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Accelerator Commissioning Begins 
In March, the ALS linac reached its full50-MeV energy with enough beam 

current to begin commissioning the booster 

Under construction since 1987, the ALS 
is gathering momentum as it heads toward 
its spring 1993 project completion date. In 
January 1990, the ALS took beneficial occu
pancy of the 20,000 square-foot (1860 square
meter) central area of the ALS building. 
This March, the contractor turned over for 
occupancy the second portion of the 
building, a 61,000 square-foot (5670 square
meter) annular addition that will enclose 
the electron storage ring and the experi
mental areas (see article on page 15). 

The big news, however, is that commis
sioning the ALS accelerators is under way, 
beginning with the 
successful operation of 
the 50-MeV electron 
linac that comprises the 
first stage of the stor
age-ring injector com
plex. The ALS !ina cis a 
conventional constant
impedance structure 
operating at 3 GHz (S 
band) with two accel
erating sections (see 
photo). The linac is fed 
by a high-intensity 120-
kV electron gun and 
bunching system that 
forms single S-band 
electron bunches with 
a charge of greater than 
2 nC per bunch. All 
components of this 
system were installed 
during the past year in 
a cave built in the cen
ter part of the ALS 
building. 

the firsttime. Everything worked well even 
before the start. The electron gun had been 
opera ted in a test mode for more than a year 
with demonstrated reliability. Essential 
preparation also included writing detailed 
operating and safety procedures to guide 
all commissioning activities. Then, in Feb
ruary, after rf-conditioningof the accelerat
ing cavities had reached a sa tis factory point, 
ALSacceleratorscientists led by Frank Selph 
decided it was time to try putting electrons 
through the linac. 

Alllinac systems (including the electron 
gun, rf system, accelerating guides, mag-

nets, vacuum system, power supplies, in
terlocks, radiation monitors, and other in
strumentation) responded, and within 
about two hours, the beam from the elec
tron gun was accelerated through both ac
celerating sections to approximately 30 MeV 
before being dumped in a Faraday cup in 
the wall at the end of the linac cave. The 
design energy of 50 MeV was reached on 
March 6. The beam intensity by mid-March 
was adequate to begin commissioning the 
booster synchrotron. 

The linac' s function is to inject electrons 
into a 1.5-GeV, 1-Hz booster synchrotron, 

for acceleration and 
transfer into the stor
age ring. The booster 
has a 75-meter circum
ference and, in accelera
tor parlance, has a miss
ing-magnet FODO lat
tice with four-fold sym
metry. The l '-Hz· rep
etition rate permits "fill
ing of the storage 'rmg 
to its nominal operat
ing current of 400 ·rnA 
in about two minutes. 
Like the linac; ·fhe 
booster has ·been in
stalled in the center area 
of the ALS building 

.. under the dome. Ill J Final testing the·of 
booster-magnet po~ er 

j supplies is now in 
~ progress, leading hl_~e 
~ beginning of boo!{ter 
.<: 
a. commissioning. Ute 

On February 20, the 
linac system was suc
cessfully operated for 

TheALS Linac accelerated its first beam on Feburary 20. From the rear, the linac system 
comprises a 120-kV eletron gun, an 5-band bunching system, and two accelerating 
cavities totaling 4 meters in length. 

first electrons into :the 
booster is n~w sc ;d ~J 
uled for the first pant10f:J 
May. ~-= 
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Funding Issues Arise as 
Construction Progresses 
[This article was written before the Office of 
Basic EnergJJ Sciences of the Department of 
Energtj asked ALS management to prepare 
documentation for a new initiative to begin in 
fiscal year 1993 that would hzclude beamlines 
and completion of the ALS mezzanine. Although 
funding is at this time by no means assured, the 
request represents a very positive indication 
that DOE is acutely aware of and sensitive to the 
need for funding of experimental facilities and 
user space. See tlze article 011 page 3.] 

It is now just two short years before the 
ALS becomes the brightest source for VUV 
and soft x-ray radiation available anywhere 
in the world. Progress continues apace on 
construction and testing of the ring and its 
components. I am happy to report that this 
phaseoftheproject, under the able guidance 
of ALS Director Jay Marx, remains on 
schedule for completion in April1993. This 
happy circumstance also reflects the conti
nuity of funding provided by the Depart
ment of Energy (DOE) for the ALS con
struction project despite these tight-budget 
times, a tribute to the support in Washing
ton for the development of major new re
search facilities, such as the ALS. 

Other articles in this newsletter discuss 
in detail the progress being made in con
struction of the ALS facility, but one aspect 
that is perhaps not emphasized enough is a 
personal perception of the dramatic events 
occurring in and around LBL Building 6, 
the home oft heALS. As one oft he fortunate 
members of the user community who has 
access to the area every few months, I find 
it difficult to convey the scope of the changes 
that one sees upon each visit. Over the past 
two years, I have watched intently as a 
nearly barren construction site has been 
transformed into a big new building con
taining an ever-increasing number of high
tech components. I only wish all of you 
could share this awe-struck feeling in order 
to appreciate the hard work and sweat that 
has gone into this project so far. 

Now that construction of the ALS is well 
over halfway done, with commissioning of 
the linac already under way and soon to 
begin on the booster ring, some attention of 
the ALS staff and the UEC has turned to 
planning for the operations phase. The 
UEC believes that this is one area where our 
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combined experience can be especially 
helpful. For example, present or former 
members of this committee have been in
volved in such activities as developing a 
vacuum policy for interfacing beamlines 
and experimental chambers to the storage 
ring, planning for the use of dangerous or 
noxious materials on the experimental floor, 
and determining user space needs. It is 
important to note that funding for opera
tions has begun to ramp up in fiscal year 
1991 as planned, with the eventual goal of 
$27.5 million per year when the ALS is in 
full operation. 

One area pertaining to operations that 
requires special mention is safety. As many 
readers no doubt are quite aware, DOE is 
placing an enhanced focus on safety and 
environmental issues at all of its national 
laboratories, including LBL. In fact, at this 
writing, a so-called "Tiger Team" is work
ing with the staff of LBL to improve safety 
awareness and to develop safer working 
procedures throughout the site, including 
the ALS. 

AI though details on how this new safety 
awareness will affect experimenters at the 

Dennis Lindle is the 1991 chair of the ALS 
Users' Executive Committee. 

ALS are not fully available, it is clear in 
general that the work environment will be 
different than many of us are used to. The 
UEC is committed to assisting the ALS in 
maintaining a safe working environment, 
and we feel it is important that users be 
involved in developing safety procedures 
that take the concerns of the experimenters 
into consideration. For this reasvn I have 
volunteered to take part personally, as a 
user representative, in planning for a safe 
and healthy ALS. 

While the mood is and should be gen
erally upbeat about the progress of the ALS 
project, there are a few difficulties that 
should be of concern to the user commu
nity. Probably the biggest worry of the UEC 
at the present time is the availability of 
funding for the development of insertion 
devices and beamlines. Aside from the 
funds within the ALS construction budget 
intended for development of experimental 
facilities, very little, if any, money has been 
secured from any source for this purpose. 
The fact that this situation exists just two 
years before completion of the ring makes 
this a potentially critical shortfall, and calls 
for additional efforts by all of us to alleviate 
this problem. 

To add more detail to the subject of 
funding for ALS experimental facilities, let 
me remind you that the original comple
ment of ALS construction funds set aside 
for this purpose was reduced by $6.9 million 
to pay for two critical items: a temperature 
control system to enhance photon-beam 
stability and basic construction of a mez
zanine area to avoid later disruption of the 
experimental program. Subsequent rec
ommendations by the Program Review 
Panel and the ALS management resulted in 
the allocation of the remaining funds to 
four insertion devices and two beamlines, 
thus guaranteeing access to only two par
ticipating research teams (PRTs). Efforts to 
restore the $6.9 million through DOE have 
at this time apparently failed. 

