -
mirror bending) through hysteresis-free Si-springs.
The uncoupling of the mirror from its basement is
obtained through a set of flexure hinge based joints.
The whole mechanism is positioned on the table via a
motorised kinematic mount arrangement.
Extensive analytical and numerical (FEM) analyses, as
well as tests performed at the ESRF, have proven the
microradian accuracy of such a configuration [2].
However, at ESRF the bender was used in a less de-
manding (out of vacuum) environment and in a differ-
ent dimensional set-up than that of the SLS PX beam-
line. Moreover, during the operation of the bender at
ESRF, it was established that some of the design de-
tails could be improved. Therefore, the original design
has been modified to suit the PX beamline require-
ments as follows:

Fig. 1: ESRF vertical focusing mirror bender.

* In order to make the bender fully high-vacuum
compatible, its material specifications have been
reviewed and all the components (except the
springs that were kept in Si) have been specified to
be made of stainless steel. All the needed holes
have been vented, while the screws have been
specified to be silver plated and vented.

* The free length of the mirror was increased from
300 to 400 mm.

* The mirror support pieces and clamps have been
adapted to the required mirror dimensions.

* The reproducibility and reliability of the mirror
positioning kinematic chain (having an ideal reso-
lution of 60 nm - corresponding to a pitch resolution
better than 0.15 jxrad) was increased.

* Phytron-Electronic series VSS 42 4-phase high
vacuum compatible stepping motors have been
chosen both for the positioning and the bending of
the mirror. To achieve the desired positioning ac-
curacy, these motors will then be coupled with
proven Kohzu Seiki high-precision worm gear as-
semblies (reduction ratio: 1:25).

* To improve the long term stability and reproducibi-
lity of the arrangement, the three-V-groove kine-
matic mounts will be executed in hardened
(60 HRC) stainless steel and placed very close to
the photon-beam plane. The option of using a
compensation spring to diminish the contact forces
on the kinematic mount seats is also included in
the design.

* The employment of strain gauges to obtain a feed-
back signal on the springs deflections (and hence
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on the bending moments applied to the mirror) has
been foreseen in the design as well.

The resulting design of the bender is shown on Fig. 2.
Given the needed high resolution of the desired de-
flections of the mirror, the flexural hinges will be pro-
duced by the high-precision electro-discharge wire
machining at the F. Petitpierre SA company.

CLAMP MIRROR

-PC

COMPENSATION
SPRING

662

Fig. 2: Mechanical design of the in-vacuum flexural
hinge based dynamic mirror bender for the SLS PX
beamline.

Based on this design, both analytical and numerical
(the ANSYS FE code was employed - Fig. 3) verifica-
tions have been performed. It has thus been assessed
that the chosen dimensions of the flexural hinges and
other critical components present satisfactory safety
margins in term of the stress-strain behaviour in the
whole considered working range.

Fig. 3: FE model of one quarter (for symmetry rea-
sons) of the mirror bender.

By tuning the actuating forces on the Si-springs, the
radius of curvature of the mirror can be kept constant
on the desired useful mirror length. The clamping of
the mirror ends introduces then naturally a shortening
of its free length (here the compliance of the clamping
joints has not been taken into account).
When the gravitational sag of the mirror is considered,
the slope error becomes more accentuated (Fig. 2). It

was assessed that the adoption of a gravitational sag
compensation mechanism would just degrade further
this situation by producing very marked protuberances
in the points of application of the compensating forces.
However, since the gravitational deflection produces a
mainly parabolic curvature, it can be rather simply
compensated by a slight correction of the applied
bending torques. In this case the residual RMS slope
error on the beam footprint can hence be kept below
0.15 Lirad.
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Fig. 4: Deviation of the slope of the bent mirror from
an ideal parabolic elastic line when its gravitational sag
is considered.

Finally, an FE check of the influence of the accuracy
of the clamping procedure (i.e. of the eventual twist
induced during the clamping) on the mirror bending
behaviour has shown that, within the machining and
assembly tolerances already obtained in practice at
ESRF, this should not constitute a critical issue.

CONCLUSIONS

A simple and reliable mirror bender developed at
ESRF has been modified to meet the challenging dy-
namic focusing requirements of the SLS PX beamline.
The attainment of the design specifications was
proven by FEM numerical evaluations.

While the flexural hinge based mechanism is being
produced by electro-discharge wire machining in an
external company, all the other components of the
bender are being produced at the PSI workshops, thus
allowing the whole bender to be assembled and
experimentally validated in the nearest future.
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STATUS OF THE PIXEL DETECTOR DEVELOPMENT

Ch. Bronnimann, B. Schmitt, C. Schulze-Briese, E. F. Eikenberry, R. Baur, R. Horisberger (PSI),
S. Florin, M. Lindner (Univ. Bonn), G. Hulsen (Univ. Erlangen)

During the course of the last year a prototype pixel read-out chip (SLS02) was designed and tested. Be-
sides this key element, parts of the mechanical support structure were manufactured. In addition, the first
part of the read-out electronics, the so-called module control board (MCB), was designed.

The principle and the basic parameters of the pixel
detector are described in [1] and [2]; its mechanical
design is shown in Fig. 1.

Base plate (water cooled)

Removable bank
with 5 modules

Module control board

Modules
with 16 chips

Fig. 1: Layout of the planned SLS pixel detector sys-
tem.

In order to increase the solid angle and to reduce the
parallax in the vertical direction, the detector is subdi-
vided into two half-sections. The detector is built up of
60 identical modules, each consisting of a silicon sen-
sor with 16 bump-bonded read-out chips. The power
dissipation of one module is about 5W. In order to
ensure a good thermal contact to the aluminium plate,
the chips are glued on a very thin (30 jxm) flexible
multi-chip interconnection foil (MCM-D). It offers high-
density interconnections between the chips and the
read-out electronics. The power, bias voltages and
digital steering signals for 16 chips are provided by the
module control board (MCB); it was designed in Octo-
ber of last year and is currently being tested.

The dead area of the detector caused by the module
boundary regions is about 6 %. Such a low value can
only be achieved by making the basic building blocks,
the read-out chips, as large as possible. Thus, the
final chip will have 48 x 85 pixels (-10x18 mm2). The
chip yield, i.e. the fraction of working devices on a wa-
fer, decreases with the area of the chip. Thus, the
architectural design of the chip must be made such

that possible defects will not affect the chip as a
whole, but only individual pixels.
The main focus of the project is on the design of the
pixel chip. Two prototype devices were developed:
SLS01, an 8 x 2 pixel prototype with the basic building
blocks - amplifier, comparator and 15 bit counter - in
each pixel. After testing the device, the design was
improved and submitted as the SLS02 chip, with
22 x 30 pixels and complete chip control electronics.

jv, Ch2:50mV/div r

Fig. 2: Analog output of one pixel of the SLS02 chip.
The calibration signal simulates a 10keV X-ray
(3000 e"), the analog out signal is shaped for a peak-
ing time of 100 ns, an amplification of 60 mV/1000 e"
and an ENC of 40 e" rms. The pulse shape can be
monitored and is varied by external voltages. Standard
settings allow the detection of 106 X-rays/pixel/s in
single photon counting mode.

Besides the analog performance of the SLS02 chip
(Fig. 2), a probe card was set-up to test naked dice.
Twenty chips were tested and, based on these results,
a yield for the final 48 x 85 chip of about 30 % was
estimated, which would be tolerable. However, some
architectural changes in the design of the final chip are
necessary and are currently being implemented. This
chip will be available by the end of this year.
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MEASUREMENT OF CHARGE SHARING EFFECTS WITH A SINGLE PHOTON
COUNTING PIXEL DETECTOR

Ch. Bronnimann, B. Schmitt, C. Schulze-Briese (PSI), S. Florin, M. Lindner (Univ. Bonn)

Synchrotron beam measurements were performed using a prototype pixel detector with an architecture
similar to the future SLS pixel detector. The influence of basic detector parameters, such as discriminator
threshold and detector bias voltage on charge sharing effects were investigated. The effects were meas-
ured at different beam energies and for different angles of incidence of the X-rays.

INTRODUCTION

Pixel detectors built in hybrid design will play an im-
portant role for future X-ray detectors. However, there
is a concern about charge sharing effects, which could
cause efficiency variations across the detector sur-
face. This can be caused by charge that is produced
at pixel boundaries, and thus is split onto several pix-
els. In a counting system such events can be missed
or double-counted, depending on the detector settings.

EXPERIMENTAL SETUP

In order to investigate this effect, measurements were
performed at the optics beamline (BM5) at the Euro-
pean Synchrotron Radiation Facility (ESRF) in Greno-
ble. The beam was collimated with two motorised slit
systems, which collimated the X-ray beam to
10x10 (irn2. Since a SLS pixel chip was not yet avail-
able, a bump bonded system with the MPEC chip [1]
was used for the measurements. It is a 12 x 63 pixel
detector with rectangular pixels of 433.4 x 50 jj.m2.
Each pixel has photon counting capability and a 15-bit
counter. The detector was mounted on a motorized
translation stage, which could be moved with a preci-
sion of about 1 (im.

RESULTS

The profile of the 10x10 jam2 beam was measured with
the pixel detector. The full width at 1 % maximum of
the resulting beamprofile was still within one pixel
which makes the detector, in this respect, superior to
other detector types.

Scans of the detector through the beam were per-
formed at various beam energies, discriminator set-
tings and bias voltages. In Fig. 1a, the overall counting
rate is shown as a function of the detector position
relative to the beam, where the effect of charge shar-
ing between pixels can be observed. The threshold
setting in combination with the bias voltage has a clear
influence on the effect of charge sharing. In Fig. 1b
however, the result of a scan is shown with the detec-
tor normal tilted by 15° with respect to the beam. The
charge sharing effect is now significantly reduced: for
a given position of the detector, the probability for X-
rays in a collimated beam to strike the zone between

two pixels is much smaller if the angle of incidence of
the X-rays onto the detector is not perpendicular.

