
PAUL SCHERRER INSTITUT ISSN 1423-7369
March 2001

Scientific Report 2000
Volume VII

Swiss Light Source

ed. by: Heinz Josef Weyer, Marlen Bugmann, Christine Schutz

CH-5232 Villigen PSI
Switzerland

Phone: 056/310 21 11
Telefax: 056/310 21 99
http://www.psi.ch/sls



TABLE OF CONTENTS

INTRODUCTION 1
A. Wrulich

SLS ACCELERATORS, OVERVIEW 3

SLS Pre-lnjector 4
M. Pedrozzi

SLS Booster at its Design Performance 7
W. Joho

First Beam in the SLS Storage Ring 10
L. Rivkin

Commissioning Overview 12
A. Streun

SLS ACCELERATORS, DETAILS 15

SLS Vacuum System 16
L. Schulz, T. Bieri, N. Gaiffi

SLS RF System 18
P. Marchand, M.E. Busse-Grawitz, M. Pedrozzi, W. Tron, A. Angel (CRRP)

Precision of the SLS Power Supplies 20
F. Jenni, H. Horvat, L. Tanner

Uninterrruptible Power Supply System for the SLS 22
W. Fichte, F. Jenni

SLS Pulsed Magnets 23
C. Gough

Diagnostics - Operational Experience 25
V. Schlott, M. Dehler, R. Kramert, A. Jaggi, A. Kammerer, A. Streun

Digital BPM System - Proof of Functionality 27
V. Schlott, M. Dehler, R. Kramert, P. Pollet, T. Schilcher, R. Ursic,
R. DeMonte (ELETTRA)

Storage Ring Positioning and Position Monitoring Systems - 30
Installation and Operational Experience
S. Zelenika, M. Rohrer, D. Rossetti, P. Wiegand

Transverse Multi-Bunch Feedback System 32
M. Dehler, V. Schlott, R. Ursic, D. Bulfone (ELETTRA), M. Lonza (ELETTRA)

Timing System of the SLS 35
T. Korhonen, M. Heiniger

SLS Survey and Alignment in 2000 37
F. Wei, K. Dreyer, U. Fehlmann, J.L. Pochon, H. Umbricht

Application Programs for the SLS 39
M. Boge

CORBA Objects for SLS Subjects 40
M. Boge, J. Chrin

Effects of Insertion Devices on SLS Beam Dynamics 43
B. Singh (CAT Indore, India), A. Streun



BEAMLINES, OVERVIEW 45

Overview and Status of the Beamlines 46
R. Abela, F. van der Veen

BEAMLINES, DETAILS 49

Front End Tests 50
Q. Chen, R. Abela, C. Hoechli, R. Knecht, M. Spielmann, F. Wei

Photon Sources based on Insertion Devices at SLS 52
G. Ingold, Th. Schmidt

Surface / Interface Microscopy Beamline 57
C. Quitmann, U. Flechsig, L. Patthey, T. Schmidt, G. Ingold, M. Janousch

Surface / Interface Spectroscopy Beamline 59
L. Patthey, M. Shi, J. Krempasky, T. Schmidt, U. Flechsig, C. Quitmann, R. Betemps,
M. Botkine, R. Abela, F. van der Veen

Materials Science Beamline, X-Ray Optics 61
B.D. Patterson, H. Auderset, F. Fauth, M. Lange, D. Maden, M. Shi, D. Vermeulen,
P. Pattison (University of Lausanne)

Materials Science Beamline, Surface Diffractometer 63
B.D. Patterson, S. Hunt, F. van der Veen, J. Birch (Linkoping), E. Vlieg (Nijmegen)

Materials Science Beamline, Powder Diffraction End Station 65
F. Fauth, J. Welte, B. Schmitt, B.D. Patterson

Protein Crystallography Beamline 67
C. Schulze-Briese, T. Tomizaki, C. Pradervand, R. Schneider, M. Janousch,
Q. Chen, G. Ingold, D. Rossetti, B. Frauenfelder, C. Zumbach, R. Reiser,
P. Hottinger, S. Zelenika, Ch. Brbnnimann, E.F. Eikenberry, S. Burger, R. Abela

Acceptance Tests of the Mirror Bender for the Protein Crystallography Beamline 69
C. Schulze-Briese, R. Schneider, S. Zelenika, P. Hottinger, R. Reiser, D. Rossetti,
U. Flechsig, O. Hignette (ESRF), A. Rommeveaux (ESRF)

CVD-Diamond Beam Profile Monitor for Undulator Radiation 71
C. Schulze-Briese, B. Ketterer, C. Pradervand, C. David, Ch. Brbnnimann,
R. Horisberger,M. Horisberger

Status of the Pilatus Detector Project 73
Ch. Brbnnimann, R. Baur, Ch. Buhler, E.F. Eikenberry, R. Horisberger, S. Kohout,
M. Naf; B. Schmitt

Status of the Mythen Detector Project 74
B. Schmitt, Ch. Brbnnimann, E.F. Eikenberry, F. Fauth, B.D. Patterson, R. Baur,
R. Horisberger, C. Hbrmann (University of Erlangen)

Equipment Protection System for Beamlines 75
C. Pradervand, S. Staudenmann, F. Petitpierre, K. Gisler

Interfacing the Interlock and Equipment Protection System 77
D. Vermeulen, W. Bulgheroni, M. Emmenegger, S. Hunt

Integration of Commercial Software through CORBA 78
M. Janousch, C. Quitmann

Synchrotron Radiation Monitors for SLS Beamlines 79
S. Burger, Q. Chen, J. Krempasky, D. Vermeulen, M. Janousch, R. Abela



Computer Microtomography 81
M. Stampanoni (PSI/ETHZ), P. Wyss (EMPA), R. Abela, G. Borchert (PSI/IKP),
D. Vermeulen, U. Sennhauser (EMPA), P.Rüegsegger (ETHZ)

COPHEE, the Complete Photoemission Experiment 84
M. Hoesch, M. Muntwiler (PSI/University of Zurich), M. Hengsberger, P. Treier,
B. Schmid, W. Deichmann, T. Greber, J. Osterwalder (University of Zurich)

SCIENTIFIC REPORTS 87

X-Ray Waveguiding Studies of Ordering Phenomena in Confined Fluids 88
M.J. Zwanenburg, J.H.H. Bongaerts, J.F. Peters, D.O. Riese (University of Amsterdam),
J.F. van der Veen (PSI, ETHZ)

Propagation of Coherent X-Rays in a Multi-Step Index X-Ray Waveguide 90
J.H.H. Bongaerts, M.J. Zwanenburg (University of Amsterdam), F. Zontone (ESRF),
J.F. van der Veen (PSI/ETHZ)

Real-Part EXAFS from Multilayer Bragg Reflections: A Novel Technique 92
for Surface and Interface Studies
U. Staub, H. Grimmer, O. Zaharko, F. d'Acapito (INFM, Grenoble)

Spontaneous Formation of a Solution Lattice in CuB204 93
U. Staub, B. Roessli, J. Schefer, M. Boehm, A. Amato,
G. Petrakovskii, A. Vorotinov, L. Bezmaternikh (SBRAS, Krasnoyarsk),
B. Ouladdiaf (ILL, Grenoble), L. Paolasini (ESRF), E. Lorenzo (ESRF)

Condensed Phase Dynamics with Femtosecond X-Rays from a Synchrotron 94
Radiation Beamline: Feasible Experiments
C. Bressler, M. Chergui, F. VanMourik (University of Lausanne),
M. Saes (PSI/University of Lausanne), R. Abela (PSI),
R. W. Falcone, S. Johnson, A. Lindberg (UC Berkeley),
P.A. Heimann, M. Hertlein, R.W. Schönlein (ALS)

Pulsed Laser Ablation Thin-Film Epitaxy 97
P.R. Willmott (University of Zurich)

Spontaneously-Ordered AlxGai.xAs 99
B.D. Patterson, H. Auderset, M. Shi, O. Seek (DESY), U. Staub

Imaging Electronic States on CU(111) using an Ellipsoidal Display Analyzer 100
at the SLS
T. Duetemeyer, C. Quitmann

APPENDIX 102



PLEASE BE AWARE THAT
ALL OF THE MISSING PAGES IN THIS DOCUMENT

WERE ORIGINALLY BLANK



1

INTRODUCTION

A. Wrulich

OVERVIEW

Year 2000 was crucial for maintaining the global SLS
project milestones with the start of storage ring com-
missioning for beginning of 2001 and first light on the
probe at the four beamlines of phase I for August
2001. The major goals of 2000 were the completion of
accelerator installation, the commissioning of linac and
booster and the beginning of beamline assembly. In
the first half of the year in parallel to the installation,
major fabrication procedures were going on, that had
to be thoroughly followed up in order to guarantee their
completion in time. The concept of sequential com-
missioning of the three accelerator systems imposed
an enormous pressure on the completion of fabrica-
tion and installation of also the storage ring compo-
nents prior to the start of Booster commissioning in
July, as the tunnel had to be closed.

HIGHLIGHTS

On the accelerator side, the major highlights in 2000
were the full commissioning of linac and booster, as
well as the first stored beam in the storage ring at the
end of year 2000.

For the beamlines, important progress was made in
the fabrication and installation of components, provid-
ing the basis for achieving the global project milestone
'start of beamline operation' in August 2001.

New Developments

There was a series of ambitious new technical devel-
opments, the digital controller for power supplies and
the four channel BPM electronics to mention some of
the most important. It can be considered as great suc-
cess that none of the fallback solutions had to be acti-
vated since their advanced functionality could be dem-
onstrated in time. The proper functioning of these sys-
tems was a great help for speeding up the commis-
sioning of the accelerator systems.

Still under way are developments of a superconduct-
ing higher harmonic cavity and of multi-bunch feed-
back systems for transverse and longitudinal motion.
A prototype of the transverse system was tested at
ELETTRA in November and could demonstrate its
required performance.

Detector development for the beamlines has passed
the prototyping phase. The pixel detector prototype
chip was characterized and is now well understood.
An optimised chip design was submitted for the mi-
cro-strip detector. Read out systems for the detectors
have been developed.

Acceptance tests were performed also for the mirror
bender and demonstrated satisfactory behaviour in
dynamical focussing and stability.

A new type of beam profile monitor, based on a semi-
transparent CVD-diamond, was tested and the re-
quired high spectral resolution was proved.

Linac

Fabrication of the components, (i.e. gun, buncher
section and two accelerating structures) and delivery
to PSI was completed already before the end of 1999
and the klystrons with their power system were ready
and tested up to 35 MW on a dummy load.

At the beginning of the year 2000, the transfer line
from the linac to the booster inside the linac tunnel
was installed, as well as the diagnostics line for beam
parameter measurements.

Assembly of the linac was completed in February
2000. First beam at 100 MeV was reached in March.
Finally, on April 27, the acceptance tests were con-
cluded with the achievement of all specified parame-
ters. Since then, progressing RF conditioning com-
bined with improved operational experience improved
considerably the reliability of the system. The experi-
ence gained on diagnostics and controls was very
beneficial afterwards for booster and storage ring
commissioning.

Booster

In January 2000, about 50% of the booster magnets
were installed in the ring. The delivery of the booster
vacuum chambers was completed and all 39 vacuum
chambers, with position monitors integrated and vac-
uum pumps attached were ready for installation. The
cavity with RF-power system and klystron were in-
stalled and tested. The novel booster power supply
was installed and tested and revealed very satisfactory
performance.

The goals for the booster installation could easily be
reached. The difficulty was to complete storage ring
installation in time for closing the tunnel. Although not
all of the storage ring vacuum chambers were installed
in time, booster commissioning could start at the be-
ginning of July. After characterization of the machine
at low energies, ramping to 2.4 GeV was done for the
first time at the beginning of August. Finally, on Sep-
tember 21, the design performance was reached with
1 nC per shot extracted at 2.4 GeV.

Storage Ring

At the beginning of the year 2000, the bending magnet
delivery was completed, about 50 % of the multipoles
were in house and magnetic measurements were
going on. One achromat made up by four girders was
already installed. After external bake-out, the first
18 m long vacuum sector was inserted in the magnet
structure.

The major installations were concluded before booster
commissioning in July. The two missing vacuum sec-



tors were inserted on two subsequent weekends in
August. Since the commissioning shifts for the booster
were scheduled for late afternoon until midnight, most
of the day was still available for completing the instal-
lation and for cabling work of the storage ring. This
allowed to reach a very advanced state of the storage
ring already at the beginning of December and to start
the first injection tests on December 12. After produc-
ing the first turn on December 13, a beam of 3 mA
could be stored in the relaxed optics on December 15.
The exceptionally good lifetime demonstrated that the
big effort for preparing a high quality vacuum was
paying off. Measurements of the response matrix pro-
vided evidence for a good agreement with theory.

Beamlines

After the design and procurement in the preceding
year, great progress was made in the year 2000 with
the fabrication and installation of beamline compo-
nents.

All front ends were tested, installed and put in opera-
tion. Two of them were already connected to the stor-
age ring vacuum system at the end of the year.

At the beginning of the year the concepts for all inser-
tion devices were frozen and the realisation process
was started, either as contract with external compa-
nies UE212 for the spectroscopy (SIS) and W61 for
the material science (MS) beamlines or in form of col-
laboration with another institute BESSY, for the UE56
of the microscopy (SIM) beamline. For the protein
crystallography, PX an in-vacuum undulator (U24)
arrived from Spring-8 on loan for the first operation
phase. It was measured magnetically and is being
prepared now for installation as the first device early
next year. At the SLS, experience will be provided with
the operation of such devices at very low gaps. This
will allow us to adjust the final design of the U17
matched to this experience.

For all four beamlines radiation protection hutches and
control hutches were installed with the required infra-
structure.

For the SIM and SIS beamlines all optical components
were delivered and acceptance tests were well under
way at the end of the year 2000. For SIM, the PEEM
was completed and first pictures were made at the
company. The rotating platform for the end station of
SIS was installed.

Both mirrors have been installed, aligned and cali-
brated for the MS. The first crystal of the monochro-
mator was mounted and tested. The powder diffrac-
tometer end station was delivered and connected to
the control system.

The optical system, slit and shutter following the front
end of the PX beamline was installed. Diffractometer
and K-goniometer are under construction.

Substantial progress was made in the development
and implementation of the control software for all four
beamlines.

INTERNATIONAL COLLABORATIONS

In year 2000, further progress could be made in em-
bedding the SLS in international collaborations. After
an initial great benefit from collaborations with other
institutes of the Synchrotron Light community, the SLS
with its new advanced developments is now able to
pay back what was received at the beginning.

Beside ongoing collaborations for the superconducting
higher harmonic cavity (CEA/ ELETTRA/ SLS), for
BPM electronics and multi-bunch feedback systems
(ELETTRA/ SLS) and existing Framework agreements
between the ETH-Board with CNRS/CEA/CCLRC (Tri-
partite Convention), with NSLS/ALS and with JASRI,
new collaboration contracts were stipulated in year
2000.

Memoranda of Understanding were signed between
Riken and PSI to pursue common goals in the devel-
opment of in-vacuum mini-gap undulators and Argon
National Laboratory/APS and PSI/SLS to collaborate
on the development of undulators, beamline compo-
nents and X-ray detectors.

Agreements were concluded with BESSY II for the
construction of a helical insertion device (UE56), with
LURE/CNRS for the development of injection kickers
and pulsers. A Framework Agreement of the Medium
Energy Third Generation Light Sources was signed to
foster international scientific collaboration and educa-
tion in this field among all sources worldwide.

In preparation is a Memorandum of Understanding
between CNRS, CEA and ETH-Board to establish at
the level of Research Institutes LURE and PSI a col-
laboration on the field of SR with the particular goal of
construction and utilization of beamlines at the SLS.

OUTLOOK

Storage ring commissioning will continue in Janu-
ary 2001. Machine shifts are planned on a 24 hours
basis for 3-4 weeks in a row, followed by a shut down
of 1 week. Machine shifts for characterisation and
optimisation will be during the day, whereas the night
is dedicated to vacuum cleaning at maximum possible
current.

The installation of the U24 undulator is planned for
March 2001. Vacuum chambers for the wiggler W61
and the helical device UE212 will be installed in April,
followed by the insertion devices W61, UE212 and
UE56 in May, June and July.
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SLS PRE-INJECTOR

M. Pedrozzi

The SLS 100 MeV Pre-lnjector was fully assembled and successfully commissioned in Spring 2000. Its
optimization in multi bunch mode was improved during the booster commissioning. It reaches routinely an
overall transmission of 95 % at 100 MeV, with energy dispersion as low as 0.1 % and a normalized emit-
tance lower than 20 n mm mrad.

INTRODUCTION

The Swiss Light Source Pre-lnjector is a 100 MeV S-
band linear accelerator (Linac), which was ordered as
turn-key system from ACCEL Instruments GmbH [1,2].
Some components, in particular the diagnostics, the
3 GHz klystrons and the beam-transfer lines were di-
rectly provided by PSI.

The Linac was specified to operate in two main
modes: the single-bunch mode and a variable multi-
bunch mode. In addition, an optional low current mode
is planned for top-up injection, which will keep the
mean current in the storage ring nearly constant.

Meeting the performance specifications of the pre-
injector, as listed in Table 2, is important to ensure an
efficient and fast injection into the SLS storage ring
(up to 250 mA/min). Low energy spread and emittance
are needed to match the narrow apertures of the
innovative SLS booster synchrotron [3].

OVERVIEW

A detailed description of the installation was presented
in the PSI Scientific Report 1999 (Volume VII). The
Pre-lnjector consists of four main parts (Fig. 1):
1. The electron source, a 90 kV triode gun with Pierce

geometry. In the single-bunch mode the cathode is
pulsed with respect to the grid. In the multi-bunch
mode the grid is modulated at 500 MHz with
respect to the cathode.

2. The bunching section, including:
- a 500 MHz sub-harmonic pre-buncher (SPB),
- a 4-cell traveling wave buncher ((3=0.6, 2% /3),
- a 16-cell traveling wave buncher ((3=0.95, 8n/9).

3. Two traveling wave accelerating structures ((3=1,
2 J I / 3 , 5.2 m long).

4. The transfer lines towards the booster and the
beam dump.

The accelerating structures, based on the design of
the SBTF (S-Band Test Facility) [4,5], have been
manufactured by ACCEL in collaboration with DESY.

STATUS

Assembly

The accelerating structures were delivered in Decem-
ber 1999 and the assembly of the system was com-
pleted in February 2000. The activities of the past year
are summarized in Table 1.

Problems were encountered with some RF compo-
nents during the RF conditioning process of the
structures. In particular, the 40 MW RF windows of the
accelerating structures and the two 6 MW RF water
loads installed in the bunching section were not able to
handle the required RF power. As backup solution, we
temporarily used spare components from CERN and
PSI. The modified wave-guide components have been
re-assembled by ACCEL in October 2000. Before
being assembled the new RF components were tested
at high power in the SLS test stand facility.

Final assembly (accelerating structures and
wave guide system)

Structure RF conditioning

First 4 MeV beam

First 100 MeV beam

Beam parameters according to specs

Beginning of booster operation

Replacing buncher RF water loads and struc-
ture 1 RF window.

Complete restart, and beam within specs

January
February

February

March 16

March 21

April 27

July 3

October 23/27

November 3

Table 1 : Pre-injector main activities during 2000.

Bunching
section

90 kV —
Electron
gun

Accelerating
section 1

Focusing
(quadrupoles) Accelerating

section 2 Transfer
= ^ H = i> line

RF source;
50 0 MHz I H"

Rf source;
3GHz klystron

Rf source;
3GHz klystron

Fig. 1: SLS Pre-lnjector layout



Commissioning

Due to the high performance requirements, the elec-
tron gun operation in the single bunch mode was the
most challenging part of the project. A bunch length of
1 ns was essential in order to achieve low energy
spread and high bunch purity. The bunch length
measurements made directly after the gun at 90 KeV,
demonstrated that the specifications were met (Fig. 2).

time [ns]
0.5 1 1.5 2 2.5 3

peak current [A]

Fig. 2: Single bunch pulses at 90 KeV (a), full width at
half maximum versus peak current (b).

The bunch structure has been measured at 100 MeV.
A maximum of 3 S-band micro-bunches, every
500 MHz period (booster bucket), was specified. As
shown in Fig. 3a, this was achieved operating the Li-
nac without the sub-harmonic pre-buncher, and could
be improved by decreasing the gun current (Fig. 3b) or
switching on the SPB.

Single bunch mode,

high charge of 1.5 nC, -

without 500 MHz

pre-buncher

0.5 1.0 1.5 2.0 2.5 3.0 3.5
Time [ ns ]

Single bunch mode

with low charge of 0.5 nC

3.0 3.5 4.0
Time [ ns ]

a) b)

Fig. 3: a) three S-band micro-bunches in single bunch
mode with 1.5 nC charge, b) single bunch of 0.5 nC
(both measurements with 500 MHz pre-buncher OFF).

The linac commissioning results [6,7] are summarized
and compared to the specifications in Table 2. During
the booster commissioning period, the linac beam
performance in the multi bunch mode was improved
basically by re-optimizing carefully the phasing of the
bunching section. The operating experience revealed
the importance of the SPB in reaching low emittance
and energy spread with high transmission (>95%).

The accumulated RF conditioning time, accumulated
operational experience and the hardware consolida-
tion increased considerably the overall reliability of the
system compared to the earlier operation. Very good
beam reproducibility after shutdown was observed and
the fault rate decreased down to a negligible rate.

Single bunch
width

Bunch train
width

Charge

Energy

Energy
stability

Energy
spread (rms)

Normalized
emittance
do)
Single bunch
purity

Faults

Single-
bunch

(April27)

1 ns

2nC

102 MeV

<0.1%

0.2%

50 7i mm
mrad

<0.01

0.25
fault/hour

Multi-
bunch

(April 27)

0.5 (is

2.2 nC

103 MeV

<0.1%

0.3%

40 K mm
mrad

0.5
fault/hour

Multi-
bunch

(booster
operation)

Spec.

1 ns

0.4 us 0.2-0.9 us

1.5 nC 1.5 nC

100 MeV

0.04%

0.1%

<20 n mrn
mrad

<1
fault/day

100 MeV

<0.25%

<0.5%

50 jt mm
mrad

<0.01

<1
fault/hour

Table 2: Pre-lnjector commissioning results.

REMAINING TASKS

Multipactoring in SPB

The 500 MHz Sub-harmonic Pre-Buncher (SPB) plays
a major role in the bunching process. The emittance,
the energy spread and the transmission are strongly
related to the RF phase and voltage of this cavity. At
the nominal SPB working point some multipactoring
has been observed, which lead to unstable booster
injection conditions. Fortunately, it was possible to
reduce these phenomena by long RF conditioning of
the cavity surfaces. In spite of this progress, multi-
pactoring still occasionally perturbs the linac operation.
Since RF conditioning is a slow process, which is dy-
namically modifying the SPB parameters, a smooth
linac re-optimization is occasionally required to obtain
more stable conditions.

The problem must be solved in order to reach the sta-
bility required for reliable and reproducible injection
conditions. For this reason, investigations are under-
way at ACCEL and PSI in order to find a definitive
solution.

Top up operation

The top-up injection is an option in the SLS near fu-
ture. In this mode, the injector complex will be con-
tinuously operated at extremely low charge (10pC
range), in order to maintain the storage ring current
nearly constant.

Stable low current operation in multi-bunch mode, with
charges well below 0.1 nC, has been already demon-
strated. This encouraging result was simply reached
by decreasing the gun current with the grid-cathode
voltage. The final needs in term of current will be es-
sentially determined by the beam lifetime in the stor-



age ring. If necessary, an iris could be installed in the
low energy section, to strongly reduce the charge pro-
duced by the gun.

CONCLUSIONS

The SLS pre-injector was successfully installed and
commissioned during the past year. Apart from an
unexpected multipactoring activity in the sub-harmonic
pre-buncher, which occasionally perturbs the booster
injection, the achieved performance is better than
specified. A cure to the multipactoring problem is un-
der investigation.
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SLS BOOSTER AT ITS DESIGN PERFORMANCE

W. Joho

The SLS booster synchrotron was successfully commissioned in the summer of 2000. Shortly before the
end of the year a 2.4 GeV, beam was injected for the first time into the storage ring.

INTRODUCTION

The booster synchrotron is part of the SLS injector
complex and accelerates electrons, coming from the
linac, from 0.1 to 2.4 GeV. After extraction from the
booster these electrons are then injected into the
storage ring where they are accumulated. The repeti-
tion rate for this process is 3.125 Hz.

Compared to other synchrotrons, the design of the
SLS 2.4 GeV booster followed an unusual and inno-
vative concept: a relatively high number of 93 small
combined dipole/quadrupole/sextupole magnets was
installed inside the same tunnel as the storage ring
leading to a large circumference of 270 m. Three dis-
persion free straight sections serve for the accommo-
dation of the accelerating cavity and injec-
tion/extraction elements. Additional lumped quadru-
poles there are used for the variation of the tunes.
The lattice optics enforces a small beam emittance
and small dispersion everywhere and thus allows
small vacuum chambers and narrow magnetic gaps.
This leads to low magnet and operating costs as well
as to an excellent quality of the extracted beam. The
detailed properties of the booster are described in
previous articles [1], [2], [3].

COMMISSIONING THE BOOSTER

The first booster magnets were moved into the ring
tunnel at the end of October 1999. Five months later
the installation process for these magnets was fin-
ished and the first beam tests could start as sched-
uled in the middle of 2000. The commissioning proc-
ess went then rather swift, as illustrated in the list of
milestones, and culminated in the acceleration of
electrons to the design energy of 2.4 GeV (see
Fig. 1).

Milestones in 2000

• January 26

• March 29

• May 26

• July 3

• July 11

• July 13

• July 27

• August 8

• August 23

• September

600 kV in cavity

All 237 magnets installed

Vacuum in 270 m booster ring

Start 100MeVbeamline

First turn in booster

RFon, 100'000 turns

Acceleration to 1.5 GeV

Acceleration to 2.4 GeV

Extraction at 2.4 GeV
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0.65mA^

0.58mA

B
oo

st
er

i

\

32

—.

0 m

mm

b
1

HHi-

fmwt

' TTime
100MeV
Injection

2.4GeV
Extraction

100MeV
Injection

3.0 -i

, , 2.5
>
CD 2.0

CD
1—' 1.5
E3

CD
C
UJ

1.0

0,5

0.0

;

:

:

: Injectiq

1
n|

TTTT

1 Extraction

A
f

T P T

\

\

\n
i/

niection
/

-50 0 50 100 150 200 250 300 350 400

Time [ms]

Fig. 1: Acceleration of electrons in the booster syn-
chrotron. Bottom: 3.125 Hz cycle of the electron en-
ergy, top: beam current during acceleration.

Commissioning Results

• Although the vacuum chamber is rather narrow
(30 mm x 20 mm over the whole circumference)
the first turn was reached without any of the
108 steering magnets switched on. The largest
deviation from the ideal orbit was about 5 mm.
This corresponds to a maximum error of about
0.5 mm and an "rms" error of 0.2 mm in the
transversal position of the magnets, indicating an
excellent job of the alignment crew.



The beam position monitors are reading the
500 MHz component of the beam spectrum, gen-
erated already by the pulsed electron gun in the li-
nac and enhanced by the subsequent subhar-
monic buncher. Due to de-bunching the 500 MHz
structure of the beam disappears after about
100 turns in the booster without an RF voltage on
the cavity. This was observed already on the sec-
ond day of commissioning. The following, day the
RF voltage was turned on and one could measure
immediately 100'000 turns.

Deflecting the electron beam in a bending magnet
produces synchrotron light, which can be
observed on a screen monitor. During
acceleration, the beam size, and thus the
corresponding light spot on the screen, shrinks
due to adiabatic damping. Fig. 2 shows an
example of this phenomena.

• The injection efficiency is still relatively poor.
About 25 % of the beam is lost on the very first
turn in the booster, probably due to non perfect
matching of the beam envelope from the transfer
line to the booster.

• Another 10 % beam loss occurs in the early part of
acceleration (see Fig. 1). This loss is absent on
the very first shot after a long time period without
beam. The reason for this are the varying vacuum
conditions with and without beam. At low energy,
the beam is sensitive to scattering on desorbed
gas molecules, which are produced by the syn-
chrotron radiation essentially at high energies.
During the early part of commissioning, the beam
losses due to gas scattering were extremely high.
But fortunately these losses disappear after some
time of operation, when the accumulated beam
dose has sufficiently cleaned the vacuum cham-
ber.

l©m
2,4 in

onrreirt QF [A]

•42

current QE |

Fig. 2: Image of synchrotron light produced in a
bending magnet. Top: after 34 ms at 300 MeV, bot-
tom: after 154 ms at 2.4 GeV.

Fig. 3: Variation of the focusing tunes - at injection -
as a function of the quadrupole currents in QF (top)
and in QE (bottom). From the slope of these curves
one can calculate the lattice functions px and py at the
location of these quadruples. The agreement with
the theoretical values is about 10 %.



First measurements of the optical lattice functions
were done by varying some quadrupole strengths
and observing the corresponding changes in the
focusing tunes. The results are shown in Fig. 3
and show good agreement between expected and
measured values.

To correct the chromaticity of the magnet lattice, a
sextupole component was incorporated into the
pole profile of the combined function magnets
Nevertheless two families with a total of
18 sextupoles are installed in the booster lattice.

Their purpose is to
- compensate possible slight errors in the

manufactured pole profile,
- compensate eddy current effects during magnet

ramping,
- allow changes in the chromaticity,
But so far there was no need to excite these sepa-
rate sextupoles.

With the extraction kicker, one can excite horizon-
tal oscillations of the beam at various stages in the
acceleration cycle. With this method, one can
measure the focusing tune as a function of time or
energy. Fig. 4 shows the corresponding result.
More details on the performance of the sophisti-
cated booster diagnostic equipment are found in
[4].

The reproducibility of the booster is excellent: up-
loading a set of previously established machine
parameters reproduces the corresponding beam
status with no need to touch any knobs.

SUMMARY

• The booster was constructed and commissioned
within schedule.

• Construction costs were below budget with
10 MCHF for the booster and 1 MCHF for the two
transfer lines at 100 MeV and 2.4 GeV.

• Performance of the beam is according to the de-
sign specifications.

• The extracted beam intensity is fully sufficient to
fill the storage ring within a few minutes.

• The prospects for a future operation with a
flexible top-up-injection scheme look very
promising.

• The innovative design with the booster in the
same tunnel as the storage ring was not without
some risks, but has proven to be a success.
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FIRST BEAM IN THE SLS STORAGE RING

L. Rivkin

Storage ring installation was finished in time to close the tunnel for booster commissioning. All the major
components were ready for operation in December, somewhat ahead of schedule. This allowed us to start
the storage ring commissioning and to store beam shortly before the end of the millennium: a nice Christ-
mas present for all the people involved in the SLS project.

INTRODUCTION

The SLS storage ring is a state-of-the-art electron
storage ring with 288 m circumference and the design
energy of 2.4 GeV. It consists of 12 achromatic arcs
(TBA lattice) separated by straight sections that are
between 4 and 11 meters long. Design parameters of
the storage ring are given in Table 1 below.

Energy

Circumference

RF frequency

Harmonic number

2.4

288

500

480

GeV

m

MHz

(= 25-3-5)

Lattice parameters

Horizontal tune

Vertical tune

Synchrotron tune

Natural chromaticities

Momentum compaction
factor

20.42

8.28

0.0064

-72 / -21

0.00066

Radiation damping, equilibrium beam sizes

Radiation loss per turn

Transverse damping time

Longitudinal damping time

Critical photon energy

Emittance

Energy spread (relative, rms)

Bunch length (at VRF = 2 MV)

0.512

9

4.5

5.4

4.8

0.00086

4

MeV

ms

ms

keV

nm-rad

mm

Table 1 : Design parameters of the SLS storage ring.

START UP: THE FIRST SEVEN DAYS

The start of the storage ring commissioning was
scheduled for the beginning of January 2001. By the
end of September 2000 it became clear that all the
hardware installation and check-outs would be finished
by the middle of December. It then was decided to
advance the storage ring commissioning and to try to
inject the first beam in December.

First beam was successfully stored soon after the start
of the commissioning. The first synchrotron light
image of the stored beam is given below:

Fig. 1: Synchrotron light monitor image of the first
stored beam

The way the commissioning progressed is summa-
rised in the table below. The final configuration of the
synchrotron light monitors will use the visible part of
the radiation, taken out via a water cooled mirror. In
December, the monitor was operated in a temporary
configuration, without the mirror, letting all the radia-
tion pass through a vacuum window. To avoid possible
damage to the window, was limited the stored current
in the ring was limited to below 3 mA.

December 12

December 13

December 14

December 15

Start of ring commissioning

First turn

Thousand turns

Stored beam: 3 mA
Lifetime: 10 min

Decision to limit the current to 3 mA due to a tempo-
rary vacuum window in the system

December 18

December 19

Beam lifetime: > 45 min

Beam lifetime: ~ 8 hours

Commissioning finished for the year 2000

Table 2: Summary of the ring commissioning results
during the first seven days with beam in December.

First measurements with beam

The main diagnostics tools during commissioning
were the screen monitors in the vicinity of injection, the
synchrotron light monitor shown above and the digital
BPM system that is capable to show the beam position
on turn-by-turn basis. This functionality proved to be
extremely useful and is illustrated below with a BPM
display of the first 1000 turns in the ring.



11

Si 8 i x
I

M it-.: '

- - • • 1

a A <; : , .

: . , , i'' 1 "1 1- ; '

i!:ll.l.!..;. i

it-T iCHU:

it-T BO*H:

Fig. 2: Digital Beam Position Monitor (BPM) display in
turn-by-turn mode, showing the intensity and hori-
zontal and vertical position of the beam on each of the
first 1000 turns in the storage ring.

In addition to providing a very useful intensity vs. turns
signal to tune the injection, it delivers a wealth of in-
formation about the closed orbit, transverse oscilla-
tions of the beam centre-of-charge motion, energy
oscillations and mismatch.

Fourier analysis of the turn-by-turn transverse position
data was used to measure the tunes. This application,
among several high level applications used during
commissioning, was already tested during the booster
commissioning.

Storage ring optics checks

Two optics configurations were prepared and used for
the commissioning: the design and relaxed versions.
In the relaxed version, the transverse focusing was
somewhat relaxed, resulting in a higher value of the
equilibrium beam emittance and lower values of the
transverse tunes, natural chromaticities and sextupole
magnets strengths.

Beam was stored in both optics, with almost no ad-
justment of the main parameters. The beam lifetime
was much longer in the relaxed optics configuration
and most of the measurements were performed there.

The theoretical design optics was shown to describe
the existing machine rather well. The measured tunes
were close to the theoretical values, and a first meas-
urement of the response matrix provided further evi-
dence to this effect. One of the major contributing fac-
tors to this success is the excellent quality of the mag-
netic components and their power supplies [1]. Fur-
thermore, the beam was stored with no correctors
turned on, which attested to the quality of the
alignment of the ring components.

SUMMARY

The main ring components were installed close to
schedule, in time for the booster commissioning in
July. Although the installation work proceeded at a fast
pace, all the groups involved maintained very high
level of quality control. As a result, the commissioning
with beam proceeded at a lightning pace.