As for PRT efforts to access funding 
outside the construction project, several very 
strong teams have so far received highly 
complimentary reviews of their proposed 
research, but no funding has been forth
corning. The US.O undulator PRT headed 
by Jo Stohr and Franz Himpsel of IBM are 
the closest to securing a commitment. Pro
posals for major initiatives that each contain 
two to three ALS beamlines as components, 
the Combustion Dynamics Facility (headed 
by Yuan T. Lee) and the Life Sciences Center 



(headed by Sung-Hou Kim), remain active, 
but it is now clear that, if they are approved, 
their starting dates for funding, will bela ter 
than hoped for. 

Finally,onerayofsunshineinthiscloudy 
picture is that LBL has been encouraged to 
request Accelerator and Reactor Improve
ment and Modification funds (known as 
ARIM) through DOE for building addi
tional beamlines. As a result, there is $1.5 
million of ARIM for ALS in the President's 
FY1992 budget. If approved on a regular 
basis, this source could fund a moderate 
level ofbeamline construction beginning in 
the near future. 

To summarize, the UEC is very con
cerned with this situation, and we are con
tinuing to work with theALSand LBL to try 
to identify possible sources of funding and, 
perhaps more important, to publicize widely 
the general need for additional funding to 
support utilization of major new facilities, 
such as the ALS (e.g., by building insertion 
devices and beamlines). User support and 
suggestions in this endeavor are encouraged 
and welcome. 

A second area of concern to the UEC is 
the lack of finished space expected to be 
available for users. This, too, has proven a 
difficult problem to alleviate, and the ALS 
and the UEC are jointly looking for creative 
means with which to accommodate the 
needs oft he user community. I suspect that 
the ultimate solution to the space problem 
will be a mix of several options, some of 
which will only become clear as the opera
tions phase approaches . 

[Note added by D.L.: "I am very gratified to 
learn of the possibility of increased funding by 
DOE for experimental facilities and for user 
space, beginning in fiscal year 1993. This new 
development is one indication that the hard 
work of the UEC and that of the ALS manage
ment have had a positive impact in gaining 
recognition for our needs." 1 

It is a pleasure to acknowledge the ef
forts of four members who rotated off the 
UECattheendof1990:TomBaer, Wolfgang 
Eberhardt, Steve Kevan, and Steve 
Rothman. Special thanks go to Chuck 
Padley, who retired as UEC chair in De
cember and who remains on the committee 
as past-chair. We bid welcome to our newly 
elected members for 1991: Steve Cramer, 
David Ederer, and Mike White. Piero 
Pianetta has been elected to be vice chair for 
1991, and he will succeed me next year. 

Because the UEC is THE users' repre
sentation to the ALS, I strongly encourage 
everyone to contact me, or any of the other 
UEC members, if you wish to comment on 
any user-related issues at the ALS. I look 
forward to hearing from you. • 

Dennis Lindle, Chairperson 
Users' Executive Committee 

ALS Focus Shifts to Health 
of Experimental Program 

We are now entering a critical period for 
the ALS. With two years to go before opera
tions begin, attention is shifting from con
struction to commissioning. There is a 
delicate balance to maintain. Construction 
is not yet complete, and we must proceed 
with our customary care and attention to 
see that project goals continue to be met on 
schedule. Yet, we must also look forward to 
the beginning of operations and plan for 
that. 

With growing confidence in the quality 
of the accelerator aspects of the project, my 
major focus has become the health of the 
experimental program. As Dennis Lindle's 
letter explains, funding of experimental 
facilities has been a major concern for some 
time. Butrecentdevelopmentssuggestnew 
grounds for optimism, as I will share with 
you later in this article. 

$27.5 million annual operating budget that 
we are requesting for 1993 . This year we are 
receiving $10.4 million for preoperations, 
and the Presidential budget request for fis
cal year 1992 contains $19.4 million. The 
President proposes and Congress disposes, 
so the latter number may change, but I am 
gratified by the support the ALS is getting 
in Washington so far. 

Next, I want to review our plans and 
expectations for the experimental program 
at the ALS. As you know, eight of the ten 
straight sections available for insertion de
vices have been allocated to participating 
research teams (PRTs), but only four inser
tion devices and two beamlines can be con
structed with project funds. This puts 
considerable responsibility on the PRTs to 
find support for the experimental facilities 

At the same time, 
LBL and the ALS are 
emerging from the DOE 
"Tiger Team" process, 
which represents the 
DOE mechanism to en
sure that all its facilities 
and programs adopt 
"the new ES&H culture" 
in which compliance 
with all applicable envi
ronmental, safety, and 

Some recent 
developments 

suggest grounds 

that have been ap
proved. Since the last 
newsletter, we have 
also approved four 
bend-magnetPRTs(see 
table), who will also 
need to find funding. 

Within LBL, two 
major initiatives have 
been proposed to DOE 
that would greatly en
hance the spectrum of 
ALS experimental fa

for optimism. 

health related laws, regulations, DOE or
ders, and other requirements at the federal, 
state, and local levels is given priority over 
achieving programmatic goals. 

The status of the ALS construction 
project is reported in some detail elsewhere 
in this newsletter, and so I would like to 
begin by briefly updating you on funding 
prospects for completion of construction 
and operation thereafter. As you recall, the 
total cost of the construction project is $99.5 
million. All but $6.48 million of this amount 
has already been appropriated through 
fiscal year 1991, and the budget for fiscal 
year 1992 submitted by the President to 
Congress earlier this year contains this last 
increment of funding. So the project is in 
excellent shape on this score. 

Of more importance to me at the mo
mentis what I call preoperations funding, 
which is used for commissioning and other 
activities needed to bring the ALS to an 
operational state. Preoperations begins at a 
low level and then ramps up to reach the 
amount required for a full operating pro
gram as construction is completed. At this 
time, we are right on track towards the 

cilities. Between them, the two would 
support three insertion devices and associ
ated beamlines and two bend-magnet 
beamlines. The LBL portion of the Com
bustion Dynamics Facility (jointly proposed 
with Sandia National Laboratories) would 
focus on chemical reaction dynamics, while 
the Life Science Center would be part of a 
larger DOE structural biology program that 
is in the planning stages. Both facilities 
would encompass ALS PRTs and both 
would be operated as national user facili
ties. But neither has yet been approved. 

There is good news to report, however. 
Within DOE, the Office of Basic Energy 
Sciences (BES) has well understood the ALS 
need for additional experimental facilities 
and user laboratory and office space in or
der to fully exploit the experimental op
portunities the ALS affords, but it has been 
constrained by the limited funding available 
for these purposes. 

Beginning in fiscal year 1993, the con
straints may be eased significantly. Recently, 
BES has asked the ALS to prepare docu
mentation for a follow-on project that would 
encompass a number of beamlines and the 
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completion of the mezzanine in the ALS 
building. Although the long-term prospects 
for this new initiative are far from sure and 
there are many hurdles to be surmounted 
before funding is obtained, I view this de
velopment as a very positive indication, 
and I am cautiously optimistic. 

Bend-Magnet Participating Research Teams (PRTs) 

There is more good news, if on a smaller 
scale. The President's fiscal year 1992 bud
get submission for the ALS includes $1.5 
million for accelerator and reactor im
provement and modification (ARIM) funds, 
which we will use for experimental facilities. 
We expect to receive ARIM money each 
year and have requested $2.5 million for 
fiscal year 1993 .. 