3000

2000

1000

50 100 1 5 0 2 0 0 P o s [ M m ] 2 5 0

Fig. 1: Scan of the detector perpendicular to the
10x10 u.m2 beam, a) Detector surface perpendicular to
the beam, b) Detector normal tilted by 15° with respect
to the beam.

Since the diffracted X-rays from a protein crystal will
almost never hit the detector perpendicularly, we do
not expect the average response to suffer from false
counting effects. In addition, the surface-to-circumfer-
ence ratio for the pixel size of 200 x 200 urn2 of the
SLS detector will improve the situation. However, for
future detectors, the double count problem will be
solved by an electronic circuit, which is currently being
evaluated.
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MICROSTRSP DETECTOR FOR THE POWDER DIFFRACTION FACILITY

B. Schmiti, Ch. Bronnimann, E. F. Eikenberry, F. Fauth, B. D. Patterson,
R. Baur, R. Horisberger (PSi)

A major improvement of today's experimental techniques in powder diffraction, especially in the area of
time resolved measurements, can be achieved by a massively parallel detection of the diffraction pattern
using arrays of solid-state detectors. Based on the encouraging results from a test-measurement [1], the
work on a dedicated microstrip detector system for the powder diffraction facility at the Material Science
beamline has begun.

DETECTOR SYSTEM

The planned setup covers an angular range of 60° in
2 6 with 15'000 channels, as shown in Fig. 1. The mi-
crostrip sensors are placed at a distance of 70 cm
from the sample capillary. The pitch of the sensors will
be 50 microns, which corresponds to an angular
resolution of 0.004°. The true angular resolution, how-
ever, will be limited by the diameter of the capillary
(0.008° for a 0.1 mm capillary).

beam divergence: 0.003 -0.01

oapillary:0.1-0.3mm

70

Slit system

15000 Strips

Fig. 1: Planned detector system for the powder dif-
fraction facility. The analyzer crystal and the microstrip
detector are mounted on different coaxial circles of the
diffractometer. This allows independent measure-
ments with the two systems.

READ-OUT ELECTRONICS

The read-out electronics is based on a concept similar
to that of the silicon pixel detector [2].

Each strip of the sensor is wire-bonded to one channel
of a specifically designed read-out chip. A chip has
128 channels, each with a preamplifier, shaper, dis-
criminator and an 18 bit counter. The rate capability is
therefore very high: each channel can count up to 105

X-rays per second. The chip was submitted at the end
of November, 1999 and is expected back in April,

2000. With this chip, prototype modules will be built to
make further measurements with X-rays.

A module will have 10 chips and therefore 1280 chan-
nels. The sensor will be 6 cm wide and 1 cm high. To
provide the necessary angular coverage, 12 modules
will be needed; all 12 modules will be read out in par-
allel. The read-out time for the entire detector will be
2.3 ms.

The read-out chip also offers the possibility to monitor
the analog pulse, just in front of the discriminator, of
one selectable channel per module during data taking.
This feature allows improved debugging and also fa-
cilitates the understanding of possible background
from X-rays in the detector.

The biggest challenge for the read-out system is the
low system noise which is required to detect 5 keV
X-rays. The goal is to achieve a system noise of ap-
proximately 200 electrons. The chip that has been
submitted, therefore, implements 10 different pream-
plifiers to determine the design which has the lowest
noise.

BENEFITS OF THE MICROSTRIP DETECTOR

The microstrip detector allows fast data taking with an
angular resolution, which is only slightly inferior to that
of the conventional Si analyzer setup. The main
benefit of the microstrip detector is the possibility of
performing time-resolved measurements in the field of
powder diffraction. In addition, the throughput for con-
ventional, high-resolution measurements is much
higher. A further benefit comes from the ability to
make measurements with the microstrip detector and
the analyzer set-up simultaneously; the crystal ana-
lyzer provides highest angular resolution data together
with high statistics data from the microstrip detector.
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CONTROLS AND DATA ACQUISITION FOR THE SLS BEAMLINES

M. Janousch and D. Vermeulen (PSI)

The scope of the controls and data acquisition at SLS is the controls of the insertion Devices, the compo-
nents of the front end, mirrors and monochromators, the acquisition of data from pixel detectors and CCD's
as well as the storage and retrieval of experimental and configuration data.

INTRODUCTION

Support for Controls and Data Acquisition at the SLS
beamlines is integrated into the machine control
system. The system is based on EPICS, a client-
server package with the server running on VME proc-
essors to access the hardware and clients running on
workstations or PCs. At SLS, PowerPC VME proc-
essors and PCs running Linux are used [1]. We use
the synApps package [2] to support control of motors,
mirrors, monochromators, tables as well as one- or
multi-dimensional scans. In order to support rapid
application development, tcl/Tk and IDL API's are also
provided.

VME crates and Linux PC's of the SLS beamlines and
the machine (Linac, Booster, Storage Ring) form a
switched network (generally 100 Mbit/s) which is iso-
lated from the public network. Users will be able to
exchange data through a storage server connected to
both, the SLS and the public network. Ports to connect
to the public network will be available in the experi-
mental hutches. Dedicated webservers providing lim-
ited access to read the beamline status and to control
spectrometers and detectors from outside will be
available.

MOTORS AND ENCODERS

Controlling a beamline involves the positioning of 50
to 100 stepping motors with different torque, some in
vacuum, some exposed to high radiation. A design
for the positioning-subsystem based on four-phase
motors [3] has been adopted to meet these require-
ments. An intelligent motor controller (OMS VME58)
controls up to 8 axes. Where reqired, encoder signals
are read out through a VME-SSI interface [4]. The
feedback is done on the VME CPU and has been
proven to work on a 100 ms time scale.

TEMPERATURE MEASUREMENTS

General-purpose temperature measurements using K-
type thermocouples are performed using Industry
Pack based read out modules on standard VME car-
rier boards. The signals are connected to VME transi-
tion modules. One carrier board supports the readout
of up to 48 channels. Measurements with a precision
of 0.2° C have been carried out with the prototype of
the 4S shutter head [5].

INTERFACE TO INTERLOCK AND EQUIPMENT
PROTECTION SYSTEM

The insertion device, front end, and machine interlock
as well as the beamline equipment protection subsys-
tem will be implemented on PLC's. The beamline
control system can acces status information from
these subsystems through a Profibus-VME interface
card. This interface implements an FMS master that
efficiently assembles the status information from the
PLC's and writes it to an onboard dual ported memory
which is visible on the VME host.

APPLICATIONS

Two beamline control system applications have been
implemented, a beamline subsystem called 'mini
beamline' and a bending mirror test procedure.

The 'mini beamline' consists of a vacuum pipe, a
pneumatic valve, two gauges and a horizontal slit
system with individually motorized jaws. These com-
ponents have been provided by the Swiss Norwegian
Beamline at the ESRF. User screens based on
MEDM, the Motif Edit and Display Manager, a stan-
dard EPICS tool, have been developed.

The aim of the bending mirror test setup is to deduce
the bending radius from the shape of a laser spot re-
flected by the mirror. The laser is mounted on an x-y
table to scan the mirror surface. Four motors are used
to bend the mirror. The light is deflected onto a CCD
camera. The control system drives the motors to bend
the mirror, perfoms the 2-dimensional scan across the
mirror surface and reads out the image of the reflected
spot through a frame grabber plugged into a PMC slot
of the VME CPU. IDL is used to visualize the CCD
image and to analyze the beam spot performing a 2-
dimensional gauss fit. The fit parameters along with
the motor positions are stored to disk for further analy-
sis.
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POSITIONING SUBSYSTEM FOR THE FRONT ENDS AND BEAML1NES

C. Pradervand (PSI)

The precise positioning of devices and optical elements plays an important role for the reliable operation of
a beamline. On the other hand, there is a wide range of requirements which such a positioning system has
to meet. A positioning subsystem was developed which addresses these requirements.

INTRODUCTION

The positioning subsystem is understood as the driv-
ers, motors and cables used for positioning devices
and optical elements in the front ends and beamlines.
Most devices and optical elements need to be posi-
tioned remotely since access is not possible due to
radiation. Stepping motors have emerged as the de-
vice of choice for these tasks. They are relatively
small, robust, reliable and there are many different
types available. The user interface and controls will be
based on EPICS [1].

Synchrotrons put very diverse requirements on step-
ping motors. There may be up to 10 motors in the
front end and 60 to 80 or more stepping motors on a
beamline. The torque ranges from a few Ncm to sev-
eral hundred Ncm. Some motors may be used in high
or ultra high vacuum and/or in high radiation environ-
ments. It is clear that a solution needs to be found
which covers most if not all requirements. This avoids
having many different solutions and simplifies the
setup, support and maintenance.

MOTORS

There are many different types of stepping motors.
More recent developments include three- and five-
phase motors. The more widespread types are the
two-phase motors of which there are two different
types available: the bipolar wound motor and the
unipolar wound motor, sometimes also called a four-
phase motor [2]. Four-phase motors were selected for
the front ends and beamlines since they are available
in many different sizes. Most of all, there are many
special motors types available for extreme environ-
ments such as ultra high vacuum, wide temperature
range and radiation hard. These properties are signifi-
cant for use at a beamline.

STEPPING MOTOR DRIVER

There are several different ways to drive a stepping
motor. The driver needs to produce the necessary
phase currents. When the motor is stopped (holding),
the driver also needs to produce a holding current.

In order to get the best results when driving a motor,
the current in the phases need to build up as fast as
possible. This is accomplished by applying a voltage,
which is many times higher than the rated voltage of
the motor. Most commercial drivers chop this voltage
on and off once the current in the phase is reached or
when the motor is holding in order to achieve the rated
motor current. This produces a large amount of

electromagnetic interference (EMI). Since there are
many sensitive detectors, beam position monitors and
intensity monitors along a beamline, which are very
sensitive to high EMI, this approach is impractical.