REFERENCES
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the SLS storage ring", submitted to the Nuclear
Instruments and Methods.

Fig. 3: Model and measured orbit response to a corrector compared very well in this first measurement of
the response matrix in the storage ring. Horizontal orbit deviation in mm at all the BPMs along the ring is
shown above.
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COMMISSIONING OVERVIEW

A. Streun

In 2000 injector linac and booster synchrotron of the Swiss Light Source (SLS) have been commissioned
well within time schedules and reached or even exceeded the design performances. Storage ring com-
missioning already started in December 2000 prior to schedule with first encouraging results.

INTRODUCTION

Commissioning of SLS is divided into three periods:

• March - April 2000: Injector linac including
diagnostic beam line,

• July - September 2000: Booster synchrotron in-
cluding injection line (linac to booster) and half of
extraction line (booster to temporary beam dump),

• January - July 2001: Storage ring including sec-
ond part of extraction line.

LINAC

The 100 MeV injector linac consists of a thermionic
gun, a 500 MHz subharmonic buncher (SPB) for
matching to the booster synchrotron's RF buckets,
3 GHz 4-cell and 16-cell bunchers and two 3 GHz
accelerating sections [1]. Linac commissioning was
done in collaboration with the ACCEL company who
had delivered the linac [2].

Linac commissioning milestones:

March 16 4 MeV beam after 16-cell buncher
March 21 100 MeV beam at linac exit
April 27 Design performances reached

Linac time structure, beam current, and energy meet
the specifications. The beam quality as characterized
by energy spread and transverse emittances even
exceeds the specifications, requires however careful
optimization of all linac parameters. In particular the
relative energy stability of < 10"4 is much better than
specified. General reliability and reproducibility of the
linac is very good, with the exception of the subhar-
monic prebuncher showing persistent multipactoring
instabilities. This is subject to further investigations in
2001.

BOOSTER SYNCHROTRON

Compared to other synchrotrons, the design of the
SLS 2.4 GeV booster followed an unusual and inno-
vative concept as described in [3]. Hence commis-
sioning was expected to become challenging.

Furthermore, both booster and storage ring are
equipped with innovative subsystems as integrated
digital power supplies [4] and digital beam position
monitoring systems [5]. Thus, commissioning of the
booster implied commissioning of these subsystems
too.

Booster commissioning milestones:

July 11 First turn
August 8 Small charge accelerated to 2.4 GeV
September 21 1 nC extracted at 2.4 GeV

The main achievements:

• The relevant design specifications as 3 Hz repeti-
tion rate and extraction of 1 nC charge at 2.4 GeV
have been reached.

• Emittance and energy spread of the extracted
beam have not yet been measured precisely due
to other priorities. The beam, however, is appar-
ently small enough for injection into the storage
ring.

• The total jitter of the extracted beam expressed as
relative energy jitter has been measured to be
approx. 10"4 which is small compared to the
natural energy spread.

• First measurements of optical functions agree on
a 10 % level with theory.

• The reproducibility of the booster is excellent: usu-
ally uploading a set of machine data reproduces
the corresponding beam status with no need for
touching any knob.

• Although the vacuum chamber is rather narrow
the first turn was reached with none of the 108
corrector magnets switched on, indicating an
excellent alignment of the machine.

• The digital BPM system with single turn resolution
fulfilled its specifications and became an essential
commissioning tool.

• The digital power supplies turned out to be very
reliable while exceeding the stability specifications.

Of course, the booster commissioning had to face a
few problems too:

• At low energy, the beam is sensitive to scattering
on synchrotron radiation desorbed gas and thus
gets partially lost. This problem, common to all
electron synchrotrons and storage rings, disap-
pears after some time of operation after the accu-
mulated beam dose has sufficiently cleaned the
vacuum chamber [6]. In our case the problem
could be alleviated by starting the cosine-shaped
ramp at lower energy of 60 MeV and injecting the
beam with delay "on the fly" when 100 MeV have
been reached. Then the slope of the ramp is
steeper, the acceleration is faster and the beam
stays shorter in the regime where it is sensitive to
gas scattering. Later, so called "laundry shifts" de-
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voted to nothing but beam cleaning were done
through the night.

• The injection efficiency into the booster amounts
to approx. 80 % which has to be improved in the
long term in order to keep the radiation level (n+y)
well below the radiation safety limit of 20 (iS/week.

• The innovative digital BPM system of course re-
quired some debugging during commissioning [5].

STORAGE RING

The SLS 2.4 GeV storage ring is a rather complex
machine: 36 bending magnets form 12 triple bend
achromats on 288 m circumference. 174 quadrupoles
with independent power supplies grouped into 22 soft
families allow large flexibility, 120 sextupoles in
9 families are carefully balanced to provide wide dy-
namic apertures. Commissioning started prior to
schedule with seven shifts of operation in December.

Storage ring commissioning milestones:

December 13 First turn
December 15 Accumulation and beam storage
December 19 8 hours of beam lifetime with 3 mA

The successful start-up of ring commissioning is due
to the fact that the subsystems (power supplies, BPM
system) had already been commissioned with the
booster and due to the very high quality of the ma-
chine: First measurements of the beam response
matrix (i.e. position readouts of beam orbit vs. cor-
rector magnet excitations) showed an excellent
agreement with design, indicating that the real ma-
chine is extremely close to the ideal machine [7].

GENERAL EXPERIENCE

The commissioning up to now may be considered as
rather successful. This is due to the following
reasons:

• A very high quality standard for all components
has been maintained from design to manufactur-
ing and delivery. This concerns all magnets, the
vacuum system, all RF devices (except the linac
subharmonic buncher) and the power supplies.

• The quality of survey and alignment [8] of booster
and ring components, the precision of storage ring
girders [9] and magnet axis centering is impres-
sively proven by the fact that both machines al-
lowed the first turn with all correctors switched off.

• All work at SLS was obviously done with great
care and responsibility. As a striking example it
can be mentioned, that up to now no cabling error
has been found.

• The rich and state-of-the-art diagnostic systems
provide detailed insight into the physics of the ma-
chines: Digital BPM system and 1 \is shutter cam-
eras allow to examine the beam on each single
turn [5].

• Required software was available or quickly impro-
vised following rapidly developing needs thanks to
the robust and programmer-friendly environments
[10].

The general commissioning strategy emphasized fast
progress in order to find problems as soon as
possible and enabled us to reach all goals within
schedule. Thus, inevitable compromises on
thoroughness lead to implementations of tools that
are not too user-friendly and further leave the
obligation to repeat and evaluate measurements
deliberately.

OUTLOOK

Storage ring commissioning continuing in 2001 has to
face the challenge of storing the design current of
400 mA at the calculated beam lifetime of 3 hours in
the presence of the four primal insertion devices.
However the experience with the vacuum system, the
theoretical calculations of the insertion devices' influ-
ence [11], and the observed good agreement of the
real machine with the model justify an optimistic per-
spective.

REFERENCES

[I] M. Pedrozzi, "SLS Pre-lnjector", PSI Scientific
Report 2000, Volume VII.

[2] M. Pedrozzi et al., "Commissioning of the SLS-
Linac", Proc. of EPAC 2000, Vienna, p.851.

[3] W. Joho, "SLS Booster at its Design Perform-
ance", PSI Scientific Report 2000, Volume VII.

[4] F. Jenni, H. Horvat "Precision of the SLS Power
Supplies", PSI Scientific Report 2000, Volume
VII.

[5] V. Schlott, "Diagnostics, Operational Experi-
ence", PSI Scientific Report 2000, Volume VII.

[6] L. Schulz, "SLS Vacuum System", PSI Scientific
Report 2000, Volume VII.

[7] L. Rivkin, "First Beam in the SLS Storage Ring",
PSI Scientific Report 2000, Volume VII.

[8] F. Wei, "Survey and Alignment in 2000", PSI
Scientific Report 2000, Volume VII.

[9] S. Zelenika, "Storage Ring Positioning and Posi-
tion Monitoring Systems - Installation and Op-
erational Experience", PSI Scientific Report
2000, Volume VII.

[10] M. Boge, J. Chrin, "CORBA Objects for SLS
Subjects", PSI Scientific Report 2000, Volume
VII.

[II] B. Singh, "Effects of Insertion Devices on Beam
Dynamics", PSI Scientific Report 2000, Volume
VII.



15

SLS Accelerators, Details



16

SLS VACUUM SYSTEM

L Schulz, T. Bieri, N. Gaiffi

INTRODUCTION

The vacuum system for the SLS Storage Ring has to
provide an operating pressure of 1 -10"9 mbar with
beam in order to achieve lifetimes greater than
8 hours. The vacuum chambers are made from
stainless steel (316 LN) with consequent antechamber
design.

Synchrotron radiation will hit only on discrete photon
absorbers from OFHC copper. The pumping system
relies on lumped sputter ion pumps and lumped tita-
nium sublimation pumps (TSP). To reduce the con-
ductance limitations, the pumps are installed close to
the photon absorbers which are the main sources of
the radiation induced gas load.

VACUUMCHAMBERS

The storage ring vacuum system consists of
12 magnet sections connected by 12 straight sections.
Each magnet section is 18 m long and is built up with
7 vacuum chambers [1].

Magnet Sections

All vacuum chambers are equipped with an ante-
chamber. The electron channel has a horizontal ap-
erture of 65 mm and a vertical aperture of 32 mm. The
antechamber has a horizontal width of 87.5 mm.

The high accuracy of the SLS storage ring girder and
mover system [2] allows us to install the vacuum
chambers in the 18 m long magnet sections with no
bellows in these sections. This in turn helps to reach a
very smooth vacuum chamber, and consequently a
low chamber impedance. The chamber must therefore
be fabricated within low tolerances concerning the
overall length, the angles of flanges and the trans-
verse positions of flanges and BPM-blocks.

The vacuum chambers are connected with flat seal
flanges which have no gaps between gasket and
flange. This results also in a low chamber impedance.

The following fabrication and cleaning steps have
been carried out with all vacuum chambers:

• The vacuum chambers are folded from stainless
steel sheets (316 LN).

• The electron and TIG welding of the chamber
bodies is following the final processing of flat seal
flanges on a milling machine (longitudinal toler-
ance ± 0.05 mm, angular tolerance ±0.1 mrad).

• Cleaning of the chambers in an ultrasonic bath
with detergent.

• Vacuum firing at 950 °C at p <1-10"5 mbar.

• Welding in of the BPM feedthroughs into the BPM
blocks.

Installation of photon absorbers and Cu shields.

Factory acceptance test after a bakeout at 200 °C
for 24 hours:

o Leak rate <1-10"10mbarls"1

o Desorption rate <1-10"12 mbar I s"1 cm"2

. . « • • • - "

• " : .

» ' • • •

Fig. 1: SLS vacuum section on the way into
the bakeoutoven.

The assembly of the vacuum chambers of each mag-
net section has been done under a clean environment
in an assembly hutch with filtered air-condition in the
SLS hall. Each vacuum section is equipped with gate
valves at both ends and hand operated gate valves at
each synchrotron radiation beam port. After a first leak
test in the assembly hutch the roof of this hutch was
removed and the complete vacuum section was lifted
with a heavy lifting tool and transported hanging on
the SLS crane into a big furnace (Fig. 1). In this oven,
the sections were baked at 250 °C for 3 to 5 days.
During bakeout, the vacuum sections hung on chains
in the oven so that the thermal expansion of the 18 m
long section could take place freely. The sections
were pumped with 4 turbo molecular pumps which
were connected via cross angle valves and a flexible
tube. When the oven was cooled down, the sputter ion
pumps were started at a temperature of 150 °C. At
room temperature, each vacuum section typically
reached within one day a base pressure in the low
10'10 mbar range. After the finale leak test, the turbo
molecular pumps and all HV cables of the sputter ion
pumps were disconnected and the upper parts of the
magnet sections were removed. The vacuum sections
were then transported and installed under vacuum
into the open magnet sections (Fig. 2).

Compared to an in situ bakeout, the external bakeout
procedure in an oven is more effective because the
vacuum chamber can be baked at 250 °C which is
higher than a typical in situ bakeout system. Also a
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homogeneous temperature distribution (±10°C) can
be achieved.

After the completed bakeout and pumpdown of the

transverse direction. The RF shield has the same
cross section as the SLS standard vacuum chamber
and is realized with flex band design. All parts, in-
cluding RF shield and springs, are made of stainless
steel 316 LN except for the bellow membranes which
are made of 316 L.

Fig. 2: Installation of 18 m long vacuum section into
the SLS storage ring under vacuum.

Fig. 3: SLS shielded bellow.

storage ring vacuum section 01, the section was
vented with dry nitrogen and a scraper was installed.
The installation has been done under the exclusion of
air in a plastic tent which was also filled with nitrogen.
A low pressure in the 10~10mbar range could be
achieved without a thermal bakeout after 1 week.

Straight Sections

Commissioning chambers

The 12 straight sections in the storage ring have
3 different lengths (11 m, 7 m, and 4 m).

During the commissioning of the storage ring dummy
chambers are installed in the straight sections. These
chambers have the same aperture as the chambers in
the magnet sections. Later on, these chambers will be
replaced by the undulator chambers.

The commissioning chambers where also pre-assem-
bled in the assembly hutch, transported into the tunnel
in one piece, connected to the bellows and the fol-
lowing vacuum sections. The bakeout of the commis-
sioning chambers has been done in the tunnel with a
moveable and modular oven with adjustable lengths
according the different lengths of the straight sections.

Bellows for the Straights

To compensate for the thermal expansion of the vac-
uum chambers in the straights during bakeout and for
possible transverse displacements, two shielded bel-
lows are installed in each straight section (one at both
ends).

In a collaboration with LURE, an adaptation of
SOLEIL RF liner design to the SLS shielded bellows
was realized [3].

The available stroke and transverse displacement of
the bellows are 20 mm in longitudinal and ± 2 mm in

CONCLUSIONS
The installation of the SLS vacuum system has been
finished and the specified design values were
achieved. The concept of the external bakeout of
whole sections in an oven was very successful. The
base pressure in all vacuum sections is in the low
10-10 mbar range without beam. This pressure was
achieved only with the installed sputter ion pumps.
Later on during commissioning, it is foreseen to start
the titanium sublimation pumps which give additional
pumping speed. First tests with stored electron beam
have shown a beam lifetime of 1 h at 18 mA.
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SLS RF SYSTEM

P. Marchand, M.E. Busse-Grawitz, M. Pedrozzi, W.Tron, A. Anghel (CRPP LAUSANNE)

The RF system of the SLS consists of five 500 MHz power plants, one for the booster and four for the
storage ring. The booster plant and three of the storage ring plants were fully installed and commissioned
during the year 2000 and so far their operation proved to be quite reliable. The last plant should be opera-
tional before the end of January 2001. In order to lengthen the electron bunches and consequently im-
prove the beam lifetime in the storage ring, a third harmonic super-conducting cavity will be implemented
in spring 2002.

INTRODUCTION

The RF system of the SLS [1] comprises five 500 MHz
power plants, one for the booster and four for the stor-
age ring (SR). Each of them essentially consists of a
single cell copper cavity of the ELETTRA type, pow-
ered with a 180 kW klystron amplifier via a WR1800
waveguide line. The cavity power coupler is a coaxial
line terminated by a coupling loop. The RF voltage is
controlled by means of three regulation systems:
phase, amplitude and frequency tuning (mechanical
change of the cavity length). In order to cope with the
Higher Order Mode (HOM) excitations that could drive
multibunch instabilities at high beam current, two
other frequency tuning means are used for the SR
cavities: a precise control of the cavity temperature
and a plunger.

The cavities with their input couplers, their tuning and
cooling systems as well as the phase and amplitude
regulation loops were supplied by Sincrotone Trieste,
the klystrons by Marconi Applied Technologies (for-
merly EEV Ltd) and all the klystron DC supplies (cath-
ode HVPS + auxiliaries) by THOMCAST AG. The kly-
stron cathode HVPS is a Pulse Step Modulator, which
consists of 68 HV modules connected in series and
switched on/off by means of fast IGBT switches. The
interlock system (PLD) and controls (VME/EPICS)
were produced in collaboration between PSI and
THOMCAST AG.

Fig. 1: The booster cavity.

Fig. 2: One of the two SR RF stations

In a second stage, the initial 500 MHz system will be
complemented with a third harmonic idle super-con-
ducting (sc) cavity that will lengthen the electron
bunches in the SR and consequently improve the
beam lifetime [2].

COMMISSIONING RESULTS

Klystron amplifiers

The five klystron amplifiers were installed and tested
up to the maximum specified power with a dummy
load. All of them could produce a CW RF power of
180 kW with a cathode DC supply of 45.5 kV and
6.5 A that corresponds to a klystron efficiency better
than 60 %. The overall voltage ripple of the HVPS was
less than 0.6% peak-to-peak.

Cavities

After installation in the ring, the five cavities were first
baked out at a temperature of 150 °C under pumping
for about 24 hours and then RF conditioned up to a
voltage of 650 kV (- 62 kW of wall dissipation). The
coupler loop position was adjusted for a coupling fac-
tor of 2 for the SR cavities (resp. 1.1 for the booster).
At the end of the conditioning process (about
20 hours), the vacuum pressure was around 10"8 mbar
with RF and an order of magnitude lower without RF.
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Booster operation

The booster plant (klystron amplifier, waveguide
feeder line with circulator, cavity, and regulation loops)
was completed and put into operation for the booster
commissioning beginning of July 2000. The cavity RF
voltage was cycled from 120 kV up to 500 kV at 3 Hz
with a linear ramp (rise time of 70 ms, flat top of
100 ms) by modulating the reference voltage of the
amplitude regulation loop. At this power level, the cav-
ity vacuum pressure was 4.10"9 mbar without beam
(2.10"8 mbar with beam). Under these conditions one
could accelerate and extract at 2.4 GeV a charge of
1 nC, design goal for the booster. During the commis-
sioning period, the RF system operated quite reliably
(several 100 hours without any fault).

Storage Ring operation

During the first two weeks of the SR commissioning
(December 2000), three of the four SR RF plants were
operational and, for operation with beam, only two of
them were simultaneously powered, each cavity pro-
viding an RF voltage of 600 kV (CW). Rough adjust-
ments of the cavity phases were performed. With an
accumulated beam current of a few mA, negligible
amount of RF power was transferred into the beam.
The cooling racks for the temperature stabilization of
the cavities were arbitrarily set at 40 °C. Under these
conditions the SR RF plants ran quite satisfactorily.

The fourth SR RF plant should be fully operational
before the end of January 2001. A new bake-out of
the SR cavities will be performed during the machine
shutdown of February in order to improve their vac-
uum pressure (presently 2.10"8mbar at full RF volt-
age). It is also planned to reduce the high frequency
(4-12 kHz range) noise of the klystron HVPS with a
linear regulation and increase the bandwidth of the
phase loop in order to prevent excitations of beam
phase oscillations at high current.

SUPER-3HC PROJECT

Overview

Both, at ELETTRA and SLS, it was planned to imple-
ment a 3rd harmonic (1.5 GHz) RF system for improv-
ing the beam lifetime by lengthening the bunches.
Since their boundary conditions are rather similar, the
two laboratories decided to search for a common ap-
proach. The chosen solution is the use of an idle sc
system based on a "scaling at 1.5 GHz" of the
350 MHz two-cell-cavity developed at SACLAY for the
SOLEIL project. In October 1999, PSI, Sincrotone
Trieste and CEA SACLAY concluded a collaboration
agreement, the so-called SUPER-3HC Project. The
objective is the design and production of two complete
cryomodules, one for ELETTRA and one for SLS [3].

In the idle cavity, the beam-induced voltage is con-
trolled via the frequency tuner, a mechanical system
driven by a stepping motor which changes the cavity
length within the limits of elastic deformation.

With a cavity voltage around 800 kV (4 MV/m), one
expects to lengthen the bunches by a factor of about

three and that should result in a three times longer
beam lifetime. The expected cavity Qo at 4.5 K is
2 108 and the total cryogenic losses are anticipated to
be around 50 W. Following the SOLEIL approach, the
HOM impedances are strongly damped by means of
coaxial couplers located on the beam tube between
the two cavity cells.

Fig. 3: Sketch of the SUPER-3HC
(length: 1.1 m, diameter: 0.8 m).

Status

cryomodule

In a first phase, a copper cavity model was fabricated
in order to optimize the damping of the HOM's. This
work is completed: six HOM couplers will be used
(four for the transverse modes and two for the longitu-
dinal modes); their design is fixed and the manufac-
turing drawings are being prepared. With this configu-
ration, according to the measurements on the model,
all the cavity HOM's should be damped below the
instability thresholds of ELETTRA and SLS [4].

The fabrication of the two-cell-cavity (Nb/Cu) with the
Helium tank (stainless steel) has already started at
CERN. The manufacturing drawings for the remaining
parts of the cryomodule (frequency tuning system,
Helium distribution circuit, thermal shielding, vacuum
tank) are under preparation. A call for tender for the
cryogenic sources (refrigerator/liquefier) should be
issued beginning of February 2001.

The tests of the complete cryomodules at Saclay are
scheduled by January 2002, the installation and com-
missioning in the SLS SR in spring 2002.
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PRECISION OF THE SLS POWER SUPPLIES

F. Jenni, M. Horvat, L Tanner

The precision of the output current is one of the most important parameters of a magnet power supply
(PS). All SLS PS are better than the required specifications. These results are based on precise measure-
ments of the current in the control loops. Especially for the high precision units, the verification is not
possible with a single measurement. Statements are based on different measurements.

INTRODUCTION

The required accuracy and stability of the output cur-
rent of each power supply (PS) can be defined by
three important values:

• Short time stability for time spans shorter than 8 h,
including also noise.

• The absolute accuracy of the dc-value in steady
state.

• Reproduceibility over time and shut downs of the
power supplies.

The SLS-PS specifications go down to a few parts per
million (ppm). Such resolutions and precisions are
difficult to measure. The problem had to be solved
twice, as shown in Fig. 1.:

1. In the control loop of the PS for the regulation

2. Outside the loop for the verification

magnet

Verification
Measurements

Fig. 1: Power supply current measurements for the
control loop and for quality verification.

For both measurements, the currents have to be
transformed into corresponding voltages (i—>u): in the
control loop because the ADCs are built up with volt-
age inputs, and in the external measurement because
no ampere meters with appropriate precision are
commercially available.

The precision of the power supplies depends mainly
on the precision of ADCs and current to voltage
transformations. The influence of the DSP based con-
trollers and the converters can be kept small.

Furthermore, the measurements have to be per-
formed at high speed, in order to get the required dy-
namic performance. This is done by a sophisticated
AD-conversion scheme which was chosen to be iden-
tical in all power supplies.

CURRENT MEASUREMENTS ON THE PS

On small PSs, i.e. for currents smaller than 8 A the
currents are measured with precise shunts only. For
higher currents, direct current transducers (DCCT)
and additional high precision shunts for the current
voltage transformation are used. The high precision
DCCTs are matched to the requirements of the indi-
vidual PS. This strategy results in various DCCTs with
defined ranges of precision and stability for the con-
version of currents to voltages.

Analog to digital conversion

As mentioned before, the next step, the conversion of
the shunt voltage into a digital current signal is identi-
cal for all the units. Therefore, it has to fulfill the preci-
sion of the most precise PS which is in the same order
of magnitude as the precision of the best used DCCT.

Analog to digital converters with high sampling rates
show always noise on their (digital) output signal. For
16 bit converters (i.e. 1 bit sign and 15 bits magnitude)
with constant input signal, noise with a peak amplitude
of ± 3 LSB is quite normal (1 LSB = 30 ppm). There-
fore, the measured value has to be filtered on the
controller side. With an appropriate filtering the resolu-
tion can be increased up to 1 ppm. Unfortunately,
every filtering reduces the frequency range of the
measurement.

The absolute precision of the ADC-conversion is de-
termined by the voltage reference used for the con-
version. To reach the necessary stability, the refer-
ence has to be thermally stabilized. In the range of
operation (outside air temperature 20+45°C) the preci-
sion of the reference voltage is always better than
±5 ppm after warm up.

Automatic calibrations have been implemented for the
most important parameters, such as full scale and
zero value.

Specified data of used shunts and DCCT

The current transducers and shunts suffer from vari-
ous errors and dependencies. The most common
errors are on ratio, offset and linearity. Dependencies
are on temperature and time. As the various DCCTs
and shunts are chosen according to the requirements,
only data for the most precise one are presented here.
These are 'Hitec Topacc T20-8' DCCT. They are im-
plemented in the bending magnet PS for booster and
storage ring as well as for the verification measure-
ments.
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Data of 'Hitec Topacc T20-8':

Rated current

Rated output voltage

Ratio error: initial@25°C (re-
lated to actual output)

" vs. Temp (25-45°C)

" vs. time

" vs. time

Linearity error (related to ac-
tual output voltage)

Offset error (related to rated
output voltage): Initial (@25°C)

11 vs. Temp (25-45°C).

" vs. time

" vs. time

Output noise (0-MOkHz) (re-
lated to rated output voltage)

1000 A

10 V

25 ppm

1 ppm/K

0.5 ppm/month

5 ppm/year

2.5 ppm

2.5 ppm

0.5 ppm/K

0.5 ppm/month

5 ppm/year

1.5 ppm (RMS)

MEASURED PRECISION OF THE PS

For verifying the precision of the PS, a high precision
A-meter would be preferable. Unfortunately, such in-
struments are not available for the current range of
application. The solution is again a high precision
DCCT for the transformation of the required current
to voltage. The resulting output voltage is measured
with the differential voltmeter of a voltage standard
(Fluke 335A). The bandwidth of this instrument is
very low, i.e. down to 'dc'. Before the measurements,
the test equipment has to be warmed up to steady
state.

The required stability and precision of the various PS
have been confirmed.

As an overview, some numerical results shall be pre-
sented for a PS for which stability and reproducibilty
better than 100 ppm is required:

Cold ADC and DCCT: settling after turn on

At a start with all the equipment being cold, the cur-
rent deviates about 50 ppm from the later steady
state value. To reach steady state, approximately 1 h
is needed. Measurements have shown, that this
value changes within the following hours in a band of
less than 15 ppm.

Warm ADC and DCCT: settling after turn on

In the SLS, the entire electronic, i.e. controller, ADC,
DCCT, is very seldom turned off. Therefore, the most
interesting case are precision and settling time of the
current of a PS with warm electronic. After turn on,
the current was within 10 ppm of the steady state
value.

It has to be remembered that even at constant ambi-
ent temperature the burden resistor is heated by its
current. We measured a temperature rise of 6°C be-
tween zero and nominal current. The resistor has a
temperature coefficient of less than 2 ppm/K.

Reproducibility

For the application, the reproducibility of the current
(output current for the same reference value) after a
break is important. After an interruption of 6 h with
turning off of all the electronics the PS was turned on
again. One hour later, the current is again within
10 ppm of the former value.

Long term stability

As the PS, have been newly developed for the SLS,
no real long term stability can be specified. Current
results show no significant 'long' term drift in the ob-
served time span. But, some ten ppm from the ADCs
are expected as well as the same order of magnitude
for the DCCT within a couple of years. This is based
on the data sheet for the voltage reference on the
ADC and the DCCT itself.

Resolution of the output current

The resolution of the output current was investigated
for the storage ring bending PS. For this unit with its
considerable inductance, 1 ppm steps were verified.
To show such a resolution, a good filtering of the
measured property is necessary, as ADC and DCCT
produce noise with amplitudes significant higher than
1 ppm!

Suppression of mains voltage changes

Simulations have shown that 1 % changes in the
mains voltage result in changes of the output current
of less than 1 ppm. This was tested with a 1 % step
of the 400 V mains supply at full current of the bend
PS: no variation in the dc current was observed at all.

Noise in the load current

The noise in the output current of the PS is very
small. It is of the order of magnitude of the noise
picked up by the measurement equipment.

CONCLUSIONS

The precision asked for was more than reached for
all the SLS power supplies. Due to workload it was
not possible yet to determine the exact stability reso-
lution and noise of the units. This task is scheduled
for the year 2001.

REFERENCES

[1] F. Jenni, H.U. Boksberger, G. Irminger, "DC-Link
Control for a 1 MVA- 3 Hz Single Phase Power
Supply", PSI Scientific Report 1999 / Vol-
ume VII.



22

UNINTERRUPTIBLE POWER SUPPLY SYSTEM FOR THE SLS

I/I/. Fichte, F. Jenni

Crucial parts of the SLS machine and beam lines are supplied with uninterruptible power supplies (UPS).
This concept protects important parts of the system against disturbances and interruptions in the mains
supply which could cause due to the high costs, however, loss of control or data. Additionally, UPS can
protect the mains against disturbances caused by the loads. Less than 5% of the entire electrical system
is equipped with UPS systems.

UPS CONCEPT

It was decided to supply the diagnostics, the entire
control system including control room and network,
as well as the safety and emergency systems via
UPS. Altogether, an aparent power of 268 kVA, de-
livered by 14 different UPS is installed - less than 5 %
of the nominal power of the SLS. The systems sup-
plied are distributed over the whole technical gallery
in over 60 racks, as well as the central part of the
SLS building.

OPERATION PRINCIPLE OF THE USV

The installed UPS have all the same state-of-the-art
principle of operation: they are constructed as 'delta'-
converters. This describes a system with two convert-
ers each having bi-directional power flow capability.
Both are connected to the common battery.

bypass

Mains
20% Pn 100%Pn

AC / DC / Load

Battery

Fig. 1: Structure of a 'delta converter UPS'.

T

The converter on the mains (left hand) side compen-
sates voltage differences between the mains voltage
and the desired nominal ac voltage at the load. It
controls the mains current in such a way that it is
always sinusoidal with a power factor one. It operates
as an 'ac-voltage and current forming device'. It has a
power rating of approximately 20 % of the nominal
power of the UPS. Additionally this converter fulfills
the task of charging the battery.

The second converter has a power rating of 100 % of
the nominal power. It is in full-inverter operation in
case of a mains failure. It then supplies the load with
the necessary ac voltage and current. This converter
guarantees the load voltage also during transients in
the mains voltage and during switching actions of the
bypass switch. The actual operation mode is chosen
automatically by the UPS.

In both cases of operation, the quality of the output
voltage is very high, in other words the harmonics are
very small. The efficiency of the whole UPS system
goes up to 97 %, keeping energy costs low. As long
as the mains voltage is present, both converters can
support an overload of 200 % on the output side for
60 s. In case of a mains failure, the UPS can deliver
150 % of the nominal power during 30 s. Every UPS
can deliver nominal output power for at least 8 min
(planned about 10 min). This is guaranteed for
10 years with long life, maintenance free lead batter-
ies The weight of a 40 kVA system, including batter-
ies, is 650 kg.

Every UPS can be shunted with bypass switches.
This allows for a full disconnection of every UPS for
maintenance, without any interruptions of the output
voltages.

Status information of the UPS

Each UPS has a number of state information ('normal
operation', 'battery operation', 'failure', 'battery fail-
ure', 'UPS shunted'). These signals are fed to a cen-
tral PLC that supervises all the UPS. For a controlled
shut down of the loads towards the end of a battery
operation period an serial RS232 signal is available.

UPS SUPPLIED SYSTEMS IN THE SLS

Four 3 kVA/230 V UPSs are installed for the comput-
erized process control of the high frequency systems.
Two more UPS with the same ratings are used for
the control of the booster and the building control
system. These small systems are directly feeding the
loads.

Additional, distribution systems are feeding the fol-
lowing systems:

The emergency safety system ('NFO'); it is backed
up with a 10 KVA 3x400/230 V UPS.

Four 40 kVA, 3x400/230 V UPSs supply the power
for the machine control and diagnostic system, its
local area network as well as the radiation monitoring
system ('SU').

At last, the beam line X04S is equipped with a
40kVA, 3x400/230 V and beam line X06S with a
20 kVA, 3x400/230 V UPS.
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SLS PULSED MAGNETS

C. Gough

During the last year all of the nine pulsed magnets systems were put into service. A development program
for the critical Storage Ring kickers was completed, giving matching between the four kickers which
should achieve better than +/-0.1 %.

INTRODUCTION

A total of nine pulsed magnet systems are needed for
injection and extraction of the electron beam in the
SLS machine. The choice was made to standardise
on magnetic deflection for all elements. The required
magnet currents are in the range of 1-10 kA for a sin-
gle turn coil. To limit thermal dissipation, very short
magnet current pulses are used, with the current
peak only during the time that injection or extraction
takes place. While there are only nine pulsed-magnet
systems, they are a mixture of different technologies:
high voltage (up to 25 kV), high current (up to 5 kA),
high speed (typically 30 ns switching speed with
<1 ns stability), high precision (typically <0.1 %), low
vacuum (below 1e-9 mbar) and high reliability.

SEPTA

The three septum magnets in SLS have a similar de-
sign. The leakage fields for all three septa were
measured and found to be below 50 |iTm, a large
improvement on what was achieved in other accel-
erators.

Fig. 1: Septum for extracting the electron beam from
the Booster.

The Storage Ring septum magnet had the additional
complication that the profile seen by the stored elec-
tron beam must be very smooth. A special profile
tube was machined in parts and electron beam
welded. To permit thermal expansion, this tube has a
precision plug-and socket arrangement. While the in-
vacuum design of these units made it easier to
achieve good magnetic performance, the negative
aspect is that there is a large outgassing surface in
the thousands of magnetic steel laminations. The
Storage Ring septum was baked out with the rest of
the injection straight. The vacuum pressure is below
10'9 mbar, thanks to two 500 l/s ion pumps.

STORAGE RING KICKERS

The stored beam in the Storage Ring must be dis-
placed by 17 mm to permit accumulation of the elec-
tron beam coming from the Booster. The displace-
ment required is a symmetric horizontal bump in an
11m long straight section, requiring four identical
magnets and pulsers. However, the stored electron
beam should remain stable to within tens of mi-
crometers. Thus the four pulsed magnets that deflect
the beam should have exactly the same magnetic
field 3D and in time. The pulse is 6 jxs long, and re-
quires a pulser current of about 3.5 kA / 4.5 kV. The
pulsed magnetic field passes through metallised ce-
ramic chambers, and the resulting eddy currents
deform the magnetic field. This task was known to be
relatively difficult, and so this year's work has been
focused on extensive development program to mini-
mise any differences between the four magnetic
fields.

A magnetic field mapping of all magnets was per-
formed using the test stand shown in Fig. 2. This
equipment was driven using LabView software, and
recorded 2D magnetic field plots, in time and with all
three orthogonal magnetic axes. The results were
dramatic "movies" of the growth and decay of the
magnetic fields; a sample is shown in Fig. 3.

A short development program yielded the pulser
shown in Fig. 4. This equipment uses a fast
IGBT/diode switch assembly to discharge the coaxial
capacitor assembly into the magnet load. The dis-
charge waveform is shown in Fig. 5. Simple RG58
coaxial cables were found to give stable inductance,
and the very short pulse length means that these ca-
bles are able to carry many kiloamperes without dam-
age. Direct measurement of fast waveforms to a pre-
cision below 0.05 % would present a challenge. We
now have confidence that current signals from two
different magnets can be differenced with a simple
resitive circuit. In this way, the difference signal can
be amplified to show details in the range 0.001 % of
the main signal.
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Fig. 2: Magnetic test stand for pulsed magnets. The
positioning is within 100 (a.m in two axes, with mag-
netic measurements in three axes and time.