Scientific Focus 

Soft x-ray spectroscopy and time-resolved 
studies of materia ls and surfaces; x-ray optics 

EUV spectroscopy and time-resolved studies 
of materials, surfaces, and gases; x-ray optics 

Infrared spectroscopy and time-resolved studies 
of surfaces, solids, and gases; fast IR detectors 

Polarized photon studies: accelerator and 
beam diagnostics, spin-dependent interactions 

Spokesperson 

james H. Underwood 
LBL 

james H. Underwood 
LBL 

Gwyn P. Will iams 
Brookhaven Nationa l Lab 

Mervyn Wong 
LBL 

Together with Fred Schlachter, the ALS 
Scientific Program Coordinator, I am also 
making efforts to promote the ALS to fed
eral agencies in the hope of making them 
more receptive to PRT and user proposals. 
A cordial reception at the National Science 
Foundation, where Fred and I visited in 
February, is a case in point. At the same 
time, we are encouraging users to band 
together to present initiatives of their own 
that would beattractiveto funding agencies 
because they focus on new and important 
research topics of possible great impact. 

of photons with matter, chiral biological molecules 

Fred is also working to increase the level 
of industrial participation at the ALS. To 

this end, an attractive brochure on indus
trial applications of synchrotron radiation 
has been prepared and sent to 3000 in
dustrial scientists, and an advisory com
mittee is being assembled to plan an au
tumn workshop on industrial research at 
the ALS (see article on page 13). 

Finally, I would like to turn to the Tiger 
Team's impact on the ALS, which has al
ready been significant and will continue to 
be so. LBL hosted a 55-person Tiger Team 
for a five-week period from mid-January 

Paul Johnson IsALS Safety Officer 
Coincidentally with the new emphasis 

on ES&H, Paul Johnson joined the ALS in 
December as safety officer. Paul was previ
ously Manger of Occupational Safety at the 
Lockheed Advanced Development Com
pany (also known as the Skunk Works), in 
Burbank, California, where, among other 
projects, he worked on the U-2 and SR-71 
spy planes, as well as 
the F-117 A "Stealth" 
fighter. In addition, 
Paul has more than 10 
years experience in oc
cupational safety and 
in human factors engi
neering. He has de
grees from Northeast
ern University and 
from the University of 
Southern California. 

munication, and operational safety. One of 
Paul's first projects at the ALS was to chair 
the "Front End Radiation Safety Require
ments Review," which was held at LBL on 
Feburary 26. 

As the first major safety review for any 
beamline system, passing this review was a 
particularly important achievement for the 

ALS in that it demon
strated the seriousness 
with which ES&H is 
being taken. 

It will be Paul's job 
to assemble a compre
hensive safety and 
health plan for the. 
ALS. The plan will 
encompass such issues 
as radiation safety, 
emergency proce
dures, hazards com-

Paul johnson chaired the front-end 
radiation safety requirements review. 

The review com
mittee, consisting of 
John Cerino of the 
Stanford Synchrotron 
Radiation Laboratory, 
Tom Dickinson of the 
National Synchrotron 
Light Source, Nisy Ipe 
and Gary Warren of 
the Stanford Linear 
Accelerator Center, 
and Chet Pike of LBL, 
concluded that the 
ALS was heading in 
the right direction, but 
it also made several 
recommendations. • 
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to mid-February. As you can imagine, 
Laboratory activity for some months be
forehand was dominated by preparation 
for the visitation. Aside from identifying 
and, where possible, correcting ES&H defi
ciencies, there was considerable emphasis 
on documentation, especially procedures 
for operating facilities and equipment and 
records of personnel training. In all, ac
tivities related to Tiger Team preparation 
have delayed our installation and commis
sioning schedules by several months. 

Nonethless, the time taken to prepare 
for the Tiger Team was time well spent. The 
Tigers found no major life-threatening de
ficiencies at LBL. However, the Tiger Team 
report did enumerate a large number of 
lesser faults and recommended changes in 
management practices to ensure future 
compliance with ES&H requirements. 

The long-term impact of the Tiger Team 
process on the ALS is likely to be two fold. 
First, LBL will undoubtedly increase its 
ES&H staff considerably- it will perhaps 
triple in size-with the result that the Labo
ratory overhead rate will probably increase. 
If that happens, the ALS operating budget 
would have to increase for us to provide the 
same level of service. Moreover, the ALS 
ES&H staff will itself expand. The $27.5-
million operating budget that we have re
quested already takes the Tiger Team im
pact into account. 

Along with the financial impact, there 
will be increased documentation and for
mality in most LBL activities, including 
those at the ALS. As is already happening 
at other facilities, ALS users can expect their 
programs to be evaluated in more depth for 
ES&H implications. We are already work
ing on ways to minimize the paperwork, 
and the Users' Executive Committee has 
been invited to help us devise procedures 
that are not unduly burdensome. • 

Jay N. Marx, Director 
Advanced Light Source 



Engineering Design Is Well 
Under Way for Beam lines 

can accept the entire undulator beam in 
most cases, even at a slit-width of 10 mi
crometers. 

Engineering design of the ALS-con
structed beamlines is now under way, with 
numerous changes occurring as individual 
problems are encountered and solved. The 
undulator beamlines, comprising a front 
end inside the storage-ring shielding wall 
and a branchline outside the wall, that are 
actually constructed may differ in some 
ways from the following descriptions. 

The scope of the A iS construction project 
includes two undulator beamlines. One 
beamline, for a U5.0 (5-centimeter-period) 
undulator, will be used forspatiallyresolved 
spectroscopies of surfaces, interfaces, and 
other physical systems. The other, for a 
U8.0 (8-centimeter-period) undulator, will 
be used for studies of photoprocesses in 
atoms, molecules, and ions. 

Low-emittance storage rings and inser
tion devices have created new challenges 
for the designers of these ALS beamlines. 
First, the source size and divergence have 
become smaller. For ALS undulators at the 
high-photon-energy end of the spectral 
range, the rms size is typically 330 mi
crometers horizontal by 65 micrometers 
vertical and the rms divergence is typically 
40 microradians horizontal by 30 
microradians vertical. 

The smaller source size requires tighter 
tolerances for relay optics and monochro
mator components in both optical figure 
and finish to avoid loss of light (e.g., rrns 
surface roughness = 0.5 nanometer and 
tangential slope error <1 microradian for a 
condensing mirror) . The attainment of 
higher resolution by use of smaller slits also 
becomes practical (the spectral-resolution 
goal of monochromators in undulator 
beamlines is ~E/E = 1 o-4). Monochromator 
components therefore need tighter toler
ances to avoid loss of resolution. Finally, 
the photon-beam power has increased to 
several kilowatts per square centimeter. The 
requirement that thermal distortions and 
stress be controlled complicates the design 
[for example, water cooling in a UHV (= 1 
nanotorr) environment is required] and 
limits the choice of materials (see article on 
page 6). 

The most serious limitation is that of 
optical fabrication tolerances. It is difficult 
to fabricate aspheric optical surfaces (pa
raboloids, ellipsoids, toroids, etc.) suffi
ciently accurately in mirrors, monochro
mators, and other optical elements to take 
full advantage of the undulator source (see 
article on page 7). One way to address this 
problem is to avoid the use of aspheric 
surfaces and to build beamlines entirely 
with plane and spherical surfaces. Although 
studies at LBL and elsewhere have con-

firmed that, when a large heat load is present, 
thermal considerations dominate the de
sign and cost of the beamline, undulators 
usually generate lower total power than 
wigglers. For the AlS undulator beamlines, 
the power problem is significant but within 
the state of the art. 

To meet these challenges, the initial ALS
constructed undulator beamlines are based 
on the spherical-grating monochromator 
system with water-cooling. The strategy is 
to use spherical surfaces for all mirrors and 
gratings and to actively water-cool the op
tics. Depending on the beamline require
ments, the condensing system chosen for 
ALS undulator beamlines consists of one or 
two spherical mirrors. (Users are free to 
choose other optical designs for beamlines 
that they construct, subject to approval by 
the ALS.) Because of the low emittance of 
the ALS storage ring, the monochromator 

Undulator 

~ ~~J_~~~~~LJ 

Storage ring___j 
- tunnel -- J 

Horizontal 
beam defining 

aperture 
Photon 

Experimental 
hall 

Condensing 
mirro r 

Entrance 
slit 

The figure shows the beamline layout 
for the U5.0 beamline front end (top) and 
branchline (bottom). The front-end com
ponents, with the exception of the photon 
beam-position monitor, are primarily for 
protection of the beamline equipment, the 
storage-ring vacuum, and, mostimportant, 
personnel. The photon shutter is water 
cooled. The beam-position monitors pro
vide information to a feedback system that 
will locate and stabilize the position and 
angle of the electron beam at the center of 
the undulator to 10 percent of its rrns size 
and divergence. 