An alternative is to produce a higher voltage when
driving and to switch to a lower voltage when the cur-
rent in the phase is reached or during holding. The
lower voltage corresponds to the rated voltage of the
motor. These drivers are also called bi-level drivers,
since they operate with two different voltage levels [2],
The advantage is that they do not produce any EMI
when holding but they require a second lower voltage
which needs to be set to meet the rating of the motor
used.

Since commercially available bi-level drivers are too
limited for our requirements and/or they are too expen-
sive, a special bi-level driver was developed for the
front ends and the beamlines at the SLS.

The concept was to develop a stepping motor driver
which could drive a wide range of four-phase motors
and would easily interface to the existing control sys-
tem. The driver should also be compact, reliable, eco-
nomical, and have a low power loss. Moreover the
driver should be realized on a euro-sized card so that
multiple units could be packed into a standard 19 inch
rack. The most important parameters of the driver
were specified as follows:

• unipolar, bi-level design

• single 48 VDC supply voltage

• low electrical noise (low EMI)

• high efficiency

• holding (idle) and drive current from 0.5 A to 8 A
per phase

• interface to EPICS

DESIGN

Similar to the chopped driver, the bi-level driver ener-
gizes the phase when stepping with a voltage which is
many times higher than the rated voltage of the motor
in order to build up the current faster. It then, contrary
to the chopped driver, switches to a low voltage which
corresponds to the rated voltage of the motor being
driven. This approach has the advantage that very
high step rates can be achieved. Also when holding,
no EMI is produced since a DC voltage is applied to
the motor. The disadvantages are a somewhat more
complex design and the need for a second supply
voltage. Furthermore the second supply voltage needs



77

to be adjustable to match the rated motor voltage. The
goal was to design a driver which would exploit all the
advantages but minimize the disadvantages.

One distinct feature of this driver is the use of a highly
efficient, high current DC to DC converter to produce
the second voltage. The DC-to-DC converter is based
on the L4970A Switching Regulator chip and can pro-
duce voltages from 1 V to 8 V at 10 A maximum cur-
rent. The conversion efficiency is around 80 %.
Another feature is a current sensing circuitry which
monitors the current in the phase and automatically
switches from the higher to the lower voltage after a
user presentable current is reached. This is important
to achieve high stepping rates and to maximize the
torque in the motor. These two features together with
the use of advanced electronics makes this driver very
flexible and economical.

Fig. 1: Stepping Motor Driver Prototype Card.

A stepping motor driver prototype card was built. It can
drive motors from about 1 W power to those with over
60 W power corresponding to a torque of around

800 Ncm. The motor drive current and the holding
current (voltage) can be set from the front panel. The
phase currents can be turned off either on the driver or
from the control system. The driver is also capable of
driving a motor in full or half step sequence.

CABLE

The motor driver units are usually placed outside of
the shielded (optical or experimental) areas. That
means that the distance from the drivers to the motors
is rather large. Running a cable to supply the motor
power over such long distances causes potential
problems with ground loops and EMI. A special cable
was designed consisting of four twisted pairs with and
overall shielding. This reduces the inductance of the
cable and the shielding further reduces the EMI. Also
there are separate leads for the limits and home sig-
nals. These are also shielded to reduce interference
with the phase currents. All these wires are bundled
into one cable with a PUR mantel with an external
diameter of about 13 mm.

OUTLOOK

A prototype with four stepping motor driver cards
placed inside a 19" rack unit has been build. This unit
also incorporates the interface to the OMS VME58
Intelligent Motor Controller and a power supply. The
unit will be used for the front end tests in February.
The design of a unit with eight drivers is complete. A
first sample should be completed in March 2000.
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ON THE MQSAICITY OF CRYGGENICALLY-CQOLED PROTEIN CRYSTALS

C. Schulze-Briese, C. Pradervand, M. Janousch (SLS), C. Briand, M. Tschopp,
M. Grutter (Uni Zurich), P. Storici and T. Schirmer (Bio Zentrum Basel)

The influence of the freezing conditions on the crystal quality was studied by means of triple-axis diffrac-
tometry. The reciprocal space maps indicate different sample deterioration mechanism in flash- and gas
freezing for lysozyme crystals. Sample annealing was found to eliminate the strain introduced by flash
freezing. Extremely sharp reciprocal space maps of 0.002° and 0.04° rocking curve width were measured
for hen-egg white lysozyme and OmpF porin samples at room temperature.

INTRODUCTION

Cryo-crystallography has become a routine technique
to slow down the detrimentai effects of radiation
damage of fragile biological crystals. However, flash
freezing is usually associated with a significant in-
crease of lattice distortions, which reduce the quality of
the measured data. This study tries to find an answer
to the question posed by Teng and Moffat: "What is
the mechanism of the increased mosaicity during flash
cooling and how can it be minimised?" [1].

EXPERIMENTAL TECHNIQUE AND SETUP

Triple-axis diffractometry allows mosaicity to be dis-
tinguished from lattice strain. The three crystals are
arranged non-dispersively, with the first and third
crystal acting as monochromator and analyser, re-
spectively and the sample being mounted on the sec-
ond axis. The reciprocal space map of a reflection is
obtained by carrying out 2D scans of sample (o^) and
analyser (ro,), which can be transformed in reciprocal
space coordinates according to:

q = {qy, qz)= Ikl [cos6B Qs (0)3-20)2)],

where k is the wavevector and 0B is the Bragg angle.
Fig. 1 illustrates the scan geometry. It can be seen
that the 0)2-20)3 line in a 2D map corresponds to the
rotation of the lattice planes, i.e. mosaicity, while a
scan at fixed analyser angle probes a specific lattice
constant.

The triple-axis diffractometer at the ESRF optics
beamline D5 was used for the experiments. The beam
was unfocused, i.e. its divergence was below 20 urad.
All measurements were carried out at 1.05 A
wavelength using Si(111) crystals. An Eulerian cradle
was mounted on the sample stage with an Oxford
cryostream system being mounted perpendicular to its
cj)-axis. The temperature of the nitrogen gas was 100 K
during the experiments.

SAMPLE PREPARATION

Hen-egg white lysozyme crystals were grown using
the hanging drop method (solution: 50 or 25 mg/ml of
lysozyme (Fluka Nr. 62970) in 50 rnM Na-Acetate
pH 4.5; reservoir: 500 ul of 1.4 M NaCI in 50 mM Na-
Acetate pH 4.5; drop: 5 ul of solution and reservoir,
crystals appear after 1 day at 20°). OmpF porin was

crystallized using the microdialysis technique (8.5 -
10.5% PEG 2000, 700mM MgCi2, 50 mM Tris-HCI
(pH 9.8), with 0.6 % n-octyl-2-hydroxethylsulfoxide,
0.1%octylPOE as detergents) [2]. The optimal cryo-
protectant was found to be paraffin oil (Fluka
Nr. 76235) for the lysozyme crystals and 15 % glycerol
for Porin resulting in mosaicities of 0.45 and 0.8 °,
respectively. Crystals were either mounted in
capillaries orcryo-loops (Hampton Research).

Fig. 1: k-space diagram of the sample crystal. By
tilting the sample crystal by an angle 0)2, one scans
reciprocal space almost perpendicular to the recipro-
cal lattice vector G, while with the analyser tilted by an
angle 0)3, the scan is perpendicular to kh.

RESULTS

Room temperature measurements of lysozyme re-
sulted in rocking curve widths down to 0.002 ° at 4 A
resolution (sample size: 500 Mm). Crystals exposed
directly to the N2 gas stream exhibited no sign of strain
but an increased mosaicity of 0.05 °. The upper plot in
Fig. 2 shows the reciprocal space map of a flash-
frozen crystal (sample size: 700 urn). It exhibits a clear
splitting of the reflection associated with a high degree
of mosaicity and strain. This sample was annealed by
exposing it for 3 min to the paraffin oil and gas frozen
afterwards. The treatment removed the splitting of the
peak and all the strain. The rocking curve width
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decreased from 0.08 to 0.04 ° and diffuse scattering
was significantly reduced (see Fig. 1).
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Fig. 2: Reciprocal space map of lysozyme after flash
freezing in LN2. The lower figure shows the same
sample after 3 min annealing and subsequent freezing
in gaseous N2.

Porin was measured at room temperature only. The
reciprocal space map revealed that the sample con-
sists of several small subdomains. The rocking curve
width of the single reflection was found to be as small
as 0.04 ° vs. typical values of 0.3 ° for the whole
crystal as determined with MOSFLM.

CONCLUSIONS AND OUTLOOK

It was demonstrated that triple-axis diffractometry can
reveal the deterioration mechanism of cryo-cooled
samples. Due to the low flux available from an unfo-
cused bending magnet, only a small number of
samples could be studied which is statistically not
representative. At present stage it can only be stated
that cryo-cooled samples exhibit primarily mosaicity
and only to a smaller extend strain.

More experiments are required on a regular protein
crystallography beamline, which provides sufficient
flux to study more samples and allows the orientation
matrix to be determined thereby allowing to measure
always the same reflection.

The narrow rocking curve width of room temperature
and cryo-cooled samples is remarkable. While similar
results were reported at room temperature [3], typical
values at cryogenic temperatures are one order of
magnitude larger. This seems to indicate that the
rocking curve width of a single reflection is significantly
smaller than the overall mosaicity of the crystal. The
result could have important consequences for data
acquisition, since it would require taking very fine <|>-
slices even from frozen crystals.
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PROTEIN CRYSTALLOGRAPHY RESEARCH ACTIVITY AT THE ESRF

T. Tomizaki, F. Cipriani, L Claustre, hi. Blampey, C. Wilkinson, J.C. Castagna(EMBL),
W. P. Burmeister, L. Dumon, S. Monaco, S. Wakatsuki (ESRF); K. Sato, M. Sato,

A. Nakano (RIKEN) .

A graphical user interface (GUI) and a device server for a large imaging plate scanner have been devel-
oped. Furthermore, two three-dimensional structures have been solved by multiple isomorphous replace-
ment (MIR) and molecular replacement (MR). The details are described below.