Fig. 4: Pulser for the Storage Ring kickers, with the
IGBT switch module in the upper left and the capaci-
tor assembly right.

Tek Run: 200MS/S ET Average

am 5.oo va M 1.25ns CM > 3.1V 1 Feb 2001
12:56:31

Fig. 5: Current pulse waveform for the Storage Ring
kickers, with a peak value of 3.5 kA.
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DIAGNOSTICS - OPERATIONAL EXPERIENCE

V. Schlott, M. Dehler, R. Kramert, A. Jaggi, A. Kammerer, A. Streun

First operational experience has been gained with the SLS accelerator instrumentation during the commis-
sioning of the pre-injector LINAC and booster synchrotron. The diagnostics provided good understanding
of electron beam dynamics and it has been an essential tool for adjusting important beam parameters
within design specifications. This report gives examples of measurements, which have been taken during
LINAC and booster commissioning showing the performance of optical and current monitors.

INTRODUCTION

Beam diagnostics for the SLS accelerator complex
comprehends measurements of electron beam cur-
rent, determination of transverse and longitudinal
phase space as well as monitoring of beam positions,
which are of special importance for the ring accelera-
tors like booster synchrotron and storage ring. An
extensive overview of design concepts for pre-injec-
tor LINAC instrumentation has already been given in
[1]. First results from LINAC commissioning have
been reported in [2]. A functionality proof and per-
formance characterization of the newly developed
digital beam position monitor (DBPM) system can be
looked up in [3]. Here, we will concentrate on the
presentation of operational experience with optical
monitors and current monitors. Measurements show
their performance and usefulness during SLS LINAC
and booster commissioning.

OPTICAL MONITORS

At SLS we use two different kinds of optical monitors:
screen monitors (SM) and synchrotron radiation
monitors (SRM). SMs are usually equipped with three
stage pneumatics, which allow to insert into the elec-
tron beam either a YAG:Ce crystal scintillator [4] or
an Al-foil for production of optical transition radiation
(OTR). SRMs are placed behind bending magnets in
the transfer lines and at various locations around the
booster synchrotron and storage ring. The out-cou-
pled visible radiation passes a specially designed,
high-aperture optics and is detected by a Sony XC55
CCD camera with a fast (1.8 ja.s) electronical shutter.
A description of the modular optical set-up, which is
used for both types of optical monitors and in several
versions along the SLS accelerators is given in [1].

For online determination of beam parameters such as
position, profile, emittance and energyspread, it has
been of great importance to integrate the control and
readout of all optical monitors in the EPICS based
SLS control system. One of these automated inter-
face packages, which uses IDL 5.1 language, pro-
vides emittance and energyspread in the LTB trans-
fer line, including an online evaluation of beam optics.
Fig. 1 gives an example of such a measurement. A
more detailed description of the corresponding appli-
cation program with results from LINAC commis-
sioning can be found in [2].
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Fig. 1: Illustration of an automated emittance meas-
ure-ment behind SLS pre-injector LINAC. Upper plots
shows phase space ellipses at the first quadrupole
behind LINAC including error margins. Lower plots
show online evaluated beam optics (beta functions
and dispersion) to Faraday cup ALIDI-FCUP-E and
expected beam profiles at optical monitors ALIDI-SM-
5 and ALIDI-SM-E.

The fast electronical shutter of the Sony XC55 CCD
camera provides the possibility for single-turn profile
and position measurements in the ring accelerators
of the SLS. The development of a specific interface
electronics allows for full-frame readouts, which are
available in the control system after digitization by a
frame grabber. The synchronization with the electron
beam is accomplished through a CCD trigger event,
which can be adjusted to any desired time (e.g. along
the booster synchrotron ramp). Fig. 2 shows a series
of single-turn profile measurements, visualizing the
effect of adiabatic damping of the electron beam
during acceleration in the booster. A comparison of
theoretical and measured vertical beam sizes shows
the same, expected slope for increasing energies.
The measured values are still by a factor of 2.5 larger
than the theoretical ones. This corresponds to a
factor of 7 in emittance, which in this case was de-
termined to be 29 nm rad. The main reasons for the
discrepancy might be the saturation of the CCD
camera and/or a wrong assumption of LINAC emit-
tance and booster optics at the location of ABODI-
SRM-6S.
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Fig. 2: Left side: Series of beam profiles taken at dif-
ferent times (energies) along the booster ramp. Right
side: Theory and measurement show the same slope
for increasing energies due to adiabatic damping.
They still differ by a factor of 2.5 in vertical beam size
which corresponds to a factor of 7 in electron beam
emittance.

For improving the resolution of the SRM optics, a se-
ries of attenuation filters, which compensate for the
increasing radiation power at higher energies and
UV-bandpass filters, which improve the limitations
due to diffraction will be introduced as a first upgrade
in early 2001.

CHARGE AND CURRENT MONITORS

As already mentioned in [1], we use a total of five
integrating current transformers (ICT) [5] at each side
of the SLS transfer lines to measure beam charge,
transmission and transmission efficiency. The ICT
resolution is presently in the order of 5 % of the se-
lected measuring range (e.g. 1 nC). This is planned
to be improved in the future by more adequate
shielding of the transformer in the accelerator tunnel
as well as by more careful filtering and conditioning of
analogue signals in the SLS technical gallery. The
integrating electronics is either synchronized to the
LINAC main trigger or to the booster extraction timing
in order to monitor the charge for every injection cy-
cle (3 Hz). The ICTs are fully integrated in the EPICS
control system, so that the related information can be
displayed as numbers and waveforms in the control
room to give the operator a permanent overview of
the injection rates to the SLS storage ring.

Beam current in the booster synchrotron is measured
by means of a so called modular parametric current
transformer (MPCT) [6]. The MPCT operation princi-
ple can be summarised as follows. At a ceramic
break in the vacuum chamber, the wall (image) cur-
rent is diverted around the sensor head (toroid) so
that the induced magnetic flux can be picked up. The
front end electronics compensates at all times the
induced magnetic flux by a flux in opposite direction.
Thus, the total flux in the system is maintained zero
and the "feedback current" (compensating current) is
equal to the electron beam current flowing through
the MPCT aperture. This feedback current is meas-
ured in a precision resistor and the resulting voltage
is provided at the MPCT front end electronics output.
The MPCT bandwidth is limited to about 4 kHz, which

is sufficient to monitor the beam current along the
booster ramping cycle. The output signal is split in
the technical gallery and is either available as an
analogue voltage in the SLS control room or read by
a digital voltmeter, which is interfaced via GPIB to the
SLS control system for further data analysis and ar-
chiving. A typical display of the beam current along a
booster ramping cycle is displayed in Fig. 3.
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Fig. 3: Display of electron beam current along the
booster ramping cycle. The beam current value (see
circle) can be selected for data archiving.

CONCLUSIONS

The accelerator instrumentation was fully available
during commissioning of SLS pre-injector LINAC and
booster synchrotron. It helped in understanding elec-
tron beam dynamics and provided measurements of
all important beam parameters. Therefore, the diag-
nostics played a vital role in the successful and
efficient commissioning of the SLS injector complex.
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DIGITAL BPM SYSTEM - PROOF OF FUNCTIONALITY

V. Schlott, M. Dehler, R. Kramert, P. Pollet, T. Schilcher, R. Ursic, R. DeMonte (ELETTRA)

First operational experience has been gathered with the newly developed digital beam position monitor
(DBPM) system during the commissioning of the SLS throughout the year 2000. The DBPM system has
been successfully used in the following operation modes: pulsed, first turn(s), turn-by-turn, closed orbit
and tune. Instant and free selection of operation modes from the control room were ensured by a com-
plete integration into the EPICS-based SLS control system. In this report, the DBPM system's perform-
ance is presented, based on measurements which were taken during SLS commissioning.

INTRODUCTION

The new digital beam position monitor (DBPM) sys-
tem for SLS represents a unique approach of data
treatment in beam position measurements. A single
system covers all operation modes, which are needed
in an accelerator complex like the SLS [1]. The com-
plete integration of the DBPM electronics in the
EPICS-based SLS control system allows for instant
switching from high-bandwidth, medium-resolution
turn-by-turn to high-resolution, medium-bandwidth
closed orbit measurements. An extensive functionality
proof has been achieved during the different commis-
sioning campaigns of the SLS accelerators throughout
the year 2000. In this report, a selection of measure-
ments is shown, which give a good impression of the
performance and behavior of the DBPM system.

DBPM SYSTEM FOR SLS COMMISSIONING

After a proof of principle in the laboratory and suc-
cessful prototype test measurements [2] at the ELET-
TRA storage ring at Sincrotrone Trieste in mid 1999,
the DBPM electronics went through a final revision
and to series production. The first 60 modules were
installed in the technical gallery for the SLS booster
synchrotron commissioning in June 2000, followed by
the installation of a second series (75 modules) for the
storage ring commissioning in November 2000. A
batch processing mode was chosen for data transfer
to the beam dynamics applications and to the operator
in the control room. Each measurement cycle com-
prehends 8192 intensity values as well as, horizontal
(x-) and vertical (y-) position readings of the electron
beam with a network limited maximum data transmis-
sion rate of 3 Hz. Operation modes as well as gains in
the RF electronics of the DBPM system can be cho-
sen from the control room via the SLS control system.
Selection of modes is performed instantaneously
through a re-configuration of the quad digital receiver
(QDR) and can be executed for each sector of the
booster and the storage ring independently. For a
more detailed description of the DBPM system's lay-
out, please refer to [3].

Pulsed Mode for LINAC and Transfer Lines

The pulsed mode delivers one "valid" intensity and
beam position reading for every injection cycle (3 Hz).
This reading needs to be selected from the delivered
batch of data by a beam dynamics application and
can be displayed in the control room. With typical
beam currents of 0.5 nC to 1.5 nC during commis-
sioning, it was possible to determine electron beam
positions with a resolution of less than 100 (a.m. The
three strip-line BPMs in each transfer line allow to
position the electron beam for injection into the
booster respectively into the storage ring.

First Turn(s) and Turn-by-Turn Mode

The first turn(s) and turn-by-turn mode of the DBPM
system acquires intensity, and horizontal as well as
vertical position readings for each turn of the electron
beam in the SLS booster synchrotron and storage
ring. With 270 m (288 m) of circumference, the revo-
lution time of the electron beam in the booster (stor-
age ring) is < 1 ja.s, which means that the bandwidth of
the DBPM electronics in turn-by-turn mode needs to
be > 1 MHz. This is accomplished by proper setting
(programming) of digital filters in the QDR, where the
BPM readings are already available in digital form.

The following series of Figures (Fig. 1 - 3) show the
DBPM system in turn-by-turn mode for different
phases of the SLS booster commissioning.
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Fig. 1: Intensity signal of ABODI-BPM-1S in turn-by-
turn mode, showing first turns in the booster. The
DBPM intensity signal has often been used as a fast
beam current reading for injection optimization.
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Fig. 2: Studies on synchrotron oscillations in the
booster by observation of horizontal beam positions
on ABODI-BPM-1B, which is located in a dispersive
region. Opposite start of oscillation for main bending
magnet field 0.9 % to low (top) and too high (bottom).

extracted
beam

Fig. 3: Single turn extraction from booster. The hori-
zontal kick should be in the order of 6 mm at the posi-
tion of ABODI-BPM-6E station, which is located be-
tween booster extraction kicker and septum.

Turn-by-turn measurements with reasonable signal to
noise ratio have been taken in the SLS booster with
electron beam currents as low as 5 JIA (5 pC of beam
charge). Such a high sensitivity allowed to operate at
relatively low charges, which kept the radiation dose
in the first phase of the booster commissioning within
the permitted weekly rate of 20 ja.S. A variable delay
of the so called DBPM-trigger event allows turn-by-
turn measurements (batches of 8192 data points) on
any desired time along the booster synchrotron
ramping cycle [4]. This feature helped in building up
the booster ramp and simplified the optimization of
the single turn extraction towards the storage ring as
shown in Figure 3. For nominal booster currents of

1 mA, a spatial resolution of < 20 (a.m was achieved in
turn-by-turn mode.

Tune Mode

During booster commissioning, the tune mode of the
DBPM system was provided as a special feature of
the turn-by-turn mode. A dedicated BPM station
delivered turn-by-turn data to a tune application,
which extracted horizontal and vertical tunes by ap-
plying fast fourier transforms. The start of the data
acquisition could be selected freely, so that tunes
were measured at any time along the booster ramp-
ing cycle. For results of tune measurements in the
SLS booster please refer to [4].

Closed-Orbit respectively "2s" Mode

Once the booster ramp was set up, measurements of
electron beam orbits over the complete ramping cycle
could be performed in the closed orbit mode of the
DBPM system. The bandwidth of this mode, which
will be used also for the closed orbit feedback in the
SLS storage ring, is 4 kHz. This is achieved again by
re-programming the digital filters of the QDR through
downloading of a corresponding data file via the SLS
control system. It is actually more precise to call this
mode a special "2s"-mode for the booster, since data
batches of 8192 intensity and beam position readings
were delivered over a total measuring time of 2 s.

V

>: POSITION [mmi

Fig. 4: Electron beam orbit measurement along the
booster ramp in "2s"-mode of DBPM system with
beam current of 0.5 mA.

Fig. 4 shows DBPM readings in the "2s"-mode with
0.5 mA of beam current over a duration of 500 ms,
which includes a complete booster ramp of 270 ms.
Such an "extended ramp" was often used during
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booster commissioning to keep the weekly radiation
dose as low as possible. The electrons were fully ac-
celerated to the maximum energy of 2.4 GeV
(reached after 160 ms) followed by a deceleration
down to about 500 MeV, where the beam was ex-
tracted to the booster-to-storage-ring transfer line and
finally dumped on a temporary Faraday cup. In the
vertical (y-) direction an extinction of the initial orbit
corrections during the acceleration cycle (up to
160 ms) is clearly visible. Since the correction was
applied at injection energy (100 MeV) and at this time
the correctors were not ramped, the observed be-
havior shows an expected 1/E dependency. The
deceleration cycle (160 ms to the end of the ramp at
270 ms) shows a perfect mirror image to the accel-
eration cycle. In the horizontal direction, this behavior
is masked by effects like dispersion at the location of
the ABODI-BPM-6C station and remanence of the
main dipole field at lower energies.
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Fig. 5: Same measurement as shown in Fig. 4 with
strongly reduced beam current of 5 JIA.

The above measurement was repeated for a strongly
reduced beam current of 5 JJA (Fig. 5) in order to de-
termine the sensitivity as well as the current depend-
ency of the DBPM system. The same behavior of the

electron beam is still visible, while only the noise
figure in the signal is increased due to the reduced
beam current. The resolution was determined for
both measurements by applying the following rela-
tion:

, . noise floor (between meas.)
resolution = x scaling factor

signal intensity
In the "2s"-mode and for the SLS booster BPM cham-
ber geometry, 1.5 pm resolution was obtained with
0.5 mA beam current, while the resolution of the
DBPM system is still 100 jim at beam currents as low
as 5 jxA. This is in excellent agreement with the ex-
pected theoretical resolutions [5].

CONCLUSIONS AND OUTLOOK

The DBPM system made a strong contribution to a
successful and efficient SLS booster commissioning.
It was extensively used in its various operation
modes, which proofs the full functionality of the sys-
tem. The performance in terms of bandwidth and
resolution is as expected. Still, system integration
and interfacing issues in the real accelerator envi-
ronment have to be solved in order to guarantee for
the required reliability.

For the upcoming SLS storage ring commissioning,
features like automatic gain control, online calibration
and real time data transfer for the closed orbit feed-
back system have to be implemented.
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STORAGE RING POSITIONING AND POSITION MONITORING SYSTEMS-
INSTALLATION AND OPERATIONAL EXPERIENCE

S. Zelenika, M. Rohrer, D. Rossetti, P. Wiegand

The operational phase of the storage ring positioning and position monitoring systems has proven the ef-
fectiveness of the adopted configurations, implying however the necessity of some upgrades in order to
reach their complete functionality.

INTRODUCTION

The storage ring positioning and position monitoring
systems [1] have been installed and commissioned
during the year 2000. Special attention was given to
the establishment of the dynamic stability of the girder
system, the robustness of operation of the mover
system, as well as to the design and installation of the
Hydrostatic Levelling System (HLS) and Horizontal
Positioning System (HPS).

GIRDER SYSTEM

Ground vibrations displace the magnetic elements and
generate closed-orbit distortions hindering the goal of
reducing the rms beam jitter to 10% of the electron
beam sigmas for frequencies below 100 Hz. Consi-
dering the optics amplification, this corresponds to the
girders mechanical vibration amplitudes of 0.2 (im
vertically and 1.25 |jm horizontally.

Amplitude
[nm]

0.01
10 20 30 40

Frequency [Hz]

Fig. 1: Spectrum of the storage ring floor and girder-
magnet assembly under natural excitation.

With the girder-magnet assemblies mounted in the
storage ring, a thorough vibration measurement cam-
paign was carried out under quiet (Fig. 1), as well as
under real operating conditions. Measurements of a
girder-magnet assembly excited by an impulse ham-
mer allowed to determine its eigenfrequencies and the
resulting mode shapes. It was thus evidenced that the
transmissibility of the assembly is <10, while its dy-
namics is greatly influenced by the dipoles on its ends.
Some significant eigenfrequencies have been found in
the range of excitations produced by the technical
devices which are present at and around the SLS
premises (25-^40 Hz range). The resulting amplitudes
were, nevertheless, in the worst cases still in the
10-̂ 30 nm range vertically and ~ 100 nm horizontally
(Fig. 2), and hence an order of magnitude lower than
those which would produce significant perturbations of
the storage ring performances.

The dynamic effects of slow ground motions were
neglected since their characteristic wavelengths are
far greater than the SLS betatron wavelengths [2].

100,0
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Fig. 2: Spectrum of the dipole magnet on a girder with
the cooling water circulating through the coils.

Since it was established that the adopted strut-based
longitudinal girder fixation did nor allow to attain and
maintain the desired positioning accuracies, new
roller-bearing-based mounts had to be developed and
mounted at both girder ends. Although this system has
the disadvantage of constraining the girders with re-
spect to eventual thermal expansions, it offers the
advantage of being completely free of backlash under
load. It eliminates problems due to breakage of fric-
tional contacts evidenced in the previous solution, and
it offers a very simple and repeatable positioning of the
9 t girders on the micrometric scale.

MOVER SYSTEM

During the preliminary alignment of the storage ring it
was evidenced that, although the mover system cou-
pled with suitably developed software algorithms [3]
allowed a precise alignment of the girder-magnet as-
sembly, the noise generated in the cabling by the
adopted pulse width modulated (PWM) motor power
supplies hindered severely its functionality. After thor-
ough experimental verifications, it was thus decided to
substitute the PWM supplies with stabilised DC (lin-
ear) Kepco power supplies. This made possible the
easiness of the final alignment of the storage ring,
when whole triple-bend achromats (4 girders with up
to 28 magnets mounted onto them) have been aligned
with micrometric accuracies within 1-̂ 2 days.

The new arrangement allowed also for the inclusion of
motion bounding via precision limit switches, and thus
an additional (redundant) security in the preservation
of the integrity of the vacuum chambers.
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The mover cams have been protected from dust ac-
cumulation with suitably designed covers. Moreover,
given the severe static loads on the movers, the evi-
dence of some creeping effects at the concrete inter-
face made it necessary to perform the grouting of the
mover supports.

HLS AND HPS SYSTEMS

The requirement for monitoring the long-term storage
ring positioning stability is met by using the HLS and
the HPS systems [1].

cabling performed in the last quarter of the year. The
LabView-based control unit was set-up in the technical
gallery proving its functionality. The set-up of an Ora-
cle database which allows the downloading of the
acquired HLS data and its storage into the global SLS
control system was successfully completed.

The installation of the automatic filling station allowed
to test the on-line filling procedure (Fig. 4) proving its
functionality. However, since the complete system
oparationality tests have been started, significant drifts
of the signals in the vicinity of the injection-extraction
area have been evidenced. Further tests are in pro-
gress to establish the causes of these problems.

Fig. 3: An HLS pot.

The HLS stainless steel pots with capacitive proximity
gauge-based sensing elements (Fig. 3) have been
manufactured, calibrated and tested. De-mineralised
water was finally chosen as the working fluid. The
measured repeatability of the HLS system mounted on
a girder was proven to be better than ± 10 |im for long
range girder motions (> 1 mm), while for motions
< 100 (im it is better than ± 3 (im; this measurements
included also mover inaccuracies, which would indi-
cate that the repeatability of the HLS system itself
could be much better. On a laboratory 100 m HLS
piping network it was shown that even with extreme
perturbations the settling times for the attainment of
the needed precisions do not exceed ~1/2 h; the influ-
ence of vibrations on the measurements is negligible.
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Fig. 4: Readings on all pots of one storage ring triple
bend achromat during HLS filling.

All the HLS pots and the respective piping network
have been mounted in the SLS tunnel, with the final

Fig. 5: HPS system.

The manufacturing and installation of the HPS lever
arms under the girder surfaces (Fig. 5) was success-
fully completed. Preliminary tests have been per-
formed on HPS prototypes mounted on girders. By
using the laser interferometric measurements as a
reference, it was established that the relative errors
and repeatabilities are in the ± 1 |jm range, i.e. com-
parable to the resolution of the used sensors [4].

CONCLUSIONS

Although some upgrades have been necessary, the
storage ring positioning and position monitoring sys-
tems have been successfully installed and put into
operation. Their effectiveness and sophisticated de-
signed are proven not only by the results achieved so
far at the SLS, but also by the high degree of interest
shown by other synchrotron radiation facilities (SLAC,
DIAMOND, APS, ELISA) to adopt similar solutions.
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TRANSVERSE MULTI-BUNCH FEEDBACK SYSTEM

M. Dehler, V. Schlott, R. Ursic, D. Bulfone (ELETTRA), M. Lonza (ELETTRA)

In order to inhibit transverse coupled bunch instabilities in the SLS storage ring at higher beam currents, a
transverse multi-bunch feedback system is planned. For full control and flexibility, every bunch position is
digitized using state-of-the-art electronics. After demultiplexing the positions, a farm of digital signal
processors calculates correction kicks for the beam, which are fed back after a multiplexing stage and a
digital/analog conversion to the beam. A first prototype of the system has been set up at Sinchrotrone
Trieste and has successfully demonstrated the stabilisation of the beam against ongoing instabilities.

INTRODUCTION

One of the challenges for state of the art synchrotron
light source are the effect associated with very high
intensity beam currents accumulated in the storage
ring. The reason for this are spurious electromagnetic
effects like Higher Order Modes (HOMs) or resistive
wake fields excited by the beam current, which act
back on the beam and lead to instable behaviour.
These longitudinal and transverse multibunch
instabilities lead to a lowered beam quality with an
increased beam emittance and/or a higher energy
spread. A remedy against these instabilities is to shift
the HOM frequencies of the RF cavities in order to
avoid instable regions. This solution has two
disadvantages, one being that this has to be done
simultanously for the longitudinal and transverse
HOM and the other, that the size of the instable
regions grows with the beam current, which means,
that there is an upper current level for this solution to
work. The clean solution consists in a dedicated
active feedback system to damp multibunch
instabilities. For the development of such a system, a
collaboration between PSI and Sincrotrone Trieste is
going on since 1998.

THE SYSTEM LAYOUT

„„,,.,

Fig. 1 : Layout of Transverse Multi-Bunch Feedback
System.

The feedback shown in Fig. 1 is a wide-band bunch-
by-bunch system with each bunch position being
indiviually sampled and processed. The beam signals
coming from the button electrodes are fed into a
passive hybrid network, where the horizontal and
vertical position signals as well an intensity signal is
generated. The RF front end (Fig. 2) filters the
signals, which are centered at 1.5 Ghz, and mixes
them down to base band. Part of the RF front end is a

common mode rejection module, rejecting the DC
closed orbit and revolution harmonic components in
order to make the best used of dynamic range of the
following analog/digital converter.

The baseband bunch-by-bunch position
signals are sampled by eight bit, 500 Msample/s
Analog to Digital Converters (ADC) and digitally
processed by an array of Digital Signal Processors
(DSP) calculating the correction kick amplitude for
each of the bunches [1]. After being reconverted by
an eight bit, 500 Msample/s Digital to Analog
Converter (DAC), the correction kicks are fed back to
the beam via a broad band power amplifier and a
microwave kicker.

Fig. 2: Block diagram of RF front end (Common
mode rejection module not shown).

A closer look at the digital processing part is given in
Fig. 3. The 500 Mbyte/s data flux is demultiplexed on
the ADC card into 6 Front Panel Data Ports (FPDP).
Each FPDP is connected to one Digital Signal
Processor board carrying 4 DSPs. At the board input
the data is demultiplexed again towards the DSPs.
Given that the SLS harmonic bunch number of 480 is
divisable by the demultiplexing factor of 24 one DSP
is getting the position information of one subset of
bunches, so that no interprocessor communication is
necessary for the calculation of correction kicks. The
calculated kicks are symmetrically multiplexed back
to a 500 Msample/s data stream, before being
converted to analog.
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Fig. 3: Digital processing block together with ADC
and DAC converters.

The last part of the signal chain is given by the
feedback kickers, which have been optimized
towards a high shunt impedance (RF power to beam
deflection efficiency) and a small amount of
interaction with the beam.

As can be seen in Fig. 4, the electrode configuration
closely matches the chamber cross section of the
injection straight, the place of installation, which leads
to small contribution to the broad band impedance,
responsible for single bunch instabilities. Because of
the large width of the chamber (90 mm), the
efficiency of the horizontal kicker was improved by
using splitted electrodes, which as a side effect help
also the broad band impedance situation.
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Fig. 5: Kicker installation in the ELETTRA storage
ring.

FIRST RESULTS

Tests of the components with and without beam have
been done and are reported in [2]. A first prototype of
the feedback chain was set up at Sincrotrone Trieste,
consisting of a full processing chain for vertical beam
motions.

The storage ring was set up filled with 200 mA beam
current and the HOMs of the RF cavities detuned to
produce multibunch instabilities (feedback off). The
resulting beam motion was monitored by using a
synchrotron light monitor, where it shows up in the
diamond like shape of the beam spot (Fig. 6).

Fig. 4: Cut-away view of the feedback kicker
ensemble.

A challenge in the kicker design was the presence of
higher order modes with large quality factors in the
vicinity of 2 Ghz. From numerical calculations, it could
be seen, that these modes could lead to an
unacceptable heating of the electrodes. The problem
was finally solved by using a TiN coating on the kicker
tank, which can be seen as the golden coloration of
the tanks in Fig. 5.
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Fig. 6: First feedback prototype: Synchrotron light
spot of stored beam with feedback switched off.
Strong transverse instabilities showing up as
enlarged spot size.

When the Feedback was switched on, the amplitude
of the vertical instability was strongly reduced
showing up in a reduced height of the diamond
(Fig. 7), whereas the horizontal dimensions stay
unchanged. The DSPs were programmed to use the
simplest filter characterisation, which is a digital delay
line.
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Fig. 7: First feedback prototype: Synchrotron light
spot of stored beam with feedback switched on.
Vertical spot size strongly reduced due to feedback.

OUTLOOK

Further development is going on in the use of more
sophisticated filter algorithms and in setting up a
coherent control system interface.

In addition to the transverse feedback, a longitudinal
feedback is planned in order to have stabilization in
all 3 dimensions.
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TIMING SYSTEM OF THE SLS

T. Korhonen, M. Heiniger

The timing system of the Swill Light Source provides synchronization for the beam injection to the accel-
erator complex and for the diagnostic devices. The system is based on an event distribution system, that
broadcasts timing information to the components to be controlled. The event system, additional compo-
nents for the timing system and the interface to the control system of the SLS are presented.

INTRODUCTION

The task of the SLS tinning system is to synchronize
the operation of the components of the SLS. The trig-
gering of the linac, the beam injection to the booster,
the ramping of the energy and the injection to the stor-
age ring happen according to the synchronization
pulses from the timing system. Also the beam diag-
nostic devices are synchronized with the beam opera-
tion.

Also, the timing system provides the capability to syn-
chronize the beamline experiments with the accelera-
tor and some functions required for top-up injection.

The injection system (linac and booster) operates with
a 320 ms (3.125 Hz) cycle. During one cycle the linac
is triggered, the beam is injected to the booster, the
magnets (and RF) are ramped to accelerate the beam
and the beam is extracted from the booster and in-
jected into the storage ring after which the magnets
are ramped down before the start of the next cycle.
(Fig. 1) The timing system comprises components that
generate the synchronization reference signals and
distribute these to the required components.

Extract from Booster, inject to SR

Fig. 1: The SLS operation cycle (schematical).

SYSTEM ARCHITECTURE

The SLS timing system is based on the global distri-
bution of timing signals using the so called event sys-
tem. This system is based on a design from the APS
(Advanced Photon Source)[1], but was redesigned for
the SLS. Backwards software compatibility with the
APS system was conserved, so we could utilize the
software and work done to integrate the event system
into the EPICS control system software toolbox. The
enhancements and additional functionality of the re-
designed system enabled us to use the event system
for all timing distribution, including the injection.

Events are requests for various actions like triggering
the linac or extraction of the beam from the booster.
Codes are assigned to these events which are time
division multiplexed into a single event stream. This

stream is distributed using optical fibers connected in
a star configuration from one main timing station to the
various components in the accelerator: the linac,
pulsed magnets for booster injection and extraction
and injection to the storage ring, the magnets and RF
system in the booster for acceleration and the beam
diagnostics like the beam position monitors (BPM),
current transformers (ICT, MPCT), synchronized cam-
eras, tune measurement system and so on.

SYSTEM COMPONENTS

Timing source

The SLS injector is operating at a frequency of 3 Hz
and has to be synchronized to the 50 Hz AC line fre-
quency. The basic operation frequency is generated
by dividing the 50 Hz sinewave with a digital divider
module, developed for this purpose at PSI. The divider
can be programmed for various multiples of the 50 Hz
signal. For normal operation the divisor is set at 16 to
produce a 3.125 Hz frequency.

Programmable 3.125
Hz

Fig. 2: Block diagram of the AC line synchronizer.

This signal is further synchronized to the RF fre-
quency. The 500 MHz frequency is divided by the
harmonic number of the booster and the storage ring
to get the revolution clocks [2]. By a further division a
frequency of passage of the same buckets in the
booster and storage rings is obtained. This signal is
synchronized to the base injection frequency. By this it
becomes possible to control to which RF bucket in the
storage ring the beam is injected.

The synchronizing signals are fed into the Event Gen-
erator and distributed to the various components.

500 MHz
RF

AC
Line sync

3.125
Hz

Downconversion
(Bunch Clock)

Rev.frequency (BO 1.1 MHz, SR 1.04 MHz)

Synchroniser
Event

Generator *• Distribution

Fig. 3: Timing signal source.
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Linac Timing

The electron gun in the linac is the only accelerator
component that enables fine synchronization of the
beam. The RF bucket to inject in the storage ring is
defined by the gun trigger timing; afterwards, the elec-
tron motion is defined by the RF.

The linac timing consists of the gun trigger system and
the timing for the klystron modulators, prebuncher,
gun RF amplifier and the 3 GHz frequency multiplier.
This timing is achieved by using a pair of Stanford
Research DG535 delay generators. The gun timing
uses a number of TD4V cards [3], which also phase
lock the trigger signals to the RF frequency. The TD4V
cards have a delay that is programmable in units of
RF cycles (2 ns). This delay is used to target specific
RF buckets in the booster (and storage ring) and also
to adjust the trigger pulse length. The trigger signal
from these cards to the electron gun high voltage deck
is delivered through an optical fiber, using an Uni-
phase 51TA/RA[4] transmitter/receiver pair. With this
system, the required high precision for the electron
gun trigger is achieved (estimated RMS jitter with re-
spect to the RF signal phase < 20 ps at the electron
gun.) The timing system provides trigger signals for
short (1 ns) and long pulse modes.

All the components get a global start pulse from the
event system. From this, the different components are
triggered after appropriate delays.

Overall Timing

The backbone of the timing system is the Event Sys-
tem. The SLS design is based on the functionality of
the original APS system but is using Gigabit Ethernet
components instead of the original AMD Taxi chips,
giving us a tenfold increase in speed. The frame rate
of the new system is 50 MHz, corresponding to 20 ns
time resolution. Several other functional enhance-
ments were added [5].

The principle of the event system is to have an event
generator that multiplexes the timing information into
an event stream, which is then distributed to a number
of event receivers. The timing information is received
simultaneously by all the event receivers, except for
the small skew due to cable lengths. The skew is
minimized by keeping all the distribution cables at the
same length.
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Fig. 2: Event distribution

The event receivers can be programmed to respond in
different ways to the received events. They can output

an electrical pulse with programmable width and de-
lay, set or reset a signal or to start some software
action. The electrical signals can be adapted to differ-
ent needs by using different types of adapter cards; for
example the trigger for magnet power supplies is an
optical signal and a special interface board is used in
this case.

The outputs from the event receiver can have local
delays with respect to receiving an event. This is used
to fine tune the diagnostic devices like the beam posi-
tion monitors to the passage of the beam.

The event generator has so called event RAMs where
events can be stored. Upon an initial trigger, the RAM
is scanned through at a specified (programmable)
clock rate. When there is an event code stored in a
location, the event is sent. With this facility, event se-
quences can be programmed via software. Changing
the time of an event to occur is achieved simply by
moving the event to a different position on the RAM.
The event RAMs are used to store the event se-
quence in the booster, where the event cycle repeats
every 320 ms. The clock rate of the RAM is program-
mable to a subharmonic of the 50 MHz frame clock,
up to 6.25 MHz.

CONTROL SYSTEM INTERFACE

The timing system is fully integrated in the EPICS
control system. The timing parameters are available
as EPICS channels and can be changed by the op-
erators online. For instance, the events that are re-
lated to the injection are stored to the event RAM of he
event generator. The delay of these events with re-
spect to the start of the cycle (3 Hz pulse) can be set
via operator interface screens. The delays can also be
modified through application programs to enable
automated measurements. Also local delays can be
adjusted remotely through EPICS channels.

The event system provides also a method for preci-
sion timestamping of the beam measurements. All the
event receivers are synchronized to the incoming
event stream and have a timestamp counter which is
latched when an event occurs. The time stamp can be
retrieved by software and linked to a corresponding
EPICS record. Time stamp precision up to 40 ns can
be achieved by this method.
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SLS SURVEY AND ALIGNMENT IN 2000

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

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. The SLS consists of li-
nac, booster, storage ring, transfer line and beamlines. Its several hundreds of magnets and other compo-
nents were aligned in 2000. A relative accuracy of one tenth of millimeter has been achieved for most
magnets and some other components. On the first attempt, the injected beam immediately passed through
both, the booster in July and the storage ring in December. On the third day of the storage ring commis-
sioning, 2 mA electron beams were stored with a lifetime of 8 hours.