Diffraction 
gratings 

The branchline includes a spherical-

Spherical Grating Monochromator 
Beam Line for a 5 em Period 

Undulator at the ALS 

Sliding 
exit slit 

J Experi.mental 
stations 

Beamline for a US Undulator is based on a spherical-grating monochromator and water
cooled optics. The drawing shows the components of the front end inside the storage-ring 
shield wall and the branch line outside the wall. User-supplied optics beyond the monochro
mator and the experimental stations are not shown. 
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grating monochromator with three water
cooled diffraction gratings that can cover 
the range of photon energies from 65 eV to 
1500 eV. When the undulator gap is at a 
minimum (maximum magnetic field and 
deflection parameter K), photons will be 
generated in large numbers from harmon
ics higher than the fifth and at photon ener
gies higher than 1500 eV. The primary 
branch is designed to deliver photons from 
the fundamental and the third and fifth 
harmonics with minimum losses and high 
spectral resolution. 

The water-cooled beam-defining aper
ture passes the entire central cone of 
undulator radiation. The condensing mir
ror, also water-cooled, focuses a vertical 
image of the source, demagnified by a fac
tor of about 15, onto the monochromator 
entrance slit. The grating images the en
trance slit onto an exit slit that moves in 
such a way that the image remains in focus 
as the grating rotates. The Rowland circle 
condition is satisfied at only two wave
lengths, but third-order aberrations are 
small enough that the resolution remains 
determined by the size of the entrance slit. 
To focus the source image onto the sample, 
refocusing optics after the monochromator 
exit slit are required and depend on the 
specific application for which the beamline 
is intended. The pressure in the beamline 
must be less than 0.5 ntorr. 

The beamline layout for the U8.0 
beamline front end and branchline shares 
the same philosophy as that for U5.0. The 
branchline includes a spherical-grating 
monochromator with three water-cooled 
diffraction gratings that can cover the range 
of photon energies from 20 eV to 300 eV. 
This change from the originally specified 
range of 10 eV to 200 eV was made in order 
to reach the carbon K edge. 

Apart from the photon-energy ranges 
covered, there are two main differences 
between the U5.0 and U8.0 branchlines. 
The first is that, in addition to the primary 
U8.0 branchline, deflection mirrors could 
be introduced to generate secondary 
branches that would bypass the monochro
mator. The possibility of branching arises 
from the larger angles of incidence that are 
possibie for mirrors at the lower photon 
energies of the U8.0 undulator. 

The second difference is that a horizon
tal focusing mirror is the first optic in the 
U8.0 branchline. Horizontal focusing before 
the monochromator is required because the 
divergence of the und ula tor beam increases 
in the horizontal direction when operating 
the undulator at large K values. Moreover, 
the horizontal mirror can absorb the 
beampower at large K, where power is the 
highest, as the first optic without affecting 
beamline performance. • 
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Mirrors, Gratings Must 
Withstand High Heat Loads 

Beginning in 1993, the ALS will offer 
users synchrotron radiation in the XUV 
region of unprecedented brightness, about 
10 orders of magnitude above those avail
able from rotating anode sources. Needless 
to say, the total optical power is quite high. 
For example, operating the U8.0 undulator 
with the deflection parameter K equal to 7 
will produce thermal-power densities on 
the first optical mirror as high as 2.5 kilowatts 
per square centimeter, with a correspond
ing total power in excess of 400 watts. Un
der these conditions, direct cooling of mir
ror and grating substrates is essential. 

For the ALS substrates, cooling will be 
by means of water-carrying channels be
neath the substrate surface. Optical theory 
demands that grazing-incidence imaging 
systems, such as those at the ALS, have very 
precise surface figure. Unfortunately, high 
heat loads cause local heating and distor
tion of the region of material between the 
cooling channels and the top surface, with 
the result that the substrate assumes a con
vex shape. Care must therefore be taken 
both in choosing the substrate material and 
in designing the cooling-channel geometry 

• 

to guarantee that optical imperfections are 
not dominated by thermal distortion. 

To satisfy material requirements, dis
persion-strengthened copper (DSC) has 
been chosen. This material has been suc
cessfully employed in optical components 
subject to high heat fluxes that are current! y 
installed and opera tiona! at NSLS (N a tiona! 
Synchrotron Light Source) and SSRL 
(Stanford Synchrotron Radiation Labora
tory). Although a variety of other materials 
(chemical-vapor-deposited silicon carbide 
and diamond, among others) are superior 
strictly from a thermal distortion stand
point, fabrication costs, material costs, and 
ultrahigh vacuum (UHV) compatibility also 
play a critical role in substrate selection. 

DSC does have a high thermal conduc
tivity-within a few percent of that of el
emental oxygen-free copper-but what 
particularly distinguishes DSC is its good 
dimensional stability and high yield 
strength after a vacuum-furnace braze. LBL 
has experienced high success rates with 
sandwich vacuum-braze operations of sub
strates made of two blocks, as shown in the 
figure. By means of numerically controlled 
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Ultrahigh-vacuum compatibilty of the water-cooled optics required in ALS insertion-device 
beamlines is essential. In the dispersion-strengthened copper mirror substrate shown here with 
a vacuum-brazing fixture, an air guard surrounding the machined cooling channels in the top 
surface prevents direct water-to-vacuum contact. 



machining, most of the fabrication com
plexity is put into the top block of the sub
strate. A circumferential air guard at the 
braze interface prevents direct water-to
vacuum joints. A standard conflat flange 
serves as the mirror support mount, as well 
as the UHV interface for the water circuit 
and air guard. 

Extensive three-dimensional finite-ele
ment analysis (FEA) studies were conducted 
to optimize the thermal distortion perfor
mance within the given cost and fabrication 
constraints. The sol uti on obtained consisted 
of a single, series-circuited, rectangular 
coolingchannelwithacrosssectionofabout 
1/8 x 3/8 inch (0.32 x 0.95 centimeter) and 
with water flowing at about 10 feet per 
second (3.05 meters per second). This ge
ometry permits good turbulent-flow heat
transfer rates, negligible fluid heating, and 
jitter-free operation. Most important, it 
achieves the demanding slope-error per
formance requirements for the U5.0 and 
U8.0 construction-project beamlines. Care 
was taken to design a cooling-channel ar
chitecture with smooth transitions and 
relatively constant cross sections. Recent 
experiments suggest that the flow rate could 
easily be doubled without flow-induced 
vibration effects that would degrade opti
cal quality. Doubling the flow should cut 
the thermal distortion nearly in half. 

Dynamic (modal) analysis using FEA 
have confirmed experiments suggesting that 
substrates of the type described can be 
mounted to permit pitch control under 
closed-loop operation at frequencies as high 
as 50 Hz. Analytical and FEA techniques 
have additionally been employed to inves
tigate residual-stress and creep behavior, 
deflection under gravity forces, and effects 
of internally pressurized channels on sur
face figure. A good finish (below 5 A rrns 
roughness) is obtained on the ALS copper 
substrates by means of an electro-less nickel 
coat that is applied before final polishing. 
To help obtain the specified surface figure, 
the vendor selected to polish the substrates 
will be supplied with an improved long
trace pro filer similar to the one Peter Tackacs 
has developed at Brookhaven National 
Laboratory (see article on this page). 