DEVELOPMENT OF A GUI AND A DEVICE SERVER
FOR A LARGE IMAGING PLATE

The imaging plate scanner was basically designed to
make the scanning process automatic from a cassette
holding up to 16 40 x 80 cm imaging plates, which is
controlled by a GUI on a HP workstation. [1]. A device
server was also designed to link data collection pa-
rameters updated by the beamline control software
ProDC. Another device server was implemented on
the scanner. Normally, device servers run on VME
crates in order to control hardware. However, we had
to develop a device server which runs on an HP work-
station since device servers on VME crates cannot
access databases on other database servers. The
device server checks the validation of the database in
every scanning process and interrupts the processes if
there is a conflict between data collection parameters
and the order of the imaging plates in the cassette.
Each imaging plate is scanned when the plates are
loaded into a cylindrical drum, and a bar code is used
to evaluate the relevant information such as the status
of the image and filename on the database. The
scanner scans 40 x 80 cm imaging plates in 6 minutes
including the interval time in order to change imaging
plates.

The GUI was written by C and Motif library, and an
mSQL library was used to develop the device server
written in C++. The GUI has two operation modes,
automatic and manual. In the automatic mode, users
do not have to do anything to scan. The scanner and
the GUI identify the imaging plates, search the correct
filenames, scanning parameters and save the
scanned images in a directory. The first data collection
from several crystals using the scanner has been car-
ried out successfully during the commissioning of the
beamline ID14/EH3.

DATA COLLECTION AND DATA ANALYSIS OF
TROPINONE REDUCTASE II (TR-II)

Tropinone reductases are enzymes which catalyse
NADPH-dependent reduction of the 3-carbonyl group.
However, Tropinone reductase II (TR-II) reduces tro-
pinone and produces pseudotropine which has a dif-
ferent diastereomeric configuration from tropine, as
the product of tropinone reductase-l [2], Thus, it is of
utmost importance to determine the ternary complex
to unveil the structural basis for their reaction
stereospecificity and substrate specificity of both TRs.

The first data collection was carried out as part of the
evaluation of the beamline ID14/EH3 [3]. A single
spindle axis and a primitive shutter system was used
for the diffraction experiments. Diffraction images
were collected by 40 x 80 cm imaging plates which
were changed manually after every exposure. Crystals
were diffracted up to 1.3 A at room temperature. All
the diffraction images were processed with the HKL
package and the CCP4 suite. The experimental condi-
tions and the results are shown in Table 1.

Beamline ID14/EH3
Camera Weissenberg camera

with 40 by 80 cm IP
Temperature 25 °C
Wavelength 0.918 A
Distance to the crystal 360 mm
Oscillation angle 3°
Exposure time 120 sec of two 60 sec passes
No. of images 12

Table 1 : Conditions for the first experiment of TR-II.
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Fig. 1: Part of the 2Fo-Fc electron density map of
tropinone reductase-l I around a tyrosine residue Y155
at 1.9 A resolution.
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The low completeness means that the partial reflec-
tions were rejected in terms of wrong estimation of the
intensities, since the synchronisation between shutter
and the oscillation was not correct.

However, this problem was resolved before user beam
time started. In spite of the low completeness, the
three dimensional structure was solved by molecular
replacement using AMORE. Part of the 2Fo-Fc elec-
tron density map is shown in Fig. 1.

STRUCTURAL ANALYSIS OF A
VOLVED IN VESICLE TRANSPORT

PROTEIN IN-

Structural analysis of a protein involved in vesicle
transport is underway as a collaboration project be-
tween the joint structural biology group (JSBG) at the
ESRF and RIKEN. The protein was overexpressed
from S. cerevisie (Yeast) and crytallized by the vapour
diffusion method. The shape of the crystals was pretty
nice but the size was very small (about
10 x 10 x 100 mm3, Fig. 2).

Fig. 2: Crystals of a protein involved in vesicle trans-
port. The diameter of the drop is about 2 mm.

Moreover, and worst of all, they had no isomorphism
of each other. A very long exposure time (30 sec or
more) in order to collect up to 2.8 A made the signal to
noise ratio much worse and causes terrible radiation
damage. Datasets were collected on the ID14 beamli-
nes using CCD detectors and processed with
MOSFILM and the CCP4 suite. The structure was
solved by multiple isomorphous replacement (MIR)
with uranium, platinum and aurate derivatives. Solvent
flattening and non-crystallographic symmetry
averaging (NCSA) was also applied to improve the

phases. The averaged electron density model clearly
showed 7 bladed propeller motifs (Fig. 3), and 90 % of
the main chains were traced at that time. We are in
the process of refining a model at 2.6 A.

Fig. 3: 7-bladed propeller structure as viewed along
the central tunnel.
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INVESTIGATION OF TRACE ELEMENTS FOR TUMOR THERAPY USING
PHOTOEMISSION ELECTRON MICROSCOPY

G. De Stasio (EPFL, Univ. Wisconsin), B. Gilbert (EPFL), C. Quitmann (PSI)

Trace element analysis in biological specimens is of importance for many fields. Here we report on a proj-
ect to determine the Gd-concentration and spatial distribution in human tumor cells. Knowledge about the
uptake of Gd in tumor cells is important since Gadolinium is under consideration for neutron capture ther-
apy of human tumors. The experiments were performed with MEPHISTO, the photoemission electron-mi-
croscope (PEEM) at the Synchrotron Radiation Center in Madison, Wl. The results show that a PEEM can
be used to locate trace elements in individual cells and to study their distribution on a subcellular level.

INTRODUCTION

Neutron capture therapy (NCT) is a method under
consideration for cancer therapy. The underlying idea
is as follows. A tumor seeking compound is injected
intravenously. The compound is choosen so that it
contains a specific nucleus with a high absorption
cross section for low energy neutrons. If the patient is
then irradiated with neutrons, these pass the healthy
tissue without damaging it, but are absorbed in the
tumor tissue by the injected compound. Here the spe-
cific nucleii undergo a nuclear reaction, generally a p"
decay, which releases energy. The energy is depos-
ited in the surrounding cells thereby damaging the
tumor tissue. Thus it may be possible to distroy tumor
tissue while leaving healthy tissue unharmed.
One of the core problems is finding a compound with a
very high specificity for enrichment in the tumor and
with the appropriate nucleus to maximize the damage
in the surrounding tissue. So far much of the work has
concentrated on Boron compounds [1], but these have
not prooven the necessary specificity [2]. An alterna-
tive are Gd-compounds which have the advantage that
a wealth of experience exists from NMR imaging of
tumors where such compounds are routinely used as
a contrast medium to visualize tumors.
Here we report on experiments to detect Gd in cell
cultures of human tumor tissue, which were exposed
in-vitro to Gd-compounds, using a PEEM. In a PEEM,
the sample is illuminated by a beam of X-rays. These
cause the emission of photoelectrons which can be
collected and imaged onto a detector using electro-
static lenses. The detector thus records the spatial
intensity distribution of photoemitted electrons. When
done at a synchrotron with variable photon energy, this
technique can be made element specific by scanning
the photon energy across different core levels of the
elements under investigation [3, 4]. Taking images
below and above the absorption edge and subtracting
them then leads to spatial maps of the element. Alter-
natively, recording the intensity in small regions as a
function of the photon energy provides micro X-ray
absorption spectra ()a-XAS). Under optimal conditions,
spatial resolutions of 20 nm and lower can been ob-
tained using a PEEM. In this study the resolution was
typically 200 nm.

EXPERIMENTAL

The experiments were performed using the
MEPHISTO PEEM at the HERMON beamline of the
Synchrotron Radiation Center in Madison, Wl.

The samples were human glioblastoma cells cultured
on Si wafers. These were exposed to Gd solutions for
72 h and then thoroughly washed to remove all Gd
which was not taken up by the cells. The samples
were then chemically fixed and ashed in ozone under
UV illumination for 116 h. This ashing removes all
organic material, but leaves the distribution of inor-
ganic elements practically unchanged [5]. It is nec-
cessary to be able to introduce the samples in the
ultra-high vacuum needed for the PEEM. Images were
taken at many photon energies around the absorption
edges of the relevant elements like 0-1 s (530 eV), Ca-
2p (350 eV) and Gd-3d (1160 eV).

EXPERIMENTAL

Fig. 1: PEEM image of cultured glioblastoma cell
taken with a PEEM using X-rays at the O-1 s absorp-
tion edge.

Fig. 1 shows an image of a single cell taken with a
photon energy of 530 eV at the O-1 s absorption edge.
The cell nucleus is well visible in the center. It is sur-
rounded by the cytoplasm which for this cell has an
almost triangular shape.

Fig. 2 shows an ensemble of several cells. Some of
them are labeled with numbers and their boundaries
are indicated by lines for better visibility.
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Fig. 2: PEEM image of cultured human brain cancer
cells taken with 1175 eV photon energy corresponding
to the Gd-3d absorption edge. Ceii boundaries are
shown with solid lines.

To deternmine the Gd content and distribution two
methods were used. In Fig. 3 we show a difference
image taken by subtracting an image before the onset
of the Gd-absortion from that taken at the maximum of
the absortion. Figure 4 shows u-XAS spectra of the
region 3 in Fig. 2 and of an XAS measurement on the
pure Gd-compound to which the cells were exposed.

Fig. 3: Gd-map obtained by subtracting images taken
with photon energies at and before the Gd absorption
threshold (E=1175 eV). Bright regions correspond to
cell parts containing Gd. The sample region is identi-
cal to that in Fig. 2.

The Gd-map in Fig. 3 clearly shows that Gd is present
in the tumor cells. It's concentration seems to be
higher in the cell itself than in the intercellular region. A
quantitative analysis was performed for the first time
during this experiment, with promising results.

Fig. 4 shows the U.-XAS spectrum of the cell labled as
number 3 in Fig. 2 together with that of the pure Gd-

compound. Both spectra show two peaks caused by
the Gd-3d3/2 and 3d5 '2 spin-orbit split core level. These
unambigously identify the Gd.
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Fig. 4: jx-XAS spectra taken from region 3 in Fig. 2
and from the pure Gd-reference compound.

