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REtJENT RESEAR(JH RESULTS 

Images of chromatin distribution in sperm cells of marsupia/mice, taken using transmission electron microscopy (left) and x-ray 
microscopy (right). The x-ray image confirms that the grainy pattern at the cell tips is primarily related to chromatin mass 
distribution and is not au artifact of the staining process required to prepare the sample for the electron micrograph. 

X-RAY MICROSCOPE 

CoNFIRMs CHROMATIN 

OBSERVATIONS 

S o me of the more striking images 
coming out of the ALS researc h 
program arc being produced bv the 

x-ray microscope (XM-1) on Beamline 6.1. 
X-rav microscopv provides the abi li ty to 
image th ick (up to l 0 !Jm ) sa mples under 
conditions approximating their natural 
enviro nm ents : no staining or thin -section
ing is necessary, :md s::~mp l es can be inuged 
in aqueous solutions. These abilities make 
it a useful complement to electron micro
scopy, which gives excellent resolutio n but 
requires extensive s::~mp l e prep::~ration , and 
to visibl e light microscopv, which is relat· 
ive ly no n-destructive of samples but has 
lower resolution tlun x- ray microscopy. 

X- ray microscopy's success in imaging 
unsta ined samples proved valuable in a 
recent investigatio n of the distribution of 
chromatin in the heads of spe rm cells fi·om 
marsupial mice (Swtinthopsis). C hromatin 

consists of long, thin strands of DNA, 
complexed with o rganizing proteins into 
thicker strands. Researchers have character
ized the first few level s of DNA's organiza· 
tion in to chromatin bv a number of 
methods providing atomic-sc1lc resolution. 
Because of the limitations of these methods 
and of existing microscopies, however, they 
have not successti.dlv analyzed the subse
quent levels of chro matin organi zation tha t 
lead to larger structures, all owing billions 
of DNA base p::~irs to fit inside a ce ll 
nucleus about 5 !Jill in diameter. 

Researchers ti·om Lawrence Livermore 
National Laboratory and fi·om the 
University of Adelaide in Australia were 
investigating chromatin distribution on 
these intermediate scales, using transmis· 
sio n electron microscopy (TEM ) to image 
the marsupial sperm ce lls. They o bserved 
an inhomogeneirv in the appearance of the 
chro matin near the cel l tip, but there was 
some question whether this graininess ac t
uallv represented the distribution of chro
matin m::~ss or was an artifact of the staining 
process required in their sample prep::~ration . 

At these researc hers' request, Werner 
Meyer-IIse and Hector Medccki of LBL's 
Center for X-Ray Optics examined a similar 
cell without staining. Thev first used the 
beamline's vis ibl e- li ght microscope (VLM ) 
to find the rel evant sample location and 
focus without using x rays (which cou ld 
damage the sa mple in extended expos ures) . 
Then thcv stored this info rm ation in the 
XM-1 control computer and transferred 
the sample to the XM -1 stage, where a 
system of kinematic mounts under 
computer control piKed the chosen sample 
location in position tor a short x- ra)' 
exposure. The same inhomogcneirv in the 
cell's chromatin eme rged in the x· ray 
image, confirming that the grain y pattern is 
primarill' related to chromatin mass 
distribution. Biologists can now work to 
explain the causes and consequences of this 
arrangement of chromatin , with the 
confidence that they are investigating an 
actual biological phenomenon rather than 
an experimental artifact. 

<JN THECOVER-------------------------------------------------------------------------------------
Clockwisefrom upper left: Nora Berrah, Burkhard Lange1; and Ovidiu Toader (Beamline 9.0.1); Hector Medecki (front), 
Ratil Beguiristain, Jim Smithwick, Jeffrey Bok01; and Kenneth Goldberg (Beamliue 9.0.1); Jonathan Denlinger and Eli Rotenberg (Beamline 7.0); 
Lotti Jochum (Beamline 6.1 ); Martin Weinelt and Anders Nilsson (Beamline 8.0). 



HlGH-RESOL UTI ON PHOTOELECTRON SPECTROSCOPY 

B eamline 9.0.1 has alread y become a workhorse for atomic and molecular physics 
research because of its high brightness and high energy resolution. These qual ities were 

taken to fu ll advantage by a research group led by Nora Ben·ah (Western Michigan University) 
to exceed previous resolution limits in the study of autoionization resonances in argon gas. 
During the group's experiments, incoming photons interacted with :~rgon atoms in a gas
phase sample, producing autoionization resonances which show as characteristically shaped 
dips in th e spectrum o f electron yield with changing photon energy. 

Autoionization reso nances occur when two processes, direct photoio nization and a more 
indirect path , lead to the same final io nic state. Thus they cannot be separ:ned ti·om each 
other, but interfere in a quantum -mec hanical se nse . The processes can be written as fo llows: 

Direct Ar(3s 23p") + hv ~ Ar' (3s23p') + e· 
Indirect Ar(3s23p6

) + hv -7 Ar* (3s3p6 np ) ~ Ar' (3s23p' ) + e 
where rt represents an atomic energy level o f 4 or more. In the direct photoioni zatio n 
process, the photon (hv ) is abso rbed cmd one electron (e· ) is emitted directl y into the 
continuum . In the indirect process, the atom is first excited so that one of its electrons is in a 
state above the first ioni zation thresho ld. In a second step th e excited state deoys, emitting 
an electron. 

The spectrum shows a separate autoionization resonance for each atom ic energy leve l rt to 
which electrons an: excited . Previous experiments had mapped argon's 3s23p'' -7 3s3p6np 
autoioni zation resonances (ca lled the Rydberg series) o nly up to rt= 8. Berrah 's group, 
using the hi g h photon energy resolution and hi gh brightness at Beamline 9.0.1 , was able to 
measure the Rydberg series all the way through n = 17. 

Once the researchers had measured these new ex perimenta l data , they compared their res ults 
to previous measurements and theories. The cross sections to r the first fi ve autoioni zation 
resonances agreed well with those measured by other methods. The group 's experiment 
chamber had two newly designed time -of-flight analyze rs which rotated around the hori zon
tally polari zed beam. T he electron energy spectra and angular di stribution data collected 
with these detectors were used to test fo rmerl y untri ed th eoreti ca l calculations of photoelec 
tron angular distribution: agreement of the measurements with theory was excellent. 
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Argon 3s13p6 -7 3s3p6np autoionization resonances, as seen in a scan of the photoelectron yield 
at an angle of oa with respect to the polarization of the synchrotron light. The resonances of this 
Rydberg series, measured at Beamline 9.0.1 to a value of n = 17, had previously been measured 
only to n = 8. 

fiNELY TUNED PHOTONS 

PROBE fEMTOSECOND 

PHENOMENA 

R esearchers from Uppsala Un ive rsity 
and IBM Almaden Research Center 

refined their und erstanding of charge 
tran sfer times, a critical aspect of bonding at 
surfaces and interf:lces , in a recent experi 
ment t~Kilitated by the high photon energy 
resolution (better than 0.1 eV at 244 eV ) at 
Beam line 8 .0. T heir goal was to measure the 
charge transfer time tor a species of excited 
argon atoms; that is, they wanted to know 
the amount of time required ror the excited 
atoms to lose their oute rmost electrons to a 
platinum ( Ill ) substrate. This time is 
difficult to measure directl y because the 
times involved are on the femtosecond 
(fs, or l 0.1; second ) scale , and because 
charge transfer is not the only means by 
which the exc ited atoms ca n decay. The 
Beamline 8.0 gro up , however, turned this 
last bet to their advantage in making their 
m cas urem ents. 

The group used x rays fi·om the beamline's 
undu lator to excite argon Jtoms, cooled 
with liquid helium so that they adhered to a 
platinum (111 ) substrate , such that a 2p 
electron in each atom rose to the 4s atomic 
energy level, resulting in the core -excited 
species Ar*(2p'3p64s ). Two decay processes 
are available to this Ar*: in one , called 
spectator decay, one 3p electron drops to rill 
the 2p core hole, whi le another 3p electron 
leaves the atom and is detected. In the other 
decay mode , first the 4s electron transfers 
from the Ar* to the platinum substrate 
(charge transfer), and then the same 3p 
electron activity occurs as in spectator decay. 
vVithout the 4s electron present, howeve r, 
the energy of the ejected electron is different 
ti·om that in spectator decay, so each process 
has its own signature energy. 

R.esearchers can compare the time the two 
processes take by finding the ratio between 
the numbers of 3p electrons emerging with 
these two different energies. This k.ind of 
comparison is based on the assumption that 
if a substance can decay by either of two 
available processes, more of the substance 
wi ll become involved in the faster process 
than in the slower process . In this case, the 
ratio was approximately 1:1, indi cating that 
spectator decay and charge transfer take 
about the same amount of time. Since the 
time for spectator decay was already known 



to be 5 fs, the group concluded that the 
charge transfer time must also be 5 fs . T his 
method of measuring charge transfer time 
by comparing it to a known time for 
spectator core- hole decay is sometimes 
called the "core-hole clock" method. 