OVERVIEW

The SLS alignment network consists of the linac net-
work, the tunnel network and the experimental net-
work. In July 1999, all references of the SLS alignment
network were measured once before installation of the
supports for the machine was started. In January
2000, the tunnel network was measured again. An
accuracy of 0.1 mm RMS was achieved for the tunnel
network. Soon after that, the pre-alignment of the
machine was started. Most of the references and the
mechanical centres of the magnets were measured by
a laser tracker during pre-alignment. All positions of
the magnets of the machine were measured a second
time before commissioning in 2000 using the tunnel
network as references. In the meantime, 4 front ends
were aligned into their positions and alignment of the
other components of the beam lines was started too.

Fig. 1: SLS alignment team and laser tracker LTD500
working in a beam line hutch.

TUNNEL NETWORK

Up to now, the tunnel network has been measured
4 times. First time was in May 1998. A precision level
N3 instrument was used to measure the elevations of
the tunnel network. At the same time, the network was
measured with the LTD500 using the software Axyz.
The measurements were performed in 53 stations
nearby each floor reference. At least two floor
references and two wall references at each side,
forward and backward were measured. At the
beginning, the shielding wall was not completed. Civil
engineering work was going on nearby and 12 wall
references were missing.

Because of these poor environmental conditions, the
standard deviation of the first measurements was only
0.24 mm. In July 1999, the tunnel network was meas-
ured again with the LTD500 and standard deviation of
0.13 mm was reached. The tunnel network was
measured in January 2000 for the 3rd time. The
standard deviation of the 3rd measurements was
0.10 mm, which is a significant improvement as
compared to the first two measurements. The shield-
ing wall of the tunnel was completed. All wall refer-
ences were fixed. Therefore the environmental condi-
tions were better.

Fig. 2: Tunnel deformation from July 1999 to
January 2000 (dR).

Fig. 3: Tunnel deformation from July 1999 to
January 2000 (dV).

The average radius of the tunnel network in winter was
0.40 mm shorter then in summer. The result of the
network measurements is good enough to align the
magnets of the machine. The tunnel network was
measured again by the LTD500 to find out the defor-
mation in August after the first layer of the roof was
closed.
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ALIGNMENT OF THE STORAGE RING

All the quadrupoles and sextupoles of the storage ring
are well fixed on the girders. In order to check the
positions of the magnets on girders in respect to the
positions of the girder references, all mechanical
centres of the quadrupoles and sextupoles of the
storage ring were measured by the laser tracker
LTD500. Standard deviations of the positions of
mechanical centres of the magnets in respect to
positions of the girder references were 0.044 mm in
the radial direction and 0.030 mm in the vertical
direction.

Fig. 4: Deviation dR of mechanical centres of SR
quadrupoles and sextupoles magnets in respect to the
positions of the girder references.
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Fig. 5: Deviation dV of mechanical centres of SR
quadrupoles and sextupoles magnets in respect to the
positions of the girder references.

In the meanwhile, positions of the magnet references
of of the storage ring were measured and registered
too. The SLS storage ring consists of 48 girders. Each
girder is supported by 4 pedestals. The positions of
the pedestals were pre-aligned. The positions of each
girder are adjustable by 5 motors and a screw bar. All
positions of the references of each girder and mag-
nets on the girder were measured by the laser tracker
LTD500 in respect to the SLS alignment tunnel net-
work. The coordinates were exported from Axyz soft-
ware to IDL software to calculate deviations of the 6
degrees of freedom of the girder. Then, the girder was
adjusted by 5 motors through a control box and the
screw bar. Usually, those operations were iterated
2 or 3 times until all the deviations were less then
0.1 mm. The bending magnets are supported by
2 adjacent girders. The bending magnet was aligned

immediately after the adjacent girders were aligned.
The upper parts of the magnets of the storage ring
were removed for inserting the vacuum chambers.
The vacuum chambers of the storage ring were
aligned, too. The magnets of the storage ring were re-
aligned once after installation of the vacuum chambers
before commissioning.

ALIGNMENT OF LINAC, TRANSFER LINE AND
BOOSTER

At end of 1999, all supports of the linac, the transfer
line and the booster were aligned into their positions.
The linac and the transfer line from linac to the booster
(LTB) were aligned in the beginning of the year.
Commissioning of the linac was completed in April.
The booster is located in the same tunnel as the stor-
age ring. Though requirements on positioning accu-
racy of the booster magnets are not as high as for the
storage ring magnets, the same alignment instru-
mentation LTD500 was used. The magnets of the
booster were aligned before and after installation of
the booster vacuum chamber.

ALIGNMENT OF THE BEAM LINES

Most of the beam lines consist of insertion device,
front end, monochromator, mirror boxes, slits, and
experimental station. The instruments such as laser
tracker LTD500, precision level N3, theodolite
TDA5005 and TM5100A were used for alignment of
those components frequently. Four front ends were
pre-aligned on their supports in a test area and after-
wards to their final positions in the tunnel. The
elevation of some beam line areas of the floor was
mapped as shown in Fig. 6.

• 8.0-10.0
• 6.0-8.0
• 4.0-6.0
• 2.0-4.0
• 0.0-2.0
• -2.0-0.0

D-4.0-2.0

•-6.0-4.0

• -8.0-6.0

Fig. 6: Elevations of the floor of the end station of SIS
(9L) beamline in mm.
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APPLICATION PROGRAMS FOR THE SLS

M. Boge

High-level application programs for the SLS are developed by the Beam Dynamics Group within the
EPICS-based low level controls environment provided by the Controls Group at the SLS. This includes all
applications which are not considered to be "expert screens". A considerable number of them has been
tested successfully during the commissioning of linac, booster and the startup phase of the storage ring.

INTRODUCTION

Two main lines of application programming for the
SLS are pursued by the Beam Dynamics Group. One
follows a more conventional monolithic concept and is
based on the commercial data processing and visuali-
zation tool IDL (Interactive Data Language) [1]. The
second line of development involves the framework of
a distributed client-server model based on CORBA
(Common Object Request Broker Architecture) [2]. In
this case, the client side implementation of the
Graphical User Interface is done in Java or Tcl/Tk,
whereas the server modules are mostly written in
C/C++ for performance reasons [3]. Whether one
solution is favoured over the other depends on the
desired functionality, and therefore complexity, of the
particular application in combination with the personal
preferences of the programmer and the development
time constraints.

APPLICATIONS

In the following, the applications which have been
used during commissioning of linac, booster and the
startup phase of the storage ring will be described.
Please note that the critical "expert screens" which
reflect the capabilities of a particular hardware com-
ponent are not mentioned here. The Controls Group
ensures in cooperation with corresponding experts
that the desired hardware functionality is available
within the control system.

Linac and Transferlines

The main application for the linac is the IDL based
emittance measurement program ("emm"). It allows to
determine the parameters of the accelerated beam as
well as the optical functions at the beginning of the
linac-booster transferline. It is regularly used for tuning
the linac to its desired settings [4]. The linac-booster
and booster-storage ring transferlines are modeled by
a CORBA/Tcl/Tk application ("ttp") which allows to
simulate the transferlines based on the actual magnet
settings. Twiss parameters, beam envelopes and orbit
are displayed. A simulation mode can be used for
matching. A CORBA/Tcl/Tk orbit correction program
("oco") provides closed orbit bumps in order to per-
form beam steering and aperture scans. A
CORBA/Java camera control tool gives access to
screens and corresponding cameras in the transferli-
nes.

Booster

The orbit correction program "oco" has been designed
to perform closed orbit corrections at a fixed energy. It

has been used for calibrating the BPM readings with
respect to the center of the vacuum chamber through
an automatized aperture scan and to correct the orbit
at injection energy [5] [6]. The CORBA/Java tune
measurement tool performs a fast fourier transform on
the orbit data acquired by a selected BPM in turn by
turn mode. The IDL ramp equalizer ("req") allows to
modify magnet settings on the booster ramp for vari-
ous energy slices in order to keep tunes and orbit
excursions constant. A CORBA/Tcl/Tk phase space
display visualizes the horizontal and vertical phase
space of the beam by analyzing turn by turn orbit data
based on a linear optics model of the booster.

Storage Ring

Thanks to their generic and modular design most of
the applications for the booster can be reused for the
storage ring. The program "oco" has been success-
fully utilized during the startup phase to measure orbit
response matrices [7]. An IDL tune application ("tset")
allows the tune to be varied according to a linear op-
tics model of the storage ring. A CORBA/Java lifetime
display derives the beam lifetime from the derivative of
the intensity signal of a selected BPM.

SUMMARY

All applications needed for various phases of the
commissioning of linac, booster and startup of the
storage ring [8] have been provided by the Beam Dy-
namics Group. The framework for application devel-
opment has proven to be flexible and reliable.
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CORBA OBJECTS FOR SLS SUBJECTS

M. Boge, J. Chrin

An object orientated client-server model based on the Common Object Request Broker Architecture
(CORBA) has been developed for use in building high-level software applications at the SLS. A suite of
CORBA server objects provides a convenient and uniform interface to several software packages required
by beam dynamics applications. These include the TRACY accelerator physics package, the CDEV con-
trols library, the Oracle database and a message and alarm logging facility. The framework facilitates rapid
and reliable development of applications as client programs are sheltered from the intricate details of the
many application program interfaces, while server objects are extensively tested through their use in differ-
ent applications. The software and hardware components of the client-server model are presented together
with an account of their use in the commissioning of the SLS booster synchrotron.

INTRODUCTION

Several high-level beam dynamics applications are
required for the commissioning and operation of the
SLS accelerator complex. These applications share a
number of generic tasks that can be developed,
through object oriented methodology, as re-usable
components. Common functions include:

• Accelerator device control and monitor

• Data calibration and analysis

• Accelerator modelling

• Database operations

• Error message logging

Traditionally, the choice of programming language
and operating system has been motivated by the
availability of associated libraries and extensions,
often leading to a compromise. The advent of the
Common Object Request Broker Architecture
(CORBA) [1], however, allows for the development of
a heterogeneous distributed system in which objects,
implemented in any language, on whatever platform,
are able to inter-operate. The advantage of using
CORBA in a distributed client-server model for beam
dynamics applications was recognized in earlier
work [2] and its deployment at the SLS was motivated
by requirements for flexibility, modularity and reus-
ability [3]. Shared services can be developed as
CORBA server objects in any language for which an
appropriate application programmer interface (API)
exists. In practice, APIs developed in C++ are pre-
ferred for optimal performance. The criteria for se-
lecting the client language is consequently narrowed,
in many cases, to aspects concerning the graphical
user interface (GUI). Optimal use can thus be made
of the GUI components provided by specialized tool-
kits such as the Tcl/Tk package, with the powerful
BLT extension, or the Java Foundation Classes
(JFC). Such a CORBA based client-server model
further provides for the rapid development of applica-
tions as client programs are liberated from the com-
plexities of the many APIs and can thus be kept com-
paratively short in length and be easily maintained.

The hardware and software components of the
CORBA framework are outlined and the CORBA
objects developed for use in beam dynamics applica-

tions at the SLS are presented. An account of their
use in the commissioning of the booster synchrotron
accelerator is then given.

HARDWARE AND SOFTWARE FRAMEWORK

The CORBA server machine, referred to as the
"Model Server", is a dual-processor PC running Linux
Red Hat version 6.0. It contains two 600 MHz Intel
Pentium III processors with 512 Kilobyte memory
cache per CPU and 1 Gigabyte of RAM. The use of
Linux coupled with the GNU C++ compiler (egcs)
minimizes vendor dependency and increases the
portability of applications. A second identical server is
permanently available to provide redundancy.

The principal CORBA product employed is the recur-
sively named MICO, "MCO fe CORBA" [4], a fully
compliant C++ implementation of the CORBA 2.3
standard, available free of charge under the GNU
public license terms. In addition to the given IDL to
C++ mapping1, a Tel extension provides CORBA
client and server functionality to Tel scripts [5]. MICO
does not, however, provide an IDL to Java compiler.
The ORBacus for Java CORBA package [6] is thus
used to negotiate language mapping to Java.

Client applications run on Linux PC consoles, typically
equipped with two 500 MHz CPUs and
512 Megabytes of RAM. The Red Hat Package Man-
ager (RPM) is used to provide the required software.

CORBA OBJECTS FOR SLS SUBJECTS

A number of CORBA application Objects have been
developed for use by SLS Beam Dynamics Subjects,
providing predefined interfaces to several APIs.
These are described in the following sub-sections.
Fig. 1 displays the architectural model components.

1 Language independence is ensured through use of
the CORBA Interface Definition Language (IDL). IDL
compilers translate IDL constructs to any
programming language for which a mapping exists.
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Fig. 1: Architectural software model as used, in part, in the retrieval, analysis and distribution of data.

The CORBA TRACY Interface

The TRACY [7] server provides access to the TRACY
based model of the SLS transfer lines, booster syn-
chrotron and storage ring. This includes methods to
retrieve optics parameters for given machine settings
and to perform model based corrections. The CORBA
interface to TRACY provides access to the same
machine model as used in offline simulations,
permitting tested procedures to be employed for the
optimization of the accelerator online.

The CORBA CDEV Interface

The SLS accelerator device control system [8] is
based on the Experimental Physics and Industrial
Controls System (EPICS) whose communications
protocol is channel access. The Common DEVice
(CDEV) C++ class library (version 1.7.3) [9] provides
the API to channel access, supplying functionality for
both synchronous and asynchronous interaction with
the control system. The CDEV interface takes the
form of a device/message paradigm whereby a mes-
sage constructed from a "verb" and "attribute" is
routed to a device through channel access. The
CORBA CDEV server responds to CDEV type verbs
such as "set", "get", "monitorOn" to respectively
download set-points, readback device attribute values
and monitor selected channels. A change in value of a
monitored channel invokes the CDEV callback
function, wherein the new data value is both stored in
memory and supplied to a CORBA event channel2.
Clients can either retrieve data from memory through
the invocation of a CORBA method or be informed of
updated values by subscribing as a consumer to the
appropriate event channel. The software architecture
allows several clients to connect to the CDEV server.

2 The CORBA Event Service provides services for the
creation and management of CORBA event channels
that may be used by CORBA supplier/consumer
clients to propagate events asynchronously on a push
or pull basis.

However only a single monitor per channel need ever
be enabled, thereby reducing the load on the SLS
network and the low-level hardware. The CORBA
CDEV interface handles a variety of EPICS records,
including analogue and digital input/output records,
waveforms and arrays. Use is also made of CDEV
collections which serve to present related devices as a
logical software entity.

The CORBA Oracle Interface

The CORBA database server provides access to the
Oracle8i database management system by utilizing
the Oracle Call Interface (OCI8 for Oracle8) through
the C++ Oracle Template Library (OTL) [10]. The OTL
templates are expanded into direct database API
function calls which are transmitted to the Oracle
database server using the Oracle Net8 network pro-
tocol. A high-level CORBA interface to Oracle is
particularly appropriate as the overhead of building
and then parsing textual commands is small com-
pared to the cost of locating and reading the data from
disk. The CORBA application objects developed
typically handle three fundamental data types: a da-
tabase connection, a Standard Query Language (SQL)
statement and the corresponding results returned
following execution of the statement. A connection to
the database is first created by specifying the name of
the database and the corresponding password. An
SQL handle is then initialized with the SQL command
that is to be executed. Once executed, for SQL
queries returning data, a result set is delivered from
which individual results may be requested. A
description of the columns appearing in the SQL
statement is also returned by querying standard
Oracle database tables. The results are delivered in a
separate class that can be interrogated when, for
example, the "typedef" of a column is unknown. The
CORBA implementation facilitates easy access to the
Oracle database. Methods that permit database
retrieval and modification operations have all been
provided. Data arrays are mediated through OTL
datatypes that map into Oracle BLOBs (Binary Large
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OBjects). The database server has been used to
access static data and to store real-time data.

The CORBA Message Logger Interface

All client and server processes are able to report
messages and alarms to a dedicated CORBA mes-
sage server. The server employs the UNIX syslog
message logging facility incorporating a variety of
priority levels. Syslog entries are further transposed
into SQL INSERT operations for immediate entry into
the database via the Oracle SQL*Plus client. Mes-
sages entered follow a standard format and are
viewed either through a Tcl/Tk based browser polling
the log files or the native database browser which
retrieves data from the corresponding database table.

SLS BOOSTER COMMISSIONING

A number of beam dynamics applications have been
developed for the commissioning of the booster syn-
chrotron [3] making ample use of the CORBA appli-
cation objects provided. During the three months of
booster commissioning (July-Sept. 2000), the model
server recorded an uptime of 100 %. The server proc-
esses are administered through the use of UNIX shell
scripts which have sufficient modularity and flexibility
to enable/disable single or groups of servers and to
understand and account for their inter-dependencies.
Server objects, through their use in different client
processes, were extensively tested and in some cases
revealed certain anomalies in the underlying APIs. A
crucial test of the software components presented
itself whenever significant hardware problems
occurred. The capability with which the message
server could react to a multitude of messages was
examined. Whilst some hundreds of error messages
per second could be handled, the frequency with
which error messages were reported was optimized to
avoid unnecessary repetition. The situation also
permitted a better understanding of the responses
from the CDEV API suggesting, in some cases, a
more appropriate action to be initiated. The deploy-
ment of several event-based applications placed a
stringent examination of the reliability of the MICO
Event Service. Limits for the event queue length and
timeout were encountered prompting a better match of
supply and demand of events, a maximum queue
length and an improvement to the error exception
handling within the event daemon.

In general, following the initial period of implementa-
tion, operator intervention was minimal with clients
able to interact spontaneously with the many servers
and to display their event data. The CORBA objects
are to be further tested and optimized through their

use in applications currently under development for
the commissioning of the SLS storage ring, beginning
in January 2001.

CONCLUSION

An object oriented client-server model in which dedi-
cated CORBA objects provide essential services to
SLS subjects has been presented. Several beam
dynamics applications developed for use in the com-
missioning of the SLS booster synchrotron provided
an extensive test of the model components and dem-
onstrated the framework to be both reliable and stable.

REFERENCES

[1] OMG, CORBA, http://www.omg.org/

[2] M. Bbge, J. Chrin, "A CORBA Based Client-
Server Model for Beam Dynamics Applications at
the SLS", Proc. 7th Int. Conf. on Accelerator and
Large Experimental Physics Control Systems
(ICALEPCS '99), Trieste, Italy, October 1999,
p. 555.

[3] M. Bbge, J. Chrin, M. Munoz, A. Streun, "Devel-
opment of Beam Dynamics Applications within a
CORBA Framework at the SLS", Proc. 7th Euro-
pean Particle Ace. Conf. (EPAC 2000), Vienna,
June 2000, p. 1354.

[4] A. Puder, K. Rbmer, "MICO: An Open Source
CORBA Implementation", Morgan Kaufmann
Publishers (2000); MICO, http://www.mico.org/.

[5] F. Pilhofer, "Combat, CORBA Scripting in Tel",
http://www.informatik.uni-frankfurt.de/~fp/Tcl/
Combat/

[6] ORBacus, http://www.ooc.com/

[7] J. Bengtsson, "TRACY-2 User's Manual", SLS
Internal Document (1997); M. Bbge, "Update on
TRACY-2 Documentation", SLS Internal Note,
SLS-TME-TA-1999-0002 (1999).

[8] S. Hunt etai, "The Control and Data Acquisition
System of the Swiss Light Source", Proc. 7th Int.
Conf. on Accelerator and Large Experimental
Physics Control Systems (ICALEPCS '99), Tri-
este, Italy, October 1999, p. 615.

[9] CDEV, http://www.jlab.org/cdev/

[10] S. Kuchin, "Oracle and Odbc Template Library
Programmer's Guide", http://www.geocities.com/
skuchin/otl/home.htm



43

EFFECTS OF INSERTION DEVICES ON SLS BEAM DYNAMICS

B. Singh (PSI guest scientist from CAT Indore, India), A. Streun

Beam dynamics with elliptically polarizing insertion devices and the significance of matched End Pole
designs were studied theoretically. Numerical simulations were carried out for various IDs planned to be
operated in SLS. Furthermore the limits for field errors for these devices were derived from numerical
simulations. Detailed reports on these studies [6,7,8] are available. Here, a brief summary is given.

INTRODUCTION

It is very important to understand the beam dynamics
with insertion devices for optimum performance of a
storage ring. The present generation of storage rings
is built to accommodate different types and a large
number of insertion devices to get photon beams with
different polarization from circular to linear and of
different helicity. The most advanced devices are
elliptic devices such as APPLE I I/Sasaki-type and
elliptic electromagnetic wigglers operated in double
undulator mode. The various devices planned for SLS
are given in [5]. These devices apply additional linear
and non-linear effects to the electron beam and thus
may limit the dynamic aperture. Further, the small
gap limits the physical aperture. Both effects affect
the beam lifetime and injection efficiency of the
machine.

BEAM DYNAMICS WITH ELLIPTIC DEVICES

The beam dynamics with insertion devices in a stor-
age ring can be understood well by the Hamiltonian
formalism. In order to understand the effects on
beam dynamics in SLS, the Hamiltonian for a pure
elliptic device has been derived from first principles
[8]. The limiting cases of Hamiltonians for helical and
planar devices have been obtained earlier by Tosi [2]
and Smith [3].

The Hamiltonian of an elliptic device contains aver-
aged quadrupole and octupole-like terms and oscillat-
ing sextupole and octupole-like terms. The quadru-
pole-like terms produce the linear perturbations such
as linear tune-shifts and |3-asymmetries or beta-beat-
ing while sextupole and octupole-like terms introduce
the additional non-linear fields and hence excite the
corresponding intrinsic resonances. The amplitude of
the oscillating sextupole-like terms averaged over a
half period is large and comparable to the strengths
of the chromaticity correcting sextupoles in the ring.
Therefore, the average effect of these terms may not
be negligible.

The linear perturbations either can bring the operating
point near a resonance or the loss of symmetry of the
sextupole pattern due to p-asymmetries may excite
additional sextupole resonances. Both effects can
limit the dynamic aperture of the ring.

The octupole-like fields excite the 4th order reso-
nances 4QX= M, 4Qy = M and 2QX± 2Qy = M (M is an
integer), while sextupole-like fields will excite addi-
tional odd order resonances. The non-linear fields will
produce amplitude-dependent tune-shifts. These
effects can also limit the dynamic aperture.

The linear and non-linear effects are proportional to
(B/E)2 and (B/(EX))2 respectively (with B, E, X field
strength, beam energy and undulator period) and to
the average (3-functions at their locations. Therefore,
linear effects are more dominant in case of high field
devices (wigglers and high field undulators) while
non-linear effects are dominant in case of small
period devices (undulators). These effects are severe
for low energy rings. The SLS offers straight sections
with low (3-functions for installations of these devices
and therefore, it is expected that the effects will
reduce greatly. In case of pure planar devices, the
dynamics is affected mainly in vertical plane.

END POLE MATCHING

The end poles are required to get stable electron
motion in a storage ring in presence of insertion de-
vices. The end poles match the closed orbit from
outside to the wiggling periodic orbit inside a device
and back to outside. This can be achieved by a pure
dipole field, however in reality it is done by poles of
the same type like the central poles but with reduced
field.

In addition to the orbit matching, the oscillating sextu-
pole-like fields can also be matched with proper
choice of end poles [3]. In this case, the effect of
oscillating sextupole-like fields is cancelled out and
the non-linear effects are largely reduced.

In case of planar devices, this matching occurs natu-
rally from orbit matching, whereas elliptic devices
require special end poles.

NUMERICAL SIMULATION MODELS

The influences of insertion devices on the beam
dynamics are estimated by using numerical simula-
tions. The relevant models have been developed at
BESSY, ELETTRA and ESRF. The numerical models
for the APPLE-II undulator have been developed at
BESSY [4] and implemented into the computer code
BETA. Models for the Elliptic Electromagnetic Wiggler
and for planar devices have been developed at Sin-
crotrone Trieste [5] and implemented into the com-
puter code RACETRACK. These codes have been
used for simulation studies of the insertions 2xUE56
and 2xUE212 as well as for the planar devices in
SLS. The two models for elliptic devices have
different approaches for inclusion of matching of end
poles. The various input parameters have been
provided by the ID group.
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NUMERICAL INVESTIGATIONS

Detailed simulation studies have been carried for all
insertion devices to be installed in the SLS for the
standard low emittance optics mode with the
operating point at Qx = 20.82, Qy = 8.28.

The simulations reveal that the APPLE-II device
(2xUE56) will produce nominal linear and insignificant
non-linear perturbations. A small reduction in dynamic
aperture in the vertical plane has been noticed which
recovers after correction of the vertical tune. The
impact on dynamic aperture can be ignored for the
entire range of shift parameters (i.e. the phase ad-
vance between the horizontal and vertical undulator
fields) provided the linear tunes are compensated.

The Elliptic Electromagnetic Wiggler (2xUE212)
produces weak linear and non-linear effects. No
significant impact on dynamic aperture is observed in
the vertical while a sharp reduction in the horizontal is
noticed. It occurs due to the 5th order resonance
5QX = 104 which is excited in higher order by sextu-
poles due to p-asymmetries. However, careful com-
pensation of the shifted machine tune allows partial
recovery.

The effect of planar devices is not significant. The
studies of the combined effects from the 2xU212,
W61 and U24 undulators is shown in Fig. 1: Although
the horizontal dynamic aperture is reduced, it still
remains larger than the physical aperture. There is no
significant change in the vertical. This is probably due
to a partial compensation of the insertion devices and
thus more balanced p-asymmetries. The dynamic
aperture is sufficient to enable beam injection and
accumulation and to provide the expected beam life
time.

FIELD ERRORS

The simulation studies were carried out using mathe-
matical models corresponding to ideal devices. In
reality however, field errors will appear and perturb
the beam dynamics further and therefore, it is
important to estimate their tolerances.

The first and second field integrals are expressed in
series of polynomials in transverse coordinates
xand y. The limiting values of coefficients of polyno-
mial expansions have been calculated from numerical
simulations for SLS under the requirement that they
should not perturb the dynamic aperture signifi-
cantly [7].

CONCLUSION

The dynamic aperture in presence of insertion
devices is sufficient for injection and for obtaining a
reasonable beam lifetime.

10 15 20
X[mm]

~~O—Sextupoles only
—Q— Sextupoles + 2xUE212 + W61 + U24

Projected beampipe
— Projected beampipe with insertions

Fig. 1: Dynamic and physical apertures for the
empty lattice (sextupoles only) and for the lattice
with a set of three insertion devices installed.
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OVERVIEW AND STATUS OF THE BEAMLINES

R. Abela, J.F. van der Veen

An overview of the SLS beamlines and the related infrastructure is given

INTRODUCTION

In 2000 important progress was made with the imple-
mentation and testing of the components for the first
four beamlines (see figure). Further development work
has been performed on the construction of undulators,
in collaboration with BESSY, SPRING-8, ELETTRA
and APS.

OVERVIEW

At SLS, there are in total nine straight sections avail-
able for insertion devices: two long ones (10.6 m), four
medium ones (6.2 m) and three short ones (3.2 m).
From the start of the operation phase in August 2001
the following four straight sections will be in use:

• One long straight section: for the Sur-
faces/Interfaces Spectroscopy beamline (SIS)
(section 9L).

• One medium straight section: for the Sur-
faces/Interfaces Microscopy beamline (SIM)
(section 11M).

• Two short straight sections: for the Materials
Science (MS) and Protein Crystallography (PX)
beamlines (sections 4S and 6S, respectively).

The locations of the beamlines are indicated in Fig. 1.

Fig. 1: Initial beamline layout at the SLS

The Surfaces/Interfaces Spectroscopy beamline is
equipped for studies of the electronic and atomic
structure of surfaces and interfaces using photons of
different polarisations. It covers an energy range from
10 eV to 800 eV. The experimental techniques imple-
mented are: high-resolution photoemission spectros-
copy, low-energy photoelectron diffraction, angle-re-
solved ultraviolet photoelectron spectroscopy, and X-
ray absorption and emission spectroscopy. In order to
fulfil the goals of high-energy resolution and good
harmonic rejection over the entire energy range, the
optical layout of the beamline is based on a novel
design, combining a normal incidence and a plane
grating monochromator.

The Surfaces/Interfaces Microscopy beamline is dedi-
cated to photoemission investigations of magnetic,
catalytic or nanostructured samples with high spatial
resolution and chemical contrast. Its energy range is
94 eV to 2000 eV.

The Protein Crystallography beamline is designed for
studies of biological crystals with small physical di-
mensions and with large units cells. It covers the en-
ergy range between 5 and 17.5 keV, allowing the use
of MAD and other anomalous diffraction techniques.

The Materials Science Beamline is a high-flux line in
the energy range 5 - 40 keV and will serve three ex-
perimental stations: X-ray microtomography, powder
diffraction and in-situ surface diffraction. For the pow-
der diffraction station a novel fast microstrip detector,
having a large angular range and a high angular
resolution, is being developed.

STATUS OF THE MAIN COMPONENTS

The four front ends for the beamlines have been re-
ceived from the manufacturers and tested. All of them
have been installed in the ring tunnel.

The hutches for the MS and PX beamlines have been
installed, as well as some of the x-ray optics compo-
nents therein. The Kohzu monochromators for the PX
and MS beamlines will be installed in December 2000
and January 2001, two months later than foreseen.
The powder diffractometer (Eimeldingen) has arrived
and has been tested. The order for the surface dif-
fractometer (Microcontrole) has been placed. The
pixel and microstrip detector projects are well under-
way.

The installation of hutches for the SIM and SIS beam-
lines is almost finalised, also a few weeks later than
planned. The SIM and SIS components were deliv-
ered by Zeiss in December 2000. The acceptance
tests are under way. The optical properties of the mir-
rors and gratings will be measured in collaboration
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with ELETTRA in Trieste. The elliptical display ana-
lyser for the SIM beamline has arrived at SLS and has
already been commissioned using a He lamp. The
SIS end station, with the Scienta analyser, will be
delivered by the company Pink in the Spring of 2001.

So far, the various delays in deliveries from manufac-
turers could be absorbed within the general project
time schedule. However, this will be increasingly more
difficult in 2001. Prominent on the critical path will be
the installation of the undulators including their con-
trollers.

FUTURE BEAMLINES

Insertion device beamlines

One short straight section, three medium straight sec-
tions and one long section are still available for future
beamlines. The fifth line will have an undulator source
and will produce a microfocus for XAS, fluorescence
and diffraction studies. A large number of Swiss re-
search groups have expressed interest in its use.

Priorities for future beamlines are in the following ar-
eas:

1. Experiments in the time domain
Femtosecond (<100fs) x-ray pulses enable stud-
ies of the dynamics of condensed matter at the
time scale of a single molecular vibration period.
The method of pulse generation is based on elec-
tron beam slicing, as demonstrated at ALS by
Schoenlein et al. The SLS appears to provide the
best possible conditions for the implementation of
this method. A proposal has been submitted to the
ETH-Rat.

2. Coherent scattering of X-rays
Coherency of the beam allows for, e.g., phase
contrast imaging of small objects and for studies
of time-dependent fluctuations in speckle patterns.
SLS provides excellent opportunities for the gen-
eration of coherent soft x-ray beams. Such beams
enable studies of, e.g., speckle patterns in mag-
netic systems.

It was decided to postpone a decision on the beamline
for micro- and nanostructuring, which was initially
planned.

Bending magnet beamlines

Two proposals have been received for SLS bending
magnets:

1. IR spectroscopy and microscopy
(L. Degiorgi, ETH-Z)

2. VUV for studies of chemical dynamics
(T. Gerber, PSI)

Interested user groups have been formed.

USERS RELATIONS

The following user meetings were held:

• SLS Meeting for Users of the Materials Science
Beamline. Organiser: Prof. B. Patterson, Loca-
tion and date: PSI, 10 March 2000.

• SLS Meeting for Users of the Protein
Crystallography Beamline. Organiser:
Dr. C. Schulze-Briese. Location and date: PSI,
26 April 2000.

• SLS Users Meeting on 'Infrared Spectroscopy:
Methods and Applications'. Organiser:
Prof. L. Degiorgi (ETH-Z). Location and date:
Bern, 20 November 2000

The 3rd International SLS Workshop on Synchrotron
Radiation was held in Les Diablerets from 16 to 20
October 2000. 110 persons attended the workshop,
and 35 oral presentations were given and 35 posters
were presented.

Contacts with research groups at universities and
industrial laboratories were further maintained through
regular visits and presentations by SLS staff mem-
bers, as well as by on-site presentations and tours
through the facility.
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FRONT END TESTS

Q. Chen, R. Abela, C. Hoechli, R. Knecht, M. Spielmann, F. Wei

Four Front Ends have been tested and installed. The functional tests, accuracy tests, alignment and ultra
high vacuum (UHV) tests have been performed at PS I. The test results confirm that all four Front Ends
meet the SLS specifications.

INTRODUCTION

The conceptual design of SLS Front Ends (FE) for the
insertion device beamlines has been described in [1].
The main FE components are diaphragm, shutter,
stopper, slits and beryllium windows. 4SFE [2],
6SFE[3], 9LFE and 11MFE[4] have been all in-
stalled. 4SFE and 6SFE have been also connected to
the storage ring.

Fig. 1: 9LFE is under testing in the FE test area.

FUNCTIONAL TEST

The shutter and the stopper are safety components.
They have undergone opening and closing tests. The
FE pipe is completely closed or free when the pneu-
matic manipulator moves the shutter head to the lower
or the upper position. The lower position of the shutter
head has a repeatability of ±0.2 mm. The closing time
is less than 2 s, and the opening time is less than 3 s.

The stopper will be closed only when the shutter is in
the closed position. The closing and opening time of
the tungsten stopper head is less than 3 s.

When the electrical power is off, the shutter and stop-
per will be in the closed positions. When the air pres-
sure in the main circuit is off, pressure in reservoirs of
the sub-circuits is able to close them.

ACCURACY TEST

The manipulator, shown in Fig. 2, has a stroke of
25 mm and a resolution of 2.5 (im. The stepping motor
is Waener KML062S04. It is operated in half-step
(0.9 °) increments and has a torque of 1.24 Nm. There
is an optical encoder with a resolution of 0.5 |im on
the manipulator, to measure the position. The Ren-

ishaw encoder has a RGH25
read head, a RGA22 scale and
a RGM22SB reference mark.

Fig. 2: The FE manipulator unit.

The accuracy test of the 11MFE
double slits has been performed.
The deviation of the encoder
read-out has been measured for
different intervals. Fig. 3 shows
the results for an interval of

50 (im and a total stroke of 1 mm. The maximum
deviation is 4 |jm. Fig. 4 shows the results for an in-
terval of 5 |jm and a total stroke of 100 |jm. The
maximum deviation is 0.5 ^m.

Fig. 3: The deviation of the encoder read-out for an
interval of 50 |jm. The circles and triangles are for
forward and backward motions, respectively.
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Fig. 4: The deviation of the encoder read-out for an
interval of 5 |im. The circles and triangles are for for-
ward and backward motions, respectively.