CONCLUSION

Photoemission electron microscopy was used to study
the Gd uptake of human tumor cells. It was shown that
the PEEM is capable of detecting specific chemical
elements in individual cells and can be used to map its
spatial distribution. To identify chemical elements it is
necessary to perform such experiments at a synchro-
tron which provides tunability of the photon energy and
thus allows to use the element specific absorption
edges.
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ELECTRONIC AND GEOMETRIC STRUCTURE OF THE ARSENIC TERMINATED
Si(111) SURFACE MEASURED WITH AN ELLIPTICAL DISPLAY ANALYZER

T. Dutemeyer, L.S.O. Johansson, B. Reihl (Univ. Dortmund), C. Quitmann (PSI)

Evaporation of As onto Si leads to a 1 x 1 reconstructed As surface with a well pronounced surface state.
Because the behavior of As on the Si(111) surface is interesting for technological as well as scientific rea-
sons we have studied this surface by angle resolved photoemission (ARUPS) and by low energy electron
diffraction (LEED). The experiments were performed using the elliptical display analyzer (EDA) set up at
the Universita't Dortmund. This device allows the measurement of the 2-dimensional energy resolved an-
gular distribution pattern 1(9, <p)\E=const. of electrons emitted or scattered by a sample using a band pass filter
and a 2-dimensional detector in seconds.

INTRODUCTION

The As terminated Si(111) surface is interesting be-
cause it allows to study the early stages of As growth
on Si which is important to combine GaAs semicon-
ductors with the well established Si-technology. It is
also of fundamental interest since it has an almost
perfect bulk-like terminated surface. The As removes
the dangling Si-bonds replacing them with lone-pair
states which form a well pronounced surface state
with a bandwidth of W = 1.4 eV [1]. For these reasons
we have decided to use the Si(111) As 1x1 system as
a model system to test the performance of the newly
constructed elliptical display analyzer (EDA) [2].

RESULTS

Here we present first measured results. The EDA
uses a principle suggested by D. E. Eastman et al. [3]
to measure the angle-resolved photoelectron distribu-
tion at a fixed energy l(8, (p)|E=const. on a 2-dimensional
detector.

Here 9 and cp are the polar and azimuthal emission
angles relative to the surface normal and E is the ki-
netic energy of the photoelectrons. In the EDA pho-
toelectrons emitted under angles of 0 < 9 < 43°, 0 <
cp < 360° are detected in parallel and the kinetic energy
can be varied between 0 and the energy of the inci-
dent photons. With the commercial He-lamp used
here (hv = 21.2eV) we obtain an angular resolutions
of 59~5(p~+1°. Typical energy resolutions are 8E =
110 meV. Acquisition times are about 5 sec for an-
gular distribution pattern (ADP) taken in the valence
band.

In our new realization of the analyzer, it is not only
possible to illuminate the sample with UV-photons, but
also with low energy electrons. Thus, it is possible to
obtain ADP's and low energy electron diffraction
(LEED) measurements with the same instrument on
the same surface without the need to move the sam-
ple or the analyzer.

While the ADP provides information about the elec-
tronic structure of the occupied states (E<EF) the
LEED pattern provides information about the geomet-
rical arrangement of the surface atoms.

J « a ' ."
>?&

Fig. 1: LEED image of the As terminated Si(111)
surface taken with the elliptical display analyzer at
Ekin = 175eV. The (0, 0) reflection is outside of the
image because the incident beam is tilted by 56°.

o

s

(-43°, 0°) r = (+43°, 0°)

Fig. 2: ADP of the valence band of the As terminated
Si(111) surface taken with a He-discharge lamp at
EB = 2.16 eV. Total image acquisition time was 5 sec.
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A LEED pattern taken at 175eV energy is shown in
Fig. 1. Since the incident electron beam is tilted by 56°
with respect to the sample normal, the (0,0) reflex is
outside of the field of view. The full width of the image
corresponds to an angle of 86°. Arsenic was deposited
onto the heated Si surface by resistively heating a
piece of InAs.

The LEED patterns were used to check the growth of
the As on the substrate. Fig. 1 shows the 6-fold 1x1
symmetry expected from this surface. This indicates a
well ordered As surface layer on top of the Si(111)
substrate. Subsequently, a photoemission experiment
was performed on the identical surface by switching
off the LEED source and switching on a commercial
He-discharge lamp. An ADP taken in the valence band
with a binding energy of EB = 2.16eV is shown in
Fig. 2.

The ADP shows a bright spot at the r-point, in the
center of the image, a hexagonal ring structure sur-
rounding it and further structure extending from the
edges of the hexagon. It has roughly 6-fold symmetry
as expected for the surface electronic structure. The
deviations from 6-fold symmetry are probably caused
by the emission from bulk states having three-fold
symmetry and by polarization effects.

Fig. 3: Cut through a stack of ADP's taken at different
binding energies (0 < EB < 16.5 eV) such as shown in
Fig. 2. The direction of the cut is the horizontal high
symmetry direction (r-M in the surface Brillouin zone)
in Fig. 2.

To extract the dispersion relation of the electronic
states a stack of 255 such ADP images was taken at
different binding energies (0 < EB < 16.5 eV). With an
acquisition time of 5 sec/image the acquisition of the
complete stack takes less than one hour including
detector readout and storage. By computing cuts

through this stack of ADP's it is then possible to obtain
the intensity distribution along arbitrary directions in
the Brillouin zone. One example for such a cut along a
high symmetry direction is shown in Fig. 3.

CONCLUSION

The elliptical display analyzer is operational. It allows
very rapid acquisition of 2-dimensional photoelectron
distribution patterns. The performance achieved with a
commercial He-discharge lamp are listed in Table 1.

Parameter

Energy
resolution

Angular
resolution

Angular acceptance

Count rate

Time resolution

Techniques

Performance

11OmeVfor0<43°

75 meV for Q < 20°

Scp = ±1°
(Limited by spot size of
He-lamp)

6 = 0- 43°, (p = 0 - 360°

1 MHz
(Limited by He lamp)

1 s - 300 s (limited by He-
lamp)
Typical ~ 5 s.
1 h for complete stack:
-300 images

ARUPS, LEED, EELS,
AES,
FSM, EDC, E(k);
(XPD, XPS, possible
using X-ray source)

Table 1: Performance achieved with the elliptical dis-
play analyzer using a commercial He-lamp and an
electron gun. Installation at a synchrotron with a well
focussed beam would improve the angular resolution
to 59-0.6°.

Single ADP's can be used to measure the Fermi-sur-
face, stacks of many ADP's can provide information
about the electronic bandstructure along arbitrary di-
rections of the Brillouin zone.
A proposal has been submitted, suggesting to obtain
such an analyzer and bring it to the SLS where it
would be used for time and spatial resolved studies of
the electronic structure of surfaces and correlated
electron systems.
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COMBINED DIFFRACTION AND DISPERSIVE EXAFS STUDY UNDER HIGH
PRESSURES ON CeNi5.xCux

U. Staub, C. Schulze-Briese (PSI), P. Alekseev (Kurchatov Institute), and M. Hanfiand (ESRF)

The electronic and structural properties as a function of external pressure of CeNis.xCux have been studied
by a combination of X-ray diffraction and dispersive EXAFS. As the pressure increases, the lattice is con-
tinuously compressed and no abrupt change in the absorption data has been found within the accuracy of
the experimental setup indicating that either the base pressure is to high to observe a valence transition or
there is no valence transition up to 400 kbar.

Valence fluctuations of rare-earth interim eta I lies show
interesting features involving strong coupling to other
physical properties, e.g. lattice vibrations. In particular,
Ce intermetallics have attracted attention because Ce
can fluctuate between the 4f° and the 4f1 states,
exhibiting a variety of interesting magnetic and elec-
tronic properties. CeNi5.xCux is an ideal case for an
investigation of the intermediate valance character of
Ce since it is possible to tune the Ce valence by a
substitution of Ni by Cu from the strongly intermediate
valence state to the local moment Kondo state. Our
previous XAFS experiments indicate that this phase
transition lies in the vicinity of x=2.5. It is well known
that such a transition can be stimulated by changing
external conditions such as temperature and pressure.
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Fig. 1: Volume dependence of the lattice of CeNi3Cu2

as a function of pressure.

We have performed combined X-ray powder diffrac-
tion and dispersive X-ray absorption experiments as a
function of external pressure to study the valence of
Ce and the influence on the lattice in the vicinity of the
phase transition. This allows us to separate the
electronic from the lattice effects. The dispersive
XANES setup was based on the successfully tested
micro-focusing Laue crystal monochromator design
presently installed at ID9 for high pressure experi-
ments[1]. A Si(311) monochromator of 0.3 mm thick-
ness and 3 degree asymmetry angle provided a focal
spot size below 20 |im (M40:1) and an energy

resolution of 7 eV for an angular detector pixel
acceptance of 20 jirad (well below the core hole life-
time broadening of 10 eV). In order to provide an
energy band of 1200 eV, the crystal accepted ap-
proximately 6 mm of the horizontal beam. Dispersive
XANES spectra have been measured by means of a
high resolution CCD detector (Photonic Science) and
powder diffraction data have been collected by placing
an image plate behind the sample, with the horizontal
acceptance narrowed to 0.2 mm, equivalent to an
energy resolution of 10"3.

0.0

40.25 40.35 40.45 40.55
energy (keV)

40.65

Fig. 2: Dispersive XAS spectrum of CeN!3Cu2 taken at
200 kbar.