The new development in this experiment 
came when the researchers changed the 
energy of the incoming photons in 0.1 -eV 
increments (photon energies over a 5-eV 
range cou ld all excite the 2p ~ 4s transi
tion , because th e substrate's proximity 
broadened the 4s state ). This variation in 
incomin g photon energy produced a 
vari atio n in the charge transfer tim e fi·om 
about 2 to 10 fs ( reflected in the changing 
ratios of charge -transfer to spectator 
processes). The researchers measured very 
fine details in this charge transfer time 
variatio n, which may be related to ove rl ap 
between the 4s state and empty electron ic 
states in the platinum substrate. The 
endstation used tor this work was featLu·cd in 
R&D Magazine (October 1994, pp. 105-
106) for its innovative design. 

AT-WAVELENGTH TESTING 

OF EUV OPTICS 

A n EUV optics testing group has 
developed a point diffraction interfer

ometer (PDI) which takes advantage of the 
laser-li ke spatial coherence of ALS undulator 
light to evaluate precision optical compo
nents. T he PDI may provide one of the 
tools for making extre me ul traviolet (EUV) 
lithography a practicable reality, thereby 
answering a key challenge in the continued 
miniaturi zation of integra ted circui ts (ICs ). 

The smallest mass-produced ICs today arc 
fab ricated using a torm of lithography in 
wh ich ultraviolet li ght (with wavelengths in 
the range 2480-3650 A) shines through a 
mask with absorbing and transm itting 
regions in the desired circuit pattern, n·avels 
through optics whi ch demagnifY the 
pattern , and then exposes a photoresist
coated silicon wafer with the mask pattern 
in miniature. Any light-based technique for 
pattern reproduction, however, is limited in 
resoluti on by the wavelength used: the 
shorter the wave length, the smaller the 
minimum feature size . The minimum 
feature size in production today is between 

0.35 and 0 .6 ).lm ( l ).lm = l 0,000 A), and 
the IC industry is considering EUV 
lithography (using wavelengths around 
130 A) in the ti.Jtu re as a way to produce 
features less than 0.1 }..lm across. 

Multilayer mirrors for EUV have been devel 
oped which will , in theory, give the needed 
demagnification. In practice, howeve r, a 
critical flaw in an EUV optical system can be 
tiny enough to escape detection by optical 
interferometry (th e current stare-of-the -cu·t in 
optical testing). The success of EUV lithogra 
phy depends on deve loping techniques for 
"at-wavelength" testing-resting perfo rm ed 
using the wavelength at whi ch the lithogra 
phy system operates. 

The Beaml ine 9.0.1 EUV optics testing 
group, led by Jeffrey Bokor (LBL's Center 
tor X-Ray Optics and U. of California 
Berkeley) is working to provide these tech 
niques . T heir PDI can eva luate multilayer 
mirrors, zone plates, and other E UV optics 
at-wavelength. Its design is elegantly simple: 
spatially coherent EUV li ght filtered from 
the bcamline's un dulator illuminates the 
optical device being rested. The resulting 

ECENT RESEARCH RESULTS 

wavefront strikes a th in absorbing mem
brane containing a tiny ( < 1500 A) pinhole . 
Diffracted Light fi·om the pinhole forms a 
spherical reference wavefront which interferes 
with the wavefront transmitted th rough the 
membrane from the device under testing. 
(Other optical resting schemes compare a 
component under testi ng to a well -charac 
teri zed optical reference surface . A beam 
spli tter divides light between the two, then 
recombines the reference and aberrated 
wavefi·onts to form an interference pattern. 
EUV reference su rfaces and beam spli tters 
suitable for th is use do not yet exist. ) The 
resulting interferogram, recorded by a CCD 
camera, is analyzed for aberrations in the 
optical device. 

The tlrsr experiments using the PDI have 
measured the EUV li ght diffracted fi·om a 
Fresnel zone plate lens . Zone plate lenses are 
important to many EUV and x-ray devices , 
including microscopes. In future experi
ments zone plate lenses may also be used to 
spread the thin undulator beam in to the 
broad cone of li ght necessary to test 
reflective optical systems for EUV li thography. 

lnte1Jerogram of an annular Fresnel zone plate lens, produced by the EUV optics testing 
group. The rings in this image are characteristic of the patterns produced when the PDf's 
absorbing mask and pinhole are intentionally placed somewhat outside the zone plate lens' 
focal plane to allow analysis of the rings for aberrations in the zone plate lens. The presence of 
these clear inteJference patterns demonstrates the laser-like spatial coh erence ofALS 
wululator light. 



ECENT RESEARCH RESULTS 

Pinhole mask 

Interference of 

camera 
j---11---- 2.4 m -----~ .... '-------1 .2 mm ---c .. ~j------sr-- 1 0 em -1 

Schem atic drawing of the p oint diffraction interferom eter being used to evaluate the wavefront from a Fresn el zone plate lens. 
Reflective optical systems will be tested using an analogous setup, with the compon ent(s) under test in place of the zone plate lens. 

RESONANT PHOTOEMISSION 

IN POLYMERS 

T he com binatio n of hi gh photon flu x 
(hence rapid data collectio n) and hi gh 

energy reso lutio n at their ultraESCA 
endstatio n has allowed a Beamline 7.0 
resea rch group to produce richl y de tail ed 
in format io n o n the electro ni c stru ctures of 
po lymers. Analogous experiments in the 
past, li mited by slow data co ll ectio n, have 
prod uced se ri es of electron energy spectra 
at rebtively widclv spaced photon energies, 
usuall y plotted "waterfill " fashi o n with o ne 
spectrum below another. T he current 
experiments, however, produce spectra so 
q ui ckl y that the experimenters can vary 
their photon energv in smaller steps and 
plo t the resul tin g spectra as continuo us 
su rfaces, each composed of scores o f 
close ly-spaced spectra and each offeri ng a 
wealth of in formati o n on th e band 
stru cture, o rbital symmetries, and o th er 
characte ristics of the polymer fl·o m whi ch it 
is taken. 

T he researchers, led by Bri an To nn er of the 
U ni versity of Wisconsin Mil wa ukee, 
illuminate a po lymer sample with x rays at a 
give n energy (ncar the carbo n-K absorptio n 
thresho ld ) and measure the resultin g 
electro n emissio n fi·om the sample . T he 
poly(a- mcthylstyrene ) plot shown o n 

page 6 consi sts of I 01 such spectra at 
photon energies o nly 0.2 eV apart, with a 
to tal data collectio n time und er 1.5 ho urs. 
Vari o us parts of the plot show evidence o f 
several processes that occur in response to 
the x- ray excitati o n. 

DIRECT PHOTOEMISSION (a, e) 

Incoming x rays can eject v:tlencc electro ns 
direc tly from their o rbitals. T his valence
band pho toe mi ssio n prod uces peaks (a) at 
t he bi ndi ng energies of the va lence o rbitals 
involved , regardless of the incomin g photon 
energy. A simil ar peak (c ) arises ti·om 
another direct pho toemissio n process in 
whi ch radiatio n fi·o m the second und ulator 
harmon ic ej ects carbon core electro ns fi·om 
their o rbitals. 

AuGER DECAY (b) 

If an incoming pho to n ejects a core electro n 
fro m an atom, Auger decay can occ ur. A 
valence electron d rops to fi ll the core hole 
and transfe rs its lost energy to another 
va lence electron , which leaves the atom. 
Auger decay produces a broad, step-like rise 
in the surface plo t fo r photo n energies above 
286 eV (the minimum ene rgy required to 
eject a carbon core electron ). 

RESONANT PHOTOEMISSION ( c, d) 

When th e energy o f the incoming pho ton is 
exactl y th e :~m ount of energy required to 

excite a core electro n to o ne of several 
hi gher-energy, un occ upied orbital s, 
resonant photoemission can occur. The two 
resonant decay processes are called spect:tto r 
and parti cipator decay, according to the 
behavio r o f the excited co re electron . In 
spectato r dcc:~y, o nce the core electron has 
bee n excited , it stays in th e hig her energy 
level. T hen, in an Auger-like process, a 
valence electro n drops to fill th e co re ho le, 
transferrin g its lost energy to another 
valence electro n which le:tves th e ato m. 
Spectato r decay produces a series o f 
ri dges (c) o n the surface plot. 

In participator decay, the excited core 
electro n and o ne valence electron partici
pate in an Auge r-li ke process . One of these 
two electro ns d rops to fill the core ho le , 
transfe rrin g its energy to the other, which 
leaves the atom. Participator decay produces 
bumps (d ) alo ng the spectator decay rid ges 
in th e surtice plot. The pho to n energy of 
each such bump specifies the unoccupied 
o rbital to whi ch the core elect ro n was 
excited , and the binding energy spec ifi cs the 
valence orbital t hat loses an electron. T hus, 

Recent Research Results continued on page 6. 



the bumps on the surface plot summarize 
whi ch unoccupied o rbital/va lence orbital 
pairs can transfer energy through participa
tor decay. Because these energy transfers are 
governed by rules involvi ng characteristics of 
the orbitals such as symmetry, localization, 
and/or spatial distribution, the plot gives 
info rmation on all these attributes. 
Researchers are already using these plots to 
gai n insight into polymer decay mechanisms 
and band structures, as the detailed data sets 
bring subtle features to li ght. 