A bi-directional manipulator for the 2nd diaphragm of
6SFE has been tested. The vertical and horizontal
strokes are ±5 mm with a resolution 0.01 mm. The
diaphragm is positioned on the center of the FE. The
vertical manipulator moves 5 mm, with an interval of
0.25 mm. A laser tracker (LTD500) target on the top of
the diaphragm is used to record all coordinates. Fig. 5
shows the horizontal and axial deviations. The maxi-
mum deviation over the stroke of 5 mm is 0.40 |jm.
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Fig. 5: The horizontal and axial deviations for the 2nd

diaphragm of 6SFE. The circles and triangles corre-
spond to the horizontal and axial directions, respec-
tively.

ALIGNMENT

There are reference holes on the top of the chambers,
manipulators and supports. The coordinates of the
reference holes are defined by the SLS master draw-
ing.

All components are aligned in their correct positions
using the reference holes on the supports. The posi-
tion of the diaphragm is adjusted to the drawing value
to within 0.1 mm. The remaining components are ad-
justed to within 0.2 mm. The actual coordinates of all
reference holes have been measured and registered
by laser tracker and will be used for the final installa-
tion.

UHV VACUUM TEST

The leak test has been performed using a helium leak
detector with measuring range from 10"4 to 10~11 mbar
dm3/s. The helium leak rate was lower than
2x10 10 mbar dm3/s.

Frontend9L 1 .Bakeout

Temperaturverlauf

Fig. 6: The temperature record sheet for the 9LFE
bake-out.

The total power of the bake-out system is approxi-
mately 12 kW, and the system is divided into 6-
8 sections. In each section there is one master ther-
mocouple. It is placed on the chamber or valve and
assures that the maximum temperature remains
200 °C bellow. Chamber heaters, flange heaters, wire
heaters and bellows heaters were used. There is a
thermocouple on each bellows heater to avoid over-
heating. All heated components are covered by ther-

mally insulating material (ANU 350 SIL). Fig. 6 shows
the 9LFE bake-out procedure. The heating period was
about 100 hours.

The vacuum test [5] was performed using a residual
gas analyzer (Prisma, Balzers). A spectrum of the
residual gases for 6SFE after bake-out is shown in
Fig. 7.

Fig. 7: The residual-gas spectrum for 6SFE after
bake-out.

The pressure values (in mbar) for all tested FE are
shown in the table below. The No. 1 Cold-cathode
pressure gauge (C.C.P.G) is in the shutter chamber,
and the No. 2 is in the last chamber of the FE.

FE

4SFE

6SFE

9LFE

11MFE

Date

19/01/2001

19/01/2001

30/10/2000

27/11/2000

No.1 C.C.P.G

1.7X10"10

2.1x10"10

1.6x10"10

2.2x10"10

No.2 C.C.P.G

2.3x10"10

3.1x10"10

1.4x10"10

1.0x10"10
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PHOTON SOURCES BASED ON INSERTION DEVICES AT SLS

G. Ingold, T. Schmidt

Progress during 2000 concentrated on the detailed design work and the construction of the insertion de-
vices for the 4 beamlines to be operational at the end of phase I of the SLS project. The small gap U24
undulator, the first device being installed, has been measured magnetically. The magnetic performance of
SLS IDs was studied, namely the impact of integrated multipole errors on the electron beam and the re-
duction of brightness due to phase errors, emittance and energy spread effects. For the option of very
short photon pulses at SLS, the characteristics of a femtosecond photon source based on the beam slic-
ing method have been evaluated.

The ID based photon sources at the SLS cover the
energy range 10 eV to 40 keV. The energy range
10eV to 17keV is covered by undulators, and for
photon energies up to 40 keV, a hybrid wiggler is em-
ployed. To achieve high flux and brightness at a stor-
age ring of 2.4 GeV, small gap undulators and wig-
glers have to be installed [1]. In addition, for a versa-
tile photon source the options of a flexible polarisation
and a short-pulsed time structure of the photon beam
is of central importance to a variety of experiments in
magnetism and structural research. The notable
features of the ID-based photon sources at the SLS
are:

• For soft X-rays: the use of elliptical twin-undula-
tors with variable linear and circular polarisation,
allowing oppositely polarized, rapidly switched
beams under otherwise indentical conditions.

• For hard X-rays: the use of small gap, short period
undulators to extend the high brightness radiation
to ~18keV, i.e. into the domain of high energy
SR facilities. The undulators must have a low
phase error, in order that nearly theoretical bright-
ness is obtained at higher harmonics.

The generation of femtosecond synchrotron radiation
pulses has recently been demonstrated at the ALS,
Berkeley [2]. The method employs a femtosecond
laser to modulate the energy of an electron bunch
over the distance of the laser pulse length. In a dis-
persive section, the modulated electrons become
spatially separated from the unperturbed part of the
electron bunch ('electron-beam slicing'). To enhance
the overall efficiency, a laser system with a high
power and a high repetition rate is needed. Using
state-of-the-art lasers, an upper limit is set on the
energy of the storage ring by the requirement that the
energy modulation must be several times larger than
the energy spread of the electron beam (AE = 5 oE) to
achieve a sufficient separation of the sliced electrons.
To efficiently employ the electron-beam slicing
method, the beam energy cannot be much higher than
2.5 GeV. Therefore, for intermediate energy storage
rings such as the SLS, this technique opens a unique
avenue for time-resolved experiments:

• For the production of short photon pulses, the
combined effect of the electron-beam slicing
method and the use of higher undulator harmon-
ics means that high-brightness femtosecond X-

rays up to 18keV are accessible at undulator
beamlines specially developed at storage rings
with a beam energy of about 2.5 GeV.

• For the conceptual design of an ID-based femto-
second photon source at the SLS, one can profit
from several unique attributes of the facility:

* Low emittance optics
* Large momentum acceptance
* Long straight sections
* Small gap, short period wiggler as a modu-

lator
* Linear/circular polarized twin-undulator as

a radiator for soft X-rays
* Small gap, short period in-vacuum undula-

tor as a radiator for hard X-rays

SOFT X-RAYS, LINEAR/CIRCULAR POLARI-SA-
TION:UE56, UE212

Th. Schmidt, G. Ingold, W. Bulgheroni, G. Heiden-
reich, A. Imhof, B. Jakob, A. Keller, T. Korhonen,
L. Patthey, L. Pochmann, M. Rohrer, C. Quitmann,
L. Schulz, Ch. Vollenweider, P. Wiegand and R. Abela
(PSI); J. Bahrdt, H. Backer, W. Frentrup (BESSY)

The UE212 Undulator

The UE212 twin-undulators (Xu= 212 mm) for the SIS-
beamline, to be installed in the 10.6m long straight
section 9L, are elliptical DC devices. The undulators
are currently under construction at BINP, Nvosibirsk.
The basic magnetic design, shown in Fig. 1, has been
adopted from ELETTRA [3]. The vertical pole struc-
ture is a self-supporting solid iron beam of 4.55 m
length, fixed with 7 C-shaped rips to a box plate girder
as the support structure. The horizontal poles are
separated from the I-beam by Al-spacers to minimize
the crosstalk between the vertical and the horizontal
field component. A current of 145 x 28 A-turns
(120 x 20 A-turns) for the vertical (horizontal) poles is
used to reach a peak (effective) magnetic field of
0.4 T (0.35 T) and 0.1 T (0.09 T) in the vertical and
horizontal direction respectively. The vertical poles are
operated by two separate circuits to allow for the first
time a quasiperiodic field variation in an electro-mag-
netic undulator. The precision machining of the
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Fig. 1: Lower half of UE212 electromagnetic yoke

long I-beams is done in several steps: By Decem-
ber 2000 the four I-beams were machined with extra
tolerance. Prior to the final machining of the periodicity
and thickness of the vertical poles tips, interferometric
measurements were performed to establish correction
values for each pole. To achieve a straightness of
± 10 (im of the pole surfaces facing the gap, the up-
per and lower beams will be simultaneously machined
on a large grinding machine. The support structure
(mainly the wall thickness and the fixing positions) has
been optimized by FEM calculations at PSI, to allow
for a bending of each beam within ± 10 \im after as-
sembly. A gap variation of ± 30 (im total has been
specified. By January 2001, the four I-beams, the hori-
zontal poles and all coils have been fabricated. The
support structures have been welded and annealed.
The fully assembled undulators will be tested and
magnetically measured at BINP. The delivery is
scheduled for April 2001.

Designed by PSI, the vacuum chamber is fabricated
from 2 mm thick stainless-steel metal sheet, bent to
the appropriate cross section and welded at the back-
side of the antechamber. Internal spacers, optimized
by FEM calculations, are used to maintain the cross
section under vacuum. To allow a beam stay-clear
aperture of 16 mm at a magnetic gap of 19 mm, the
wall thickness is machined to 1 mm at the pole posi-
tions. The straightness of the chamber has to be bet-
ter than 0.5 mm over a length of 9.5 m. First results
are expected in February 2001.

The UE56 Undulator

The UE56 twin-undulators (Xu= 56 mm) for the SIM-
bemaline, to be installed in the 6.2 m long medium
straight section 11M, are pure permanent magnet
devices of the Sasaki/APPLE II type. The undulators
are currently under construction in collaboration with
BESSY. A parallel (anti-parallel) shift of the magnetic
rows produces elliptical (linear) polarized light [4]. The
new feature of linear polarized light with a variable
declination angle applies additional forces and mo-
ments to the I-beams, necessitating a rigid mechani-
cal design of the support and drive systems.

High remanent NdFeB magnets (VACODYM 633) are
used with a remanence of 1.28 T (1.24 T) for trans-
versely (axially) pressed blocks and with a coercivity
of 17.0 kOe. Measurements with a Helmholtz coil and
with a stretched wire system have been made at
BESSY to determine both the magnitization (magni-
tude and orientation) and the inhomogeneity of each
single block (1200 total). The magnet errors are within
specification: the dipole errors (rms) are below 1 %
and the easy axis orientation errors (rms) are below
0.5°. The north -south effect, correlated with the mag-
net inhomogeneity, is within ± 1 % (±2.5%) for the
transversely (axially) pressed blocks. The magnetic
data are used as input for a sorting code developed at
BESSY, ba-sed on the simulated-annealing algorithm.

In January 2001, the mechanical design modifications
for the support structure and the I-beams have been
finished and checked with FEM calculations. For all
major components (support structure, I-beams, drive
system), contracts have been placed with various
companies. The keeper-magnet assemblies are built
by PSI. For all insertion devices, PSI is reponsible for
the electrical part of the drive system and for the ID
control. For each UE56 undulator, four servo-motors
are used for the gap and shift motion. The motors are
operated in closed loop using linear encoders to cor-
rect for a nonlinear interaction between the gap (en-
ergy) and shift (polarization) motion, both in the 'scan-
ning energy' and 'scanning polarization' mode. In both
cases, the IDs will be operated in synchronisation with
the monochromotor. To facilitate a straightforward
implementation, both the IDs and the monochromator
are operated under VME/EPICS. The switching of the
polarization will be done optically using a chopper in
the beamline. To spatially separate the light with op-
posite polarization, a 7-magnet chicane system will be
used to displace the electron trajectory in the undula-
tors. The first undulator is expected to be ready in
June 2001 for magnetic measurements.

Parameter:

Gap Range [mm]

Phase Error

1st Field Integral (x,y),
(horiz., vert.), (on axis)

2nd Field Integral (x,y)
(horiz., vert.), (on axis)

Good Field Region:
1st Field Integral
(horiz., vert.), \x

2nd Field Integra
(horiz., vert.), \x

< 2 0

l (x,y)
< 20

Integrated Multipoles:
Quadrupole
(norm., skew),
Sextupole
(norm., skew),
Octupole
(norm., skew),

X

X

X

< 20

< 20

< 20

mm

mm

mm

mm

mm

6
4

- 50 (U24)
- 50 (U17)

<2.5° (rms)

<
<

<
<

<

<

<

<

<

1-102 G-cm (before comp.)
3-101 G-cm (after comp.)

5-104 G-cm2 (before comp.)
2-103 G-cm2 (after comp.)

± M0 2 G-cm

± M0 4 G-cm2

50 G

60 G-cm-1

100 G-cm"2

Table 1 : Magnetic field specifications for the Ids
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HARD X-RAY INSERTION DEVICES FOR HIGH
BRIGHTNESS/HIGH FLUX: U24, U17, W60

G. Ingold, Th. Schmidt, W. Bulgheroni, A. Keller,
T. Korhonen, B. Patterson, L. Pochmann, M. Rohrer,
L Schulz, C. Schulze-Briese, Ch. Vollenweider,
S. Zelenika and Ft. Abela (PSI); T. Hara, H. Kitamura,
T. Tanaka (SPring-8)

The U24 Undulator

The in-vacuum undulator U24 (Xu=24 mm) for the PX-
beamline, to be installed in the 3.2 m long straight
section 6S, is a joint project between SPring-8 and
PSI. Operating at gaps of 8-10 mm, for photon ener-
gies up to 10 keV this device is better suited for beam-
line commissioning than the dedicated SLS U17 un-
dulator. As the first such device at SLS, it is valuable
to study many aspects of the engineering and of the
operation of in-vacuum undulators. Originally built as
a prototype undulator (1.5 m) for SPring-8, the device
has been upgraded (modified base frame, new mag-
net arrays and new flexible taper transitions) for SLS
operation. To minimize any impedance discontinuity
and to protect against heating by image currents, new
flexible transitions (Be-Cu) with water-cooling have
been developed. Installed at the up- and downstream
extremities of the magnet structures, they provide a
smooth transition between the vertical aperture of the
adjacent chambers and the vertical gap in the undu-
lator. The flexible tapers allow a gap variation of 6-
40 mm.

N

1
3
5
7
9

11
13

N

1
3
5
7
9

11
13

hi/

[keV]

1.5
4.6
7.7

10.8
13.9
17.0
20.0

Foo

2.1E+18
2.1E+18
1.4E+18
8.1E+17
4.3E+17
2.2E+17
1.1E+17

B n

4.2E+21
1.3E+22
1.4E+22
1.1E+22
7.7E+21
4.8E+21
2.8E+21

a'

1)

2.7E-1
1.5E-1
1.1E-1
8.7E-2
7.4E-2
6.3E-2
5.4E-2

AE/E

2)

8.7E-1
5.0E-1
3.3E-1
2.5E-1
2.0E-1
1.6E-1
1.4E-1

l)+2)
2.4E-1
1.0E-1
5.8E-2
3.7E-2
2.6E-2
1.9E-2
1.4E-2

Phase
Error

3),1.5°

1.00
0.99
0.97
0.95
0.93
0.90
0.88

Phase
Error
4) ,4°

0.99
0.95
0.87
0.76
0.64
0.51
0.31

Beam
SizeE

5)
7.3E-2
2.8E-2
1.8E-2
1.3E-2
1.0E-2
8.3E-3
7.1E-3

ALL
Factors

l)-3), 5)
1.7E-2
2.8E-3
1.0E-3
4.6E-4
2.4E-4
1.4E-4
8.7E-5

Table 2: Brightness reduction
the U17 undulator

factors calculated for

The magnetic tolerances specified for the SLS IDs are
summarized in Table 1. The quantitative criteria for
variation in the field integrals come from the require-
ment that the electron beam dynamic aperture and
emittance must not be affected by more than 10% of
its nominal value [5], independent of the magnetic
gap. The figure of merit for spectral performance is
the rms phase error. The requirement that the X-ray

brightness for the 11th harmonic is reduced by no
more than 20 % of its theoretical value restricts the
phase error to 2.5° (Table 2).

Flip Coil Measurement

• " 5 0

I

Gap

-"*— 6mm
"-« - - " 8mm
"-*"-• 10mm
—*— 12mm

•" 20mm

*— 40mm
—v~- 50mm

Fig. 2: 1st Field Integrals of U24

At SPring-8, the 1st and 2nd field integrals of both the
horizontal and vertical field components have been
measured in the gap range 6-50 mm using Hall-
probes and a rotating stretched wire system [6]. The
improvement of the field quality has been brought
about mainly by swapping magnets in the magnet
arrays. In the 'good field region' of + 20 mm horizon-
tally, the 1st field integrals stay well within + 25 G-cm
(Fig. 2). For the on-axis particle trajectories shown in
Fig. 3 the phase error is below 2.5°. The trajectory
deflection observed for larger gaps corresponds to a
kick angle of 10(irad, easily compensated with a
steering coil ('after compensation'). For small gap
undulators operating on higher harmonics, maintain-
ing a gap parallelism in the mircron range will be cru-
cial. For a gap taper of 1 (im (gap 8 mm) we have
measured a phase error change of 0.4° resulting in a
6 % drop in brilliance for the 11th harmonic.

-,ndFig. 3: 2 Field Integrals (trajectories) of U24 on axis
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The U17 Undulator

The present design of this undulator has 17 mm pe-
riod and 4 mm minimum gap, which will allow up to
18 keV photons to be produced in the 2.4 GeV ring by
using up to the 11th and 13th harmonic. The bright-
ness reduction factors due to various effects are com-
pared in Table 2. The on-axis flux density Foo has
been calculated numerically from the standard radia-
tion integral including (i) phase errors in a realistic
undulator field, (ii) the electron beam emittance (an-
gular divergence and beam size), and (iii) the energy
spread. The natural brightness is defined as Bn= Foo 12
noY

2 (aY= V2/LL/2/T, L: undulator length). A phase

error of 2.5° means that the major brightness limitation
is no longer the field quality. It is rather the electron
beam quality which causes a significant reduction in
intensity that increases progressively with harmonic
number. As a result, both the photon flux and the
brightness increase only linearly with the number of
undulator periods.

For a gap parallelism below 2 |im, which is needed to
control the phase error within 2.5° + 0.4° rms, the U17
gap drive will operate with two separate motors and
four linear encoders for a direct gap reading on either
side of the electron beam axis. For alignment, we plan
to use movable supports which have been developed
for an active 5-axis alignment of the SLS storage ring
girders [7]. The mover alignment concept will be
tested during the commissioning of the U24 undulator.

The W60 Wiggler

The hybrid wiggler W60 (Xu= 0 mm) for the MS-beam-
line, to be installed in the 3.2 m long straight section
4S, is currently under construction at DANFYSIK. To
maximize the horizontal photon flux density in the en-
ergy range between 5 and 40 keV not exceeding 8 kW
of total radiated power, a magnetic field of triangular
shape has been designed. In addition to the main
magnets, side-magnets at the poles are used to
achieve a maximum field of 2 T at a period of 60 mm.
The wiggler will be operated at a minimum gap of
7.5 mm, using precision machined small aperture
vacuum chambers supplied by APS. Installed at the
extremities, two multiple-trim magnet units ('multipole
correctors') allow to control the field integrals within
the good field region.

The vacuum chambers will be delivered in
March/April 2001. The installation of the wiggler is
scheduled for May/June 2001.

SHORT PULSES FOR SOFT AND HARD X-RAYS:
POSSIBLE SOURCE SCENARIOS

G. Ingold, R. Abela, P. Beaud, L Rivkin, V. Schlott,
Th. Schmidt, H. Sigg, B. Singh (CAT, Indore),
A. Streun, J.F. van der Veen, A. Wrulich (PSI)

A conceptual study has been started on the feasibilty
and performance of a femtosecond X-ray source at
SLS based on the electron-beam slicing method [2].

Depending on the energy range, two different undula-
tors would be available as radiators:

• Soft X-rays, the linear/circular twin-undulator
UE56.

• Hard X-rays, the in-vacuum undulator U17.

For the implementation of the slicing method, two dif-
ferent schemes are under study:

• "Two-straights scenario": a first straight section
with the modulator (wiggler) and a second straight
section with the radiator (undulator); the straight
sections are connected by a single dispersive arc
section of the storage ring.

• "One-straight scenario": both the modulator and
the radiator are installed in the same straight sec-
tion.

The one-straight scenario, for which the long straight
section 5L (11 m) would be available, is of special
interest: In order to reduce temporal stretching of the
electron bunch slice due to the non-isochronicity of
the SLS storage ring, the radiator should not be
placed too far from the laser interaction region.
Therefore, this scenario is optimal for generating the
shortest X-ray pulses. Dispersion is needed at the
location of the radiator to spatially separate the sliced
electron beam. Because the horizontal electron beam
size is much larger compared to its vertical size
(ax = 10 x ay), a sizeable dispersion function is neces-
sary to achieve a transverse separation. Therefore, a
vertically separation is considered, either by a vertical
dispersion or by using the non-zero derivative of the
vertical dispersion (angular separation). The vertical
dispersion is introduced at the location of the radiator
by coupling the horizontal dispersion in the arcs into
the vertical plane using skew quadrupoles. This
method has been proposed for the Ultrafast X-ray
Science (UXS) Facility planned at ALS. In our case it
has the advantage that no additional magnets are
required, since the sextupole magnets in the arcs are
equipped with special coils that can produce a skew
quadrupole field. However, a possible modification of
the equilibrium emittance values has to be carefully
evaluated, since this method takes advantage of a
vertical dispersion at the location of the modulator.
Additional dispersion can be introduced by a closed
vertical orbit bump using local correctors around the
radiator. In this case the orbit bump is confined pri-
marily to a region with no lattice quadrupoles or sex-
tupoles. Thus it is free from non-linear effects. For a
5ay separation of the energy-modulated (13MeV)
femtosecond X-ray pulse, a vertical dispersion of
Dy= 20 mm is needed. Minimizing the background
photons is critical for creating a clean image of the
femtosecond source.
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Short Pulses: Hard X - Rays

Flux: F [photons/sec/0.1% bw

N

1
3

5
7
9

11
13

hv

[keV]

1.5
4.6
7.7

10.8
13.9
16.9
20.0

F

[20ps, 500MHz]

3.5E+15
1.3E+15
4.6E+14
1.6E+14
6.6E+13
2.6E+13
9.3E+12

F

[20ps, 10kHz]

7.0E+10
2.6E+10
9.2E+9
3.2E+9
1.3E+9
5.2E+8
1.9E+8

F

[lOOfs, 10kHz]

3.5E+7
1.3E+7
4.6E+6
1.6E+6
6.5E+5
2.6E+5
9.5E+4

Brilliance: B [photons/sec/mm2/mrad2/0.1% bw]

N

1
3
5
7
9

11
13

hv

[keV]

1.5
4.6
7.7

10.8
13.9
16.9
20.0

B

[20ps, 500MHz]

7.1E+19
3.6E+19
1.4E+19
5.1E+18
1.8E+18
6.7E+17
2.4E+17

B

[20ps, 10kHz]

1.4E+15
7.2E+14
2.8E+14
1.0E+14
3.6E+13
1.3E+13
4.8E+12

B

[lOOfs, 10kHz]

7.0E+11
3.6E+11
1.4E+11
5.0E+10
1.8E+10
6.5E+9
2.4E+9

Table 3: Average flux and brightness of the femto-
second X-ray pulses for the U17 radiator.

In Table 3 we have calculated the average flux and
brightness of the femtosecond X-ray pulses for the
U17 undulator as the radiator (integrated over
0.25 mrad x 0.05 mrad). The values in Table 3 are
determined by the values for the U17 undulator under
normal operation (Table 2) and the overall slicing effi-
ciency of T) = 10"8, which again is determined mainly
by the ratios xL/xE and fL/fE- For the laser (electron
beam) a pulse length of xL = 50 fs (xE= 20 ps) and a
repetition rate of fL=10kHz (fE= 500 MHz) is as-
sumed.

For the energy modulation of the electron beam two
cases have been considered:
Laser, 1st harmonic: The laser is operated on the fun-
damental (800 nm) with an energy per pulse of
0.3 mJ, a pulse length of 50 fs (18 optical cycles) and
a repetition rate of 1-10 kHz. The modulator wiggler,
resonant to 800 nm, operates at K=26 (K-parameter)
with a period length of ^=110 mm. The number of
periods is equal to the number of optical cycles. The
expected energy modulation amplitude is AE =13 MeV
(= 6 x cE).

Laser, 3rd harmonic: The laser is operated at a wave-
length of 250 nm, where the efficiency for the fre-
quency tripling is maximum. We estimate that a 50 fs
(100 fs) laser with an energy per pulse of 0.14 mJ

(0.4 mJ) will produce an energy modulation amplitude
of AE= 10.5 MeV (12.5 MeV), or 4-5 aE. The modula-
tor wiggler operates at K=17 with a period length of
75 mm (27 periods). Such a wiggler is very similar to
the wiggler for the MS-beamline. For the two-straight
scenario this scheme has the advantage that the
regular wiggler beamline operation is not affected by
the femtosecond operation. However, the laser pa-
rameters are challenging. In case such a 3rd har-
monic laser output will not be available in the future,
we propose to built a 'revolver-type' modulator with
two different magnet arrays. One magnet array is
resonant to the laser at 800 nm, the second one is
optimized for regular wiggler beamline operation.

In summary, at the SLS storage ring a femtosecond
photon source could be installed, both for soft and
hard X-rays. For energies up to 12keV an average
brightness in the range 1010 - 1011 can be obtained.
The most favorable scenario is one in which the
modulator and the radiator are positioned in the same
(long) straight section.
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SURFACE / INTERFACE MICROSCOPY BEAMLINE

C. Quitmann, U. Flechsig, L. Patthey, T. Schmidt, G. Ingold, M. Janousch

The "Surface/Interface: Microscopy" beamline is under construction. All optical components are in-house
and have been produced according to specifications. The photoemission electron microscope will be deliv-
ered in March 2001, and the undulator is being assembled.

INTRODUCTION

After the year 1999, which was devoted to the design
and purchasing phase of the "Surface/Interface. Mi-
croscopy" (SIM) beamline [1], the year 2000 has seen
the construction and delivery of many of the key com-
ponents. The optical components, for example, are all
inhouse and are presently being installed.

Control Hutches

In Spring 2000 the control hutches were set up. These
allow users to control their experiment or to analyze
their data in a separate office directly adjacent to the
beamline. They also provide a laboratory for a generic
experiment. This is presently used by the Ellipsoidal
Display Analyzer [3]. In addition, 3 small rooms are
available for assembly of mechanical, electronic, or
optical components.

Optics

All optical components (mirror chambers, monochro-
mator, exit slit, apertures, mirrors and gratings) have
been delivered. Site acceptance tests are underway
and the mirror chambers are being prepared for in-
stallation and alignment.

Fig. 1: View of the refocus mirror chamber with the
pedestals for the microscope behind it and the control
hutches in the background.

BEAMLINE

Radiation Safety

The radiation safety concept was developed in col-
laboration with P. Berkvens (ESRF). It consists of
thick local shielding (50 mm Pb) surrounding the first
optical components and in addition a tight optical
hutch (5 mm Pb). These hutches have been installed
and tested. The local access control (LAC), controlling
hutch access, and the beamshutter interlock will be
installed in early summer 2001.

Infrastructure

All the necessary infrastructure providing electrical
power, cooling water, temperature regulation and
safety inter-locks was designed in collaboration with
specialists from PSI. The design was completed, and
about half of the necessary infrastructure is already
installed.

Front end

The front end was delivered in June 2000 [2]. It is
already installed inside the radiation shielding and is
connected to the storage ring. Cabling for the valves
and interlocks is being completed.

Fig. 2: Two mirror chambers and the monochromator
chamber, awaiting installation in the SLS hall.

Insertion Device

The possibility to produce linearly polarized light with
selectable polarization direction was added as a new
feature to facilitate experiments using magnetic linear
X-ray dichroism (XMLD), thus providing magnetic
contrast for antiferromagnetic materials. This added
new forces on the magnet beams and the undulator
frames which had to be calculated and compensated,
and thus led to slight delays [4].
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The insertion device is under construction. Orders for
all major components have been placed, and magnet
assembly and sorting is underway at PSI. To ensure
completion of the instrument in June 2001 major parts
of the assembly and electronics were ordered from
external companies.

Endstation

The photoemission electron microscope (PEEM) has
been completed at the company (ELMITEC), where it
has also produced the first images. Presently it is be-
ing calibrated, and final tests are underway. To opti-
mize measurements on magnetic samples, the objec-
tive lens of this LEEM III microscope was modified in
collaboration with the company.

Fig. 3: Two LEEM images showing step edges on the
same W(110) crystal. In the top image, no magnetic
field compensation is used (Hsampie = -0.55mT, Ax ~
40nm), while in the bottom picture the magnetic field
at the sample is compensated using an additional coil

= -0.003mT, Ax ~ 50nm).

tested on a prototype instrument at the factory. Step
edges on a W(110) crystal were chosen as a first test
sample and are shown in Fig. 3. The resolution in
these test experiments was limited due to inadequate
sample preparation facilities. The dark spots on the
images are imperfections of the channelplate.

Using the additional compensation coil, the magnetic
field at the sample position can be varied by ±0.5 mT
using a current of about 0 -150 mA. The minimum
achievable magnetic field was Hsampie = 0.003 mT. The
field compensation causes a small shift of the field of
view (-0.5 (im) and in the first tests slightly degraded
the resolution. Further tests and optimization are nec-
essary, but the results show that even a microscope
with a magnetic objective lens can be used to meas-
ure samples at high spatial resolution in very low
magnetic field.

The delivery date for the microscope is scheduled for
March 2001. Thus, it will be possible to thoroughly test
the PEEM prior to operating it at the beamline.

Software

A special software allowing control of all beamline and
endstation components from a single console was
developed in collaboration with Elettra [5]. Since a
similar beamline is being installed there, which uses
the same PEEM, both parties are contributing and
profiting equally from this collaboration. The individual
software modules are working, and the complete sys-
tem is presently undergoing tests.

CONCLUSION

In the year 2000, the SIM beamline has made a big
step forward. All major components have been built or
are presently under construction. Up to now the
beamline is on schedule.
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An additional coil was added, allowing compensation
of the magnetic stray field at the sample Hsampie, which
is produced by the objective lens. This setup was
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SURFACE / INTERFACE SPECTROSCOPY BEAMLINE

L Patthey, M. Shi, J. Krempasky, T. Schmidt, U. Flechsig, C. Quitmann, R. Betemps, M. Botkine,
R. Abela, J.F. van der Veen

In this contribution, we report the progress on the construction and development of the Surface and Inter-
face: Spectroscopy beamline (SIS). This beamline is dedicated to electronic and atomic structure studies
on surfaces and interfaces.

The SIS beamline was designed to provide a high
quality soft X-ray source, a state-of-the-art experi-
mental set-up and sophisticated experimental instru-
ments for studying the electronic and atomic struc-
tures of surfaces and interfaces. The spectrum of
applications includes: high-energy resolution photo-
emission, angle-resolved ultra-violet photoelectron
spectroscopy (ARUPS), photoelectron diffraction,
Fermi surface mapping, X-ray absorption spectros-
copy and X-ray emission spectroscopy. The beamline
will cover an energy range from 10 eV to 800 eV, with
an overall resolving power of 10'000. The general
layout and the detailed description of the beamline
have been given in references [1-2]. The twin undula-
tor, UE212 [3], is an elliptical electromagnetic inser-
tion device with the capability to provide both linear
and circular polarizations. Presently, this device is un-
der construction at the Budker Institute of Nuclear
Physics in Novosibirsk, Russia, and it will be delivered
to PSI in April 2001. Installation of the optics is being
carried out on the beamline, including both normal
(NIM) and grazing (PGM) monochromators produced
by Jenoptik, Germany, mirror chambers manufactured
by Bestec, Germany and gratings and mirrors made
by Karl Zeiss, Germany.

EXPERIMENTAL STATION

Fig. 1 shows a three-dimensional view of the experi-
mental station. The manufacturing and the integration
of this station are being carried out at PINK, Germany.
It will be delivered and installed at PSI in spring of
2001. The station is composed of the distribution
chamber (DC) (by R.M.P, Italy), the preparation
chamber (PC) and the analysis chamber (AC). The
functions of the individual chambers are summarized
as follows:

1) The DC serves to introduce samples into the vac-
uum system, heat-treatment of samples, storing
several samples under vacuum and moving sam-
ples to the PC or to user end-stations.

2) The PC is used for preparing samples, cleaning
the sample surface and characterizing the surface.
Standard surface science tools, such as LEED,
sputtering ion-gun, gas-inlets are included.

3) The AC is equipped with a high resolution hemi-
spherical photoelectron spectrometer (PS), an X-
ray emission spectrometer (XE), an X-ray absorp-
tion spectrometer (XA), an X-ray source (not visi-
ble) and a UV-lamp (not visible). It allows the range
of beamline applications mentioned above.

Fig. 1: Three-dimensional view of the end station. See
text for details.

One of the essential components, the high-resolution
hemispherical photoelectron spectrometer (SES-2002
from Gammadata Scienta, Sweden), is shown in
Fig. 2. It can be operated either in angular mode for
the angle-resolved measurements or in transmission
mode, for high-energy resolution measurements. Its
energy filter allows changing the pass-energy from
1 eV to 500 eV. The ultimate energy resolution of
1.5 meV at a pass-energy of 1 eV (Fig. 3) and the
angular resolution of 0.2° have been achieved in the
factory test.

& " * f* *1

• " \

• V

Fig. 2: High-resolution hemispherical photoelectron
spectrometer.
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Instrument: S£S 2002 #561
Pass energy; 1 eV
FWHIvi: 3.78 ineV
Instrumeni resolution: 1.50 rnsV

Fig. 3: The UPS spectrum of Xe 3p3/2. The spectrum
was measured with a Xe gas cell and a photon
plasma UV source (He I, 21.218eV). The spec-
trometer resolution is obtained after quadratic
subtraction of the photon contribution (life-time
broadening, 1.2 meV) and the gas cell contribution
(Doppler broadening, 3.25 meV).

A long-axis manipulator (MA), mounted vertically on
top of the preparation chamber (PC), has three trans-
lational and two rotational degrees of freedom. It
transfers the sample from PC to AC and positions the
desired portion of sample to be exposed to the X-ray
beam. The head of the manipulator, made at Univer-
sity of Fribourg [4], has two rotations for angle-re-
solved measurements. This manipulator is equipped
with a compact Helium-flow cryostat (Fig. 4) made at
PSI. The cryostat has originally been developed for
(iSR and SINQ experiments [5]. The temperature
range of the cryostat is 1.1 K < T < 300 K. The com-
pact design and the mounting geometry allow us to
implement this cryostat on the manipulator without
breaking the sample vacuum.

Fig. 4: Helium-flow cryostat, here in the horizontal
position.

It should be mentioned that the end-station sits on a
modular rotating platform (Fig. 5) which can also sup-
port user end-stations such as the COPHEE experi-
ment [6]. The platform uses air bearings to bring either
the SIS or the user end-station into the photon beam.
This platform has been built and installed at PSI in
December 2000 by Delu, Germany.

Fig. 5: SLS experimental hall with the rotating plat-
form and the control room (behind).
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MATERIALS SCIENCE BEAMLINE, X-RAY OPTICS

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

The Materials Science Beamiine will provide wiggier radiation between 5 and 40 keV to microtomotraphy,
powder diffraction and surface diffraction experimental stations. A principal issue of the beamiine optics is
the high heat load which must be accomodated.

INTRODUCTION

The optics of the Materials Science (MS) Beamline [1]
consists of a vertically-collimating mirror (1), a double-
crystal monochromator (DCM) with second-crystal
sagittal focusing, and a vertically-focusing mirror (2).
At the time of writing, both mirrors have been
installed, aligned and their motions calibrated, and the
DCM has been installed and is undergoing on-site
acceptance. The first crystal is based on the Hasylab
"TORN" design [2], with active compensation of the
thermal bump. We have tested our device at BM5 of
the ESRF. In this report, we present important per-
formance results for these elements.