Our results give reliable information on the changes of
the crystal structure as a function of pressure (see
Fig. 1). Fig. 2 shows a example of dispersive EXAFS
data set recorded at 20° kbar. However, due to the
sensibility of the dispersive EXAFS setup on the posi-
tion of the CCD camera, quantitative results from
these data can only be obtained by a comparison with
zero pressure K-edge data of the CeNi5.xCux samples,
to be done in the near future.
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DIRECT OBSERVATION OF 1-DIMENSIONAL CHARGE ORDER IN Yb4As3:
A RESONANT X-RAY DIFFRACTION STUDY

U. Staub, C. Schulze-Briese, B. Patterson, F. Fauth (PSI), L Soderholm (Argonne National Laboratory),
G. Vaughan (ESRF), and A. Ochiai (Niigata University)

Resonant X-ray diffraction results on the Yb L3 absorption edge of Yb4As3 are reported. The observation of
forbidden reflections of type 303 and 411 below the first order phase transition can be viewed as direct
evidence of a 1-dimensional charge order along the body diagonal of the slightly rhombohedric distorted
cube. The direct determination of the charge ordering has strong impact on models describing the unusual
electronic and magnetic properties of this semi-metal.

The Yb containing pnictide Yb4As3 has attracted con-
siderable interest due to its unusual physical proper-
ties[1]. In particular, the low temperature behaviour of
the specific heat, with a y of approximately 200 mJ/K2

and a T2-dependence of the low-temperature
resistivity, resembles those seen in heavy electron
systems. However, at low temperatures Yb4As3 with
0.01 % holes per stoichiometric unit exhibits a very
small number of carriers.
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Fig. 1: 303 reflection below (150 K; upper part) and
above (295 K; lower part) the ordering temperature.

At room temperature, Yb4As3 is a metal, which crys-
tallizes in the anti-Th3P4 structure with I43d symmetry.
At Tc~290 K there is a first-order structural phase
transition from cubic to rhombohedric (R3c) symmetry,
associated with a strong decrease of the conductivity.
The rhombohedric phase is a small distortion of the
cubic room temperature structure. In addition to these
structural changes, the strong temperature
dependence of the C44 elastic constant below Tc,
observed in ultrasonic-sound experiments, has been
described in terms of a charge ordering of the
Yb27Yb3+ ions on the body diagonal of the distorted
cube. Evidence for a 1-dimensional charge ordering

has already been obtained with an inelastic neutron
scattering study on the magnetic excitations, by Kohgi
et al [2]. It is generally accepted that the 1-dimensional
charge ordering of Yb2+/Yb provides a framework to
describe the electronic properties [3] of Yb4As3, and
that the degree of order is a key parameter for models
describing the unusual physical properties of the ma-
terial.

The present resonant scattering experiments were
performed in the vicinity of the Yb L3-edge, at 8944 eV.
The Yb ions located on the body diagonal (111 direc-
tion) are equally spaced and can be viewed as a chain
labelled "A", the Yb ions forming three chains in the
111, i l l and 111 directions, but not going through
the centre of the slightly rhombohedric-distorted cube,
are labelled "B". Fig. 1 shows the reflection at two
different temperatures, above and below Tc. The
disappearance of the reflection above Tc is a clear
indication that the observed intensity is neither due to
multiple scattering nor to higher-harmonic
contamination.

To increase the Bragg intensity, the X-ray energy can
be tuned to the L3 absorption edge of Yb. In the
proximity of the resonance, which differs by 7 eV for
the di- and trivalent Yb, the individual scattering fac-
tors are strongly different. Therefore, the intensity,
which is proportional to (fA-fB)2. is strongly enhanced,
as observed in the experiment.

These experiments are direct evidence of 1-dimen-
sional charge ordering of the holes at the Yb ions
located on the body diagonal of the slightly distorted
cube.
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MAGNETIC ORDERING IN Li2Cu02 STUDIED BY MSR TECHNIQUE

U. Staub, B. Roessli, A. Amato, and B. Deliey (PSI)

We report muon relaxation/rotation measurements on Li2CuO2 cuprate. Spontaneous muon-spin
precession frequencies are observed below the Neel temperature TN=9.2 K. An additional phase transition
is observed at T'=2.4K, which is interpreted as a spin canting. From the temperature dependencies of the
internal fields it is suggested that Li2CuO2 consists of two magnetic sublattices, with magnetic moments on
both copper and oxygen ions.

Spin-1/2 antiferromagnets have attracted much inter-
est as quantum effects lead standard spin-wave and
mean-field theories to incomplete or even wrong de-
scriptions of the ground-state magnetic excitations, in
particular, in quasi-one-dimensional systems. Re-
cently, attention has been drawn to the compound
Li2Cu02 with a chain-like arrangement of the copper
ions and superexchange pathways bridged by 94° Cu-
O-Cu bond. Li2Cu02 was first considered as an ideal
1 D-ferromagnetic S=1/2 system, however, it has been
shown that the largest exchange interaction couples
spin along the body diagonal [1]. The magnetic struc-
ture consists of ferromagnetic sheets of Cu2+ ions
antiferromagnetically stacked along c. The magnetic
moment at saturation is astonishingly close to 1 uB of
the Cu2+ free ion.

Fig. 1: Zero-field uSR spectrum of Li2Cu02 taken at
4K.

We present results of muon spin relaxation/rotation
(uSR) measurements [2] on single crystals of Li2Cu02

performed at PSI using the conventional zero-field
technique. Fig. 1 shows a uSR spectrum recorded at
T=4K. The observed modulation of the signal is due to
the spontaneous precession of the muon spin in the
internal fields originated from the ordered magnetic
moments. The temperature dependence of the three
of the muon frequencies is shown in Fig. 2. In addition
to the splitting observed below T'=2.4K, a remarkable
observation is the quite different temperature evolution
of the frequencies. The frequency, which is unaffected
by the phase transition at T', shows a much steeper
increase for decreasing temperatures below TN than
the other components. We interpret the two different

temperature dependencies in the uSR signal with the
presence of an oxygen and copper magnetic
sublattice in Li2Cu02. This interpretation is supported
by spin-polarised LDA calculations [3], which, in
accord with our LDA calculations, give strongly
hybridised copper dxy and oxygen Po orbitals leading to
a 40 % and 60 % effective magnetic moment located
at the oxygen and the Cu, respectively. A dipole
calculation indicates that the frequencies #1 and #2
mirror primarily the oxygen magnetisation, whereas
the frequency #3 reflects mainly the copper sublattice.

0.4

0.2-

0.0-

#1 3.7 MHz

#2 4.15 Mhz

• #3 6.83 MHz
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Fig. 2: T-dependence of muon frequencies from
Li2Cu02.

The rapid change of the frequency #3 near TN could
indicate a first-order-transition or a reduced dimen-
sionality for the involved sublattice. An other interpre-
tation could be that a possible fluctuating order pa-
rameter, existing already above TN, is frozen out at TN.
It remains to be seen whether this possibility could be
somehow linked to the anomalous short-range dy-
namical order associated with magnetic low dimen-
sionality of Li2Cu02 [1].
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THE ELECTRONIC PROPERTIES OF Yb IN YbB12

U. Staub (PSI), L Soderholm, S. R. Wassermann (Argonne National Laboratory),
P. Alekseev (Kurchatov Institute)

Temperature dependent X-ray absorption spectroscopy, magnetic susceptibility and powder X-ray diffrac-
tion experiments have been performed to study the electronic properties of YbB12. These experiments can
be well described with purely trivalent Yb, in contrast to a recent photoemission study obtaining a valence
of 2.86 ±0.06.

Correlated electron systems, such as Kondo and
heavy electron systems, high-Tc superconductors and
colossal magnetoresistance materials, have attracted
strong interests not only because of their interesting
ground-state and excited-state properties, but also
because of their intermediate nature between the
localised and itinerant character. These materials
require more sophisticated concepts to describe the
physical behaviour.
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Fig. 1: X-ray absorption spectra of the Yb L3-edge
(upper part) and the corresponding second derivative
ofYbB12takenat10K.

Kondo insulators, a class of f-electron systems, have
attracted considerable interest in recent years [1].
They are nonmagnetic insulators at low temperatures
and behave as local-moment (and are often metallic)

at room temperature. It has been proposed that the
insulating gaps in the electronic states at the Fermi
surface are due to hybridisation renormalising the
electronic bands [2] or due to the Kondo interac-
tion [3]. In the former case, an itinerant or band theory
would provide a meaningful base for an understanding
of the system. In the latter case, a local description of
the electron structure would be more appropriate.

YbB12 is still believed to be the only Yb containing
Kondo insulator. Recently, a resonant photoemission
study [4] has found a valence of Yb in the intermediate
regime between the magnetic, trivalent and non mag-
netic, divalent state, namely v = 2.86±0.06.

We have performed temperature dependent X-ray
absorption experiments, X-ray diffraction and suscep-
tibility measurements on YbB12. The Yb L3-edge
XANES is shown in Fig. 1. A single resonance is ob-
served at the energy expected for purely trivalent Yb,
and no indication of a second contribution 7 eV lower
in energy expected for the contribution of the divalent
Yb. In addition, no indication of a second resonance is
observed in the second derivative. Both sets of data
can be consistently described with purely trivalent Yb
at 10 K. We estimate from our data the maximal con-
tribution of divalent Yb to be 5 %. Therefore, it is likely
that the resonant photoemission study has
overestimated the divalent contribution because their
"bulk" contribution may still be influenced by the
surface, whereas the hard X-ray absorption
experiment probes deep bulk (microns). The
quantitative information on the valence is required for
theories describing the properties of the Kondo
insulator.
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THE ELECTRONIC PROPERTIES OF Pr IN PrBa2Cu307.8 STUDIED BY DAFS

U.Staub, M.Shi(PSI), M. J. Kramer (Ames Laboratory), M. Knapp (HASYLAB/Uni Darmstadt)

X-ray Diffraction Anomalous Fine Structure (DAFS) experiments have been performed on poiycrystaiiine
samples of PrBa2Cu3O7.s. These experiments have been interpreted in terms of a slight intermediate aver-
age valence of Pr incorporated in the crystallographic structure. In addition, a multiple wavelength refine-
ment revealed a Pr site occupation on the Ba site of 6±1%, in accord with the starting stochiometry of
Pri,05Bai.a5Cu3O7.§. A careful analysis of the powder data showed that the X-ray pattern exhibits an ani-
sotropic line broadening, which can be interpreted in terms of a particular model of stacking faults.

