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ON THE FRONT COVER: Main image, far right: A G-protein-coupled receptor signaling complex whose structure was iden-
tified in 2011. The receptor is in magenta while the different G protein subunits are colored green, red, and blue. This structure
was part of the research, carried out in large part at the National Institute of General Medical Sciences and National Cancer
Institute Structural Biology Facility at the Advanced Photon Source (APS), that received the Nobel Prize for Chemistry in 2012.
“Over the decades [Robert J. Lefkowitz and Brian K. Kobilka] learned in the finest molecular detail how [beta-adrenergic] re-
ceptors are built, how they transmit signals over the membrane and how they are regulated...Their discoveries are molecular
masterpieces in many respects. One of nature's wonders is now revealed in all its beauty.” From the 2012 Nobel Prize for
Chemistry Presentation Speech by Professor Sara Snogerup Linse, Member of the Royal Swedish Academy of Sciences;
Member of the Nobel Committee for Chemistry, 10 December 2012. http://www.nobelprize.org/nobel_prizes/chemistry/laure-
ates/2012/presentation-speech.html. Structure courtesy of the Kobilka Lab.

Upper-left figure: Phase contrast image obtained during impact of a 300-mm-diameter stainless steel cylinder into vitreous
carbon and boron carbide plates; see page 160. Lower left photo: The superconducting undulator prototype installed on Sector
6 of the APS storage ring; see page 168.

ON THE BACK COVER: Clockwise from far left: Argonne scientist Chris Benmore demonstrates acoustic levitation; see page
10. Tomographic image of a crystal from the Bishop Tuff with a group of four inclusions shown as colorful solids; see page
128. Amorphous titanium oxide nanotubes; see page 24. An unprecedented “magnon gap” of Sr;Ir,O; see page 148. Ascene
from the APS during the Argonne 2012 Energy Showcase; see page 42. Concurrent magnetostructural transitions in the spinel
NiCr,0y4; see page 20.
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thereof, nor UChicago Argonne, LLC, nor any of their employees or officers, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of document authors ex-
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THE ADVANCED PHOTON SOURCE FACILITY AT ARGONNE NATIONAL LABORATORY

The Advanced Photon Source (APS) occupies an 80-acre site on the Argonne National Laboratory campus,
about 25 miles from downtown Chicago, lllinois.
For directions to Argonne, see http://www.anl.gov/directions-and-visitor-information.

The APS, a national synchrotron radiation research facility operated by Argonne for the U.S. Department of Energy (DOE) Office of
Science, provides this nation’s brightest high-energy x-ray beams for science. Research by APS users extends from the center of the
Earth to outer space, from new information on combustion engines and microcircuits to new drugs and nanotechnologies whose scale
is measured in billionths of a meter. The APS helps researchers illuminate answers to the challenges of our high-tech world, from devel-
oping new forms of energy, to sustaining our nation’s technological and economic competitiveness, to pushing back against the ravages
of disease. Research at the APS promises to have far-reaching impact on our technology, our economy, our health, and fundamental
knowledge of the materials that make up our world.

CONTACT UsS
For more information about the APS or to order additional copies of this, or previous, issues of APS Science, send an email to
apsinfo@aps.anl.gov, or write to APS Info, Bldg. 401, Rm. A4115, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439,
or go to http://www.aps.anl.gov/Science/Reports/ to download PDF versions.
Visit the APS on the Web at www.aps.anl.gov

For links to online content including animations, videos, etc., look for URLs or (for readers of the print version of this book) QR codes
(as below). QR codes quickly link smartphone users to the content.

A code reader can be downloaded from, for instance, http://www.quickmark.com.tw/En/basic/download.asp

Adobe Flash may be required for some films.




WELCOME

Brian Stephenson

May 2013

The past year set new records for
the scientific impact and productivity of
the APS. One of the ways to see this is
in the impressive statistics being com-
piled by our vital facility and the active

= I

and growing user community we serve.
In fiscal year (FY) 2012 we had 63
simultaneously operating x-ray beam-
lines delivering approximately 5000
hours of x-rays per year each, with 5
more beamlines under construction or
commissioning. Our 5600 unique on-
site and off-site users participated in
experiments a total of 22,500 times
during the year. Altogether our users
carried out more than 4800 experi-
ments. Our publication rate topped

Left: Brian Kobilka; right: Robert Lefkowitz. ©Nobel Media AB 2012

1500 per year, 20% of which are in
high-impact journals such as Science
or Nature (almost one every day of the
year). Nearly 1400 macromolecular
structures were deposited into the Pro-
tein Data Bank from experiments at
APS — more than any other light
source in the world.

Our users came from all 50 U.S.
states; Washington, D.C.; Puerto Rico;
and numerous foreign countries; they
represented (just in FY12) 630 aca-
demic institutions, medical schools, in-
dustries, national labs and other federal
research entities, and private research
institutions.

All of the preceding depends on
reliable delivery of x-rays from our
source to our users. In FY12, our
source performed at a record-setting
pace. X-ray beams from our storage
ring were available 99.4% of the
scheduled 5000 hours (4969.4 hours to
be precise). During that time our accel-
erators (linac, booster, and storage
ring) operated an average of 198.8
hours without an interruption. (For
graphs that place these numbers and

more in context, see pages 180-181 of
this book).