THE MIRRORS

Fig. 1: Mirror 1, with the vacuum vessel opened. The
corrugated tubes are water-cooling lines.

Both mirrors are Rh-coated Si blanks which can be
dynamically bent to a cylindrical form. Mirrors 1 and 2
have respective dimensions 1010 x 95 x 66 mm3

(15 kg) and 950x85 x 66 mm3 (13 kg). Mirror 1
reflects upward and mirror 2 downward. Heat is
removed by water-cooled Cu-plates immersed in Ga-
In-Sn-filled grooves. They have been manufactured,
including cooling fixtures, benders, gravity
compensation, positioners and vacuum chambers, by
SESO, Aix en Provence, France (Fig. 1). The results
of the factory acceptance tests, averaged over the two
mirrors, are presented in Table 1. Slope error was
measured with the blanks mounted in the benders and
with the correct orientation, using a Zygo
interferometer and various reference optical flats and
spheres. The roughness measurements were
performed both before and after coating using a
Micromap rugosimeter.

Rms slope error

Rms roughness

Radius of curvature

Pitch repeatability

Roll repeatability

Height repeatability

Vacuum

1.1 iirad

2.6 A

-37 to 3.8 km

3 iirad

3 iirad

4 |im

2x10~8mbar

Table 1 : Factory acceptance results for the SESO
mirrors.

THE MONOCHROMATOR

l.-.-tv.."••u.

V.'

i \

Fig. 2: The DCM, manufactured by Kohzu, Tokyo,
Japan, during installation in the optics hutch.

The DCM uses two Si (111) crystals to tune the
beamiine energy from 5to40keV, with
AE/E = 0.014%. Both crystals are mounted on a single
main rotation stage, and the relatively large energy
range requires a long translation of the second crystal,
in order to realise fixed-exit operation. An important
specification is the parallelism of the two crystals
during this translation (Fig. 3.). With the use of a
piezo-manipulator and a look-up table, it will be
possible to keep the crystals parallel to within the
minimum Darwin rocking-curve width (at 40 keV) of
1.4 arc-seconds.
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Fig. 3: Second-crystal pitch deviation, measured for
4 passes (2 in each direction) of the horizontal
translation. The measurements were performed with a
Moeller-Wedel Elcomat 2000 Autocollimator.

THE FIRST CRYSTAL
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Fig. 4: Rocking curves demonstrating the dynamic
heat-bump compensation of the first crystal, (Hasylab
"TORN" system) measured at BM5 of the ESRF. The
maximum absorbed power was 240 W.

The design of the first crystal is that of the "TORII"
system of Hasylab [2]. Feedback-controlled, thermal-
expansion actuators apply a bending moment to the
leading and following edges of the crystal, to provide
dynamic flattening. We have copied this design, and,
with the Hasylab staff, have mounted the crystal. A
test of the compensation was performed at the BM5
beamline of the ESRF, and the results are shown in
Fig. 4. The unheated rocking-curve width could be
regained with optimum compensation at 240 W
absorbed power - the maximum level obtainable at
that (bending-magnet) beamline. A maximum of
1.1 kW absorbed power is anticipated at the MS
beamline.

We would like to thank J. Heuer, Hasylab, and
R. Hustache, ESRF, for their technical assistance.
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MATERIALS SCIENCE BEAMLINE, SURFACE DIFFRACTOMETER

B.D.Patterson, S. Hunt, J.F. van der Veen, J. Birch (Linkoping), E. Vlieg (Nijmegen)

A robust diffractometer of the 2+3 design will be installed at the Materials Science Beamline. Emphasis
will be placed on surface diffraction, with several possible in-situ environmental chamber geometries. The
instrument will permit novel investigations of surface structure and real-time epitaxial growth, during sur-
face and thin-film processing.

INTRODUCTION

A large diffractometer of the 2+3 design [1] is on order
and will be installed in a separate shielded hutch at
the Materials Science (MS) Beamline. The principal
use of the diffractometer will be in surface diffraction
studies, in which the incoming X-rays enter a flat
sample at a shallow angle. Taking advantage of the
small penetration depth under total reflection condi-
tions or of the surface-specific, "crystal truncation rod"
(CTR) scattering [2], detailed information will be ob-
tained on surface and near-surface atomic arrange-
ments. Due to the relatively large horizontal diver-
gence of the MS wiggler beam, different sample ori-
entations, with the sample surface vertical or hori-
zontal, are chosen depending on whether lateral or
vertical atomic coordinates are of primary importance.

A specialty of our instrument will be the investigation
of surfaces and thin-films "in-situ", i.e., immediately
after, or even during, materials processing such as Ar-
sputtering, UHV annealing, electrochemistry and epi-
taxial thin film growth. Such in-situ experiments re-
quire the use of specialised environmental chambers.

SAMPLE GEOMETRIES

Fig. 1 : The three surface diffraction geometries possi-
ble: baby-chamber-vertical (left), dedicated-process-
vertical (center) and portable-chamber-horizontal
(right).

Three geometries for in-situ process chambers will be
supported on the diffractometer (Fig. 1). A small
(25 kg) "baby chamber" can be suspended from the
diffractometer, with the sample in the vertical position
(Fig. 1, left). This mode is attractive for, e.g., studies
of surface reconstruction during electrochemical proc-
essing. More complex processing equipment (500 kg)
will require supporting the chamber on the alpha rota-
tion stage of the diffractometer and performing the
omega sample rotation via a rotatable vacuum
feedthrough (Fig. 1, center). This mode will be used,
e.g., for performing in-situ pulsed laser deposition of
complex oxide, nitride and carbide thin films. Finally, a
portable chamber (200 kg) can be mounted with the
sample horizontal on the omega arc (Fig. 1, right).

Such a portable chamber will be used to prepare and
investigate clean metallic alloy surfaces under UHV.

ROTATION AXES

In the 2+3 geometry, the sample can be rotated in a
plane perpendicular to its surface and in the plane of
its surface. For the vertical-sample geometries (Fig. 1,
left and center), these are the a and co(vert) axes. For
the horizontal-sample geometry (Fig. 1, right), these
are the co(horiz) and ty axes. The detector has three
rotation axes: about a vertical axis (y), about a hori-
zontal axis (5) and about its own axis (v). The v-axis
rotation serves to align the detector slits with the
scanning directions, greatly simplifying the corrections
required in the measured intensities [1]. Finally, an op-
tional HOPG-crystal analyser stage (coA, 2GA) is in-
cluded on the detector arm, to avoid problems of par-
allax and air scattering. The range and resolution of
the rotation axes are summarised in Table 1.

Axis

Vertical sample

a

co(vert)

Horiz. sample

co(horz)

-e
-

Detector

Y

5

V

Analyzer

coA

26A

Range

-10°,+190°

±190°

-5°, +5°

±190°

-60°,+190°

-20°, +190°

±190°

-5°, +95°

-5°,+160°

Resolution

0.001°

0.0002°

0.0002°

0.0002°

0.001°

0.0002°

0.001°

0.001°

0.001°

Table 1 : Range and resolution of the various rotation
axes of the sample and detector.
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IN-SITU CHAMBERS, X-RAY TECHNIQUES

Operation of the in-situ surface diffractometer will be
based on interchangeable, process-specific environ-
mental chambers. In this way, flexible use can be
made of the instrument, and cross-contamination and
other incompatibilities can be minimised. Presently
planned for the MS beamline are two in-situ cham-
bers: a dedicated process chamber for pulsed laser
deposition and pulsed crossed-beam laser ablation
epitaxy [3] and a portable UHV chamber with Ar-
sputter gun (Fig. 2).

Fig. 3: The Newport-Microcontrole 2+3 diffractometer
with a dedicated process chamber.
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Fig. 2: The MPI, Stuttgart, portable UHV chamber [4].

With such chambers, a number of in-situ surface sen-
sitive X-ray measurement techniques are possible:
reflectivity measurements of surface and interface
roughness, standing-wave fluorescence measure-
ments to probe the depth distribution of selected
chemical species, Bragg diffraction investigations of
surface and near-surface structures, strains and dislo-
cation networks, diffuse-scattering determinations of
crystal defect types and concentrations, and small-
angle scattering studies of mesoscopic features such
as precipitates and islands.

A drawing of the diffractometer, with a mounted dedi-
cated process chamber, is shown in Fig. 3. The in-
strument, which will stand approximately 2.7 m tall
and weigh 2.5 tons, is being manufactured by New-
port-Microcontrole in Beaune La Rolande, near Paris,
and will be delivered in June 2001.
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MATERIALS SCIENCE BEAMLINE, POWDER DIFFRACTION END STATION

F. Fauth, J. Welte, B. Schmitt, B.D. Patterson

The Powder Diffraction (PD) End Station is one part of the Material Science Beamline, which is also dedi-
cated to Computer Microtomography and In-Situ Surface Diffraction. Strengths of the SLS-PD station are
the high intensity provided by the wiggler and the wide-angle solid-state position-sensitive detector based
on microstrip technology. In parallel to this so-called "high-intensity" detection mode, "high-angular resolu-
tion" data can be collected using a 5-channel analyzer-scintillator detection set-up.

INTRODUCTION

Synchrotron powder diffraction (SPD) is a powerful
technique for structure determination of materials, due
to its very high angular resolution and the small
amount of sample material required. This technique is,
therefore, widely used in various fields of physics,
chemistry and biology. Beside the highest angular
resolution detection mode, which is achieved by using
back scattering monochromator crystals (Si111 or
Ge111 analyzers), the SLS-PD station will additionally
offer a so-called "high-intensity" mode thanks to a
wide-angle solid-state position-sensitive detector
which is currently under development at the SLS [1,2].

STATUS

Instrument mechanics

A consequence of the very high instrumental resolu-
tion achievable with SPD (fwhm<0.01°) is the very
high level of accuracy required of the mechanics of
the instrument (± 2 arcsec). In order to ensure rapid
switching between the "high-resolution" and "high-
intensity" modes, or even the simultaneous use of
both detection modes, the SLS-PD instrument in-
cludes three coaxial heavy-duty rotary tables. On
these tables will be mounted the 5-channel analyzer-
scintillator detection setup, the position-sensitive mi-
crostrip detector and the sample environment (Fig. 1).

The mechanics of the instruments were designed
(jointly with PSI) and manufactured by Eimeldingen
UK Ltd., which specializes in the production of high-
accuracy rotary tables, and also manufactured the
powder diffractometers BM16 and BM1B of the ESRF.
The rotations are driven by stepper motors
(0.000057step) and monitored by Heidenhain encod-
ers (RON806 on sample rotation, ERO725 otherwise)
followed by 50-fold interpolation units resulting in a
0.0001° (0.36 arcsec) angular resolution and
±2 arcsec angular accuracy. The instrument was
delivered October 2000 (Fig. 2) and connected to the
SLS standard control system. Commissioning tests
are in progress.

Lifting tables

The PD instrument is mounted on a lifting table, de-
signed and manufactured at PSI, which is able to sup-
port a maximum load of 1500 kg. Vertical motion over
1000 mm in 2 (im minimum steps is driven by a single
stepper motor. A similar table provides support for an
arbitrary sample environment. Both tables are
mounted on a common rail system, enabling motion
perpendicular to the synchrotron beam. This motion of
the secondary table allows easy access to the dif-
fractometer.

i-V

Fig. 1: Drawing of the SLS-PD instrument.

Fig. 2: Picture of the SLS-PD as installed in
shielded hutch at the Materials Science Beamline.
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Multi analyzer/scintillator setup

In order to increase efficiency in the "high-angular
resolution" detection mode, we are building a 5-chan-
nel analyzer/scintillator detection setup similar to that
described in Ref. [3] (Fig. 3). The relative position of
the crystals is such that a single 20 scan of the unit
yields 5 diffraction patterns with a nominal offset of 2°.
The Bragg condition for all 5 crystals (either Si111 or
Ge111) is fulfilled by rotating in a 1:2 ratio the crystals
support and the scintillator detection arm. In this way,
no individual adjustment of the crystals is required
when changing the incoming photon energy.
However, very high precision will be required in the
initial adjustment of each crystal relative to the others.
Analytical calculations similar to those described in
Ref. [3] and further checked by CAD-drawing simula-
tions (Fig. 4) were performed in order to prevent
shadowing of the incoming and outgoing beam of one
channel by another crystal.

where wmla is the intrinsic Darwin width of the ana-
lyzer/monochromator crystal (SM11 in Fig. 5), 6m/a/s
are the analyzer/monochromator/sample scattering
angles and cpMi/M2 is the vertical synchrotron beam
divergence after the first and second mirrors. Of
course, highest resolution is achieved for a vertically-
parallel beam, that is 9MI~9M2~15

40keV

5keV

Fig. 4: CAD-drawing simulation of the beam geometry
at the multianalyzer stage for the two extreme ener-
gies 5 keV and 40 keV.

Fig. 3: Drawing of the 5-channel analyzer/scintillator
detection setup.

The mechanics of the 5-channel analyzer/scintillator
detection unit is being manufactured at PSI using
motorized rotation tables supplied by Huber (Ger-
many), providing 0.00025° and 0.0025° angular reso-
lution for the rotation of the crystal stage and detector
arm, respectively. The 5-fold detector system is sup-
plied by SCIONIX (Netherlands) and consists of 5
individual Nal(TI) scintillator crystals (020 mm, 2 mm
thick) optically coupled to Hamamatsu R1924 photo-
multipliers and followed by a preamplifier, yielding a
maximal gain of 50 mV/keV at 50 Ohm. The amplifier
output signal (40 ns/300 ns pulse rise/fall time) will be
handled by a VME-based energy window
discriminator and a 32 bit counter developed at the
SLS.

Using this detection mode, highest instrumental an-
gular resolution can be achieved. In Fig. 5, we present
expected instrumental angular resolution curves at
selected energies. The Full-width-at-half maximum, r,
is calculated using the formula

r =

0.05

0.04 -

C? 0 0 3

T3

I 0.02

5
0.01 -

Instrumental resolution
(M2:non-vertical focusing)

o.o

'-
5 keV

40 keV

- [../.....:

jS^----..---^?*^--- -

+ <PM1

0 20 40 60 80 100 120

2Theta(deg)

Fig. 5: Calculated instrumental angular resolution for
the SLS-PD at selected photon energies.
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PROTEIN CRYSTALLOGRAPHY BEAMLINE

C. Schulze-Briese, T. Tomizaki, C. Pradervand, R. Schneider, M. Janousch, Q. Chen, G. Ingold,
D. Rossetti, B. Frauenfelder, C. Zumbach, R. Reiser, P. Hottinger, S. Zelenika, Ch. Bronnimann,

E.F. Eikenberry, S. Burger, R. Abela

Less than six months before the start of the commissioning of the beamline with X-rays, all major
hardware components of the first phase are either installed or under construction. The concept of the
integrated data acquisition and beamline control system was defined during the last fifteen months. This
status report focuses on software development and implementation.

INTRODUCTION

The concept of the SLS Protein Crystallography
beamline 6S was developed in close cooperation with
the Swiss user community and international advisors.
There was consensus that it should be optimised for
highest data quality rather than high throughput. The
beamline is dedicated to diffraction studies of micro-
crystals as well as high-resolution studies of large
unit-cell structures; it is designed to be fully MAD
compatible in the energy range of 5 to 17.5 keV.

HARDWARE

The first element to be installed was the front-end [1],
followed by the optical system, the beam conditioning
unit and the slit-shutter unit. Thorough acceptance
tests of the optical components allowed some prob-
lems to be recognised and to be overcome before the
start of commissioning [2]. The High Resolution Dif-
fractometer and the K-goniometer are currently under
construction at PSI. Both follow the innovative concept
of G. Rosenbaum realised at SBC [3]. The diffracto-
meter offers a high degree of user-friendliness and the
miniaturised K-goniometer allows data to be collected
in an optimal way with minimal detector shading
(Fig. 1). In order to complement the pixel detector [4]
currently under development at SLS, it was decided to
purchase a high performance CCD detector from ANL
[5]. Its delivery is foreseen for the end of 2001.

Front face full active area
Active pixels
Conversion gain
Saturation
Dark current
Readout time
Readout noise
Dynamic range

240 mm x 240 mm
3000 x 3000
10.2e~/Xph

55000 Xph
0.2 Xph / pixel / s

1.2/8.2 s
2 Xph / 0.5 Xph
25000 / 38000

Table 1 : Summary of the design parameters of the
LAD-CCD detector. An Xph corresponds to 1 photon
of 12 keV. When two values are given, they refer to
high speed (1 MHz) and high accuracy (62.5 kHz)
readout mode, respectively.

The sample preparation laboratory was installed, and
an automatic LN2 refill system for the Oxford Cryojet
cooling devices is under construction. The U24 in-

vacuum undulator was delivered from SPring-8 and is
ready for installation.

:l
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Fig. 1: The diffractometer at SBC. The detector is
mounted on the A-frame, while the K-goniometer as
well as beamstop and collimator are mounted on a
separate support.

STATUS OF SOFTWARE DEVELOPMENT

Sample images, including fine slicing datasets and
datasets in SMV format, have been processed for the
evaluation of data processing programs such as XDS,
MOSFLM, D*TREK and DENZO. 3D profile fitting,
which is introduced by XDS worked well for datasets
taken under various experimental conditions. XDS
gives better results compared to other programs for
fine slicing datasets, concerning signal-to-noise ratio
at higher resolution. On the other hand, a problem
treating background noise for low-quality images was
found during the evaluation. The very slow processing
speed should be improved by high performance com-
puting environment like BEOWULF Linux clusters.
MOSFLM is a good compromise regarding perform-
ance and processing speed. Both programs, XDS and
MOSFLM, will be used on the beamline.

The architecture of the beamline control system has
been defined, as shown in Fig. 2, and test programs
were implemented on SGI workstations and PCs run-
ning under Linux. Since the user interfaces are not
directly connected to lOCs (input / output controller),
this architecture does not follow the SLS standard as
a control system at SLS but is essential in order to
realise important advantages for users.
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The first justification for our control server is related to
our concept of beamline operation. Users will require
remote access to the beamline from outside of SLS,
which is not supported by EPICS. Therefore, this spe-
cial system was chosen. The second justification is
the lack of a priority control system in EPICS. When
two groups work simultaneously on the beamline, this
server works as "a gate keeper" avoiding conflicts of
beamline control. The last justification is the conven-
ience of software distribution to users who want to
compile EPICS clients on their PCs without installing
EPICS libraries, which would be painful for computer
beginners.

Several image formats will be available. SMV format
is supported by major data processing programs de-
scribed above and is already used for the develop-
ment of the PILATUS [4] and the CCD detector.
Crystallographic binary file (CBF) [6] was recently de-
fined as a successor of the CIF format, and will be a
standard image format. JPEG2000 [7] format was also
defined at the end of last year and should be well-
suited for remote image display.

Humeto .JCXO

PSI nJ'i-oik. Ihc WurlJ t
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Icl'lIt clients

J - display Oiaclfi
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IOC

ninsoivor , l>!lra-.loi
(.-200GB?) conlioirc
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Diffractometer J - loc: - [ j-mnlnml. O|ilicr. j

Fig. 2: Architecture of the beamline control and data
acquisition systems.

The control server and character user interfaces (CUI)
are implemented in C and the graphical user interface
(GUI) clients in Tcl/Tk, GTK+. A free interface builder,
GLADE has been used to build GUIs, as described
below. GTK+ is a core library to implement the
GNOME desktop environment [9], which was ap-
proved as the standard on Linux by leading
companies such as SUN Microsystems, IBM, Compaq
and Redhat.

Fig. 3: Screen shot of a part of the beamline control
system. The GTK+ library [8] gives users similar inter-
faces to different popular applications.

The Oracle database server at PSI will be used for the
architecture. Fig. 3 is a screen shot of the database
browser integrated into the beamline control system.
The history of diffraction experiments for each user
will be managed by the database to generate
command scripts for data processing and analysis,
and to indicate and backup the status of experiments.

Traditional backup devices (DAT, DLT etc.) are going
to be available on the beamline. In addition, Swap-
pable hard disks will provide convenient and cost-ef-
fective data storage.
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ACCEPTANCE TESTS OF THE MIRROR BENDER FOR THE PROTEIN
CRYSTALLOGRAPHY BEAMLINE

C. Schulze-Briese, R. Schneider, S. Zelenika, P. Hottinger, R. Reiser,
D. Rossetti, U. Flechsig, O. Hignette (ESRF), A. Rommeveaux (ESRF)

Results of the mechanical and metrological acceptance tests of the mirror bender for the PX beamiine are
reported. On the one hand, they showed an excellent quality of the mirror before and after mounting in the
bender as well as a good reproducibility of the bender. On the other hand, they revealed significant prob-
lems with the worm gear actuators. These findings were incorporated in the revised actuator.

AIM OF THE WORK

The requirements on the mirror bender of the SLS PX
beamiine are very high, combining dynamical focus-
sing with excellent stability and reproducibility. In
addition, the clamping of the blank mirror to the
bender should not deteriorate its optical properties.

The aims of the acceptance tests were:
a) to minimise the mounting induced distortions by

on-line measurements and corrections;
b) to assess the quality and predictibility of the

bender;
c) to assess the resolution, accuracy and

repeatability of the positioning mechanism.

SURFACE METROLOGY OF THE MIRROR

The flat, Rh-coated, fused silica mirror delivered by
Zeiss [1] is of outstanding quality. The meridional and
sagittal slope errors are respectively 0.3 urad and
1.5 urad (rms) over the optical surface of
350x10 mm, while the corresponding surface
roughness is below 3 A (rms). The slope errors are
significantly better than the specified values and
cannot be preserved when the mirror is mounted to
the bender due to the gravitational sag.

The meridional slope error of the mirror was meas-
ured using the ESRF Long Trace Profiler. A He:Ne
stabilised laser beam is collimated in a two-beam
Michelson interferometer. A mirror assembly equiva-
lent to a pentaprism optically compensates for the lack
of straightness of the ceramic support beam. A beam
splitter cube and folding mirrors direct the laser beam
towards a spherical aberration well corrected lens
which focuses the beam on a silicon photodiode array
detector. A change in the slope of the optical surface
results in a change of the position of the central
minimum of the interference pattern on the detector.
The angular resolution can be better than
0.1 urad (rms) [2].

Before the mirror was mounted, it was measured sup-
ported by two cylinders separated by 250 mm. The
meridional slope error after subtraction of the gravita-
tional sag was 0.17 urad (rms) over 400 mm.

The mirror was then clamped to the bender by appli-
cation of 20 cNm torques to the four screws of the two
clamping plates. The slope error was now found to be
0.6 urad over 380 mm. The value increased to
0.93 urad when the torque was increased to 60 cNm.
The mirror was then remounted with 20 cNm and bent

aspherically to a mean radius of 3214 m. The derived
interaction matrix was subsequently used to bend the
mirror to 2746 m. The measured value was 2741 m
while the residual aspherical slope error amounted to
0.43 urad. This result illustrates the excellent charac-
terics of the mirror bender.

A
Fig. 1: The mirror bender mounted to the LTP. The
sledge glides on an air cushion and is driven by a
linear motor.

Further tests determined the reproducibility of the
clamping distortion and the maximal allowable
clamping force. Despite the high clamping moment of
60 cNm, the mirror showed a slope error of 0.43 urad,
which is close to the gravitational sag induced distor-
tion.

POSITIONING MECHANISM

Measurements were performed of the resolution, ac-
curacy and precision of the mirror positioning me-
chanics. The ideal resolution of the mechanisms is
30 nm (corresponding to the mirror pitching resolution
of 75 nrad) with travel ranges of several mm.

The experimental assessment was carried out by
employing a Michelson-type laser-Doppler interfer-
ometric system (Fig. 2). In the used linear measure-
ment configuration (resolution = 10 nm), a He:Ne
laser head emits two laser beams with opposite linear
perpendicular polarisations. A polarising splitter re-
flects the reference beam to the fixed corner cube,
while the measuring beam passes through the splitter
towards a corner cube mounted on the movable com-
ponent. In the receiver the measuring and the refer-
ence beams interfere; the change in the difference of
beam frequencies, evaluated through the use of het-
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erodyne detection, gives a signal proportional to the
displacement of the movable corner cube [3].
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Fig. 2: Michelson-type laser-Doppler interferometer.

The experimental set-up used is shown in Fig. 3. Es-
pecially important during the measurements was the
minimisation of thermal drifts by the interruption of the
current to the motor while in the idle condition via a
software modification, as well as by the adoption of
the HP air and material sensors.
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Fig. 3: Experimental set-up.

The results achieved of the positioning measurements
can be summarised as:

* The backlash is on average of the order of 1 u.m.

* The practically achievable positioning resolution is
of the order of 100 nm.

* With step sizes of 250 nm, the accuracy of the
motion was found to be within 40 nm.

* The precisions resulting from repeated measure-
ments were better than 30 nm (i.e. one step size).

* However, during the measurements some prob-
lems were evidenced:

- the stepper motors are under-dimensioned
for the required loads;

- the shape tolerances of the worm gears are
inappropriate, causing blockage of the
mechanisms for longer travels;

- similar problems also occur due to the fact
that the screw is guided by a bearing only at
the upper end, while the lower end is not
guided.

- These problems are being discussed with
the supplier so as to adopt suitable design
improvements before the final installation of
the bender in the vacuum vessel.

CONCLUSIONS

The mirror bender is extremely reproducible even
after remounting of the mirror. The measurements
reveal that the slope error critically depends on the
clamping conditions, which may increase the induced
slope error by more than a factor of two. This confirms
the need for on-line survey.

The inaccuracies of the positioning mechanism found
during the measurements will be solved through de-
sign modifications.
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CVD-DIAMOND BEAM PROFILE MONITOR FOR UNDULATOR RADIATION

C. Schulze-Briese, B. Ketterer, C. Pradervand, C. David, Ch. Bronnimann, R. Horisberger,
M. Horisberger

First results obtained with prototypes of a new type of beam profile monitor based on semtransparent
CVD-diamond are presented. The devices consist of a thin self-supporting membrane on a Si-substrate.
Ti/AI-pixels are generated lithographically on the membrane while the signal wires are deposited on a di-
electric in order to minimise signal pickup. Synchrotron radiation tests at 8 keV showed good signal ho-
mogeneity, spatial resolution and linearity for low resistivity diamond membranes. Considerable difficulties
were encountered in the test of a detector-grade diamond membrane. They are most likely related to en-
hanced surface conductivity and capacitive effects.

INTRODUCTION

Precise measurement of the position of undulator
radiation is hampered by the superposition of radiation
emitted by the upstream and downstream bending
magnets. Since traditional 4-blade monitors measure
the beam intensity at the fringes of the undulator cen-
tral cone, their sensitivity to the wider bending magnet
background is enhanced. We propose to overcome
this difficulty with a new undulator beam profile moni-
tor based on a thin CVD-diamond membrane, which is
sensitive in the region of the central cone only.

CVD-diamond has outstanding mechanical, thermal
and electronic properties and can be produced with
large areas. It is UHV-compatible and extremely ra-
diation hard when produced appropriately. Moreover,
its surfaces can be polished to nanometer roughness,
but most importantly, thin diamond membranes are
semi-transparent to X-rays with energies greater than
3 keV. Therefore a CVD-diamond based XBPM can
stay permanently in the beam and may be used as a
sensor in a feedback system to stabilise the beam
position. The information may also be used for auto-
matic alignment of the beamline. We report here on
the design and test of a prototype profile, position and
intensity monitor based on a thin CVD-diamond mem-
brane. The profile information is obtained by deposit-
ing an array of metal contacts on the diamond surface
and routing the measured photocurrent of each pixel
to a charge-sensitive amplifier chip.

TECHNICAL REALISATION

Diamond materials

Two different diamond species were used for the
tests. Samples CSEM 1-3 were grown by means of
hot filament deposition on p-Si(100) wafers, and
coated with 790 nm of SiO2 and 150 nm of Si3N4. The
growth rate was 0.15 um/h up to a thickness of
1.3 urn. Surface roughness was measured to be 250-
400 A (rms). The resistivity was found to be 109 Q cm.
The relatively small value is most likely due to the
boron contamination of the filament resulting in a bo-
ron content in the diamond of 30 ppm [1]. The detec-
tor-grade diamond De Beers was grown by a proprie-
tary process [2]. In order to reach a high charge col-
lection efficiency, a 100 urn layer was grown, polished

on the growth side, removed from the substrate and
subsequently thinned to 20 urn. The grain size is be-
lieved to be between 10 and 20 urn, i.e. the mem-
brane is formed by single grains. The membrane was
then glued to a 300 urn Si-substrate using EPO-TEK
H77 epoxy. The resistivity of this sample was meas-
ured to be 5-1011 Qcm, and the surface roughness
was approximately 50 A (rms).

Lithography

Two protocols for the structuring of the metal pixels
were developed: a) starting with a dielectric layer of
1000 A thickness and b) starting with a 150/1000 A
Ti/AI layer. The tested sensors were fabricated ac-
cording to the latter scheme. Prior to processing, the
CSEM diamonds were cleaned in H2SO4 and H2O2

(2:1). A 5 x 5 mm2 opening was etched into the Si-
substrate. The diamond surface was cleaned by
means of Ar-sputtering (5 min at 450 V, PAr =
0.01 mbar), before the Ti and Al were sputtered. After
creation of the pixel structure, a Si3N4 layer of 1000 A
was sputtered and then removed of the positions of
the pixels. The tracks and contacts to the pixels were
then formed by an additional layer of Ti/AI. Finally a
Ti/AI layer of 150/1000 A was sputtered on the back-
side.

Fig. 1: The pixel structure on the membrane. The
width of the tracks is 15 urn, and the pitch is 30 urn.



72

RESULTS

Experimental setup

The tests were carried out at the optics beamline
(BM5) at ESRF. The energy was set to 8 keV, and the
beam size was controlled with two sets of double slits.
The flux density of the unfocussed beam incident on
the sample was 2-108 ph/s/100mA/mm2 and the syn-
chrotron current was between 45 and 80 mA during
the tests.

CSEM sensors

The current was measured as a function of the bias
voltage applied to the membrane. In general, one
would expect a linear increase of the signal, which
saturates at higher field levels. However, we could
only observe an increase of the current from 0.45 pA
to 0.75 pA when the field was turned on for CSEM 1,
while it remained constant for CSEM 2, independent
of the field. The charge-collection efficiency for the
photocurrent of 0.3 pA is approximately 8 % and the
total is 21 % while it amounts to 22 and 25 % for large
and small pixels of CSEM 1, respectively. The homo-
geneity of response of the large pixels was found to
be 0.84 ± 0.15 pA and 1.07 ± 0.08 pA for sensor 2
and 1 respectively, and 0.2 ± 0.02 pA for the small
pixels of the latter one. High resolution CCD images
(pixel size: 3.3 urn, FWHM: 10 urn) were taken of the
primary beam and of the beam as transmitted by the
monitors at 45 and 90 cm distance, in order to deter-
mine whether the structured diamond membrane
would give rise to phase contrast. The subtraction
images exhibited a remaining rms-noise between 2
and 2.5 % vs. 11 % for the background image alone.
They showed no indication of the pixel structure. Due
to the very small signal it was not possible to measure
the resolution of the device with a small beam or to
map the response within one pixel. Fig. 2 shows the
response curves of two adjacent 0.4 mm pixels, as
measured with an incident beam of 0.1 x 0.5 mm2.
The FWHM of the two peaks is 0.44 and 0.52 mm
respectively. The linearity of response was measured
by varying the size of the beam incident on a large
pixel. The response is linear until part of the incident
beam falls off the pixel. Moreover, the measurement
showed that the pixel picks up some signal as far as
0.5 mm from its centre, in agreement with the results
shown in Fig. 2.

De Beers sensor

Due to the temperatures of up to 200 °C during proc-
essing and the large thermal expansion coefficient of
the epoxy, the De Beers sensor exhibited some
cracks after the membrane had been structured, but it
was still possible to bond most of the pixels. When
exposed to synchrotron radiation, all pixels showed a
very broad response curve that did not provide useful
geometrical information. Moreover, the measured
photocurrent was far below the expected level. It is
believed that this surprising behaviour has its origin in

a capacitive surface effect. As discussed by Mayer et
al. [3], a hydrogen-terminated diamond surface with
adsorbed water leads to an electron transfer from the
diamond to the water, driven by the difference of the
chemical potential of water and diamond. The holes in
the diamond form an accumulation layer, compensat-
ing the remaining anions (HCO3~) in the water phase.
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Fig. 2: Response of two adjacent pixels of 0.4 mm
separated by a gap of 0.1 mm.

CONCLUSIONS

It was demonstrated that a beam monitor based on a
thin CVD diamond membrane can be built that pro-
vides good spatial resolution, homogeneity of re-
sponse and linearity, so that it can be used as a pro-
file, position and intensity monitor. In order to improve
the signal-to-noise ratio, microwave plasma-enhanced
CVD diamond material will be employed in the future.
Since a temperature in excess of 700 °C dehydroge-
nates the surface fully [3], problems as encountered
with the De Beers sensor can be avoided by coating
the cleaned surface with a 1000 A thermal Si3N4 layer
at 850 °C. The full-scale undulator beam profile
monitor will have 1 6 x 1 6 pixels and a thickness be-
tween 5 and 20 urn. The pixel dimension is adjustable
to the beam size.
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STATUS OF THE PILATUS DETECTOR PROJECT

Ch. Bronnimann, R. Baur, Ch. Buhler, E.F. Eikenberry, R. Horisberger, S. Kohout, M. Naf, B. Schmitt

The goal of the PILATUS project (Pixel Apparatus for the SLS) is a quantum-limited large-area pixel de-
tector, to be installed at the high resolution diffractometer of the PX-Beamline. The first bump-bonded pro-
totype systems were carefully studied. The analog parts gave excellent performance. However, a signifi-
cant problem with cross-talk from digital signals was observed. These results were used as input for the
design of the final components of the system, which were submitted during the course of last year.

The goal of last year's activities was the characteriza-
tion of the available prototype chips and sensors,
which were designed according to the specifications
in [1]. Three different prototype chips (SLS03, SLS04
and SLS05) and one type of sensor were tested. The
chips were tested in terms of (1) the behavior of the
final chip with 6x the size of prototypes and (2) possi-
ble problems of a bump bonded system. These ques-
tions were the subjects of a diploma thesis [2].

To perform automatic measurements of various pa-
rameters, an efficient, computer-controlled setup was
built up. It consists of two VME boards: The VPG517
provides the digital patterns for the read-out chip and
the STR7090 FIFO unit acquires the data from the
chip. Software to control the above units was written,
which enables efficient sequencing of commands to
single chips but also allows control of larger multi-
module systems.

Fig. 1: A naked SLS04 chip (22 x 30 pixels) and a
bump bonded assembly (left).

In order to address question (1), the design SLS03
was investigated. It consists of one column with
90 pixels, which simulates the length of the final chip
and allows measurements of voltage drops on the
supply lines. Based on these results, the power dis-
tribution on the final chip was designed. A related
question was the estimation of the yield of acceptable
chips and the number of defective pixels per chip.
During the measurements of SLS04 chips, defects
affecting the dynamic part of the counter shift register
were observed. Due to a modified architecture of the
chips, these defects influence only single pixels. The
estimation of 2.6 % lost pixels agrees well with the
measured value of 3 % for the final prototype chip
(SLS05). The silicon foundry (ATMEL) is addressing
this problem.