The Pr analogue of the isostructural RBa2Cu3O7.8
(R = rare-earth) high-Tc cuprates shows a striking sup-
pression of superconductivity [1], whereas in other
high-Tc cuprates, the Pr-analogue has a behaviour
which is indistinguishable from the isostructural R-
substituted members. It is believed that the valence
state of Pr plays a crucial role (hybridisation of Pr3+

and Pr4+L states) in the suppression of
superconductivity by Pr2. Recently, we have performed
X-ray absorption near edge structure (XANES) on the
Pr L3 (5964 eV) and L| edges (6835 eV) on a serie of
single phase Pri.osBaLgsCusOT-s compounds with
different oxygen content [3], These data has been
interpreted in terms of doping dependent intermediate
valence of Pr in accord with the general idea that
strong overlap of f orbitals with oxygen 2p orbitals,
giving rise to a slight intermediate valence of Pr,
causes the suppression of superconductivity in this
material. On the other hand, there has been recent
proposals of possible occurrence of superconductivity
in PrBa2Cu3O7 by specific sample preparation [4].
Several studies argue that tetravalent Pr on the Ba site
interrupt the charge transfer to the CuO2 plains [5],
which would suppress superconductivity. Therefore,
information on the intermixing of Pr and Ba on the two
sites and the information on the valence of Pr on those
sites is crucial for testing theories explaining the
suppression of superconductivity by Pr.

Because XANES is not able to obtain site selective
information on the valence state of Pr, we have per-
formed diffraction anomalous fine structure experi-
ments on polycrystalline PrBa2Cu307.8. A powder dif-
fraction pattern taken at B2 of HASYLAB and its
refinement is shown in Fig. 1. From a simultaneous
multiple wavelength refinement, we have been able to
determine quantitatively the amount of Pr on the Ba
site to be 6±1 %. To obtain a reasonable refinement, a
hkl dependent anisotropic line broadening has been
used. This is an indication of stacking faults, which
leads to a decrease of the correlation length in the hOO
and OkO directions. Stacking faults in high-Tc

superconductors have also been found in
Pb2Sr2YCu3O8 [6], where it could be shown that they
are originated from disorder of additional oxygen ions
in the lead-oxide planes. The description of the energy
dependent hkl reflection with the Pr3+/4+ site selective
contribution is still in progress.
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Fig. 1: Powder diffraction pattern (5970 eV) taken at
B2 at HASYLAB.
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TIME-RESOLVED X-RAY ABSORPTION SPECTROSCOPY EXPLOITING PULSED
SYNCHROTRON RADIATION: NASCENT HALOGEN RADICALS IN WATER

C. Bressler, R. Abela (PSI), M. Saes, M. Chergui, P. Pattison (Univ. Lausanne), P. A. Heimann (ALS),
A. Lindenberg, S. Johnson, I. Kang (Univ. Berkeley), T. Missalla (Livermore Lab)

We present the concept of an experiment that aims at probing in real time photoinduced structural modifi-
cations in a large class of media using time-resolved X-ray spectroscopies in the sub nanosecond time
domain.

INTRODUCTION

The pump-probe scheme with ultrashort laser pulses
is today the state-of-the-art technique to visualize
structural modifications, on the atomic scale, in the
sub-nanosecond time regime. Hereby structural dy-
namics are derived by transformation of the spectro-
scopic data via a priori known potential surfaces. In
complex systems, such as biomolecules or in con-
densed phases, this transformation becomes less
precise due to the increasing number of degrees of
freedom, which limits the applicability of UV-IR spec-
troscopic methods for elucidating structure.

Time-resolved crystallography is a young field which
avoids these limitations. Hereby a laser pulse strikes
the sample initiating the reaction under investigation,
and a subsequent ultrashort X-ray pulse delivers a
direct measure of the bond distances due to its dif-
fraction angle. This extension of the pump-probe
scheme into the X-ray region requires periodic struc-
tures to begin with, and in the experiment laser and X-
ray damage during the course of an experiment limits
its potential utility.

Time-resolved X-ray absorption methods are experi-
mentally much more challenging than diffraction stud-
ies. On the other hand, they offer a variety of attractive
advantages over crystallography: with EXAFS, local
structural information around the selected absorbing
atom can be obtained in a similar direct fashion
(Fourier-transformation) than with diffraction. But now,
one can work in disordered systems (no periodicity
required), and, for the case of liquids, a flow geometry
can refresh the sample ca. every 10-100 ms (no light-
induced damage).

EXPERIMENTAL APPROACH

We are currently working to establish time-resolved X-
ray absorption techniques, such as EXAFS and
XANES, and to apply this technique to complex reac-
tions in the condensed phase. Herefore, we utilize a
MHz X-ray probe source, so that only those X-ray
pulses from the storage ring are recorded, that are
preceded by a laser excitation pulse with its much
lower repetition rate in the 1 kHz range. This allows us
to operate such experiments at any synchrotron
source equipped with a synchronized fs-laser, and we
also avoid technically demanding equipment such as

mechanical X-ray choppers for appropriate X-ray
pulse selection [1].

Model Systems: Br" and I' in Solution
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Fig. 1: Scheme of the halogen ion photodetachment
experiment for Br" in H2O solution. Below the ex-
pected pre-edge resonance is shown together with the
static Br- EXAFS.
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The sample (see details below) is circulated through a
liquid jet with 0.3 mm thickness. Both laser light and X-
rays are congruently focused onto the jet, and a fast
(100 MHz bandwidth) and sensitive (quantum yield ca.
unity) avalanche photodiode (APD) detects the trans-
mitted X-ray pulse train, which allows to single out the
selected X-ray pulse. Accurate synchronization be-
tween the laser and synchrotron (jitter less than 2-
3 ps) allows to maintain a constant time delay between
the amplified laser pulses (repetition rate 1 kHz) and
one X-ray pulse every millisecond. Data acquisition
occurs by splitting the APD pulse train and feeding two
boxcar averages, one gated on the X-ray pulse
associated with the laser and one gated to a preceding
X-ray pulse. This way we obtain simultaneously the
transmission signal of both the laser-excited and the
unpumped sample. We also derive the absorption
spectra by normalizing the transmitted single bunch
spectra (= lrpumped and h-unpumped) with the aver-
aged multibunch spectrum of an N2 ion chamber up-
stream from the sample (= l0), with less noise than in
the transmission spectra.
Initial studies performed at ESRF-Grenoble and at
beamline 7.3.3 of the ALS-Berkeley have established
our detection scheme [2]. Experiments are generally
operated in "stroboscopic mode", i.e., every probe X-
ray pulse is accompanied by a laser pump-pulse. In
addition, lock-in detection, with the lock-in amplifier
referenced to the frequency of an additional laser
chopper in the pump-beam path, is used to reduce the
noise-level of the signal.

MODEL SYSTEM AND CURRENT RESULTS

We are currently focusing on a simple chemical test
system in the liquid phase: CI", Br" and I" in solution
(e.g., in water). In this system, the negative halogen
ion (=X") attracts the surrounding H2O in the first
solvation shell. The EXAFS is quite pronounced due to
the large coordination number of oxygen atoms sur-
rounding the ion (e.g., see Fig. 1 for Br"). A laser pulse
will initiate the following reaction

X- + hv -» Xneutra, + esol (X = I, Br, CI)

thus photodetaching the electron from the ion gener-
ating a nascent radical and a solvated electron. This
ultrafast process will affect the environment, i.e., the
caging H2O molecules will rearrange around the
X atom. A change in the X-0 bond distance can thus
be observed in the EXAFS region of the selected X-
ray absorption edge. The photodetachment process of
I7H2O will be detected at 5.2 keV (iodine L1 edge); for
the other halogen ions we exploit the K edge at
2.5 keV for CI", and at 13.5 keV for Br" (see Fig. 1). For
L edge detection of iodine only light-weighted solvent
atoms are allowed (e.g., H2O), and one has to work in
He atmosphere. The ultrafast removal of the electron
from I" will free a 5p hole for I. This valence state is
easily detectable in the XANES region due to its huge
absorption cross section, which even exceeds the
edge absorption itself. Fig. 1 illustrates this for the
similar case of bromine: The 1s -> 4p transition is

illustrated in the Lorentzian-shaped curve right below
the absorption edge.

Laser Pulse Energy
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Fig 2: a) Experimental pump-probe spectrum showing
the survival probability of photogenerated electrons as
a function of time delay, b) and c): calculation of the
signal to noise ratio for the envisioned time-resolved
EXAFS study for different concentrations and laser
pulse energies.

This is actually a detail in the Br2 gas phase absorption
spectrum, but we expect the same resonance to show
up in the solvated Br' after the electron has been
removed from the 4p shell by the ultrashort laser
pulse. On the same scale shown is the static EXAFS
spectrum of Br"/H2O, which we recorded at BM29 of
the ESRF last July 1999.