Resonant plwtoemission plot for poly(a-methylstyrene). Contributions to the photoemission 
intensity (height on this plot) include normal valence band photoemission (a) with resonant 
enhancements (c, d), normal A uger emission (b), and carbon Is core- level photoemission excited 
by the second undulator harmonic (e). 
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~MPOSIUM HoNoRs KLAus HALBACH 

Klaus Halbach (right) e1!joys reminiscing about one of 
his projects with Bill Hassenzahl (left) and Brian Kincaid. 

C o llcagues and stud ents of Klaus Halbach from ::tround the world gathered 
at LBL on February 3 to r the Halbach Symposium o n Magnet Technology. 
Held in celebrati on of Halbach o n his 70th birthday, the svmposium drew over one 

hundred participants. The scientific communitv has bendited substantially from Klaus' work 

o n accelerator magnets, computer model s, 
and beam position monito rs, and espcciallv 
ti·om his work on perma nent magnet 
insertion devices, \\'h ich made third 
generatio n rin gs such ::ts the ALS fC,ls iblc . 
H e has consu lted at most storage rin g 
projects arou nd the world , m::tnv of which 
have insta lled Halbach design undulators 
and wigglers. 

The d,w-long svmposium featured tec hnical 
presentations , personal reco llectio ns bv 
lo ng-rime associates, ::tnd the publication of 
two volumes asse mbled speci ticall y for the 
meeting. Entitled "The Art and Science of 
Magnet Design," the volumes include a 
fcstsc hrift o f technica l papers written 
especially to r the symposium and a selection 
of Klau s' scientifi c notes. Organize rs of the 
event were Brian Kincaid and Ross 
Schlueter of the ALS and Roger Ca rr of 
Stanford Synchrotron Radiation Laboratory. 



fROM THE CHAIR, USERS' EXECUTIVE COMMITTEE 

NEWS FORALS USERS 

UEC Chair Tom Callcott by the ALS 
display o.l recent research results. 

0 ne principal responsibility of the 
Users' Executive Committee 
(UEC) is to communi cate th e 

needs and suggestio ns of the user commu 
nity to ALS management o n a regular basis. 
At o ur fi rst joint meeti ng of the year held 
on Feb ru ary 24 , a wide range of operations 
and user services issues we re discussed that 
affect ALS users. I would like to take this 
opportuni ty to summari ze the key points of 
the meeting as well as report on recent 
progress on recommendations made by 
the UEC. 

Let me begin by congratulating the ALS o n 
the success of th e rece nt shu tdown and on 
the post-shutdown performance of the 
machine. The shutdown was co mpl eted o n 
time, and the ALS resumed fu ll operations 
precisely as schedu led . T hese two o utstand 
ing achievements alo ne are ample evidence 
of the excellent pbnning and executi o n 
invo lved in these efforts. 

PROSPECTS FOR FY96 
fUNDING 

W e were delighted to hear Brian 
Kincaid's generall y optimistic 

assessment on the possibility of obtainin g 
fu ndin g in FY96 fo r the Department o f 
Energy (DOE) Scientific Facilities Initiative 
(described in more detail in the Director's 

Message o n page 8). Despite severe 
constraints on DOE funding in many areas, 
there has apparently been a good response 
to this initiati ve, which would provide 
enhanced fi.mdi ng to support operatio ns at 
many DOE user f:K ili ties. If approved, th is 
in itiative wo uld have a d irect and immediate 
im pact on ALS users by permitting 24 hour, 
7 -day-a-week operation, wh ich would 
nearly double the shifts available to use rs. 
T he second priority for usc of these fu nds 
would be to provide additi o nal use r se rvices 
and se rvice personnel. 

Because of the importance of thi s issue to 

all of us, ALS users are urged to express 
their opinions by wri ting to the members of 
Congress who represent their home 
institutions, and to the chairs of the specific 
co mmi ttees who will vote o n the fi.mding 
for the initi ative. Since many of you work at 
more tlun o ne DOE fac ili ty, you may wish 
to address the ini tiative, whi ch inclu des 
many faci li ties, as a whole . Detai ls about 
how your own research program will be 
aftected by the ini tiative sho ul d also be 
included . Further info rmatio n can be 
obtained from ALS Administration , 
including a breakdown of proposed funding 
changes and a Li st of committee chairpersons. 

ALS USER POLICY 

N eville Smith, ALS scientific program 
head, initiated a vigorous d isc ussion 

o n whether the draft user policy of the ALS 
(created in 1988) was still a good working 
model fo r allocati o n of beam tim e to PRTs 
and Independent Investigators. Though few 
firm conclusions were reached, the UEC 
recomm ended that the ALS conclude 
written Memo randa of U nderstanding with 
all PRTs to establish a clear understanding 
o f the mutual obligations of the Pl'lTs and 
th e ALS; and that the recently developed 
ALS peer review process fo r beamtime 
proposals be applied unifo rmly to all 
req uests (yet all ow fl exibili ty in types of 
proposals accepted: one-time use, extended 
studies, etc .). 

IMPROVEMENTS IN USER 

SERVICES 

T he UEC co mm ends the ALS for 
involving users in the deve lopment and 

review of the new sho rt - and long-term 
operatio ns sched ules (see New Operatio ns 
Sched ul es on page 16 ). We c1sk that this 
effort continue so that the entire user 
community has amp le opportunity to 
comment on the proposed schedules well in 
ad va nce of their implementation. O ne 
concern expressed abo ut the new weekl y 
sched ule is the red uced availab ility of 
support services during weeke nd operation . 
T he commi ttee requested that the ALS 
work to provide services such as an emer
ge ncy supply of stockroom items and access 
to critical LBL LKili ties durin g weeke nds. 

Finally, a number of nuts and bolts iss ues 
were addressed by the committee, and the 
ALS has moved q uickly to satisfy many of 
o ur suggesti o ns. For example, all the user 
docum entation has been consol idated into a 
User ln for mJtion Book available by eac h 
beamlin e; and there is now a use r shipping 
and receiving area to help expedite de li very 
o f use r equipment, including direct deli very 
of express mail and small packages. 

Two com mi ttee members left t he meeting 
with special assign ments. El i Rotenberg is 
to compile a li st of supplies for an ALS 
supplemental stockroom (items that users 
o ften need on an eme rgency bas is), and Lou 
Te rmin ell o is developing a list of desired 
" loaner equipm ent" to be available for 
temporary use. Users are invited to contact 
Eli and Lou wi th their suggestions. 

I concl ude by encouraging ALS users to 
voice their concerns to the UEC . Our next 
meeting in late May wi ll focu s primarily o n 
planning the Annual Use rs ' Association 
Mee ting sched uled for Octo ber 23 -24, but 
will also pursue some of tl1e issues described 
above. 

Tom Callcott 
Chair, ALS Users' Executive Committee 
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;~' : IEPOBT FROM THillALS DIBECI'OB 

I like to summari ze the recent hi gh
lights and activiti es of the ALS in two 
word s: It Works! The machine 

continues to rack up an unprecedented level 
of performance, and its reliability, combined 
with the quality of our R&D expertise, is a 
key contributor to the wealth of new 
scientific res ults being produced by our 
users . Om successful operations and tech nical 
achievements have led to co ntinued stro ng 
suppo rt from the scientific community, such 
as the recent decis io n by the Office of 
Health and Enviro nmental Research 
( OHER) to fund the start of the ALS 
Protein Crystallography Facility. 

SCIENTIFIC fACILITIES 

INITIATIVE 

As yo u look at the chart ofALS perfor
mance fo r 1994 on page 16, imagine 

how much more science could be done if all 
the gaps were filled in by 7 -day-a-week 
operatio ns. U nfortu nate ly, constraints 
caused by o ur present low operati ng budget 
permit us to operate for o nly 14 8-ho ur 
shifts per week, with 9 allocated to user 
expe riments and 5 set aside fo r maintenance 
and mac hi ne ph ysics. T his under-util ization 
of the ALS and other national user fac ili ties 
is now being addressed by the Scientific 
Facili ties Initiative which will increase 
funding for user fac ili ties in the Department 
of Energy (DOE) . The Ini tiative, now 
worki ng its way through Congress, will 
allow us to go to fu ll operation of the ALS, 
increase our user support services, and 
develop more beam line instrumentation for 
users . 

This Presidential Initiative, part of President 
C lin ton's budget for FY96, provides an 
add itional $100M for operations, research, 
and capital equ ipment for user facilities in 
DOE's Basic Ene rgy Science, High Energv, 
and Nuclear Science areas. It wou ld sig
nificantl y increase research time available to 
users and en lunce the qualitv of service the 
facilities can offer. A tifi:h of the funds , 
$20M, wou ld go directly to users of the 
faci li ties through a university grants program. 