In Fig. 1, a bump-bonded prototype chip is shown,
with which most of the critical performance parame-
ters can be measured. Irradiation with a 55Fe X-ray

source shows a very low noise (75 e") of the analog
part (Fig 2). This value and a low threshold dispersion
throughout the chip will enable a precise setting of the
comparator and thus lead to a homogenous response
of the detector to incoming X-rays. When working with
the digital part of the chip, coupling of digital signals
into the analog part became apparent. The reason
was insufficient shielding of digital signal lines with the
top metal layer on the chip. These cross-talk effects
were carefully examined and a consistent model of
the coupling could be established.

SLS Pixel Chip:
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Noise: 75 e
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55rFig. 2: Spectrum of a Fe-source measured at the
analog output of one pixel.

The information thus obtained was taken into consid-
eration in the design of the final chip, and a careful
shielding of all the active parts was incorporated.

The readout electronics of the PILATUS project is well
under way: An improved version of the module control
board (MCB) is currently being tested, as well as the
bank control board (BCB), which deals with the very
high data rate when reading out the modules of the
PILATUS detector. The readout time of 5 ms corre-
sponds to a peak data rate of 400 Mbytes/s for the
1000x1000 pixel system. The BCB allows the storage
of the digital data, which will be acquired by a PCI-
card at more moderate data rates. Care has been
taken to choose an architecture which can be used
with only minor modifications for both the detector
projects PILATUS and MYTHEN and which is scal-
able.
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STATUS OF THE MYTHEN DETECTOR PROJECT

B. Schmitt, Ch. Bronnimann, E.F. Eikenberry, F. Fauth, B.D. Patterson, R. Baur, R. Horisberger,
C. Hormann (University of Erlangen)

The powder diffraction station [1] at the Material Science beamline will be equipped with a microstrip
detector system. The microstrip detector covers a large angular range, and due to the fast readout time
allows major improvements of today's experimental techniques, especially in the area of time-resolved
measurements. We therefore call the microstrip detector system the MYTHEN detector (Microstrip System
for Time resolved experiments).

DETECTOR SYSTEM

The MYTHEN detector system consists of 12 sub-
modules, placed at a distance of about 76 cm from the
capillary, covering an angular range of 60° in 26. The
pitch of the strips on the sensors is 50 (im, which cor-
responds to an angular resolution of 0.004°. The an-
gular resolution, however, will be limited by the di-
ameter of the capillary (e.g. 0.008° for a 0.1 mm cap-
illary). The total number of channels will be 15'000.

READOUT ELECTRONICS

To make best use of the intense X-ray flux at the SLS
PD-station, a high counting rate per strip and a fast
readout time of the detector are necessary. Measure-
ments will be performed at X-ray energies as low as
5 keV, which imposes a very stringent requirement on
the system noise.

To best fullfill these requirements, a dedicated readout
chip, together with a complete readout system, has
been developed. The readout chip has 128 channels,
each having a preamplifier, shaper, discriminator and
an 18 bit counter. Count rates of up to 106 X-rays per
second and strip are achieved. All channels can count
in parallel. The rate capability is therefore very high. A
prototype version of the chip was tested in May/June
2000. It is fully working and allows the submission of
an optimized chip in August 2000. The expected noise
of the optimized readout chip is about 230 e", which
corresponds to an X-ray energy of 8 keV with a dis-
criminator threshold 5 a above the noise.

A detector module has 10 chips and therefore 1280
channels. The sensor is about 6.5 cm wide and 1 cm
high. Fig. 1 shows a prototype module without sensor.
The prototype module is fully working. All chips of the
detector system are read-out in parallel. The readout
time will be 244 (is.

Since the architectures of the pixel detector [2] and
the microstrip detector are very similar, effort has
been made to develop a readout system which can be
used, with small differences, for both detectors.

The timing signals are generated by a VME pattern
generator. The data is collected by the PC through a
commercial PCI card. A detector control board routes
the control signals to the 12 modules and also sends
the data from the modules to the PCI card. The design
of the detector control board will be finalized by the
end of February 2001. During readout, the data trans-
fer sample rate will be 150 MBytes per second. The
data volume will be 35 kBytes per image.

Fig. 1: A prototype module of the microstrip detector
equipped with 10 readout chips. The modules carry
additional electronics, to route the signals to the chips,
and voltage regulators and opto-couplers to de-couple
the noise-sensitive readout chips from the rest of the
electronics.
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EQUIPMENT PROTECTION SYSTEM FOR BEAMLINES

C. Pradervand, S. Staudenmann, F. Petitpierre, K. Gisler

A system which autonomously monitors the status of a beamline and, in case of a malfunction, can inde-
pendently take action to protect the expensive and delicate components is needed to ensure constant op-
eration and prevent financial losses. The conceptual design for an Equipment Protection System for the
beamlines at the SLS has been completed.

INTRODUCTION

The Equipment Protection System (EPS) is a stand-
alone system which protects the equipment of a
beamline. It does this by monitoring specific points
along the beamline and prevents damage, by taking
appropriate action, which would cause long down
times and/or which would have large financial conse-
quences. It is also used to control the vacuum spe-
cific equipment.

The Equipment Protection System is viewed as an
extension of the SLS Machine Interlock System [1].

OVERVIEW

The EPS is part of the various control systems of a
beamline. These systems include the Local Access
Control and the Beamline Control System. The Local
Access Control (LAC) is the lowest level control sys-
tem, but it has the highest priority. The LAC controls
personnel access to the stations and controls the
safety shutters. The EPS is layered above the LAC
and monitors the status of the beamline equipment
and vacuum. It can control several devices of a
beamline, depending on the requirements. The high-
est level is the Beamline Control System [2] which is
the user interface to control the beamline. It consists
of EPICS (Experimental Physics and Industrial Con-
trol System) an other applications which run on top of
EPICS.

DESCRIPTION

The EPS prevents damage to the equipment of a
beamline due to a malfunction or control error. Along
the beamline are sensors which monitor critical com-
ponents. These sensors include:

• cooling water flow monitors

• position sensors

• thermal sensors

• vacuum sensors

• status of specific equipment

The EPS processes the information of the sensors
and, based on a predetermined set of conditions, can
take different actions. Following is a list of possible
actions and the faults which may have triggered
them.

1. Closing of the Front End Shutter

In the operating state of the beamline (X-ray beam
on) the EPS can close the Front End Shutter to pre-
vent damage to the equipment due to the high pow-
ered X-rays. This may happen, among other things, if

• a cooling water flow sensor detects insufficient
flow (lack of cooling),

• a vacuum sensor detects poor vacuum
conditions (damage to optical surfaces),

• a position sensor reports an invalid position of a
device (possible mechanical damage, or damage
due to X-rays),

• a thermal sensor detects overheating (damage
due to X-ray power).

2. Closing of Gate Valves

In case of the detection of poor vacuum, the EPS can
section off parts of the beamline vacuum by closing
gate valves. This prevents the entire beamline from
being vented due to a possible vacuum leak.

In any case, if a valve is closed the front end shutter
will be closed to in order to protect the valve from X-
rays.

3. Shutting Water Supply off

The EPS can shut off water circuits in case of a
cooling water leak. This will prevent damage to the
optical and other equipment and will greatly speed up
recovery time.

In this case too, the front end shutter will be closed,
since the cooling of the affected device is no longer
ensured.

VACUUM CONTROL

The EPS will also be used as a operator interface to
control the beamline vacuum components. On some
beamlines, the vacuum system is very complex. This
makes manual control very difficult. An operator error
in the vacuum section can severely damage equip-
ment and disable the beamline for a long time. That
is the reason why the EPS monitors the status of the
individual vacuum components and insures that the
beamline only operates within permitted conditions.
Some automation is also implemented, for example
evacuating the beamline and opening all valves in a
specified order in order to get ready for acceptance
of the beam.
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IMPLEMENTATION

The EPS will be implemented based on a Siemens
S7 SPS (Programmable Logic Controller) [3]. This is
a very reliable, robust industrial system which is al-
ready in use at the SLS and PSI. It can be pro-
grammed using a high-level language, thus reducing
development time. The program is loaded into dedi-
cated hardware as firmware and cannot be changed
by an operator or by incorrect operation. The Sie-
mens S7 SPS is a stand-alone, autonomous system
which ensures safe operation of the beamline, even
without interaction with the operator.

The sensors are interfaced to the Siemens S7
through an AS-lnterface (Actuator-Sensor). This in-
terface is an industrial standard and uses a two-wire
bus to distribute the signals (Fig. 1). This allows for a
simple and quick installation of the sensor inputs and
actuator outputs.

A graphical user interface based on a touch panel will
be implemented. Such an interface is simple to oper-
ate and gives a clear indication of the status of the
EPS or of any related problems. This also helps inex-
perienced users to identify and locate problems and
to call for appropriate assistance. It also allows the

operator to perform certain control functions such as
opening valves. Another advantage is the implemen-
tation of automatic logging of events.

The Siemens S7 SPS will be interfaced to EPICS via
an Ethernet connection. Therefore all sensors and
the state of the EPS can also be displayed in the
control room of the beamline. An interaction is possi-
ble similar to the touch panel operator interface.

OUTLOOK

A prototyping system for the EPS has been assem-
bled. A reference system is being built from which the
individual beamline systems will be derived.
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INTERFACING THE INTERLOCK AND EQUIPMENT PROTECTION SYSTEM

D. Vermeulen, W. Bulgheroni, M. Emmenegger, S. Hunt

The Machine Interlock Subsystem and the Equipment Protection Subsystem at SLS will be implemented
using the Simatic S7-300 PLC Tool. Control Signals between both subsystems and the Epics Control
Systems are exchanged through a dedicated communications processor over a private TCP/IP based
Protocol.

INTRODUCTION

The insertion device, front end and machine interlock
[1] as well as the beamline equipment protection sub-
system [2] will be implemented on Simatic S7-300
PLC's. The function of an interface is to pass control
commands to the subsystem and returns process
status information to the epics control system on a
regular basis.

REQUIREMENTS

A minimum coupling between control and interlock
subsystem is required. The information exchange
must not compromise the operation of the interlock
system. Data transfer has to be robust and the com-
munication link should be established autonomously.
Furthermore, the interface should be flexible enough
to allow for additional parameters without reconfigura-
tion.

IMPLEMENTATION

The communication architecture is based on shared
memory in VME to isolate control and interlock sub-
system. An /ntelligent Communication Processor
(ICP) transfers data to and from the Simatic Stations
on a private ethernet segment (Fig. 1) [3].

System Architecture

Controls Network

i
ICP VME Memory 1

Head
Station

i

OC

Private Network

I Sector
Station

Sector
Station

Fig. 1: An Intelligent Communication Controller
transfers data between the PLC Head station and
VME shared memory.

The Head Station is the master controller of the PLC
subsystem and adds a header block containing global
parameters and the station list with identifiers and
blocksizes to the data buffer assembled from the
Sector Stations. The Head station works as a socket
listener. The ICP client opens a socket connection
and reads (or writes) data blocks from the individual
stations of up to 1 kByte once a second. The buffer is
then written to VME memory. Up to 16 Sector Stations
(plus a Head Station) are supported allowing for future
increase of the number of parameters. Consistency of
the data within a block is not required and thus the
handshake between the IOC (Input Output Controller)
can be minimised.

The ICP client application is linked into the vxWorks
real time kernel and loaded into flash memory. When
the VME crate is powered, the ICP will boot and auto-
matically establish a connection to the PLC Head Sta-
tion.

A shared memory device driver, device and record
support for analog and binary input and binary output
records, have been written which make parameters
available to channel access clients. The memory
block on the ICP thus looks like a normal input/output
card to the Epics IOC.
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INTEGRATION OF COMMERCIAL SOFTWARE THROUGH CORBA

M. Janousch, C. Quitmann

We present an application framework which integrates the software at the beamlines that is not based on
the SLS standard controls and data-acquisition software. The preferred solution is based on CORBA. As
an example, the control system for the SIM beamline is explained.

INTRODUCTION

In today's computing environment, one faces a wide
variety of different hardware architectures, operating
systems and computer languages. In particular at a
beamline control and data-acquisition has to integrate
different devices running incompatible control soft-
ware. Usually, one ends up with either dedicated com-
puters, each controlling a different piece of equipment,
or writing specific software to integrate the different
hardware components, which is not portable and is
very specialised.

This approach has many drawbacks. The user usually
wants one point of control over the experiment. This
includes, among other things, control over the differ-
ent beamline parameters, detectors and special de-
vices like diffractometers, analysers and microscopes.
Each of these components usually comes with a dedi-
cated control system running on a separate computer
host. Writing dedicated software to integrate the dif-
ferent control systems makes sharing and exchange
of software among different institutes and collabora-
tions in general difficult, if not impossible. Therefore, a
common interface would be very desirable.

CORBA

Such an interface does indeed exist and is called
CORBA (Common Request Broker Architecture). A
group of 11 companies including 3Com, American
Airlines, Hewlett-Packard, Sun, Canon and Data Gen-
eral, founded in 1989 the Object Management Group
(OMG) [1]. This group now includes more than 800
companies world wide. It sets an application frame-
work for computing with distributed (networked) ob-
jects by defining open standards. One of these stan-
dards is CORBA. It can be seen as a well-defined
software bus which facilitates the exchange of data
and messages. Since CORBA provides such a versa-
tile and broad interface, it has a steep learning curve.
But it is the most feasible way to combine different
control systems and to integrate different software
architectures. It is also being used for the beam dy-
namics applications at the SLS [2], and the feasibility
of this concept has been proven during booster and
storage ring commissioning.

CONTROL SYSTEM AT THE SIM BEAMLINE

In a collaboration with Elettra, the SLS is developing
an integrated control system based on the above
mentioned concept for the SIM beamline at the SLS
[3] and the 6.2 LL beamline at Elettra [4]. Two differ-
ent vendors delivered the hardware of the CCD and
the photoemission microscope (PEEM), each with its

own control system running on a PC under the Win-
dows operating system.

diet

Fteprietary

Bus

Fig. 1: General overview of the control system at the
SIM beamline of SLS. The client and the server com-
municate through the CORBA interface (Stub, Skele-
ton). The underlying hardware architecture is hidden
from the user.

The SLS develops the servers, written in C++, that
provide the control and data-acquisition functionality
to the client. The client is written in Java, and is devel-
oped by Elettra. With this client, the user will have a
single program that controls the entire experiment,
from the insertion device to the exposure of the CCD.
Furthermore, this common architecture enables one to
use the same program to control the experiments at
both sites, SLS and Elettra, with only minor changes
in the software configuration.

STATUS AND CONCLUSIONS

A first version of the servers for the CCD and the
PEEM, as well as of the client, have been written. The
client-server architecture has been successfully tested
for the CCD readout and control. The server for the
PEEM is currently working with a software-based
simulation of the hardware.

With this new approach, an integrated control of the
beamline, detector and experiment is available for the
user for the first time.
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SYNCHROTRON RADIATION MONITORS FOR SLS BEAMLINES

S. Burger, Q.Chen, J. Krempasky, D. Vermeulen, M. Janousch, R. Abela

A beam position monitor using staggered pairs of blades (SPM) and a wire monitor (WM) have been de-
signed. Both have been tested at the Swiss Norwegian Beam Line (ESRF, Grenoble). The SPM detects
the beam motion through 4 currents generated by 4 blades exposed to the beam. The WM scans the
beam vertically and gives a current proportional to the intensity of the beam, which permits measurements
of the vertical beam profile.

STAGGERED PAIRS OF BLADES MONITOR (SPM)

General description

The monitor is based on a pair of blades positioned in
such a manner that they protrude vertically into the
edges of the beam. The photo-effect produces an
equal current in each blade if the beam is well cen-
tered. A drift of the beam increases the current in one
blade and decreases it in the opposite one. The main
feature of the design is its auto-calibration. Indeed,
instead of only one pair of blades, two staggered pairs
permit the expression of the beam displacement by a
simple linear approximation [1].

Results
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Fig. 4: Linearity test. By processing the 2 pairs of
photocurrent asymmetries, it is possible to measure
the beam displacement over a linear range of
±0.5 mm.

Fig. 1: SPM principle. Two staggered pairs of blades,
fixed at known distance from the central beam axis,
yield currents that reveal the beam position.

The SPM photocurrents are amplified by a low current
amplifier (Frank Optics LCAD4) and measured by
standard SLS I/O equipment. This amplifier permits
also to apply directly on each blade a negative voltage
(up to -300V). The SPM is equipped with a vertical
translation stage, used to displace it up and down.
These vertical displacements from the central beam
axis allow us to test the SPM reproducibility and line-
arity.

Fig. 3: Copper
block head holding j
the 4 blades.
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Fig. 2: Schematic
layout of the acqui-
sition system.
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Fig. 5: Effect of a bias voltage applied to the monitor
and comparison with the ESRF XBPM. The SLS SPM
data are in good agreement with the ESRF XBPM.

WIRE MONITOR (WM)

General description

The principle of this wire monitor consists of measur-
ing the current generated by the photon beam in a
tungsten wire that is exposed to the beam. The cur-
rent generated by the photo-effect is proportional to
the intensity of the beam.
A base has been machined to support the ceramic
pieces that will hold the wires with a good electrical
insulation. A spring system is added to compensate
for relaxation and thermal expansion of the wire [2].
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Fig. 6: Design and picture of the WM head prototype.

The acquisition system of this prototype is as follows.
The current coming from the wire goes to an amplifier
(NOVELEC, with 3 different amplifications, frequency
output, 2 channels) positioned as close to the WPM
as possible. A counter card in a VME crate receives
the frequency signal. The data-acquisition software
runs on an OS9 real-time computer. At the SLS, the
standard SLS acquisition system equipment will be
used instead.
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Fig. 7: Schematic layout of the acquisition system.

Results
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Fig. 8: A typical scan demonstrates at the SNBL the
reproducibility of the WM.
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Fig. 10: Effect of the Be window on the beam profile,
showing phase-contrast effects.

Fig. 11: New wire head mounted on its chamber for
the Materials Science beamline at SLS.

CONCLUSION

A staggered pairs of blades monitor has been de-
signed and tested on the SNBL. The reliability of this
monitor was demonstrated: the results from the SPM
are in agreement with the ESRF XBPM [Fig. 5]. The
biasing option is an important feature of the SPM
since it improves the S / N ratio and the linear range
of the device. Its careful optimization permits us to
achieve a 'resolution' of the order of the urn, a linear
range of 1 mm and a good reproducibility. At least one
such monitor is foreseen to be installed in each
bending magnet and wiggler front-end of the SLS
facility.

A wire monitor has been developed, installed and
tested at the SNBL. Its simple design and easy use
make this monitor a very useful apparatus for beam
profile capture, quick alignment and also as a position
monitor.
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COMPUTER MICROTOMOGRAPH Y

M. Stampanoni (PSI, ETHZ), P. Wyss (EMPA), R. Abela, G. Borcheri (PSI, IKP), D. Vermeulen,
U. Sennhauser (EMPA), P. Rüegsegger (ETHZ)

At the Material Science Beamline 4S of the Swiss Light Source (SLS), the high-resolution X-Ray Com-
puter Microtomography station is now entering its final construction phase. The new instrumentation shall
be used for the analysis of the physical structure and chemical composition of technical materials and
biological samples, e.g. enabling non-destructive testing during the development of modern composite
materials, or enabling pseudo-dynamic testing of bone samples to establish structure-function relation-
ships in simulated osteoporosis.

OVERVIEW

Computer Microtomography is a powerful technique
for the non-invasive and non-destructive 3D investi-
gation of materials. It extends considerably the al-
ready exciting possibilities of X-ray tube based micro-
tomography systems, which reach a spatial resolution
in the 10-um range. However, X-ray tube based
systems are limited by the low brilliance and the
polychromaticity of their sources. The unique proper-
ties of synchrotron radiation allow pushing the re-
solving power of X-ray tomography to the micrometer
or even sub-micrometer scale. The worldwide effort to
develop high-performance microtomography based on
synchrotron radiation is enormous. Microtomography
instruments based on the traditional absorption
technique can be found at several synchrotron
radiation facilities around the world, and the in-
vestigations cover a wide field in materials sciences
and biology. All the devices are based on a well-es-
tablished detector method, which consists of con-
verting the absorption projections of the sample into
visible light with a scintillator and projecting them onto
a CCD with the help of visible-light optic. Different
solutions have been proposed, but it has been shown
that the limits of the optical-based detector have been
reached.

In a first step, the XTM project at the SLS intends to
install a microtomography instrument based on the
standard detector method for routine investigations of
a wide spectrum of samples. In a second step, a fully
novel detector system, which will provide a quantum
jump in terms of spatial resolution and quantum effi-
ciency, will be incorporated.

In addition to the traditional absorption method [1] and
thanks to the coherent properties of synchrotron
radiation, imaging techniques based on phase-con-
trast [2,3] and edge-enhancement [4] will be realised
with the SLS instrument. Phase contrast is two to
three order of magnitude more sensitive than con-
ventional attenuation contrast and is better suited for
the investigation of specimens consisting of light
elements.

THE SOURCE

A minigap wiggler will provide a photon flux, which will
be comparable to other synchrotron radiation sources.
Thanks to the top-up injection mode, the intensity will
be kept constant to a level of 10'3 to 10"4, and the

application of the most recent ring construction
technologies should provide a very stable beam. The
Si (111) monochromator yields an energy resolution of
0.014 % and the planned X-ray optics will enable us to
focus the beam to a spot size of 1 x 1 mm2. We
expect 5.5 x 1010 photons/ (sec*mm2) at 25 keV [5,6].
With these properties, the SLS offers a powerful
radiation facility which satisfies the requirements for
high performance micro-tomography.

DETECTOR STRATEGY

The design goals of the new instrument are focused
on three objectives: high precision sample handling,
which allows performing mechanical testing during
real-time examinations, high efficient photon detection
with fast readout time to allow rapid measurements,
and spatial resolution in the range of 5 micrometers to
500 nm. Analysis of these requirements led to the
decision to equip the new instrument with two
detectors. One of the detectors has a standard design
and is intended for larger objects and resolutions of
the order of 2-5 (im. It consists of Ce-doped
Y3AI5O12 (YAG) scintillator crystals and optical light
coupling to a 2048 x 2048 pixel CCD camera with a
sensitive area of 3x3 cm2. The use of 4 different
objectives allows to cover a field of view between
0.7 x 0.7 mm2 and 7 x 7 mm2.

The working principle of this detection method is de-
picted in Fig. 1.
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Fig. 1 : Identical visible-light images are created by the
X-ray beam in different planes of the scintillator. An
image in plane z0 is focused onto the CCD (solid
curves). An image in plane zo+ 8z is out of focus at the
CCD (dashed curves). The thickness of the inactive
substrate is denoted by t.
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A dynamic range of 14 bits and readout rates up to
40 Mpixels/s provide a very efficient use of the syn-
chrotron radiation of the SLS. The whole detector
system is mounted on a three-axis translation stage
with 2.5 |jm repeatability, allowing a precise alignment
of the detector subsystem. The sample-detector
distance can be increased up to 1 m, making edge-
enhanced imaging and holotomography possible.

A technical sketch of the microscope is depicted in
Fig. 2.

• * —

Fig. 2: Technical design of the Microscope Unit. Visi-
ble are the revolver that accommodates up to 3 ob-
jectives, the deviation mirror and the optical coupling
to the CCD camera. The scintillator is mounted just in
front of the objective.

Detector performances are now under investigation at
the IBT and at the EMPA, as shown in Fig. 3.

M

Fig. 3: Performance testing of the microscope at the
X-Ray Laboratory of the EMPA. All the degrees of
freedom of the detector (X,Y,Z translation and fo-
cusing) are controlled via the EPICS based standard
SLS control system.

The second detector shall work in the submicron
resolution range and is optimized for maximum de-
tector efficiency. This device exploits asymmetrical
crystal diffraction (Bragg configuration) in order to
perform two-dimensional X-ray magnification. The
enlarged X-ray projection is converted into visible light
by a thick scintillator, providing high efficiency. The
so-called Bragg Magnifier is intended to work in both
the soft and hard X-ray regimes. Silicon and
Germanium crystals with different asymmetrical cuts
have been investigated as realistic candidates for the
magnifying unit. Simulations performed with the ray-
tracing program Shadow show that a 2D-projection
can be enlarged by more than 20x at energies greater
than 20 keV with a relative transmission efficiency
ranging from 60 % up to 95 % for a beam divergence
between 50 and 20 jirad (beamline optics set for
collimated beam delivery). SM11, Si220 and Ge220
crystals pairs will be manufactured with different
asymmetry angles. Surface quality tests (topography)
are scheduled at the ESRF the near future.

At high energies (> 10keV) and under asymmetrical
diffraction conditions, the rocking curves of both sili-
con and germanium become very narrow. As a con-
sequence, the acceptance width of the crystal pair is
very small. This means that the specifications for the
mechanics are very severe and constitute a real
challenge. Up to now we have conceived a two-crystal
goniometer which can achieve 0.05 arcseconds
angular resolution and reproducibility. In addition it
guarantees the necessary stability and integration
within the SLS control system philosophy. Fig. 4
depicts a first technical sketch of the goniometer.
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if// :

Fig. 4: Top view of the 2-crystal goniometer. The two
main rotational degree of freedom achieve 0.05" an-
gular resolution.

Additional modifications are now under discussion and
will be integrated into the definitive design.

SAMPLE MANIPULATOR

The stability of the rotation axis is a critical issue: the
unwanted translation movement of the rotation axis
due to runout and wobble of the rotation-bearings
have to be one order of magnitude smaller than the
anticipated resolution.

Fig. 5: Tomogram of a test sample consisting of two
glass fibers and a steel ball calotte. Above, the result
with an unwanted translation of the rotation axis, be-
low, with the undisturbed but also not entirely perfect
axis.

Fig. 5 depicts the effect of unwanted and uncorrected
translations on the quality of the tomograms. The
experiment is performed with a tube-based microto-
mograph. Consequently, for one micrometer resolu-
tion, the bearings should have a wobble less than
5 microrad and the radial and axial run-outs below
0.1 micrometer. Ball bearings do not meet such
specifications. Air bearings manufactured with novel
method or slide bearings, such as used in theodolites,
are suitable. If the resolution requirements are even
more stringent than one micrometer, the effective
movement of the sample consisting of wanted rotation
and unwanted small translations must be assessed,
and corrections for the translation movements made
in the data. However, assessment and correction will
not be possible without positioning small reference
bodies on the specimen to be tomographed.

OUTLOOK

Microscope commissioning with a standard tube-
based X-Ray source is ongoing. Future tests on syn-
chrotron sources could give more appropriate infor-
mation (in term of time requirements) about the per-
formance of the detector unit. The Bragg Magnifier
should be ready for commissioning in July 2001.

REFERENCES

[1] U. Bonse, F. Bush, "X-Ray Computed Microtomo-
graphy using Synchrotron Radiation", Prog.
Biophys. Molec. Biol. 1996 65(1/2) 133.

[2] A. Momose et al., "Recent observations with
phase-contrast X-ray computed tomography", In
Developments in X-ray tomography II. 1999.
Denver SPIE, 3772.

[3] F. Beckmann et al., "X-Ray Microtomography
(\iCT) Using Phase Contrast for the Investigation
of Organic Matter", J. Comput. Assist. Tomogr.,
Vol21, No. 4, 1997.

[4] C. Raven et al., "Phase contrast micro-
tomography with coherent high-energy
synchrotron X-rays", Appl. Phys. Lett 69 (13),
1996.

[5] M. Stampanoni et al., "X-Ray Tomographic Mi-
croscopy (XTM) at the Swiss Light Source",
Poster Contribution, Brunnen 1999.

[6] B.D. Patterson et al., Jhe Materials Science
Beamline", PSI Annual Report 1999, PSI Scien-
tific Report 1999, Volume VII, p. 64.



84

COPHEE, THE COMPLETE PHOTOEMISSION EXPERIMENT

M. Hoesch, M. Muntwiler (PSI/Univ. Zurich), M. Hengsberger, P. Treier, B. Schmid, W. Deichmann,
T. Greber, J. Osterwalder (Univ. Zurich)

At the Physics Institute of the University of Zurich, a photoelectron spectrometer and polarimeter for spin
resolved Fermi Surface Mapping is being constructed. The instrument will allow angle-resolved
photoelectron spectroscopy at high energy and momentum resolution and spin-polarimetry along all three
directions of space. In the future, COPHEE, the Complete PHotoEmission Experiment will be transferred
to PSI, where it can be used as an end station on the secondary port of the SIS beamline.

INTRODUCTION

COPHEE will allow the determination of all properties
of photoelectrons. A high-resolution electrostatic
analyser measures energy and momentum. The 3D
spin polarisation vector is determined by a system of
two orthogonally mounted Mott detectors. A two-axis
sample goniometer covers the full range of emission
angles above the sample surface, for band structure
measurements and in particular mapping of the Fermi
surface.

Polarimetry gives spin contrast or quantitative
magnetic moment information in /(-space mapping.
The 3D capability of COPHEE, combined with the use
of synchrotron radiation, allows the spin-polarisation
vector to be determined for any electron momentum
vector.

A single polarimeter can measure only the two
polarisation components transverse to the incoming
beam. In an electrostatic beam transport system, the
spin orientation is preserved from the sample to the
detector. Two orthogonal polarimeters allow the
measurement along all three dimensions of space and
in addition provide redundant information for one
channel, which can be used for cross-checking.

Hemispherical
Analyzer

VUV Undulator
Radiation

u-Metal Chamber

Fig. 1: Principle of operation of COPHEE. Electrons
photoemitted from a sample by UV radiation are
energy-selected by an electrostatic analyser and
detected by two orthogonal Mott polarimeters.

COMPONENTS OF COPHEE

UHV Vacuum System

The COPHEE end station consists of a u-metal
analysis chamber, where the analyser and several
light sources (X-ray tube, UV lamp) are positioned
next to a port for VUV synchrotron radiation. A beam
transport system is attached to the analyser's detector
flange, which houses the Mott polarimeters and
includes a UHV gate valve for separating them from
the main vacuum system
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Fig. 2: Set-up of COPHEE. The analysis chamber is
connected to the beam pipe; the preparation chamber
allows sample transfer into the SIS facilities.

Above, a stainless steel preparation chamber houses
a sputter gun, simple growth equipment (evaporators,
gas inlets) and sample characterisation equipment
(LEED, MOKE).

A sample manipulator is introduced from the top. A
motion stage allows positioning of the sample and
transfer between the preparation and the analysis
chambers. Sample rotations by a goniometer built at
the University of Zurich give the choice of any
emission angle for the photoelectron spectroscopy.
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Sample cooling (liquid He or N2) and heating, as well
as magnetisation switching, can be performed at any
angular setting and during scans.

Analyser and Polarimeters

The electron analyser is an EA125 from Omicron
Vakuumphysik GmbH, providing an energy resolution
of <15 meV and angular resolution of <1Q. It can be
used both for X-ray and UV photoelectron spectro-
scopy. It is equipped with a custom detector set-up
containing three Channeltron multipliers for spin-
integrated measurements and a lens for extraction
into the polarimeter system.

The Mott polarimeters have been developed and built
at St. Petersburg Technical University [1]. They
accelerate the electrons to a 60 kV floated 800 A thick
gold foil evaporated on a Mylar substrate. The back-
scattered electrons are detected after field-free travel
by four silicon diode detectors, providing polarisation
information along two directions transverse to the
incoming beam. The ~15 keV energy resolution of the
diodes is used to discriminate against inelastically
scattered electrons
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Fig. 2: Electron trajectory simulations of the
COPHEE beam transport system. The beam is
accelerated by the extraction lens and deflected by
90s. After passage through a vacuum gate valve, it is
deflected to the front or back into the Mott detectors.
Calculations performed using SIMION [2].

A completely new component is the electrostatic
beam transport system and beam switcher between
the analyser and the Mott detectors. The beam from
the analyser is deflected by 90s and then transported
through a gate valve, which also acts as an Einzel
lens. The electrons are deflected ±25e by a parallel

plate deflector and then separated further ±20Q by
spherical elements to provide the two orthogonal
beams. The parallel plate voltage will be switched at
0.2 to 5 Hz, allowing quasi-simultaneous measure-
ments with the two Mott detectors.

Sample Handling

Samples mounted on the Swiss Stub sample holder
can be transferred from the manipulator to
independent preparation or analysis stages. A load-
lock can be mounted, and transfer into the extensive
preparation chambers of the SIS permanent end-
station is planned. A special picture-frame sample
holder will allow sample heating and reversible
magnetisation through sliding electrical contacts on
the manipulator.

STATUS OF COPHEE

The vacuum chambers have been assembled at the
University of Zurich. Analyser, LEED, X-ray source
and gas-discharge UV-lamp have been installed, and
preliminary tests with a first manipulator demonstrated
successful operation of all equipment. The Mott
polarimeters have been tested independently using an
unpolarised electron beam. New diode sensors (PIPS
technology) for the detectors have been produced,
after unsatisfactory stability of the original silicon
surface barrier diodes used in the test.

Data acquisition electronics hardware was provided
by the SLS controls group. The development of a full
software package for automated measurements and
online data-representation is in the advanced
implementation stage at the University of Zurich.
Difficulties such as interfacing the HV supplies of the
EA125 have been overcome.

The sample goniometer and cryostat are near
completion and await final assembly and testing.
Based on electron trajectory simulations, the
hardware of the beam transport system has been
designed, and is currently being manufactured. High
voltage supplies, including a fast polarisation switch
have been ordered. Complete assembly of the
COPHEE spectrometer is foreseen during 2001 at the
University of Zurich. For further details, see [3].
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X-RAY WAVEGUIDING STUDIES OF ORDERING PHENOMENA IN CONFINED
FLUIDS

M.J. Zwanenburg, J.H.H. Bongaerts, J.F.Peters, D.O. Riese (University of Amsterdam),
J.F. van der Veen (PSI/ETHZ)

We have determined the structure of a colloidal fluid confined in a gap between two walls by making use of
the waveguiding properties of the gap at X-ray wavelengths. Studies on suspensions confined within gaps
of a few hundred nanometers indicate ordering of the colloidal particles in layers parallel to the confining
walls.

From everyday experience we know that a fluid film
between two solid surfaces acts as a lubricant. Exam-
ples are fluids of alkanes, solutions of nanoparticles
(e.g., MoS2), or granular systems such as clays. It is
well known that the lubricating properties of the film
strongly depend on its thickness, i.e., the degree of
confinement. As the gap between the confining
surfaces decreases to a few molecule or particle
diameters, the confined fluid is generally found to
become stickier. This confinement effect has been
attributed to a solid-like ordering of the fluid's
constituents in layers parallel to the confining sur-
faces [1], but such layering has not yet been con-
firmed by direct experimental evidence.

far-field
diffraction
pattern

Fig. 1: Schematic view of the waveguiding geometry
(not to scale). The fluid within the gap has ordered
into layers parallel to the plates. The incident wave-
field is scattered from the layered density distribution
into several waveguide modes. The distribution of
intensity over these modes gives rise to a
characteristic diffraction pattern in the far field, from
which the density profile of the fluid across the gap
can be derived.