The EXAFS is clearly pronounced. A similar effect can
be expected for I' according to our previous XAS
measurements on l2/ethanol at the ALS beamline
7.3.3 from Nov. 98, where we observed this strong
resonance right below the L1 edge [4]. After a long
pump-probe delay (e.g., > 100 ps) we should monitor
the EXAFS of the photogenerated neutral radicals.
While the response of the cage molecules occurs on
an ultrafast time scale (and thus remain currently un-
detectable), the lifetimes of both, the solvated electron
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and the radical, are mainly diffusion-limited, once
geminate recombination has terminated. In an optical
pump probe experiment, the lifetimes (limited by
geminate recombination) of the solvated electron fol-
lowing UV-photolysis of I7H2O have been determined
to 8, and 60 ps, respectively [3]. We observe the same
dynamics in the Lausanne laboratory, together with the
fact, that ca. 50 % of the population survive geminate
recombination (Fig. 2 c). The latter 50 % recombine
via diffusion of the I radicals and the electrons on a
nanosecond to microsecond time scale, depending on
concentration. With 2 mol/l, which approaches the
solubility limit, we measure a non-geminate recombi-
nation lifetime of 1.1 ns. We have modeled the ex-
pected signal-to-noise ratio (SN) for observing the pre-
edge resonance of iodine in H2O under realistic pump
and probe conditions. Figs. 2 b and 2 c display a
collection of results depending on the experimental
parameters sample concentration and laser pump
energy. For realistic experimental conditions we yield
an optimal SN for ca. 0.7 mol/l concentration and
200 mJ laser pulse energy focused to ca. 150 mm,
which indicates a required data accumulation time of a
few hundred ms per data point. With this scheme, we
can study dynamical processes on the sub-
nanosecond time scale, and we are currently only
limited by the ALS X-ray pulse width of ca. 50 ps.
Nevertheless, this test system will serve to assess the
feasibility of ultrafast dynamic experiments, once

ultrafast X-ray techniques (streak camera or fs-X-rays)
become available.

REFERENCES

[1] C. Bressler, M. Chergui, P. Pattison, M. Wulff,
A. Filipponi, R. Abela, Proceedings of the SPIE,
Vol. 3451,108-116(1998).

[2] C. Bressler, M. Chergui, P. Pattison, M. Wulff,
A. Filipponi, and R. Abela, Paul Scherrer Institut
(PSI) Scientific Report 1998, Vol. VII, pp48-49
(1998).

[3] J. A. Kloepfer, V. H. Vilchiz, V. A. Lenchekov,
S. E. Bradforth, Chem. Phys. Lett. 298, 120
(1998).

[4] C. Bressler, J. Helbing, M. Chergui, R. Abela,
R. Falcone, P. Heimann, S. Johnson, I. Kang,
A. Lindenberg, T. Missalla, in: Compendium of
User Abstracts and Technical Reports at the Ad-
vanced Light Source (ALS), LNBL-43431 (1998).

This work was supported by the Swiss National Sci-
ence Foundation (FNRS) via Contract No. 21-
52561.97, by the Swiss Light Source (SLS) of the Paul
Scherrer Institut (PSI) Switzerland, by the Advanced
Light Source (ALS), and by the University of Lausanne
(Switzerland).



96

EXPLORING SYNCHROTRON RADIATION CAPABILITIES:
THE SLS TECHNO TRANS AG

F. Gozzo, B. D. Patterson (PSI), C. Giannini (PASTIS-CNRSM, Brindisi-ltaly), M. Loch (Sulzer Metco),
H-J. Martens (Sulzer Innotec) and F. Hunkeler (Technische Forschung und Beratung furZement und

Beton)

INTRODUCTION

One of the responsibilities of the SLS Techno Trans
AG company is to identify scientific fields of application
of synchrotron radiation that are relevant for industry.
This requires not only a deep understanding of indus-
trial related problems but also of the potentials of syn-
chrotron radiation based experimental techniques and
applications. The SLS-TT AG is developing pioneer
scientific projects in tight collaboration with industry to
identify those fields where synchrotron radiation could
help solving industry-related problems and to deter-
mine experimental strategies and procedures suitable
for industries.

During the last year of operation, the SLS-TT AG has
identified two main fields of potential synchrotron ra-
diation based industrial applications through the de-
velopment of two projects in collaboration with Sulzer
Metco and Innotec and the TFB (Technische For-
schung und Beratung fOrZement und Beton) institute.

PROJECTS DESCRIPTION AND EXPERIMENTAL
RESULTS

The main purpose of the scientific project in collabora-
tion with Sulzer Metco and Innotec is to explore new
metrologies for the evaluation of residual stress in thin
films as a function of the substrate preparation and
deposition parameters and processes. Synchrotron
radiation X-ray diffraction has been recently and
successfully applied to the study of residual stress in
metallic and ceramic systems [1-3]. Starting with
relatively simple systems and few experimental
parameters, the project would, eventually, face more
complex systems as a function of all relevant
experimental parameters. The final goal would, then,
be the development of semi-empirical computer
models able to predict the stress distribution as a
function of all deposition parameters and service
conditions.

The evaluation of residual strain using X-ray diffraction
is based on a simple principle: the shift in the angular
position of the diffraction peaks with respect to the
unstressed material is, in fact, a measure of the com-
pressive or tensile residual strain in the material. The
knowledge of the appropriate X-ray elastic constants
(XEC) for every crystallographic direction allows the
investigator to deduce stress from strain.

A proposal was submitted at the European Synchro-
tron Radiation Facility (ESRF) in Grenoble at the
Swiss Norwegian (SNBL) beamline and beamtime
allocated for the beginning of the year 2000. We report
here on the preliminary experiments we performed in
late December when the general experimental condi-

tions for the incoming beamtime were tested. Prior to
these feasibility tests, phase and texture analysis on
all samples planned for the synchrotron beamtime,
were run at the Centro Nazionale per la Ricerca e lo
Sviluppo dei Materiali (PASTIS-CNRSM) in Italy. We
will briefly discuss these results as well.

The samples chosen for the first run of synchrotron
radiation experiments were alumina (AI2O3) thin coat-
ings on aluminum (Al) substrate. The coatings were
deposited on untreated and grit blasted substrate
treated under different experimental parameters
(namely the grit blasting powder size). The experi-
mental technique is expected to detect the residual
strain state and strain difference within the coating, at
the substrate-interface and within the substrate itself.
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Fig. 1: 20 scans performed at the PASTIS-CNRSM
institute on the complete set of alumina samples
whose substrate was grit blasted with a powder with a
different size. The coarser the powder used, the more
intense the signal from the aluminum substrate.

Fig. 1 shows a wide 26 scan at a fixed angle of inci-
dence of 1 degree performed on all the alumina sam-
ple set at the PASTIS-CNRSM institute using a copper
laboratory source (1.54 A). The signal of the Al sub-
strate appears much more intense for the coatings
whose substrate was grit blasted with a coarse powder
(#3581) indicating that the size of the powder used for
the substrate treatment plays an important role in the
uniformity of the deposited coating. Additional meas-
urements at different fixed incident angles confirmed
this result. The texture study, on the other hand,
turned out to be difficult and not conclusive because of
the low level of the diffraction signal. Evidence for
texture was clearly found in the substrate, but for the
coatings the signal level was below the noise level.
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For the experimental X-ray elastic constants (XEC)
determination necessary to evaluate stress from the
strain data, a 4-point bender was built up based on the
one used by Sulzer Innotec diffraction experts and
adapted to the SN beamline endstation. The 4-point
bending method for the XEC experimental determina-
tion is well established and described in literature [4-
7]. However, to our knowledge, the method has never
been applied before using synchrotron radiation. The
advantage of doing so is not only a sharper and better
diffraction peaks line shape, but also a wider range of
available *¥ tilt angles for a reliable application of the
sin2*? method. *F is the angle between the normal to
the surface and the normal to the selected diffraction
planes (for planes parallel to the surface *F is equal to
zero). The method requires a 9-2G or 29 scan for every
*P angle around the selected diffraction peak and in
order to emphasize the peak shifts it is extremely im-
portant to work at the highest possible 29 angles
(29 > 60e) [8]. The two conditions are met only if the
appropriate photon energy value is selected, which
further justify the use of synchrotron radiation.

20
20 angle (deg)

30

Fig. 2: Comparison of 9-29 scans performed at two
different wavelengths, 1.5405 A (laboratory source)
and 1.1946 A (synchrotron source).

Fig. 2 shows a direct comparison of the 9-29 scans
performed at the CNRSM institute at 1.54 A and at the
ESRF at 1.1946 A. The presence of more pronounced
Al reflection peaks at 1.1946 A is due to the higher
penetration depth at lower wavelengths. This direct
comparison clearly defined the lower limit for a
workable wavelength, which could not have been
lower than at 1.1946 A. Unfortunately, the synchrotron
beam intensity was already unexpectedly low at 1.0 A.
The complete sin2xF experimental procedure for strain
analysis and experimental XEC determination was,
then, tested at 1.0 A on the AI2O3 (4010) reflection in
spite of the low beam intensity, but the signal quality
was confirmed to be not enough for a conclusive
stress analysis.

The first contacts with the TFB institute occurred in
mid 1999. The TFB is interested in exploring synchro-
tron radiation new metrologies to improve the pres-

ently available failure analysis capabilities and help
developing new high-performance cement and con-
crete (e.g. superplasticiers).

Interested topics have already been identified where
synchrotron radiation based techniques could be
helpful:

• Deterioration of concrete due to the formation and
penetration of sulfates in the concrete porous
system: sulfates react with the local elements and
cause a volume increase, which is the origin of
cracks and cracks propagation.

• Chemical composition of minerals and inorganic
materials in general, which are present in ce-
ments.

• Study of the effect of additives to the cement
chemistry, at the beginning and at the end of the
cement formation process (fresh and hard con-
crete).

• Study of the interface between gravel and cement
when the cement has already hardened.

• Early hydration of cement.

Pilot X-ray Absorption at the Near Edge Spectroscopy
(XANES) on a selected set of TFB samples are pres-
ently been performed at the synchrotron facilities
ELSA in Bonn, Germany and CAMD, in Louisiana,
USA.

The samples in each set come from different steps of
the concrete production process (clinker, gypsum, and
cement) in order to be able to associate the occurring
chemical change with a specific stage in the process
[9].

The main goal of the first experimental run is to de-
termine whether or not the technique is able to reveal
and identify the expected chemical changes. The first
XANES measurements at the sulfur K-edge have not
revealed significant differences in the chemistry of
corresponding samples from different sets. For all
samples, sulfur shows valence +6, it is a sulfate with a
pretty stable SO4 unit. The expected chemical differ-
ences could, then, concern the sulfur second or third
coordination cell. Further investigations at different
absorption edges are, therefore, necessary for these
measurements to be conclusive.
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