The allocation of funds to specific facilit ies 

was do ne by the DOE based on in formatio n 
prm~ded by the user facili ties. If the Initiative is 
approved by Congress as currentl y written, 
the ALS ope rating budget would go from 
the current funding of$2 1.2M to nearly 
$30M in FY96. This includes a small increase 
in base funding proposed by the DOE plus 
$6 .6M fi·om the Ini tiative. Our capital 
equipment and AlUM funding (tor instru 
mentati o n and beamline constructio n) 
would also increase, for a to tal of$10.6M in 
increased funding from the Initiative. 

ALS Director Brian M. Kincaid 

The figure was based on input we provided 
to the DOE and the Office of Management 
and Budget (OMB ) on how much addi
tional fimding was needed tor full utili zation 
of the ALS as a national user faci lirv-to 
deliver on the promises made when the ALS 
,,·as originally proposed and funded, and 
meet the ever-increasing demands of our 
growi ng user community. 

PRIORITIES FOR ADDITIONAL 

FuNDING 

T he table shows the scenarios we 
developed tor the OMB to show our 

priorities in the eve nt increased fimding 
became available. Our top priority is to 
increase available user bcamtime from 

nin e 8-ho ur shifts per week to 16, an 
increase of 78%. Increased fund ing would 
also provide a more appropriate level of 
support for tl1e increase in user activities we 
expect with each year of operation . In 
add ition, witl1 the funds provided by the 
Initiative, we will expand R& D activiti es to 
develop new instrumentati on fo r ALS users 
:md add the technical staff and fac ility 
in fras tructure to improve all operati o ns, 
including providing mo re direct scientifi c 
support for user activities. 

The Ini tiative includes instrumentation 
upgrades fo r NSLS, an increase in operating 
funds for SSRL allowing them to approach 
full operations, and suppo rt fo r the full 
operating budget needed to start the APS. 
T hus the entire synchrotro n com muni ty 
benefits fi·om this across-the -board boost. 

To be fi1nded , the Initiative must gain the 
support of the auth o ri zing and appropriat
ing com mittees of both Congressional 
houses. The initial review of the proposal 
has been relatively positive, primarily because 
it provides a cost effective way to maximi ze 
the return o n the large investment the U.S. 
has made in the DOE user facilities 
including the ALS. 

vVhat happens if the Initiative tails and o ur 
fund ing fo r FY96 remains close to FY95 
levels or eve n decreases? We will have to 
reduce operations and user support as 
increasing costs take tl1eir toll. The beam line 
buildup prese ntlv underwav will slow down 
and commitments tor additional insertion 
devices will remain uncertain. Of course , 
fewer support personnel and user services 
also mean less beamtime available ro use rs. 
Hopeti.dly, d1e Initiative ,,~JI result in a penna
nent change in our base funding. If not, lite 
will get very diffic ul t in a coup le of vears. 

I am pleased to say that all the DOE light 
sources have collaborated on th eir requests 
for additional funds. Led by Artie 
Bienenstock of SSRL, we have had great 
support and encouragement ti·om Emily 
Pelton and Garv Bennethum ofOMB , and 
ti·om Martha Krebs, Director of the Office 
of Energy Research. This cooperative wav of 
doing business should be our model tor all 



future interactio ns, since, as Ben Franklin said at the beginning 
of the American Revolution , "We must all lung toge ther, o r 
we wi ll surely all hang separately." 

I remain hopeful th e ALS wi ll receive the add itional fund in g 
required to expand our oper:ui ons and services. The rece nt 
scie ntif-ic resul ts f-eatured in this newslette r are ample evid ence 

that we have a fac ility that ca n lead to new fi·ontiers for science 
and technology give n th e opportunity. I am confident that our 
continu ed success- based o n the hard work, ski ll , and creativity 
of the ALS staff and users- wil l ensure that we are well -posi
t ioned for the exciting prospects that li e ahead. 

Bri an M. Kincaid 
ALS Director 

ALS OPERATING BuDGET ScENARIOS 
Priority Hires Cost Tota ls 

(k$) (k$) 

Nominal Opera tions 

... Reach Steady-Sta te 21 Shift O pe ration 
Accelera tor Operators 250 
Electron ic Maintenance Techs 220 .. A llows jitllutili:;atiou of the AL\ ' 

User Coordina to rs 2 250 hy moving to 7 day/week ope ration, 

Supplies & Expenses 100 JHYJIIiding 16 u .H! r .\·hUi.,·/week ;,_,·teat/ 

Power 250 of only 9. /-lire OfJerations ,\' lt~/T a n d 

6 1 ,0 70 pay for in t:r easetl powe1: 

" Provide Appropri.-. te User Support 
Scientific l iaison 125 
User Administrator 125 .. /-'rr)llit/es for proper lt! 11e / of .<> upporl for 

Clerical Support 125 w.:ientUic users. E.\peet rapitl t.:rowt!J in 

Beamline Techs 220 SL:ieut~fie utilization oJJm:ility . 

Supplies & Expenses 100 
Misc. User Support 350 

1,045 
Total 2,115 

2 Industrial Outreach & R&D Programs 

... Initia te Industria l Outreach Program 
Industr ia l Liaison Scientis ts 25 0 .. /Jegin net:e.\·.•wry o utreach acti,,ities with 
Special Outreach Mater ia ls 75 f ull-time liaison seientists in order to 
Supplies & Expenses 35 educate industrial and o th er users about 

360 A LS eapabilities. ... Support Bas ic R&D Act ivities 
Vac. Eng. Controls 525 
R&D Support 550 .. .\'upport ath•ance:•; in key ins trumentation 
Visiting Scient ists 360 u eetled to develop industrial and oth er 
Students, Post-docs 360 scienflj'ie use of th e facility. 
Suppli es & Expenses 110 

1 ,905 
Total 2,265 

3 Infrastructure Support 

... Ensure Time ly Bea mlin c Installation 
Mecha ni ca l Techni c ia ns 220 
Mecha ni ca l Designers 25 0 
Electronic Insta llat ion Techs 135 .. Provide adequate stt~ff to ens unf timely 

Elec tronic Coordinators 1 25 assembly and ins tallation of beam line.\· 

Suppli es & Expenses 100 and ex11erimental equipml'lll to SflllfJort 

Beaml ine Maintenance & Spares 290 user research. 

6 1 ,120 ... Prope r Faci lit y Infras truc ture 
R&D Support 450 .. Ma intain leadership position in k ey areas 

Q uality Assurance 0.5 95 
of research. E nsure properfm:ility 

Budget, Misc. 150 it~Ji·astrut:lure to support holh a et:ell•rotor 

EH&S Staff 230 ant! experimental}ll cility op eratio ns. 

Supplies & Expenses 50 
Mgmt. Rl·servc 125 

3 .5 1,100 
Total 2,220 

Increase Totals 6,600 

Priorities for use o,{proposed additional ALS.funding. 



JRYSTALLOGRAPDY DEADLINE 

GAINs SuBSTANTIAL FUNDING 

T he hi gh technical and scientific 
marks received by the ALS protein 
crystallography facility proposal 

during its extensive review process have led 
to a commitment of $3.85M in capital and 
$250k per year in operating funds by the 
D epartment of Energy's Office of H ealth 
and Environmental Research (OHER). 
These funds , along with $500k already 
committed by the U niversity of Califo rnia 
throu gh LBL Director Charl es Shank, assure 
that a beamline with at least one branchline 
and endstation (of d1e d1ree d1at are planned) 
will be built. Additional funding is now being 
sought from the private sector to build the 
remainin g braJ1chlines and endstations, 
based o n stro ng support of the proposal by 
local pharmaceutical companies. 

The ALS Protein Crysta ll ograp hy Facility 
will offer a cho ice of crysta ll ographic tec h
niqu es with semi -automated operation and 
rapid sample turnaround, making it full y 
competitive with the best synchrotron 
sources in the U nited States . Its prime 
location guarantees a large base of potential 
users, including the west coast biotechnol 
ogy industr y, LBL's Structural Biology and 
Life Sciences Divisions, and the crystallogra
phy groups at University of California 

Berkeley and U.C. San Francisco . T he 
performance and reliabili ty of the ALS, 
combi ned with the expertise and support 
facilities on site and nearby, offer the 
possibility for unprecedented productivity. 