Thermal absorbers for insertion-device 
photon shutters and beam-defining aper
tures are virtually identical in design and 
construction to the ALS mirrors. But stress 
and temperature constraints replace distor
tion as the key issues. Temperature-re
sponse modeling for a half-symmetry model 
of an insertion-device photon shutter on the 
U8.0 beamline indicates that peak tempera
tures are about 200"C, and peak stresses are 
about 30,000 pounds per square inch. • 

Tom Swain 
Mechanical Engineering 

Optical Metrology Is Key to 
Achieving Top Performance 

It is an understatement to say that the 
typical optical component delivered for use 
in synchrotron beamlines has been a very 
great disappointment. Image sizes were 
often 10 times larger than calculated, and a 
significant fraction of the radiation was lost 
to scattering. 

A few years ago, seeking the highest 
flux in the VUV region and not necessarily 
the highest resolving power, the beamline 
designer often chose ellipsoidal and toroi
dal mirror designs that to first order were 
focused in both the tangential and sagittal 
directions. Unfortunately, these optics were 
general! y of very poor quality because there 
were no good methods to test surface pro
files. (A note on terminology: surface finish 
refers to the smoothness of the profile at 
high spatial frequencies or short periods, 
whereas surface figure refers to the accu
racy of the profile at low spatial frequencies 
or long periods.) The manufacturer could 
not control the quality during fabrication, 
nor could the beamline builder test the 
quality of the optic before installation. 

In the absence of good testing methods, 
opticians typically combined classical star 
and Foucault tests with numerically con
trolled grinding and hand zone polishing. 
These methods generally produced a sur
face that was either smooth (good surface 
finish) or accurately shaped (good surface 
figure), but not both simultaneously. For 
example, a fused silica toroid that was ob-

optical head 

tained for VUV branchline VI-1 at SSRL 
was sufficiently smooth at high spatial fre
quencies but had 20 arc seconds of longer 
period slope error in the critical tangential 
direction. The slope error was seven times 
the nominal specification and severely lim
ited the energy transmitted through the 
monochromator entrance slit. 

These experiences and the desire for 
more resolving power have driven the typi
cal VUV-beamline designer to use spheri
cal optics of long radius and to correct the 
resulting large astigmatism in the sagittal 
direction with the distributed focusing 
scheme of Rense and Violet. Beamlines 
such as the Dragon at NSLS and VUV 
branchline VI-1 at SSRL have proven the 
usefulness of this concept for producing 
excellent resolving powers. 

Spherical optics can be made to much 
higher quality than other shapes by the 
classical optical fabrication methods be
cause the spherical part can remain in 
continuous contact with the polishing lap. 
However, even in this case, the fabrication 
is difficult. Interferometric methods of sur
face profile measurement have been the 
most accurate tool of the optics shop, but 
they become inaccurate and difficult to use 
for long-radius spherical optics. 

Deep spheres can be measured quite 
well because accurately known spherical 
waves of short radius can be made in inter
ferometer systems. Similarly, plane waves 

air bearing slide 

reference mirror~ 

optic under test 

The new optical surface profiler developed by the ALS experimental systems group is based 
on a novel instrument invented by Peter Takacs at Brookhaven National Laboratory. The ALS 
version will extend measurements to spatial wavelengths comparable to the length of the optic 
while maintaining or perhaps improving measurement accuracy. 
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can be generated to high accuracy. When 
these waves reflect from the surface under 
test, interference fringes can be created that 
can detect surface-figure errors as small as 
1/100 wave. However, in the case of long
radius spherical-optical surfaces, the light 
must be decollimated slightly by another 
long-radius lens, so that the difficult me
trology problem has been transferred to 
anothersurface. Anaturalquestionis, Why 
not use a plane testing wave that can be 
known accurately? 

The problem with planes waves is that 
the typical long-radius sphere has enough 
wavesofsagthatthenumberofinterference 
fringes generated in comparison with a 
plane wave is large. Enough fringes can 
either invalidate the detection scheme be
cause of detector pixel limitations or else 
disastrously complicate the data reduction 
in the few cases that the data can be taken. 
For example, the original metal grating 
blanks for VUV branchline VI-1 at SSRL 
were ordered from a company that used a 
standard interferometry system with com
plica ted computer interpretation. Theda ta
taking and analysis processes were so tor
tured that the final result was not given to 
the technician polishing the part, even 
though metrology capability was the main 
reason the vendor got the order! 

Over the last several years, Peter Takacs 
at Brookhaven National Laboratory has 
developed a novel surface-profiling instru
ment for synchrotron optics that is based on 
an optical level principle. This instrument, 
which incorporates a one-meter-long air
bearing slide and interference optics, can 
measure surface slopes in the tangential 
direction of long-radius optics to at least 0.5 
microradian (0.1 arc second) over spatial 
wavelengths from a few millimeters to a 
few centimeters. Some of the development 
funding for this instrument came from LBL. 
The Takacs profiler has already had a major 
impact on the field of synchrotron optics by 
allowing accurate testing before installa
tion and by providing invaluable feedback 
to vendors on the quality of their optics. 
One vendor has modified its methods of 
producing cylindrical optics after the optics 
were measured by the Takacs profiler, with 
excellent improvement. 

The examples quoted underscore the 
critical problem in the manufacture of 
synchrotron optics: The opticians cannot 
make what they cannot measure. 

To overcome this difficulty, the ALS has 
funded the construction of two new profilers 
modeled on Takacs' instrument. These new 
profilers will have a better internal 
straightness reference than the original, 
which will allow the measuring accuracy to 
extend to spatial wavelengths comparable 
to the length of the optic (see the drawing). 
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Long-trace optical profilers are significantly improving the ability of optical manufacturers to 
meet customer specifications for surface figure and finish. Improved pro filers of the type shown 
here with ALS engineer Steve Irick will be used by the vendor to manufacture water-cooled 
optics and by the optical metrology group to test them. 

In addition, the new profilers should im
prove the measurement accuracy for tan
gential slope to below 0.1 arc second. The 
instrument will use an inexpensive IBM AT 
clone computer system, which will soften 
the financial impact on optical companies 
who use them in the manufacture of optics 
for the synchrotron market. 

The profilers are being built in coopera
tion with Peter Takacs, Continental Optical 
in Hauppauge, New York, Baker Manufac
turing in Evansville, Wisconsin, and the 
ALS. Peter Takacs of BNL, David Lunt, of 
Tucson Optical Research Corp. and Wayne 
McKinney of the ALS provided the systems 
design for the improved profiler. Neil Lien 
of Baker designed the ceramic air bearing 
slide using proprietary air vacuum-pad 
technology from Fox Air Bearing in 
Livermore, California. Manfred Grinde! of 
Continental Optical fabricated the optical 
components; he also assembled and tested 
the optical heads. The difficult systems 
software and systems integration tasks are 
being done by Steve Irick. Steve came from 
Milton Roy Co. of Rochester, New York in 
October 1989 to join the ALS Experimental 
Systems Group and works full time on 
optical-metrology instrumentation. 

One of these profilers, after integration 
and testing in early 1991 will be available in 
the ALS optical metrology laboratoryfor 
any user or vendor to have optical compo-

nents tested. It will be housed in a clean 
enclosure to control contamination of the 
optical surfaces. The second pro filer will be 
installed at Tucson Optical, with whom the 
ALS has been involved in a development 
program to manufacture water-cooled 
metal optics for the first two ALS beamlines 
US.O and U8.0 (see article on pageS). Having 
the profiler will allow the optician to know 
immediately the effects on the figure of any 
change in the polishing process, allowing 
the fabrication of optics that will eventually 
be objectively specified and qualified prior 
to installation in the beamline. 