We have developed a novel coherent X-ray scattering
method for probing ordering phenomena in confined
fluids. The method makes use of the waveguiding
properties of the gap between the confining plates.
The principle is illustrated in Fig. 1 for two parallel
plates with adjustable gap width, confining a suspen-
sion of colloidal silica particles. The X-ray beam is
directed into the gap along a direction nearly parallel
to the plates. Interference between the incident and
reflected waves at the entrance gives rise to a stand-
ing wave pattern ('waveguide modes'), which can be
made to fit exactly within the gap by adjustment of the
angle of incidence or the gap width [2]. Within the

plate material, the wavefield decays rapidly to zero. If
the fluid were absent, the waveguide modes would
propagate undisturbed through the gap. In the filled
waveguide, however, the spatial variations in the
electron density of the fluid give rise to scattering into
other waveguide modes ('mode coupling'). The distri-
bution of intensity over the different modes is ob-
served as Fraunhofer diffraction patterns of the wave-
field across the waveguide's exit plane. From these,
the density profile is determined through a model-
dependent analysis.

Here we show data for a 10 vol.% suspension of col-
loidal silica particles (0 11Onm) in dimethyl-
formamide, confined within a gap of 655 nm. The
waveguiding experiment was performed at ID10A of
the ESRF, at a wavelength of 0.093 nm [3]. Fig. 2
shows a contour plot of the diffracted intensity /(6},6>e),
measured as a function of the incidence angle 6} and
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Fig. 2: Contour plot of the diffracted intensity l(0i,de)
for a waveguide of 4.85 mm length, having a gap of
655 nm and filled with a colloidal suspension of silica
spheres (0 11Onm). Upper panel: measured
intensity distribution. Lower panels: intensity
distribution calculated for a refractive-index profile
n(x) = 1 - a(x), modeling six layers of confined fluid.
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the exit angle 0e. The intense off-diagonal peaks are
evidence of strong mode coupling. The same
measurements for the waveguide without fluid (not
shown) yield only modes along the diagonal [2].
Calculations of the intensity distributions for various
models of the density profile show agreement with the
data for a filling of the gap with six layers (see the
bottom panels of Fig. 2).

The measurements strongly suggest that the con-
finement induces a crystallization in a close-packed
arrangement of the particles. Similar results were
obtained for a gap of 310 nm, which confines two
crystallized layers.

Our method can be extended to studies of
(molecular) fluids confined within much smaller gaps.
One should then make use of multi-step index
waveguides and detect both guided and radiative
modes (see the contribution by J.H.H. Bongaerts,
etal.)
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PROPAGATION OF COHERENT X RAYS IN A MULTI-STEP INDEX X-RAY
WAVEGUIDE

J.H.H. Bongaerts, M.J. Zwanenburg (University of Amsterdam), F. Zontone (ESRF),
J.F. van der Veen (PSI/ETHZ)

We have developed and tested a multi-step index waveguide, allowing for the controlled positioning of the
waveguide gap down to the nanometer range.

INTRODUCTION

Fluid films of a few particle diameters thickness, if
confined between solid surfaces, undergo structural
changes induced by the confinement. Structural
changes influence the lubricating properties of thin
fluid films and are therefore of great practical interest.
The structural properties of confined thin fluids can be
revealed in X-ray waveguiding experiments, see
refs[1]and[4].

WAVEGUIDE

We have developed a multi-step index waveguide
(Fig. 1), allowing for the positioning of the waveguide
surfaces at nanometer separations. The surface
separation and parallelism are measured by optical
white light interferometry between two metallic
mirrors, which are deposited onto the waveguide
surfaces. Optical interferometry is limited to
separations between the mirrors larger than half the
optical wavelength (ca 250 nm). However, the
minimum possible X-ray waveguide gap width is of
the order of 10 nm. In order to be able to position the
surfaces at these small separations, we have added
an optically transparent spacer layer. The resulting
waveguide is a multi-step index X-ray waveguide (see
the right panel in Fig. 1). Since the incident beam is
confined to the guiding layer, the background
scattering from the confining walls is much reduced.

White light

_l

White light

single step
i

multiple step

Fig. 1: Schematic of the waveguide geometry. The
thin shaded areas represent the metallic mirrors of
the optical white-light interferometer, (a) Single-step
index waveguide, (b) multi-step index waveguide with
spacer layers (650 nm thickness). The drawings are
not to scale.

RESULTS

The X-ray waveguiding experiments were performed
at the ID10A undulator beamline of the European
Synchrotorn Radiation Facility, Grenoble. The X-ray
wavelength was 0.093 nm. Far-field diffraction

patterns from the waveguide exit were measured as a
function of the angle of incidence 6, and the exit angle
<9e[2]. The measured intensity l{9j,6e) is plotted in
Fig. 2 for a central gap width of -650 nm. The
measurements are in excellent agreement with the
results of a calculation of wave propagation based on
a finite-difference beam propagation method (BPM).
Apart from the usual mode maxima along the
diagonal [3], faint curved wings are visible at angles
>0.12°. These wings correspond to cladding modes,
which propagate above the critical angle for the air-
silica interface, but which are confined between the
aluminum layers.
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Fig. 2: Logarithmic contour plot of the measured in-
tensity distribution l(0/,0e), as function of the incidence
angle 0, and the exit angle 6e for a 2.5 mm long
waveguide having an entrance and exit gap of
658 nm and 687 nm width, respectively. In the dark
triangular areas, no data were taken.

Waveguiding has also been demonstrated for a much
smaller central gap width, see Fig. 3a. Again good
agreement was found with the calculated diffraction
pattern (Fig. 3b).

CONCLUSION

The multi-step index waveguiding geometry spatially
separates the optical mirrors, which are needed for
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Fig. 3: Logarithmic contour plots of (a) measured and
(b) calculated intensity distribution l(0/,0e), as function
of the incidence angle 6} and the exit angle 6e for a
4.93 mm long tapered waveguide having an entrance
and exit gap of 114 nm and 59 nm width,
respectively.

measuring the surface separation and parallelism,
from the waveguide surfaces. This allows X-ray scat-
tering experiments on confined fluids to be performed
at gap widths far below 250 nm. We have observed
modes that propagate inside the spacer layers.
These "cladding" modes may be used for applying a
well-defined electric field profile to a thin fluid film,
whenever the central gap is too small to support
single guided modes.
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REAL PART EXAFS FROM MULTILAYER BRAGG REFLECTIONS: A NOVEL
TECHNIQUE FOR SURFACE AND INTERFACE STUDIES

U. Staub, H. Grimmer, O. Zaharko, F. d'Acapito (INFM, Grenoble)

We show that by measuring the deviation from the Bragg law of a multilayer diffraction peak due to
refraction, infromation similar to EXAFS can be obtained.

Diffraction Anomalous Fine Structure (DAFS) is effec-
tive in extracting local structural and electronic
information from selected phases and
crystallographic sites [1]. Recently, we have
demonstrated the possibility to collect DAFS data
even in the soft X-ray regime on Ni/V multilayers [2].
On the other hand, it has been shown that the
deviation of the position of a multilayer Bragg peak at
an absorption edge is directly related to the changes
of the real part of the scattering factor f [3]. Thus the
EXAFS signal %(k) can be obtained by measuring the
deviations of a multilayer Bragg peak position in
excess to the expected dependence on the photon
wavelength X when crossing the absorption edge of a
given element. Here we show for the first time that
the collection of extended EXAFS spectra in the hard
X-ray regime is possible using refraction and that the
data quality is good enough to perform quantitative
analysis.
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Fig. 1: Energy dependence of the first multilayer
Bragg reflection of the Co/C multilayer.

Energy dependent Bragg reflections for a [Co/C]
multilayer were measured at the GILDA CRG beam-
line at the ESRF. The position from a Gaussian fit is
plotted against the energy in Fig. 1. After background
correction and normalization, we obtained the EXAFS

signal, which is visible up to k=10A"1 (Fig. 1). The
spectrum was then analyzed in the standard way,
including a backscattering phase shift of p/2 to ac-
count for the shift between the real and the imaginary
parts of the % function (Fig. 2). The Co-Co bond
length is found to be 2.47 ± 0.03A, i.e. slightly
contracted with respect to the bulk metal value
(2.51 A).

I 1 1 1 1 1

10

Fig. 2: k x(k) (full circles; dotted line) and corre-
sponding fit (open circles, full line).

We have thus shown for the first time the possibility
of obtaining structural information directly from the
real part of the scattering factor. This new method
makes accessible local order information with phase
sensitivity on any material (molecule) that can be de-
posited as multilayer without the need of complex
data corrections.
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SPONTANEUOS FORMATION OF A SOLITON LATTICE IN CuB2O4

U. Staub, B. Roessli, J. Schefer, M. Boehm, A. Amato,
G. Petrakovskii, A. Vorotinov, L Bezmaternikh (SBRAS, Krasnoyarsk),
B. Ouladdiaf (ILL, Grenoble), L. Paolasini (ESRF), E. Lorenzo (ESRF)

We have investigated CuB2O4 with neutron scattering, muon-spin rotation, and synchrotron based X-ray
diffraction. The neutron results demonstrate at 7=9.7 Ka magnetic phase transition from a commensurate
to an incommensurate structure with a continuous change of the wave vector. In addition, the observation
of higher harmonics shows that CuB2O4 forms a spontaneous soliton lattice. The magnetic non-resonant
X-ray scattering results indicate that the direction of the magnetic moment does change in the incommen-
surate structure.

Copper-oxide compounds with half-integer (S=1/2)
Cu + spins and strong antiferromagnetic interactions
exhibit new phenomena due to quantum fluctuations
as spin-Peierls transitions or high-Tc super-
conductivity. One of the most striking features is that
in the presence of important magneto-elastic coupling
as e.g. found in one-dimensional chain or ladder
systems, magnetism is connected with structural
dimerization. Recently, we have investigated a new
cuprate CuB2O4 using magnetic susceptibility,
specific heat and muon spin rotation [1].

Fig. 1 shows the low temperature specific heat of
CuB2O4. There is a sharp peak located at 20K, which
indicates a second-order, 3-dimensional phase transi-
tion. At approximately 10K, there is a very steep
increase in the specific heat for decreasing tempera-
tures followed by a further increase and a maximum
at 5K, indicating a second transition at approximately
10K.

0.0
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T(K)

Fig. 1: Specific heat of CuB2O4. IC: Incommen-
surate, AF: Antiferromagnet, PM: Paramagnet.

Our neutron diffraction measurements show a com-
mensurate antiferromagnetic (AF) to
incommensurate magnetic (IC) phase transition at
T=9.7K, for which a further decrease in temperature
causes the wave vector for the spiral to increase,
indicating that the length of the spiral is decreasing.
This material is an insulator and therefore this
behavior is quite unusual. Together with the
observation of higher-harmonic reflections, we could

show that just below the AF-IC magnetic phase
transition, this is the first material that exhibits a
spontaneous three-dimensional magnetic soliton
lattice [2].

The non-resonant X-ray scattering experiments show
a different temperature dependence of the magnetic
intensities in the (7 7 8) satellites for n-n and n-o po-
larization in the incommensurate phase (see Fig. 2).
This can be interpreted in terms of a change of the
direction of magnetic moments with decreasing tem-
perature in the incommensurate phase. Further
studies of the magnetic excitations in the incom-men-
surate magnetic phase, as well as improved data
analysis, are in progress.
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Fig. 2: Integrated non-resonant X-ray intensities of
the (7 7 8) magnetic satellite reflection for different
scattered polarizations. Data taken at ID20 of the
ESRF.
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CONDENSED PHASE DYNAMICS WITH FEMTOSECOND X-RAYS FROM A
SYNCHROTRON RADIATION BEAMLINE: FEASIBLE EXPERIMENTS

C. Bressler, M. Chergui, F. VanMourik (University of Lausanne),
M.Saes (PSI/University of Lausanne), R. Abela (PSI),

R. W. Falcone, S. Johnson, A. Lindenberg (UC Berkeley),
P. A. Heimann, M. Hertlein, R. W. Schoenlein (ALS)

We have performed test experiments at the Femtosecond X-ray Beamline 5.3.1 (ALS) to assess its utility
for studying condensed phase dynamics in liquids using X-ray absorption. The pump-probe scheme is
applied with a fs-laser (pump) and hard X-ray pulses (probe). We have improved the setup to allow effi-
cient single pulse laser excitation as well as low-noise X-ray detection up to 3.2 kHz repetition rate while
maintaining spatial overlap in situ between both beams. The scheme discussed will soon allow pump-
probe experiments on a wide class of systems with picosecond (current SR pulse width) and femtosecond
resolution at the future time-sliced beamline for microdiffraction and XAS at the SLS.

INTRODUCTION

Time-resolved X-ray absorption spectroscopy is a
challenging new technique, because of the low X-ray
fluxes available in a pump-probe scheme with fs la-
sers. In order to achieve a reasonable degree of ex-
citation in a given sample, only amplified laser pulses
with several tens of micro-Joules are useful, which
have reduced repetition rates to the 1 kHz range. We
have therefore assessed the feasibility of key experi-
ments on simple condensed phase systems [1] in a
setup optimized for laser-pump X-ray probe experi-
ments at the Femtosecond X-ray Science Beamline
5.3.1 (ALS-Berkeley). The results described are used
to check the utility of the future SLS Femtosecond
Beamline for microdiffraction and XAS on condensed
phase dynamic systems.

EXPERIMENTAL SETUP

Synchronization of Laser and X-ray Pulses

The experiments were performed at beamline 5.3.1 of
the ALS-Berkeley. The electron bunch pattern in the
ALS camshaft mode consists of a multibunch train
followed by an empty section filled with one single
pulse (Fig. 1, top). With suitably fast detectors and
subsequent electronics, this camshaft pulse can be
recorded without multibunch contributions.

The laser oscillator is locked to f/7 of the multibunch rf
(500 MHz) generating a 71 MHz pulse train entering
the amplifier, which opens for and thus amplifies only
those pulses which are synchronized to a single cam-
shaft pulse (Fig. 1, bottom). Measuring laser and X-ray
pulses at the interaction region defines our accuracy to
determine time zero in the experiment, which is
currently better than 100 ps (inset in Fig. 1, bottom).
For the experiment, we have recorded single X-ray
pulses at twice the laser frequency (here: 3.3 kHz),
thus allowing us to obtain a difference signal due to
the photoexcitation process.

The sample, Nal/H2O solution, is flown through a
sapphire jet, generating a flat sample surface with a
thickness of c/=0.1mm, inside a He-filled sample
chamber. With a frequency-tripler, we have obtained

the required UV laser light for this pump-probe ex-
periment.

Model System

Iodine photogeneration in aqueous solution was cho-
sen as a model system to advance towards
condensed phase dynamics [1], due to the following
properties:

1) Strong X-ray absorption cross-section changes
between ground and excited states at the iodine
L1-edge (5.2 keV).

2) Efficient one-photon activation with UV light (e.g.,
256 nm).

3) Useful time scales for time-resolved XAS range
from the femtosecond to nanosecond regions.
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Fig. 1: Oscilloscope traces of different signals rele-
vant for synchronization. Top: a fast photodiode
records visible light available at beamline 5.3.1 for
timing and synchronization purposes. Bottom: Laser
(solid) and X-ray (dashed) camshaft pulses at the
sample position.
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Laser Pump Process

A UV laser pulse excites an electron to a short-lived
charge-transfer-to-solvent (CTTS) state, which es-
capes into the solvent within 300 fs [2]. The nascent
iodine radical survives geminate recombination for
several hundred picoseconds with a probability of
O = 0.25. The optical absorption cross section
(aopt = 6x 10~17 mm2) is large enough to allow near-
complete absorption of the 0.8 mol/l I7H2O solution.
We have measured undesired absorption losses in a
neat water jet with the laser source, and verified that
they are due to solvent-surface reflectivity and
nonlinear absorption of the solvent. We have routinely
achieved 50 JIJ of 256 nm laser light, and sometimes
even above 80 JJJ. Fig. 2 displays the nonlinear ab-
sorption losses in water as a function of focal diame-
ter. It can be seen that for foci well above 100 |jrn,
these contributions are not large. This translates to a
laser intensity of 3 TW/cm2 (if we set the un-measured
laser pulse width to 200 fs) for which UV experiments
in aqueous solutions are not hampered by undesired
laser intensity losses. We also measured nonlinear
losses in water with 400 nm light, which allows some-
what higher intensities around 6 TW/cm2 to be used,
as expected.
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Fig. 2: Nonlinear absorption losses in neat water
(c/=0.1mm) as a function of focal diameter for
Eiaser= 50 jxJ. Solid circles: ^ = 256nm, open circles:
X = 400 nm.

X-ray Probe

A fast large-area APD is placed behind the sample
and records the ALS multibunch train. In order to
single out the X-ray pulses associated with the pump
laser, we have utilized two different schemes: (1.) With
a gated integrator triggered to the laser source, we
acquire an amplified output of the integrated pulse
form. (2.) Alternatively, we employ a triggered track-
and-hold-device to deliver an amplified output of the
pulse height maximum of every selected single X-ray
pulse. Both methods deliver similar pulse-height
distributions as the one displayed in Fig. 3.

The measured width for single X-ray pulses consists
of the shot-noise statistics of the incident flux and all
noise contributions from the avalanche process of the
APD itself to the subsequent electronics. The incident
X-ray flux was measured to be 104 photons at 5 keV

per pulse. The pulse height distribution is then 2-3
times larger than the shot noise level, if we correct the
incident flux for the transmission loss through the
sample (Fig. 3). This factor did not depend on the
chosen signal-processing electronics, and could
therefore be attributed to additional noise within the
APD and the avalanche process. Further
investigations are still underway.
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Fig. 3: Pulse Height distribution of recorded camshaft
pulses with a large-area APD (Advanced Photonix SD
394-70-72-500). The shot-noise contribution is in-
cluded for comparison.

RESULTS AND DISCUSSION

We have attempted to measure photogenerated
iodine radicals via a pre-edge absorption below the
iodine L1 edge, which shows up only for I atoms and
not for the reactant iodide. To ensure optimum overlap
conditions we have measured the X-ray focus at the
sample to be 0.35 x 0.25 mm2 (h x v). A tightly
focused laser beam deposits its energy in a small
volume, which leads to evaporation of the sample on a
microsecond time scale (Fig. 4). This feature serves
as a check of the spatial overlap on the sample, after
using X-ray pinholes for the coarse alignment. To
control the overlap conditions during data acquisition,
we have recorded the bleach signal in situ with the
real data, which protects us from possible walk-off of
the overlap. However, the small foci required for this
check (40-60 jim diameter) are not very useful in the
actual pump-probe experiment, since this results in a
reduced laser flux for the excitation process (Fig. 2).

A number of limitations still need to be overcome to
obtain an ultrafast pump-probe signal. With 50 (j.J
pulse energy we can excite 16% of the population
within a 100 jim spot with 256 nm light. Probing the
2s -> 5p transition with 100 ps X-ray pulses will only
measure the surviving fraction of generated I atoms
(O(l0)), while polarization issues allow only 1/3 of the
remainder to be sampled. Solvent absorptions (Fig. 2)
may contribute as well. However, including linear ab-
sorbers (I) will reduce this loss somewhat. So far, our
excited state population has decreased to about 1 %.
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Laser on Laser off

Fig. 4: Laser-induced evaporation of the liquid jet.
The top spectrum shows the recorded multibunch train
(dips are due to the empty section) with and without
laser heating, and the bottom shows the sample
transmission change as a function of time.

The main contribution reducing the photoexcitation
yield stems from the large probe diameter. With
0.35 x 0.25 mm2 X-ray focus, we lose an additional
order of magnitude of fraction of excited species (al-
though the absolute amount has not changed). This
would require ca. 10min of data accumulation time,
roughly an order of magnitude larger than our current
detection limit.

However, screening out the X-rays to a residual width
of 100 (o.m with an X-ray pinhole and consequently
reducing the X-ray flux by a factor of 3 will still
increase the sensitivity of this experiment back into the
feasibility range (ca. 1 sec accumulation time). The
present status of our experimental sensitivity is then
suitable to measure a photoinduced change by X-ray
absorption, and experiments to confirm this are
underway.

Femtosecond X-ray pulses (e.g., from the proposed
SLS fs-sliced undulator source) could sample the
initially generated population (no significant losses
within the first 100 fs), and possibly even sample
dichroic contributions. Therefore, the required number
of incident X-rays on the sample can be considerably
reduced (2 orders of magnitude) against the current
values required for 100 ps X-ray pulses. The proposed
undulator for femtosecond-sliced pulses is expected to
have a reduced pulse intensity by roughly one order of
magnitude. This suggests that successful experiments
with the current source will most likely succeed on the
ultrashort time scales with the proposed fs-pulse
extraction undulator. Fig. 5 summarizes these findings
in a more general form. The diagonal region includes
most condensed phase dynamics studies, since the
lower and upper boundaries were calculated for two
extreme cases: for our current test system, and for
measuring ligand dissociation in heme proteins via
time-resolved EXAFS, respectively.

Below, the estimated femtosecond fluxes for different
ultrashort pulse X-ray sources are indicated. The
number of X-ray photons per pulse (and 0.1°% b.w. at

5 keV) for the SLS source is 10 times larger than for
the proposed ALS extraction undulator, which is
partially compensated at ALS by the higher repetition
rate around 40 kHz. Therefore, experiments providing
more than 1 % excited state species are already in the
feasibility range. However, X-FELs are expected to
revolutionize femtosecond X-ray science, since they
have many orders of magnitude more photons in one
single pulse. Until these sources go into user
operation, the current sources at ALS and SLS will be
the most intense fs-X-ray sources in the world.
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Fig. 5: Feasibility range for time-resolved structural
research exploiting XAS. The diagonal region indi-
cates the required integrated X-ray flux as a function
of the fraction of activated species, and the intensity of
future fs-X-ray sources at SLS and ALS are given for
comparison. The pulse intensity is denoted by the
lower lines, while the upper boundary displays the
femtosecond X-ray flux around 5 keV at the indicated
laser repetition rates.
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PULSED LASER ABLATION THIN-FILM EPITAXY

P.R. Willmott (University of Zurich)

High-quality epitaxial films of nitrides, carbides, oxides and their combinations are produced in the labora-
tory using pulsed laser deposition. It is foreseen to perform this type of thin-film growth at the in-situ sur-
face diffraction facility of the Materials Science Beamline.

INTRODUCTION

Pulsed laser deposition (PLD) and its extension with a
synchronised pulse, to pulsed reactive crossed-beam
laser ablation (PRCLA) [1], are well-suited to growing
a broad variety of high-quality epitaxial films, with
minimum expense and safety hazards. Because of
these advantages, and because of the inherent tem-
poral separation between the deposition and the sub-
sequent incorporation of the deposited species into
the growing film, these techniques have been selected
to be performed "in-situ" at the surface diffraction
facility of the Materials Science Beamline at the SLS.
During 2000, work has continued in our laboratory at
the Physical Chemistry Institute of the University of
Zurich on investigations of the growth of novel optical
and tribological thin films.

WIDE-GAP NITRIDE SEMICONDUCTORS
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Fig. 1: The AlxGai.xN (0002) lattice spacing as a
function of Al-fraction in the ablation target for films
grown using N2 (solid circles) and NH3 (open circles).

The mechanisms and kinetics of the growth of AIGaN
using PRCLA and either NH3 or N2 as the nitriding
source was studied [2]. It was found that the
stoichiometry of the resulting film depended on the
nitriding agent. When ammonia was used, the ratio of
Al to Ga was the same in the film as in the target,
though when N2 was used, the films were consistently
richer in Al at the expense of their Ga-content (see
Fig. 1). This could be correlated to the high vapor
pressure at typical deposition temperatures of Ga
compared to Al and the higher reactivity of NH3 with
the metals. An additional consequence of this finding
is that growth of pure GaN was much slower using N2

than with NH3, due to re-evaporation of unreacted Ga
from the surface in the former case.

SUPER-HARD CARBONITRIDE FILMS

In another major research direction, novel hard and
wear-resistant films were produced using PRCLA.
Both Zr-C-N and Zr-AI-C-N films were grown on steel
(polycrystalline) or heteroepitaxially on Si (001) and
MgO(001). The dependence on the C/N ratio as a
function of the carbiding and nitriding gases was
studied. It was found that the C/N ratio depended only
on the partial pressures of the gas mixture and not on
the substrate temperature or type. This indicates that
the collisional processes in the gas phase between the
laser plume and the gas pulse lend the C- and N-
containing species sufficient reactivity that the
stoichiometry is only determined by their relative flux
onto the substrate.

The hardness of the films was determined and shown
to be consistent with recent ab-initio calculations cor-
relating hardness in carbonitrides with their electronic
band structure [3] (see Fig. 2). Because of the ex-
ceedingly high chemical and crystalline properties of
those films grown on MgO, it was possible to investi-
gate their electronic bandstructure by using angular-
resolved ultraviolet photoelectron spectroscopy
(ARUPS). Initial results are also consistent with the
ab-initio calculations, and the experiment is presently
being further developed to allow more accurate and
flexible studies using tuneable synchrotron radiation.
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Fig. 2: Micro-indentation measurements demonstrate
that both ZrCxNi.x and Zro.8Alo.2CxN1.x have maximum
hardness close to the theoretically-predicted valence-
electron concentration (VEC) of 8.4.
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The gas-phase processes leading to film growth of Zr-
Al-C-N have also been investigated using both time-
of-flight quadrupole mass spectroscopy (TOF-QMS)
and optical spectroscopy. This has led to a deeper
understanding of the collisional and chemiluminescent
processes responsible for the chemistry on the film
surface.

Finally, new multilayer systems are being studied for
further improvements in the tribological performance
of transition metal carbonitrides. It is hoped to produce
complex structures with macroscopic hardnesses
close to or beyond that of diamond, while also having
excellent wear properties and low friction.

OTHER MATERIAL SYSTEMS

Initial studies on the growth of Nd:YAG thin films on
MgO have been encouraging. The films were poly-
crystalline or amorphous and deficient in yttrium, re-
sulting in photoluminescent spectra similar to those of
Nd:glass. Further work is planned to improve film
crystallinity and the stoichiometric transfer from bulk to
film.

Finally, thin films of La0.6Cao.4Co03 have been grown
on MgO. This material is of interest because of its
collosal magnetoresistive (CMR) properties, and also
as a catalytic material. In addition to film growth, opti-
cal spectroscopy has also been performed.
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SPONTANEOUSLY-ORDERED AlxGai.xAs

B.D. Patterson, H. Auderset, M. Shi, O. Seeck (DESY), U. Staub

Ordering of Al and Ga in the ternary semiconductor AlxGa-i.xAs has been investigated with high-resolution
synchrotron X-ray diffraction. Superlattice reflections are observed which demonstrate the presence of the
ordered CuAu I structure. In this work, we investigate the dependence of the ordering on growth tempera-
ture and depth in the layer, and the diffuse scattering due to planar defects.

INTRODUCTION

The ternary system AlxGa^As, epitaxially grown on a
(110)GaAs substrate, was the first Ill-V compound
semiconductor to demonstrate spontaneous super-
structure ordering [1]. In a recent synchrotron radiation
diffraction study [2], we demonstrated that the degree
of CuAu I ordering in a 500 nm thick layer is laterally
homogeneous, both microscopically and
macroscopically, over the wafer but that it increases
with increasing vertical distance from the substrate-
layer interface. Furthermore, the angular extent of the
diffuse scattering component along the (110) growth
direction was found to be consistent with the high
density of stacking faults seen at the bottom of the
layer with cross-sectional transmission electron
microscopy.
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Fig. 1: Relative intensities of 0-29 scans of the 110
superstructure reflection in (110) AlxGa-|.xAs samples
grown with OMVPE at different growth temperatures.

INFLUENCE OF GROWTH TEMPERATURE

In the present work, we further investigate the degree
of ordering of (110) AlxGa-|.xAs layers (x=0.6), as a
function of organometallic vapor phase epitaxy
(OMVPE) growth temperature and of depth within the
layer. High-resolution diffraction experiments were
performed at beamline W1 of Hasylab. Fig. 1 shows
the intensity of 0-26 scans of the 110 superstructure
reflection from layers grown at temperatures between
620 and 780° C. From this data and the observed
approximate constancy in strength of the zincblende-
allowed 220 layer reflection, we deduce a temperature
range for optimum ordering. It should be remarked
that the 110 superstructure reflection in the best sam-
ples have only 0.01 % of the intensity of the allowed
220 layer reflection.

Fig. 2: Diffuse scattering around the superstructure
110 peak, measured at 8 keV photon energy.

DIFFUSE SCATTERING

It is clear from Fig. 1 that a significant amount of dif-
fuse scattering, which we attribute to (110) stacking
faults, is present. In hopes of modelling the distribution
of these faults, we have measured the extent of the
diffuse scattering in the 700° C sample over a large
range in 0 (see Fig. 2). In a first attempt to fit the data,
a linear backgroung plus three Voigt functions were
assumed, corresponding to stacking-fault correlation
lengths of 2.2, 26 and >80 nm. The increasing order
with layer depth was clearly demonstrated by a
dramatic increase in the narrow component in a
1500 nm thick sample compared to that in a 500 nm
sample, even after correcting for the increased
scattering volume.

FURTHER WORK

Finally, we attempted a direct determination of the
depth dependence of the CuAu I ordering by
measuring the 110 and 220 reflection intensities as a
function of glancing incidence angle. This
measurement was complicated by the large amount of
diffuse scatter and from the presence of growth
pyramids on the surface. An analysis is in progress.
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IMAGING ELECTRONIC STATES ON Cu(111) USING AN ELLIPSOIDAL DISPLAY
ANALYZER AT THE SLS

T. Duetemeyer, C. Quitmann

An Ellipsoidal Display Analyzer (EDA) is the ideal tool for rapid imaging of electronic states using angle-
resolved photoemission. Such an instrument has been built at the University of Dortmund. It was acquired
with help from the Swiss Natural Science Foundation and has been installed at the SLS. First results on
the well-known Cu(111) surface using a He-discharge lamp are shown.

INTRODUCTION

An Ellipsoidal Display Analyzer (EDA) allows angle
and energy resolved imaging of electronic states with
a very large acceptance angle. For common solids
the entire surface Brillouin zone (SBZ) can be
acquired in a single image within seconds or minutes.
Such an instrument has been installed at the SLS,
where it will be used for time-resolved photoemission
experiments. Because all angles are collected
simultaneously, no motion of the sample or analyzer
is necessary during acquisition. This allows one to
use the EDA for measurements on spatially
inhomogeneous materials such as wedges or
samples with concentration gradients. In this case the
narrow light spot produced by a synchrotron beamline
(0=100 (o.m) determines the spatial resolution. To
acquire the complete energy dispersion of typical
electronic bands in solids, we typically take one to two
hundred images at different energies. These are then
used to produce cuts along high symmetry directions
in the SBZ. At present, two excitation sources are
available: a He-discharge lamp for ARUPS
measurements and an electron gun, which is used for
low energy electron diffraction or Auger emission
experiments.

Fig. 1: Photograph of the Ellipsoidal Display
Analyzer as it is installed at the Swiss Light Source.
The analysis chamber (AC) containing the analyzer,
is visible in the front, the preparation chamber (PC) in
the back. The sample is transported between the two
using a horizontal manipulator (M).

In the following we show results obtained on Cu(111)
to demonstrate the possibilities offered by the instru-
ment in its present status.

THE Cu(111) SURFACE AS AN EXAMPLE

Energy- and angle-resolved photoelectron distribution
images were taken with the EDA. The data set con-
sisted of 350 images with binding energies ranging
from EF to EB = -12eV. The acquisition time was
60 sec/image using a conventional He-discharge
lamp, resulting in a total acquisition time of 6 hours.

Fig. 2 shows energy distribution curves which were
calculated from the stack of images. The energy
resolution, as measured from the width of the Fermi-
function, was AEtot = 120 meV. Subtracting the
thermal contribution this yields an analyzer resolution

A ^ S meV.
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Fig. 2: Photoemission spectra as measured with the
EDA. By appropriately binning the intensity in the mo-
mentum distribution images, we obtain angle-
resolved as well as angle-integrated spectra can be
produced.

An image showing the momentum-resolved photo-
electron distribution in the valence band of Cu(111)
as measured using the EDA is shown in Fig. 3.
Emission angles (6, cp) are converted to wave-
vector If11 by assuming a free-electron final state. The
momentum distribution pattern shows four spots of
high intensity. One is centered at the F-point,
corresponding to the high-binding energy peak of the
EDC in Fig. 2. The other three points are directed
along the M-direction of the SBZ. They are caused by
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the bulk bands, as evidenced by their symmetry. In
the bulk, the (111) direction has a three-fold
symmetry, while its surface atomic layer has six-fold
symmetry. The Brillouin zone is indicated by the solid
black lines, while the main symmetry directions are
indicated by white dashed lines. At this binding
energy of 3.73 eV and the photon energy of
hv = 21.2 eV, the kinetic energy of the photoemitted
electrons is no longer sufficient to bring the full
Brillouin zone into the maximum acceptance angle of
the EDA, which is 0 < 43°.

M f

Fig. 3: Momentum distribution pattern for photo-
emission from the Cu(111) surface at a binding
energy of EB = 3.73eV, taken at hv = 21.2eV. The
solid hexagon shows the surface Brillouin zone, the
dashed lines the main symmetry directions.

By selecting the kinetic energy of the analyzer so as
to measure photoelectrons coming from EB = EF, it is
possible to image the Fermi surface in a single
image. This is shown in Fig. 4. Since the intensity at
EF is relatively low (see Fig. 2), the image was
averaged, taking advantage of the three-fold
symmetry to improve the signal-to-noise ratio. The
prominent features visible at the Fermi-surface are
the surface state (SS) centered around r, the Fermi-
sphere (FS) and its three necks (N) connecting to
Fermi-spheres in higher Brillouin zones.

FUTURE UPGRADES

To extend the measurement possibilities, the
following upgrades are planned:

• A cryostat allowing cooling of the sample to
Tmin ~ 10K for studies of metal-insulator transitions
at low temperatures.

• Once installed at one of the SLS beamlines, the
EDA will enable the use of constant initial state
(CIS) and constant final state (CFS) spectroscopy.

• The narrow focus of the synchrotron should im-

prove the angular resolution from its present value
of A6 « ±1.2° to A6 « ± 0.8°. The higher flux com-
pared to the present He-lamp will also make better
energy resolution possible.

Using X-rays from the SIM beamline, we can per-
form X-ray photoelectron diffraction experiments
with the EDA.

Using the small focus (0 = 1OO^m) of the SLS
beamlines, we are planning to measure the elec-
tronic structure of spatially inhomogeneous
samples with wedge structures or concentration
gradients. Here the high speed of the EDA will
allow the study of a wide range of film thicknesses
within a reasonable time.

Fig. 4: Fermi Surface of Cu as measured with angle-
resolved photoemission using the EDA. The
prominent features are the surface state (SS), the
Fermi sphere (FS), and the three necks (N)
connecting Fermi spheres of adjacent Brillouin zones.

CONCLUSION

The EDA is ready for use at the SLS and first test
experiments show its great potential for surface
science.
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