The branchlin es and endstations are in the 
final design process, with the first 
endstation scheduled to begin operati on in 
May 1996. The crystallography fac ili ty 
represents a team dTort under the leader
ship ofSung-Hou Kim, Director ofLBL's 
Structural Biology Division. Key players 
include T homas Earn est, also of the 
Stru ctural Bio logy D ivis ion, Howard 
Pad more and Carl Cork of the ALS 
Experimental Systems Group, Ji m Krupnick 
of the ALS Plannin g and Development 
Group , and Glen Dahlbacka of LBL's 
Technology T ransfer office. 

fACILITY OVERVIEW 

Plans to r the crysta llography fac ility call 
for a mul tipole wiggler beamline with 

three automated endstations. The 38 -pole, 
2-resla wiggler source will provide three 
di stinct advantages over conventional x-ray 
sources for crystallography. First , its high 

Vertical colllmat.lng mltror\ 
Beryllium window 

Shield door 

Storage r ing 

Concrete shielding 

Beam def.ln.lng aperture & shutter 

Vertical focusing mirrors · 

Personnel safety shutter 

Double crystal monochromator 

flux (photons per second ) will speed data 
collection by increasing data coun t rates, 
especially when the ALS operates at 
1.9 GeV electron energy. Second, the 
wiggler radiation's hi gh degree of collima
tion will make it possible to resolve diffi·ac
tion spots from large unit cells (when 
matched with appropriate detectors) and to 

work with micro-crystals. Third, the wiggler 
provides x rays over a continuous synchro
tron radiation spectrum (wave lengths 
planned for use are 0.9- 3.0 A). Broad bands 
of thi s spectrum can be used for time 
resolved Laue diffraction, or precise tun ing 
within the spectrum can fac ili tate multiple 
wavelength anomalous d iffraction (MAD ) 
techni ques . MAD, which can provide the 
phase info rmation essential to solving the 
stru ctu re of many crystals, is gaining 
importance as an alternative to other 
phas in g methods which req uire tin ding 
heavy-atom derivatives, since such de ri va 
tives are not always ava il able for the mole
cul es of interest. 

T he constru ction of the wiggler is already 
well underway with completion targeted tor 
N ovember 1995. The design and fabrication 
is a joint dTort of the ALS Insertion Device 

\_ Hutch shield walls 

Curved crystal monochromat ora · 
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Schematic layout of the ALS protein crystallography beamline, including optical 
components and x -ray hutches. The two side station detectors are shown at their 
positions for maximum and minimum x -ray wavelengths. 
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ALS Structural Biology Support Faci lities 

Protein 
Crystallography 
Beam line 

Building 80 

2nd Floor, Bldg. 6 
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Plan •'iew of ALS and adjacent buildings, showing the crystallography 
beamline and Structural Biology Support Facilities. 

Engineering and R&D sections: both 
groups collaborated on the conceptua l 
design, engineering is responsible tor the 
fabrication, and R&D is carrying out the 
magnetic design and measurements. 

The three planned endstati ons will primarily 
be used simultaneously. The central station 
(fi rst to be constructed ) will offe r mono
chromatic crystallograph y capability as well 
as rapid tunabi lity for MAD phasing, and a 
white -li ght mode for Laue diffraction . This 
station will receive the on-axis, brightest 
portion of the wiggler light, while the two 
side stations will use offax is li ght to r 
monochromatic crysta ll ography. Alterna
tively, in a time -sharin g mode of operation, 
the side -station optics can be translated to 
intercept the brightest , on-axis light. 

When the useful photon flu x is as high as it 
wil l be in the crysta llography beamline, data 
recording times become so short that 
detector readout time can cause a serious 
bottleneck in the experimental process . The 
ALS facility will address this by usin g 
state-of-the-art matri x CCD detectors that 
have readout times of about 1.7 seconds, 
but which do not sacrifice otl1er desirable 
qualities such as high quantum efficiency, 

high dynamic range, and small point-spread 
function. Since CCDs acquire an image of a 
crystal 's diftl·action pattern over a given 
exposure time, they are best suited to 
stud yin g macromolecules in steady states . 
To study processes as they occur, a "pixel" 
detector is being developed for Laue 
diffraction at the central endstation, with 
individual co unting electronics behind each 
pixel. T he pixel detector will allow continu
ous monitoring of time -dependent pro
cesses, without the time -averaging inherent 
in CCD and photographic-plate technolo
gies. 

ADDITIONAL SUPPORT 

fACILITIES 

T he ALS Structural Biology Support 
Facilities, a fully funded $7 .9M 

Department of Energy project now under 
construction, will provide an essential part 
of the infrastru cture for the protein 
crystallograph y faci lity. Designed for ease of 
use and located directly adjacent to the 
beamline, the support facilities will provide 
space and equipment for laboratory and 
computing work to users of the crys tall ogra
phy bea mline. Researchers will have access 

to eq uipm ent for biochemistry, spectros
copy, crysta ll ography setup and testing, and 
computerized data processing with 
graphi cs capabilities. 

The Support Facilities, sched ul ed for 
October 1996 completion, will be located 
on the second floor of the ALS bui lding 
above the crys tallography beamline, and in 
the adjo ining Building 80 . To make way 
for the construction activity, the ALS 
management, administration staff, and 
accelerator group (currently in Build-
ing 80 ) have moved to Building 4. 

Fact sheets with more detailed, technical 
information are available for the Protein 
Crystallography Facility and the Structural 
Biology Support Facilities . You can request 
copies by completing the business-reply 
insert on page 13. 



BEAMLINE IJPDATE 

6.3.2 IN OPERATION 

T he calibration and standards 
beamline, in operation since 
December, is :liready in demand by 

scientists in severa l disciplines. Operating 
over an ene rgy ran ge of 50- 1000 cV, it is 
designed primarilv for ca librating soft x- ray 
an d extreme ultraviolet ( E UV) optical 
componen ts suc h JS mirro rs, gratin gs, and 
multilavers; and for providing the x-rav 
intensitv Jnd wJvelength standards neces 
s:~rv for tasks such as c:~l ibra ting the efficiency 
of a detector over a range of wavelengths. 

T he beJ m!in e was first used to measure 
opticJ! quality (reflectivity, uniformity, etc. ) 
of multilaye r opti cs fo r EUV projection 
li thograph y. Other applications include gas 
phase, so li d state, and atomic physics. Use rs 
in these field s appreciate the beamline's 
hi g h flu x (l 0 11 - l0 12 photons/sec) and its 
simplicity and convenience. The beamline's 
va ri ed- line-spacing plane-grating mono
chromator, th e first of irs kind at the ALS, 
consists of a spherical mirror, a plane grJt ing, 
and a fixed exi t slit. It has no entrance slit 
and demagnifies its bend -magnet source by 
a f:1.ctor oflO. This design makes it remark 
ably compact, fitting o n J 2 -meter tab le. 
The spokesperso n for the beam line is Jim 
Underwood (LBL's Center fo r X-Ray Optics). 

fiRST LIGHT TO 9.0.2 

0 n March 24, ALS li ght shone 
t hrough Bra nch line 1 of the chemical 

dvnamics beamline fix the f-irst t ime. The 
fi rst clctivitv was to rake transmission grating 
spectro meter measurements characterizing 
the perforn1Jnce of the beamline's novel 
hJrmonic filter. The windO\\·Iess , d ifferen
ria llv pumped rJre -gas filter lets the low
energv (S- 30 eV) undub.tor fundamental 
pass through unclttenuated, while suppress
in g hi g her undulator harmonics to 0.01 % or 
less of their o riginal tlux, for spectral purirv 
unprecedented in a rJw undulator beam. 
The S-cm-period undularor ( US ) now in 
use will be replaced bv a UlO in September 
1995 , kmering the beamline 's minimum 
photon energy to 5 eV. 

yr 
I 12 

Branchline I wi ll de li ver hi gh-flu x ( - l 0 16 

photons/sec), "whi te" (2% bandwidth ) 
radiation to Endstation 1 for photodissocia
tion and crossed -molecul ar-beam experi 
ments. Branch line 2 will use an offplane , 
6.65 -merer, no rmal- incidence Eagle mono
chromator to achieve resolving powers between 
50,000 and l 00,000 with various gra ti ngs. 
Endstation 2 will include t ime-of-flight 
equipment for coincidence detection, and 
will offe r hi gh -resolution e lectron spectros 
copy with excel lent sensitivirv. 

T he beamline will also in corporate seve ral 
lasers. An exci mer laser wi ll provide high 
power UV light for photochemistrv studies 
and to produce beams of rad icals. A pumped 
dye laser system will produce intense, pul sed 
vis ib le and UV li g ht suit:~b l e for running 
Endstation 2 when Endstation l has t he 
undulator beam. A custo m-buil t infi·ared 
laser syste m wi ll round out the beamlinc's 
capJb ili t ies. Arthur Su its ( LBL's Chemical 
Sc iences Divis ion) is the spo kesperson for 
the beamline, and Ph il Heimann (ALS) is 
the beamline coord inato r. 

9.3.1 NEARS CoMPLETION 

A nother ce nter of recent activity is 
Beam line 9.3.1, with the first experi 

ments sbted fo r May. It has the distinction 
of being the firs t monochromatic hard x-ray 
be:~mline at the ALS, and the brightness at 
the sample will be an order of magnitude 
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higher than presently ava ilable anywhere in 
the l to 6 keY photon energy range . In 
addition , it wi ll provide flu x and resolution 
comparable to other beamlines. To ach ieve 
these goa ls, beam line des igners incorpo
rated two technica l improvements relative 
to ex isting beam lines. Fi rst, t hey adopted a 
nove l optica l des ign in whi ch identical 
toroidal mirrors are positioned before and 
afi:er the double-crvsral monochromator. 
Th is configuration al lows for high resolu
tion bv passing a eolli n1Jted beam through 
the monochromator, and for high bright
ness bv focus in g the source on the sample 
with unit magnification. Second, thev developed 
a new "CowJn" rvpe dou ble-crvstal mono 
ch romator based o n the NSLS beam line X-
24A design. T he mechanical precision oftl1e 
monochromator shows significant improve
ment over existing designs, essential because 
of the high brightness of the radiation and 
the large focal lengths ofthe mirrors (12m ). 