In addition to the long-trace optical 
profiler just described, the metrology labo
ratory has a WYKO profiler with a 2.5 x 
objective that beamline users and manufac
turers are encouraged to use to measure 
microroughness. The metrology group has 
plans for adding a conventional inter
ferometry capability, for more routine test
ing and the development of interferometric 
testing techniques, as well as an atomic 
force microscope to look at grating grooves 
and mirror contamination. The ALS has 
committed approximately 600 square feet 
(56 square meters) for the metrology labo
ratory. Taken together, these developments 
show the high level of support that the 
project has given optical metrology. • 

Wayne McKinney 
Experimental Systems Group 
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Wiggler Period Changed 
from 13.6 to 16 Centimeters 

Although the interest in exploiting the 
high brightness of the ALS has naturally 
focused most of the attention on the 
undulator sources of XUV radiation, there 
has always been considerable interest in 
wigglers, as well, in order to extend the 
photon-energy range into the hard x-ray 
region. In fact, one wiggler is included in 
the scope of the ALS construction project 
and will be built for a materials- and surface
science and atomic-phyiscsPRTwith project 
funds. A second wiggler PRT has also been 
approved and is now seeking funding as 
part of the Life Sciences Center initiative 
(see article on page 3). 

The wiggler identified for these PRTs is 
described in a conceptual design report 
completed in February by the ALS insertion
device design team, headed by physicist 
Bill Hassenzahl and engineer Egon Hoyer. 
The wiggler is a 2.9-meter-long device with 
16 periods oflength 16 centimeters. The on
axis performance of the W16.0 wiggler is 
identical with the ideal performance of the 
W13.6 wiggler (13.6-centime-
ter period) shown in previous 
ALS publications, including 
An ALS Handbook. 

The reason for the period 
change is that accurate nu
merical calculations of the 
W13.6 revealed that the off
axis performance met neither 
the advertised specifications 
nor the requirements of the 
wiggler PRTs, which are in
terested in having multiple 
branchlines, some of which 
exploit the off-axis radiation. 

In brief the story is that, for 
the high 2-T esla peak magnetic 
field of the wiggler, the field 
profile along the axis of the 
device departs considerably 
from the ideal sinusoidal shape 
often assumed as a first ap
proximation. Though it would 
be possible to achieve the on-
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the useful width of the photon-beam fan is 
much smaller than the required 16 millira
dians and, hence, too small to serve the 
needs of a beamline with multiple branches. 

Stated in more detail, the horizontal fan 
width ofthe wiggler beam is affected by the 
details of the spatial variation of the mag
netic field in the wiggler. In particular, the 
third harmonic in the vertical component of 
the magnetic field causes the fan width to 
be reduced by about 20 percent from that 
expected from an ideal cosine field distri
bution. 

The insertion-device design team stud
ied wigglers with various periods and peak 
fields to determine an optimum design that 
would provide the desired output. The 
team found that a longer period, in this case 
16 centimeters, largely restores the original 
specifications. 

W16.0 is designed to operate over the 
range of photon energies from about 1 to 
above 10 keV. An often-used rule of thumb 
has the useful wiggler spectrum extending 
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to about four times the critical photon en
ergy. The critical energy is maximum on 
axis and decreases as the observation angle 
increases. The drawing shows the critical 
energy numerically calculated using the 
program POISSON as a function of observa
tion angle for W16.0 at the maximum field 
(minimum 14-millimeter gap between pole 
tips) when the ALS is operating at its nomi
nal beam energy of 1.5 Ge V. In the commis
sioning and early operational life of the 
storage ring until the accelerator systems 
group is satisfied that it can run with a 
smaller aperture, the minimum gap will be 
22 millimeters. The wiggler performance 
will be lower than design during this time. 

The wiggler and the downstream 
vacuum chamber are designed to permit 
simultaneous operation of three 
branchlines. The central branch will draw 
photons from the center of the fan, where as 
the side branches will take them from the 
wings. In accordance with the figure, the 
central branch will have access to x-rays at 
the highest photon energies. Depending on 
beamline designs, the central and two side 
branches could operate at peak photon en
ergies of 10, 6, and 4 keV, respectively, if a 
slight adjustment of the central branch to 
the side is allowed. This particular configu-
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ration is derived from the 
needs of the materials/sur
faces/ atomic physics PRT. 

In contrast to plans for the 
ALSundulators, which will be 
built by the insertion-device 
design group, consideration is 
being given to having major 
subsystems of W16.0 build by 
vendors. At present, it is envi
sioned that the magnetic 
structure will be designed and 
fabricated outside LBL. The 
support/ drive and control 
systems, which will probably 
be very similar to that of the 
already-designed undulators 
US.O and U8.0, may or may 
not be made by a vendor. The 
vacuum system will be de
signed and fabricated by LBL. 
To determine the level of in
terest, a detailed specifications 
document has been prepared 

axis critical photon energy of 
3.1 keV with a 13.6-centime
ter-period device, the critical 
energy off axis is reduced con
siderably. The result is that 

Wiggler performance curves show the effective critical photon energy 
as a function of the observation angle at the planned operating gap 
between poles of 14 mm when the beam energy is 1.5 CeV for devices 
with periods of 13.6 and 16 centimeters. 

and is being circulated with a 
letter of inquiry to prospective 
vendors. Responses to the let
ter are due back at LBL by 
early May. • 
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Magnet Block Measuring 
System Up and Running 

When the ALS turns on in April, 1993 
there will be four insertion devices (three 
und ula tors and one wiggler) installed. The 
three undulators will be constructed by 
LBL, but the wiggler will be purchased 
from industry (see article on page 11). The 
insertion-device design is referred to as a 
hybrid because high-strength permanent
magnet material, such as neodymium-iron
boron (Nd-Fe-B), is used to excite poles of a 
ferromagnetic material (vanadium 
permendur). The poles, positioned close to 
the electron beam, control the magnetic 
field so that it meets the requirements for 
both field magnitude and spatial variation. 

cians' psychiatrists.) To reduce the labor 
required for these measurements and to 
assure immediate access to the data by a 
suitable database, we decided to automate 
the block measuring process. 

Based on the need for a fast, accurate 
and reliable system, the goals established 
for the system are that it must: (1) measure 
all three components of the field; (2) operate 
safely, even with an unskilled operator; (3) 
be capable of measuring 20 blocks per hour; 
(4) operate under computer control and be 
compatible with other ALS systems; and (5) 
have an accuracy on all components of bet
ter than 0.1% of the principal moment. 

The block-measuring system consists of 
a pair of Helmholtz coils with a diameter of 
70 em and a separation of 35 em. Each coil 
has 3000 turns. The Helmholtz-coil geom
etry was chosen because it is a simple coil 
geometry that provides an output signal 
proportional to the magnetization of the 

blocks over a large volume at the center of 
the coil pair (i.e., small errors in the place
ment of the block will not affect the output 
voltage). Block alignment, however, is still 
very critical as it affects the value assigned 
to each of the three components of the mag
netic field. 

The block, which is mounted in the block 
holder at the center of the Helmholtz coils, 
is rotated at a constant speed and the sinu
soidal output voltage of the coils is sampled 
1280 times during ten revolutions. The 
orientation of the block is initially posi
tioned with its principal moment aligned 
along the axis of the coils. The voltage is 
Fourier analyzed to calculate the principal 
magnetic moment. The block and block 
holder are then flipped to measure the mi
nor component. Again the voltage is 
sampled, and the amplitudes of the two 
minor components are determined from a 
Fourier analysis. 

The voltage signals from the coils are 
read by a precision digital voltmeter that is 
controlled by a VME system. The voltages 
are transmitted to a SUN workstation, where 
they are analyzed. To keep the system 
stable and thereby avoid further mainte

The SSRL beamline X wiggler, which 
represents the state of the art, was designed 
and built at LBL. It required about 1000 
blocks of Nd-Fe-B. The three devices to be 
built by LBL, which are longer and have 
shorter periods, will require a total of about 
6000 magnetic blocks. Because of the need 
for precise control of the fields 
in the inserti~m device, it is nec
essary to measure the magnetic 
magnetic field quality, both 
magnitude and direction, of 
each block accurately and to 
position it in the insertion de
vice optimally . 

Photo by Steve Adams 
nance, the operating systems 
have been frozen at their current 
versions. 

The blocks will be sorted so 
that the variation of the sum of 
the magnetic moments of the 
blocks on each pole (six for each 
of the three LBL-constructed in
sertion devices) will be within 
about 0.1%, even though the 
variation from block to block is 
about 1%. In addition to using 
the principal moment to select 
the location of a block, each of 
the two minor moments must 
be measured so that the best 
blocks are placed closest to the 
electron beam. 