T he endstation for the beamline incl udes 
capabilities for elccu·on, ion, and x-ray spectros
copy and is designed specifica lly to study 
interactions of x rays with gases in the 
1-6 keY range . T hi s energy region , in which 
a number of qualitatively different atom ic 
and molecu lar phenomena occur, remains 
largely unexplored . The local contact for the 
beclmline is Rupert Perera (ALS ), and the 
beamline 's resec1rch ream is led by Denni s 
Lindle (U niversity of Nevc1da, Las Vegas ). 

/\ 
~ UB/1 0 Undulator 

··~ 

Schematic o/' the chemical dynamics beam line, excluding lasers and showing the geometry of 
the Eagle monochromator in Branch/ine 2. A time-sharing arrangement allows undulaJor 
light to reach Beam line 9.0.1 or either branch of Beam line 9.0.2, depending on the positions fJ/' 

mirrors M2 and MJ. 



DVANCED LIGHT SouRcE INFORMATION 

Pl ease copy thi s ca rd fo r your co ll eagues 

T o rece ive info rm at ion abou t the ALS, comp lete thi s form, c li p, fold , and mail (postage-pa id). 

0 I did not rece ive a copy of the Advanced Light Source Report addressed to me; please add my name 
to the ALS mailing li st. 

0 I wou ld li ke to subscr ibe to ALSNews, the weekly new s bu llet in sent by electronic mai l. To subscribe, 
enter your compl ete internet address w hen completing the address informat ion be low. (An alternati ve 
is to access ALS News on the World Wiele Web. Current and past issues are ava il able at 
http ://beanie .I b l.gov :8001 /a Is/a I s_news/a I s_new s. html. ) 

0 Please send me "Adva nced Light Source : Ultrav io let and Soft X-Ray Beams for Resea rch," 
LBL PUB-703. 

0 Please send me "The Advanced Light Source : Ameri ca's Brightest Light for Sc ience and Industry," 
LBL PUB- 742 . 

0 Please send me the report of th e Annual Meeting of the ALS Users' Assoc iation held on 
October 20-21, 1994, LBL-36500 . 

0 Please send me "Adva nced Light Source Users' Handbook," LB L PUB-3123 . 

0 Please send me inform at ion on the Prote in Crysta llography Fac ility and the Structural Biology Support 
Fac il iti es now under construct ion at the ALS. 

NAME -------------------------------------------------------------------------

TITLE--------------------------------------------------------------------------

INSTI TUTION --------------------------------------------------------------------

MA ILl NG ADDRESS ---------------------------------------------------------------

TELEPHONE ________________________________ FAX ________________________________ __ 

COM PUTER-MA IL ADDRESS ----------------------------------------------------------

M y major sc ienti f ic interests are in the fi elds of 

0 Accelerato r Phys ics 0 Li fe Sc iences 

0 Atomic and Molecular Phys ics 0 Materia ls Sc ience 

0 Chemica l Sc ience 0 Su 1·face Sc ience 

0 Earth Science/Geo logy/Geophys ics 0 X-Ray Opt ica l Techno logy 

0 Other __________________ _ 
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PROGRESS IN OPERATIONS 

M uch of the activity at the ALS 
revolves aroun d makin g sure the 
needs of our use rs arc met and 

that we maintain high qu<liity in both 
machine performa nce and user services . 
T his involves plan nin g t he shutdowns 
required for major equ ipment installations 
so they have a minimal impact o n user 
operations, carryin g out clCcelcrator physics 
studies devoted to im proving machine 
performance to mee t the ever more 
demanding req uirements of user experi
ments, and working with the users to 
develop operations sc hedu les wh ich allow 
them to work dhciently and productively. 
We have made sign ificant progress o n all of 
these areas during the past several months: a 
tew of the recent hi ghlights are described 
below. 

YEAR BEGINS WITH 

SuccESSFUL SHUTDOWN 

T he ALS started 1995 with a sched ukd 
six-week shutdown for equipment 

insta llation and accelerator improvements. 
Some of the major tasks included in stalling 
:1 narrow-gap v:Jcuum chamber in sector 7 
of the storage ring, installing a new mirror 
tank in Beamline 9.0 that allows the beam 
to be detlcctcd into the 9.0.2 branchlinc, 
and installing the fi·ont end t(Jr 
Beamline 7.3. Other shutdown activities 
included making a number of improvements 
to the rf svstem to ensure smooth running 
at 1.9 GeV, and installing a new electron 
gun cathode in the LI NAC ion source to 
improve single -b unch purity. 

The new narrow-gap vacuum chamber 
allows the S-cm-period undulator (US) in 
sector 7 to be used with a smaller magnetic 
gap, and therdore a higher magnetic tleld , 
between the magnetic poles (the new 
chamber permits a minimum magnetic gap 
of 14 mm , down ti·om 23 mm ). The 
possibility of using a smaller undulator gap 
lowers the threshold for the energy range 
the undulator can produce. This makes it 
possible to perform certai n lower-energy 
experiments without reducing the storage 
rin g electron energy. The m in imum photon 
energy o n Bcamline 7.0 has now decreased 
fi·om 124 eV to around 50 eV, giving access 

to the si li con 2p edge at 99 eV and allowing 
studi es on t he ox idatio n of silicon and its 
interaction with adsorbed metal layers . 

Much of the success of the shutdown can be 
attribmed to creating a precise sched ul e fo r 
t he six-week period- an effort coordinated 
by G:1 ry Krebs, deputy leade r of the 
Operations Group. Another key to keeping 
the sched ule o n t rack was the extensive usc 
of the ALS -dcveloped dry-tent techniqu e 
during equipment installation, obviating the 
need for b:1king o ut the sections of accelera
tor :1nd bcam li ne v:Jcuum chamber that had 
been brought up to atmospheric pressure 
(described in t he last ALS Report, Septem 
ber 1994). Usc of the dry-tent technique 
reduced the shutdown period by at least 
three weeks. 

STARTUP Is INSTANT SuccEss 

T he ALS stored be:Jm on the tirst day 
after resuming operations and achieved 

a beam lifetime of 8 hours with a current of 
400 mA by the start of user operations o n 
February 22 . Despite the new narrow-gap 
chamber installed in sector 7 and the 
changes to th e rf system, the machin e was 
back to (and in some ways surpassing ) its 
ncar-perfect pert(Jrmance fi·om before the 
shutdown. 

The virtual! \' instant success of the startup is 
primarily due to the hard work of the ALS 
Operations, Acce lerator, and Mechanical 
and Electrical Engineering Groups, who 
coordinated their efforts to characterize 
post-shutdown ALS machine pcrtormance, 
make improvements as required, and restore 
quality beam. ln just one week of operation, 
the control room operators reduced the 
startup time t(Jr the machine each morning 
to less than one hour, an exceptional 
achievement. 

INNOVATIVE TOOLS FOR 

SURVEY AND ALIGNMENT 

0 nc group that has been particularly 
busy during the last several months is 

the ALS survey and aLi gnment crew. Their 
goal was to complete a survey of all the 
monuments in the storage rin g and 

bca mlin e area to form a new monument 
network, mo re accurately and more 
eftlcientl y than had been done previously. 
T he monuments ( l 00-plus markers in the 
ALS floor ) fo rm a network of refe rence 
poin ts wh ich arc used for maintain ing 
proper storage- ring ali gnment (thus 
contributin g to longer beam life times ) and 
fo r accura tely aligning new beam line 
co mpo nents. Careful initial align ments, 
co up led with high -qual ity design and 
engineering, have allowed bcamlines at the 
ALS to obtain publishable data within days 
of their tlrst commission ing efforts . 

An important key to doing the survey and 
al ignment work d11ciently was ga ining self 
sufficiency in the surveying process 
(previouslv we had relied on the Precision 
Alignment Group fi·om Stanford to make 
surveys of ALS monuments). To accom 
plish this, the ALS devised a new tool 

Alex Gavidia sights from one monopod to 
another atop the storage-ring shielding. The 
monopod extends through the shielding to a 
monument set in the floor under the storage 
ring; shorter ones are used for measurements 
made from the experiment floor. 