The procedure typically 
used to measure magnetic mo
ments of the blocks requires a 
dozen or so precise manipula
tions, can take several minutes 
for each block, and is prone to 
operator error. At a measure
ment rate of six per hour (a rea
sonable estimate based on 
beamline X experience) this 
procedure would require 1000 
hours for the first three ALS 
insertion devices. (Not to 
mention the cost for the techni-
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Automated Helmholtz coil permanent-magnet block measuring sys
tem developed by the ALS experimental facilities group can fully 
characterize one block every 3 minutes. There are about 2000 blocks 
in each ALS undulator. 

The analysis of the output 
not only gives the block charac
teristics, but also checks for a 
variety of measurement errors 
and block magnetic tolerances. 
After the resulting data are pre
sented on the screen, they are 
either rejected by the operator 
or are accepted and written to a 
database. The database capa
bilitywellexceeds the archiving 
and retrieval requirements of 
the blocks for all the ALS inser
tion devices. 

To date about 2500 blocks 
(enough for the first 5.0 em-pe
riod undulator) have been 
measured with this system. The 
goal of 20 blocks per hour has 
been consistently exceeded in 
routine operation; 208 blocks 
were measured in one 8-hour 
shift. The system has proven to 
have a precision of about 0.03% 
in testsononeblockmanytimes 
over several weeks. The abso
lute accuracy is less certain, but 
is estimated to be about 0.2%, 
based in part on comparative 
measurementsofaninitialbatch 
of 150 blocks in an older, slower 
systematLBL. • 

Bill Hassenzahl 
Experimental Systems Group 



Workshops Emphasize New 
Scientific Opportunities 

DC. Workshop organizers are Paul Cowan 
of the National Institute of Standards and 
Technology,Rupert Perera of the ALS, and 
I. 

The workshop focused on photon-in
duced fluorescence, which is recognized 
not only as a powerful technique in atomic 
and molecular physics, chemistry, materi
als science, and imaging, but as a tool offer
ing expanded opportunities with the ar
rival of a new generation of high-brightness 
vuv and x-ray synchrotron-radiation 
sources, such as the ALS, the Advanced 
Photon Source, and the European Synchro
tron Radiation Facility. 

The initial ALS scientific program that is 
now taking shape emphasizes the high 
spectral brightness of the XUV light avail
able from ALS insertion devices. Experi
mental facilities are being developed by the 
eightinsertion-device PRTs selected in 1989 
and by the four bend-magnet PRTs ap
proved by the Program Review Panel last 
year (see article on page 3). 

To maintain the momentum during the 
two-year period between now and the be
ginning of ALS operations, to highlight the 
wide variety of scientific opportunities for 
high-brightness XUV light, and to further 
broaden the participation by all segments 
of the user community, several workshops 
are being held at various locations around 
the United States. 

Soft X-Ray Lithography 

The ALS, the adjacent UC Berkeley cam
pus, and nearby Silicon Valley constitute a 
unique combination of resources for the 
development and exploitation of advanced 
x-ray lithography technology. To acquaint 
the semiconductor lithography community 
with the capabilities and availability of the 
ALS, a workshop on "Soft X-ray Lithogra
phy at Berkeley's Advanced Light Source" 
was held at LBL on January 15, 1991. John 
Carruthers of the Intel Corporation, Wil
liam Oldham of UC Berkeley, and David 
Attwood of LBL's Center for X-ray Optics 
and UC Berkeley organized the workshop 
in partnership with industry, university and 
other national laboratories. 

In addition to informing the community 
about the ALS, an equally important ob
jective was to learn from the lithography 
community about its needs with an eye 
toward then working together to develop 
technology for manufacturing structures 
with reduced dimensions. 

Three major conclusions emerged: (1) 
the high brightness of the ALS in the soft x
ray spectrum will be particularly useful for 
characterization of optics and coatings and 
for metrology and registration; (2) initia
tion of ALS operations in 1993 is well 
matched to industrial needs for advanced 
pattern transfer below 0.15 microns in the 
year 2000 and beyond; and (3) development 

of production technology will require a 
supporting infrastructure for masks, opti
cal coatings, resists, synthesis and process
ing. This nanostructure-fabrication infra
structure should be available in a location 
contiguous to the x-ray test facilities. 

For further information, contact Michael 
C. Vella, Lawrence Berkeley Laboratory, 
MS 2-400, Berkeley, CA 94720; (telephone) 
415-486-7915, (fax) 415-486-5105, (e-mail) 
MCVella@LBL 

Photon-In Photon-Out Spectroscopy 

A one-day workshop on "Applications 
of Photon-In/Photon-out Spectroscopy 
with Third-Generation Synchrotron-Ra
diation Sources" was held Thursday April 
25 (the day after the American Physical 
Society Division of Atomic, Molecular, and 
Optical Physics meeting) in Washington, 

AML 

Life 
Sc ie nces 
Cenler 

Com bus lion 
Dy n a mi cs 
F'ac ilily 

For information about the workshop, 
contact me, Fred Schlachter, Lawrence Ber
keley Laboratory, Advanced Light Source, 
MS46-161, Berkeley,CA 94720; (telephone) 
415-486-4892, (fax) 415-486-4873, (e-mail) 
FRED@LBL. 

Circularly Polarized Photons 

Bend-magnetsynchrotron radiation has 
natural polarization properties, being lin
early polarized in the plane of the orbiting 

I 

Insertion-device beamline layout has been improved by moving the rf straight section from the 
north to the more crowded south side of the building, thereby increasing the space available. 
The drawing indicates tentative positions of the beam lines according to their principle research 
areas. 
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electrons and elliptically polarized out of 
the plane. By selecting the angle of observa
tion out of the plane, researchers have ac
cess to an x-ray source with a high degree of 
circular polarization. 

To focus attention on and to stimulate 
the scientific exploitation of the natural 
polarization properties of bend-magnet ra
diation, Mervyn Wong of LBL, who heads 
an approved ALS bend-magnet PRT for 
polarized photon studies, is organizing a 
"Workshop on Circularly Polarized Photons 
from a Bend-Magnet Source at the ALS" to 
be held at LBL on Monday, June 10 and 
Tuesday, June 11. Differential scattering 
and absorption from chiral molecules and 
the magnetic properties of materials are 
among several topics in biology, materials 
science, physics, and chemistry to be ad
dressed at the workshop. 

Those interested in participating in the 
workshop or in obtaining information about 
the program should contact Mervyn Wong, 
Lawrence Berkeley Laboratory, Physics 
Division, MS50A-2129, Berkeley, CA 94720; 
(telephone) 415-486-4534, (fax) 415-486-
5401, (e-mail) MWong@LBL 

Spectroscopic Imaging 

In conjunction with the ALS Users' As
sociation fourth annual meeting (see article 
on this page), there will be an ALS work

kee,Milwaukee, WI53211; (telephone)414-
229-4626, (fax) 414-229-5589, (e-mail) 
Tonner®CSD4.CSD.UWM.EDU 

Industrial Applications 

To help the industrial research commu
nity to become better acquainted with the 
ALS, a brochure titled "Putting Synchro
tron Radiation to Work: New Opportuni
ties for Indus trial Research" has been mailed 
to more than 3000 scientists in industrial 
laboratories. The brochure describes some 
of the ways that XUV radiation from syn
chrotron sources have already been put to 
beneficial use by industrial scientists, who 
are invited to investigate the research op
portunities at the ALS. The brochure em
phasizes that the ALS will be a highly reli
able, full-time source of XUV radiation for 
proven experimental techniques of demon
strated value to industrial R&D. 