ROGRESS IN OPERATIONS 

ALS performance for 1994 was 92.4% overall and 94.5o/ofor user shifts (actual/scheduled), which shows the 
machine is extremely reliable. The gaps reflect the fact that there were no machine operations during 
weekends due to insufficient .fimding. 

ca ll ed a monopod that substantia lly 
decreases the time required for monument 
surveys, wh ile increasing the accuracy. T he 
advantage of using a monopod derives tl·om 
the need to know the height of the 
surveying tool as exactly as its horizontal 
position. In the past, determining an 
instrument's height required making an 
additional sighting; now the monopod's 
height is a lU1own constant. Bill Baldock 
originated the idea for the monopod, and 
he and Robert Duarte (both of the ALS 
Mechanical Engineering Group) led its 
design. 

Another innovative tool used to complete 
the network of reference points was 
StarNer, a computer program which 
facilitates the task of processing the large 
number of measurements necessary for a 
monument survey. The survey team t::tkes 
the monument measurements using a 
Mekometer and theodolites mounted on 
monopods . The Mekometer, an electronic 
laser device, measures long distances 
extremely accurately, and the precision 
theodolite measures hori zont:tl angles to 
l /3-arc-second resolution. After the 
measurement data are ente red, StarNer uses 
a least-squares tit to determine the location, 
hori zontal error ellipse, and vertica l error 
bar for each monument . The results of this 
fit for the recently completed monument 

survey were outstanding: the monument 
coordinates in the storage ring area are now 
known to within 60 ~Lm. 

NEW OPERATIONS 

SCHEDULES 

T he ALS has been working closely with 
the user community to develop weekly 

and long-term schedules that incorporate 
the suggestions and requests solicited from 
the users for the modes of operations they 
prefer. The result was a new weekly 
schedule for operations put into effect afte r 
the February shutdown, and a long-term 
schedu le for operations through August. In 
the new weekly schedu le, the 9 user shifts 
per week are clay shift (0800-1600 ) on 
Wednesdays, and clay and swing shifts 
(0800- 2315 ) on Thursday-Sunday (incor
porating the users' request to eliminate owl 
shifts for user operations). The long-term 
schedule allocates specific weeks for the 
various modes of operation requested by 
users, including 1.0, 1.5, and 1.9 GeV 
operations, and two-bunch operation . The 
maximum beam current at 1.9 GeV may be 
limited in 1995 due to restrictions associ 
ated with the power loading capabilities of 
the rf cavity windows; we expect at least 

250 mA current at 1.9 GeV. 

IMPROVEMENTS IN MACHINE 

PERFORMANCE 

T he ALS performance for machine 
operations during 1994 was 94.5% 

availability of beam for user shifts (actual/ 
scheduled ), a testament to the quality of 
engineering and the hard work of the 
accelerator physics and operations groups . 
Not satisfied with quantity of operating 
time alone, however, these groups also 
strive to improve the quality of tl1e beam 
they provide to users. 

MEASUREMENT-BASED MODEL 

In pursuit of ever-higher accelerator 
performance, the accelerator group has 
abandoned its original, simulation-based 
model of the storage ring and developed a 
model based on empirical measurements of 
how the accelerator actually behaves. The 
model is derived by making changes to a 
single device , such as a corrector magnet, 
and measurin g the effects of the changes on 
difte rent parameters, including closed 
orbit, chromaticity, betatron tune, and 
seve ral others. These measurements 
combine to form response matrices, which 
can be used in control algorithms such as 
the "feed-forward" algorithm which 
prevents adjustments in undulator gaps 



from causing signifi cant beam movement. 
T he accelerator measureme nts also show 
how well the storage rin g confo rms to its 
desig n to lerances: ALS magnet tields are 
within 10 3 of their design v::dues, and 
magnet positions are accurate to 100 11m. 

BEAM POSITION STABILITY 

Photon beam drift and jitter continue to be 
issues at the ALS. Part of the problem is 
that it can be ve ry difficul t to separate the 
photon beam motion caused by movement 
of the electron beam ti·om that ca used by 
move ment of optical elements at individual 
beamlines. T he prese nt beam positio n 
monitor system cann ot detect electro n beam 
motio n at the levels necessary for establish 
ing how electron beam motion is affecting 
photon beam motion. Howeve r, a proto
type electron bea m monitor (being devel 
oped for a system to protect the vacuum 
chamber ti·om errant photon beams in 
undulators) has proved to be sensitive to 
movements of less than l 11m , and thus is 
perfect for observing electron beam jitter. 
Also, beca use t he monitor is anchored to 
th e floor, it can be used to detect longer
term drifts in beam position. 

T he new mon itor's measurements reveal 
beam jitter (albeit well with in the specitied 
tolerances for beam position stabil ity), in 
whi ch o ne of t he fi·equc ncy components 
corresponds to a torsional osci ll ation mode 
of a girder supporting magnets in the 
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storage ring. Other periodic beam motions 
have been correlated with changes of 
temperature in the low-cond uctivity water 
( LCW) coolin g system and in the surro und 
in g air. We will continu e to address the 
beam stabili ty issue using add itiona l 
electron beam monitors like t hose described 
above and the di agnostic beam line . 

The diagnostic beamline all ows real -t ime 
observations of beam position, movement, 
and size, as well as e lectron bunch lengths, 
bunch purity, and time-dependent va riatio ns 
of all of these quantities. It is also an 
extremely ve rsatile tool to r diagnosis of 
in stabiliti es and of drifts in accelerator 
mechani cal and electri cal syste ms. Com mis
sio nin g of the beam line in its present form 
sta rted last D ecember. 

LONGITUDINAL AND TRANSVERSE 

INSTABILITIES 

When electron bunches interact with each 
other through selfinduced electromagnetic 
fie lds in th e rf cavities and/or the vacuum 
chambers, coupled -bunch instabi lities (CBI ) 
resu lt. In the ALS , th e lo ngitudinal CB I is 
responsible for a four-fo ld increase in the 
energy spread of the electron beam. T hi s 
energy spread val ue domi nates the 
linewidths of th ird, fifth and hi gher 
undulator harmonics. A novel feedback 
system using sta te - ot~ the - a r t d igital 
processing techniques is being developed 
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ROGRESS IN OPERATIONS 

join tly with gro ups tl·om Stanford Linear 
Accelerator Ce nter and LBL's Center for 
Beam Physics (C BP). Feedback system tests 
with 84 electro n bunches in the storage rin g 
show th e expected improvement in spectral 
performance; fu ll implementati on in 
320-bunch mode will be possible once the 
full array of electron ics is in place. T his work 
continues to be a high priority to r the 
accelerator group . 

When longitudinal feedback is turned on, 
increasi ng the peak current and red ucin g 
the energy spread in each bunch , a trans
verse instabili ty appea rs whi ch results in 
vertical oscill atio ns of th e electro ns, 
increasing the vertical beam size and 
emittance. T he CB P Beam Electrodynamics 
Gro up has beg un commissionin g a trans
verse ked back system to correct thi s 
instabil ity. Full testing of th e transverse 
feedback system, using the eyes provided by 
the diagnostic beamline , can take place o nce 
the longitud in al feedback syste m is fu lly 
commissioned. 

Feedback On, 
84 bunches 
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Measurement of the fifth harmonic 0 11 Beamline 7.0 with and withoutlongitudinalfeedback. The feedback system uses state-of-the-art 
digital processing to reduce the energy .~pre ad of the electrons in each bunch, thereby improving the line width and intensity of the 
undulator harmonics. 



WORKSHOPS EXPLORE NEW 

SUIENTIFIU 0PPORTIJNITIES 

T he ALS co-sponsored four 
workshops held directly before 
or after the ALS Annual Users' 

Meeting designed to explore new opportu
nities and applications of synchrotron 
radiation. 

INTERNATIONAL WORKSHOP 

ON PHOTOIONIZATION 

T he ALS hosted over 100 photoion
ization experts from 16 countries at 

the th ird International Workshop on 
Photoionization in San Francisco, Octo-
ber 24-27. Organized by Franc,:ois 
Wuill eumier (a member of the ALS Program 
Advisory Committee) and Fred Schlachter 
of the ALS, the workshop provided a rorum 
to discuss the status of atomic and molecular 
photoionization research, including 
prospects for advances in the field usin g 
third -generation synchrotron li ght sources 
such as the ALS. 

Both synchrotron light so urces and lasers 
have fueled rapid advances in photoioniza
tion , contributing to exciting results in 
atom ic and molecular physics . Workshop 
participants expressed enthusiasm about the 
active interplay betwee n experiment and 
theory, and about the important :~dvances 
photoionization is stimulating in the 
fundam ental understanding of atomic and 
molecular processes . One important area of 
progress is electron correlation, which 
involves looking at atoms as whole entiti es 

rather than in a simplified single
particle model. 

The results presented at I\tVP94 , 
including talks by John Bozek 
(ALS ) on the ALS gas-phase 
undulator beamline (9 .0.1 ) and by 
sever:~! recent ALS users, g:~ve 
participants a sampling of the 
exciting new science in ato mic and 
molecul ar photoioni zation which is 
expected to come fl·om :~II the 
third -ge neration synchrotrons 
including soft x-ray sources such as 
th e ALS and ELETTRA, which Gwyn Williams ji·om Brookhaven National Laboratory 

cover the photon energy r:~nge 
h·om the visible to a rcw ke v; and 
from new high -e nergy sources such 

chaired the workshop on inji·ared microspectroscopy. 

:~s ESRF, APS ( :~ va i lab le in 1996 to r 
research ) and SPring-S (available in 1998 ). 

INFRARED 

MICROSPECTROSCOPY WITH 

SYNCHROTRON RADIATION 

T he successful implementation and 
utilization of the U2B inh·ared 

microspectroscopy beamline by Gwyn 
Williams and co-workers on the VUV ring 
at the National Synchrotron Light Source 
(NSLS ) for the study of a wide range of 
problems in materials science has raised the 
possibility of instal ling a similar facility at 
the ALS. To explore this issue, an informal 
workshop chaired by Willi:~ms was held at 
LBL on October 21 to review the perfor-

mance of the NSLS 
beam li ne and discuss 
the possibility of an 
infrared (IR) beamline 
at the ALS. 

(molecular fingerprints ). In the last decade, 
advanced optics and detectors have made 
spatially resol ved infi·ared spectroscopy 
(microspectroscopy) a popular technique 
for the analysis o f inhomogeneous samples 
and small particles. I R spectromi croscopes 
have been limited in resolutio n becwse of 
the low brightness of a black-body source . 

Synchrotron radiation is , however, a very 
bright source of IRradiation: for exa mple , 
the NSLS VUV ring, the source of the two 
NSLS infi·ared beamlincs in operation, is at 
least 300 times brighter than a black-body 
source over the wavelength range ti·om 
1 to 1000 J.lm. 

Workshop talks, primarily given by indus
trial users of the NSLS infrared beam line, 
included a comparison of results obtained 
using IR microspectroscopes and th e NSLS 
VUV ring as the sou rce , :~nd an overview of 
some of the industrial research applications. 
The strong interest expressed by the 
scientific community for additional infi·ared 
beamlines led to the decision to build one 
at the ALS, and the initial design is now 
underway. 

STATE-OF-THE-ART 

MONOCHROMATOR DESIGN 

Franrois Wuilleumier (lejl) and Fred Schlachter, with Susan Sands, 
organized the International Workshop on Photoionization. 

Infrared spectroscopy 
has been a mainline 
analytical tool for 
decades, both in 
industr y and in the 
laboratory, owing to 
irs ability to identify 
molecular constitu 
ents of complex 
material s ti·om their 
vibrational spectra 

Specialists in tl1e design , construction , 
and use of grating-based monochroma

tors convened at LBL on October 24-26 to 
survey the current status of vacuum -ultra -



violet (VUV) and soft-x -ray monochroma
tors. T he second in a series of workshops 
begun at BESSY in March 1991, the 
meeting attracted some 60 participants. 

In several ta lks, speakers described ex isting 
facilities and reviewed th e major types of 
grating- based monochromators-spherical 
grating (SGM), plane grating (PGM ), and 
va ried -l ine -spacing (VLS) . Meeting parti
cipants conc luded that no si ng le design 
clearly leads the others in performance, and 
th,lt a va riety of designs would continue to 
be constru cted. Participants also described 
parallel areas of work such JS multilayer 
optics and x-ray interterometrv. 

The workshop also provided an exce llent 
opportu ni tY for equ ipment manubcturers 
to demonstrate the latest products to their 
customers in the synchrotron radiation 
community. SeverJI companies accepted the 
invitation to display their work, and were 

I 

included in the oral presentations . Confer
ence organizers were Wayne McKin ney, 
Howard Pad more, and Ma lcolm Howells at 
the ALS, and Fred Senf, Bil l Pearman, and 
Wolfgang Gudat tl·om BESSY. 

ANALYTICAL APPLICATIONS 

FOR SYNCHROTRON 

RADIATION 

At a workshop co-sponsored by the 
Stanford Svnchrotron lbdi::~tion 

L::~boratory (SS l~) and the ALS o n Octo
ber 19 , over 100 sc ientists g,uhered to 
discuss the new SSl~ multipole -wiggler 
beamline tor molecular-level analysis of 
chemical contaminants in diverse environ
ments, and plans at SS1~ and ALS to 
develop facilities for measu rement of 
microcomamination of si licon waters 
(eventuall y as a servi ce to the semiconductor 
industry). 

The morning session featured talks on the 
potential of the comparatively new field of 
molecular environmental science to play an 

important ro le in rad ioactive and other 
waste cleanup beca use of its abili ty to 
identity the elements present and to 
deter mi ne their chemica l states . A review of 
recent experiments using x- ray absorption 
spectroscopy ind icated it appears li kel y to be 
one of the main techniques employed in 
environmental science studies, particularly 
the techniq ues of EXAFS (exte nded x- ray 
absorption tine -structure spectroscopy) and 
XANES (x- r::~y absorption near-edge 
spectroscopy). 

The second majo r focus of the workshop 
was to promote discussion on the issues 
related to the detection of surLJCe contami
nants on integrated circuits. Sematech, the 
collaborJtive research o rganization of th e 
U .S. semiconductor industry, is studying the 
applicability of synchrotron -based total 
reflection x-ray fluorescence (TXRF) for 
wafer screening prior to production runs. 
Piero Pian etta of SSRL reviewed p lans 
underway at both SSl~ and the ALS tor 
estab lishing dedic::~ted TXRF bci liti es with 
advanced detectors ::~nd wafer handling 
capabi lity. 

ANNUAL USERS~ MEETING 

DRAWS RECORD CROWD 

T he opportunity to hear about the 
exceptional science emerging ti·om 
the ALS user program drew a rec

ord crowd of over 250 to the Annual 
Meeting of the ALS Users ' Association held 
October 20-21 at LBL. O rganized by 
Users' Executive Committee C hair Michael 
White (B rookhaven National Laboratory), 
the program began with remarks ti-om Bill 
Oosterhuis of the DOE's Oftlce of Basic 
Energy Sciences, who congratulated the 
ALS fo r havin g exceeded user expectations 
and described etTorts to increase ALS 
fund ing in FY96. T he rest of the morn in g 
fea tured an overview ofALS operations, 
beamline constructio n and commissioning 
activities, and scientific program develop
ment given by ALS management. 

T he afternoon session was devoted to new 
resul ts fro m ALS users, providing am ple 
evidence th at the prom ises of "u niq ue 

research opportunities" and 
"experiments not possible 
anywhere else" made: at the 
inception of the: ALS are indeed 
coming true . 

On the: second day, the theme: 
was future scientific opportu ni
ties at the: ALS such as protein 
crystallography, pol ymer 
microscopy, and inti·a red 
spectromicroscopy. At lunch 
time:, everyone: gravitated to the 
ALS to get a closeup view of the 
beaml ines and di scuss new 
prod ucts with the 28 vendors 
who had set up exhi bits. A sum mary of the 
meetin g presentatio ns has been p repared by 
th e ALS; use th e insert on page 13 to 
requ est a copy. See the back page of the 
newsletter fo r the ann ou ncement of th is 
yea r's meeti ng . 

Michael White (right), chair of the 
Users' Executive Committee (UEC) 
for 1994, chats with Neville Smith 
(left) and Jeffrey Bok01; 
vice-chairofthe UECfor 1995. 
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. r;r NNOUNCEMENTS 

0 GET THE LATEST ALS NEWS 

Looking for the latest on ALS resea rch , operations, workshops, and other de\'e lopments? You can find thi s and more in ALS News, 
o ur weekly electronic newsletter. To join over 450 subsc ribers in 25 countries who receive ALSNews by electronic mail , please se nd 
a "subsc ribe me" message, including your co mplete internet address, to alsnews@lbl.gov. 

Current and past issues of ALSNews are also ava ilable on th e World Wide Web at <http :/ / bea nie.lbl.gov:800l / als/a ls_news/ 
als_news .htmb. Other links from th e ALS HomePage offer current machine status, operations schedu les, beam li ne info rmation, 
how to become an ALS user, and mo re. 

0 MARK YouR CALENDAR! 

The Annual Meeting o f the ALS Users' Association will be held Monday and Tuesdav, October 23-24, 1995 , at Lawrence Berkeley 
Laboratory. 

0 HousiNG AssiSTANCE AVAILABLE fROM LBL RECEPTION CENTER 

The LBL Reception Center now offers a variety of housing services to assist visitors to the Laboratory. They can help arrange short
term ho using at local hotel s or Bed and Breakfast accommodations, and assist with mid - to long-term rentals. 
Tel: (510 ) 486-6198 Fax (510 ) 486-6169 

0 ALS ADMINISTRATION Now IN BuiLDING 4 
The ALS management, admini stration s taff~ and accelerator group moved fi·om Building 80 to Bui lding 4 in May to make way for 
the construction of the Structural Biology Support Faci li ties. Phone numbers, fax numbers, and mailing addresses were no t 
atfected. 

T he Advanced Ltqht Source R eport is published periodically at Lawrence Berkeley Laboratory for members of the Advanced 
Light Somce Users' Association and other inte rested persons. . 
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