As a follow up, we are planning, with 
the help of Joachim Stohr of the IBM 
Almaden Research Center and an indus
trial advisory committee now in the process 
of formation, a workshop to be held at LBL 
later this year that will showcase a broad 
spectrum of industrial applications of syn
chrotron radiation. The workshop empha
sis will be on techniques relevant to the 
R&D problems faced in industrial labora
tories, rather than those at the forefront of 

shop on "Spectroscopic 
Imaging, Diffraction, 
and Holography with 
X-rays" on Wednesday, 
August 14 at LBL. The 
workshop is being or
ganized by Brian 
Tonner of the Univer
sityofWisconsin-Mil
waukee, Michel Van 
Hove of LBL, Chuck 
Fad ley ofUC Davis and 

A workshop on 
spectroscopic 

imaging at the 
annual meeting 

basic research, a! though 
these are not necessar
ily mutually exclusive 
categories. Leaders in 
the research commu
nity will explain how 
they use synchrotron 
radiation. And there 
will be ample time set 
aside for discussion. 

me. 
AI though the image-formation method, 

chemical-state sensitivity, and spatial reso
lution can be very different, several x-ray 
techniques share a common goal of com
bining a capability for structure determina
tion with chemical-state specificity over 
length scales from about a micron to atomic 
dimensions. Examples of these probes in
clude photoemission microscopy, energy
dependent photoemission diffraction, pho
toelectron holography, x-ray absorption 
microspectroscopy, x-ray microscopy, and 
x-ray holography. This workshop will ad
dress recent theoretical and experimental 
advances in holographic, diffraction, and 
direct imaging techniques. 

For information about the workshop, 
contact Brian P. Tonner, Department of 
Physics, University of Wisconsin-Milwau-
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Increased industrial 
participation at the ALS 
will further broaden our 

already wide base of user support, as well 
as that of synchrotron radiation facilities in 
general. Everyone benefits from cross-fer
tilization by the creative ideas flowing 
through an extremely diverse user commu
nity. In the long run, we hope that satisfied 
industrial users of synchrotron facilities will 
be prompted to increase their interest by 
forming or joining PRTs. 

Those who would like a copy of the 
brochure and/or an information packet 
when it is available should return the infor
mation request card in the center of the 
newsletter. For additional information 
about the workshop, please feel free to con
tact me at the address indicated earlier in 
this article. • 

Alfred S. Schlachter 
Scientific Program Coordinator 

Fourth Annual 
ALSUA Meeting 
Set for August 

The Users' Executive Committee invites 
all members of the Advanced Light Source 
usercommunitytoattend the fourth annual 
meeting of the ALS Users' Association, 
which will be held at LBL on Thursday and 
Friday, August 15 and 16, 1991. The meet
ing comes at a time of increasing momentum 
both for the facility and for users, when 
• the ALS building is complete and fully 
available for installation of the storage ring 
• the linear accelerator is already running 
at full energy and the booster synchrotron 
is ready for commissioning 
• the scientific program is taking shape 
with the initial participating research teams 
organized and drawing up their plans 
• the first high-brightness x-ray and ul
traviolet photons for users are Jess than two 
years away 

Appropriately, examples of science to 
be pursued when ALS operations begin in 
the spring of 1993 will be highlighted at the 
meeting. Presentations by members of in
sertion-device PRTs will describe what can 
be expected in the first months, based on 
their experience at synchrotron sources 
currently in operation. Research foreseen 
for the future will also be featured. Topics 
planned for the meeting include: 
• spectroscopy of clusters, surfaces, and 
interfaces 
• spatially resolved spectroscopy 
(spectrornicroscopy) 
• photoprocesses in atoms, molecules, and 
ions 
• structural biology and imaging 
• x-ray lithography 
• ALS construction progress and tours of 
site and assembly areas 
• insertion-device and bearnline progress 
reports 
• the DOE view of funding prospects for 
PRTs and future ALS development 
• overview of environment, safety, and 
health at the ALS 
• ALSUA business meeting and nomina
tions for UEC 
• reports from other facilities 
• pre-meeting reception and registration 
• conference banquet to which guests may 
be invited 

Everyone receiving a copy of the Ad
vanced Light Source Report will automati
cally receive a meeting announcement, but 
please feel free to invite your interested 
colleagues to photocopy and return the in
formation request card in the center of the 
newsletter for meeting information. • 
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March Building Beneficial 
Occupancy Obtained 
[This article was excerpted from a chapter pre
pared by f. T. Chew for the Accelerator and 
Fusion Research Division 1990 Summary of 
Activities] 

The ALS will consist of an accelerator 
complex (an electron source, a linear accel
erator, a booster synchrotron, and a low
emittancestorage ring), synchrotron-radia
tion sources (insertion devices and bend 
magnets), insertion-device and bend-mag
net beamlines, and experimental stations, 
as well as a building to house these techni
cal systems. 

Work on the ALS began in December 
1986, and the coordinated efforts of several 
design and development teams and con
struction crews have resulted in impressive 
progress toward the expected spring 1993 
beginning of operations. After two years of 
construction, passers-by could see the ALS 
building in its near-final form by the end of 
1990 . Meanwhile, the mechanical, electri
cal, electronic, and accelerator systems that 
will be installed inside continued their 
progress from design into fabrication, both 
by LBL and by private industry. 

Construction of the ALS conventional 
facilities (buildings and the like, as opposed 

to the aforementioned technical systems) 
proceeded with dispatch. In 1990, the gen
eral contractor, C. Overaa and Company, 
completed the building shell, including in
stallation of exterior metal wall studs, gyp
sum board, cement and metal siding, and 
metal roof deck and membrane. The fa
cades of existing Buildings 10 and 80, which 
abut the ALS building, were altered to ac
commodate junctions to the new building. 
The ALS control room is being installed in 
Building 80 

Installation of heating, ventilating, and 
air conditioning ductwork and related de
vices was likewise completed during the 
year. The interior utilities work, including 
mechanical and electrical piping and con
duit, has since been completed. Building 
structural steel was fireproofed, and fire
protection systems in the tunnel for the 
linac and booster were activated. 

The concrete inner shielding wall for the 
storage ring was cast in three pours. The 
conceptual design for the precast outer wall 
was reviewed and approved by the LBL 
Seismic Safety Subcommittee, and detailed 
design is underway. 

In sum, the 61,000-square-foot (5670 
square-meter) addition surrounding there-

modeled 184-Inch Cyclotron building 
(20,000 square feet or 1860 square meters) is 
now complete, including installation of 
gypsum board on the interior walls, instal
lation of lights, and painting. Beneficial 
occupancy of the addition was obtained in 
March 1991. 

The building also includes the basic 
structure (supporting members, floor, ceil
ing, and outer walls) of a 33,000 square-foot 
(3065 square-meter) mezzanine to accom
modate offices and light laboratory space 
for users, but occupation of the mezzanine 
requires finishing work that is outside the 
scope of the ALS construction project and 
awaits additional funding (see article on 
page 3). 

Most of the accelerator work in 1990 was 
directed toward installation of the ALS in
jector, linac, and booster. The highlight of 
1990 was to see these components coming 
together in their new home in the ALS 
building, followed by the start of commis
sioning "with beam" in early 1991 (see ar
ticle on page 1). Installation is now in 
progress of the final component of the 
booster-the fast injection kicker. Beam 
injection into the booster is scheduled for 
May 1991. Documentation for all of the 
electronics systems has also been finished . 
At the same time, work continued on the 
design and fabrication of equipment for the 
booster-to-storage-ring transfer line and for 
the storage ring itself; installation of these 
parts will start later this year. • 

Exterior of the ALS building as it looked last january indicated the end 
of the conventional-facilities phase of construction was near at hand. 
In March, the contractor turned over the annular addition for benefi
cial occupany, allowing storage-ring installation to begin later in the 
spring as the partially loaded girders become available. 

The annular addition to the ALS building awaits installation of the 
storage ring later this spring and summer. The inner shielding wall is 
already in place. Beamlines will lead into experimental areas under 
the partially completed mezzanine, which can be seen on the left side 
of the photo. 
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