But these remarkable numbers are
simply a reflection of the dedication, in-
telligence, and hard work shown every
day by our users and by the personnel
of the APS.

We were very pleased that Prof.
Brian Kobilka, from Stanford University,
along with Prof. Robert Lefkowitz, from
Duke University, won the 2012 Nobel
Prize in Chemistry for their work on G-

protein-coupled receptors. These re-
markable discoveries are described in
the article on page 6 by Janet Smith
and Bob Fischetti, the Scientific Director
and Group Leader, respectively, of the
General Medical Sciences and Cancer
Institutes (GM/CA) beamlines at Sector
23 the APS, where Prof. Kobilka carried
out much of the x-ray studies that led to
the Nobel Prize. Prof. Kobilka and his
group were able to understand these
critically important membrane proteins
in part because of the microfocusing ca-
pabilities available at the GM/CA beam-
lines, which allowed detailed atomic
structures to be obtained from the tiny
crystals. The hard work and persever-
ance of Prof. Kobilka was comple-
mented by the dedication of the staff of
GM/CA and of the APS, who can de-
servedly feel proud of their contribu-
tions to this outstanding body of work.

This Nobel Prize is an illustration of
how technical developments driven by
the needs of one field can have wide-
spread scientific impact across diverse
areas. The continually improving ability
to focus hard x-rays that has become

so important in macromolecular crystal-
lography also enables many other fields
of science at the APS, advancing the
forefront of materials science, high-
pressure research, high-resolution
spectroscopy, nanoscience, and cell bi-
ology to name a few. Imaging and in
situ studies with hard x-rays, the two
overarching strategic themes identified
for the future of the APS and the central
science drivers of the APS Upgrade
“Welcome” cont'd on page 4



May 2013

I am happy to report that it has
been a busy and productive year for the
Advanced Photon Source Upgrade
(APS-U) Project. Significant advances
were made in Project design and R&D
activities.

Since the last APS-U report in APS
Science 2011 (http://www.aps.
anl.gov/Science/Reports/), we have
been the subject of several reviews.
Even though we do not anticipate a
U.S. Department of Energy (DOE) Criti-
cal Decision (CD)-3 review (which could
grant construction approval) until spring
of 2014, we were able to jump-start
work on two new beamlines by gaining
early procurement approval in August
2012 following a successful CD-3A re-
view. In mid-August of 2012, subse-
quent to a positive DOE Office of
Science (SC) “Lehman review” of our
long-lead procurement (LLP) plans for
the new Resonant Inelastic X-ray Scat-
tering (RIXS) and Advanced Spec-
troscopy/Low-Energy-Resolution
Inelastic X-ray Scattering (ASL) beam-
lines, the DOE-SC Energy Systems Ac-
quisition Advisory Board reviewed and,
on August 30, approved CD-3A for the
initial LLP. The CD-3A approval was an
important step for the Project because it
accelerates the schedule, and at the
same time reduces schedule risk by
spreading installation of front-end and
accelerator components over a greater
number of shutdown periods.

For the RIXS beamline, the ap-
proval enabled us to begin procuring
front-end components, undulators,
vacuum chambers, and radiation en-
closures immediately after the ap-
proval and continuing into fiscal year
(FY) 2013. As of February 2013, con-
tracts for radiation enclosures, an as-
sortment of vacuum components, and
the monochromator for this beamline
were awarded. Construction of radia-
tion enclosures at Sector 27, the new
home for the RIXS program, starts in
September 2013. As for the ASL
beamline, the approval scope includes
radiation enclosures, monochromators,
and mirrors. But additional funds will

THE ADVANCED PHOTON SOURCE
UPGRADE PROJECT

be required in FY13 in order to pro-
ceed with the ASL beamlines.

We have moved equipment to free-
up space at Sector 35 for the new Dy-
namic Compression Sector (DCS),

where DCS will use hard x-rays to study

dynamically shocked materials. The
construction of this sector is supported
by the DOE National Nuclear Security
Administration. We expect construction
of enclosures in the DCS sector to start
in May 2013, and then in the RIXS sec-
tor in September 2013. Staggering con-
struction of new and upgraded
beamlines will enable us to generate
scientific results well before the ex-
pected 2020 completion of the APS-U.
Another important review, the Ar-
gonne Director’'s CD-2 Review, took
place in September 2012. The review
committee, chaired by Ed Temple (Of-
fice of the Director, Argonne, and APS-
U Project Advisor), was charged by
Argonne Director Eric Isaacs to lead the
assessment of APS-U readiness in a

Enclosures

High-Heat-Load
Monochromator

/
oA

3

Masks and
Photon Shutter

George Srajer

However, due to budget uncertainties at
the time of this writing, CD-2 approval is
not expected before summer of 2013.
Three areas of research that were
previously considered, but had not
been included in the Project scope,
were integrated into the plan as part of
the CD-2 review. These are the devel-

Control Room —___

o

Mirrors Spectrometer

High—Fieso\uhon
Monochromator

A computer-aided-design rendering of the RIXS beamline major components.

broad range of categories, including
management; scope; cost and sched-
ule; environment, safety and health;
quality assurance; and documentation
preparation. The reviewers were uni-
formly positive in stating that the APS-U
was on track for achieving a successful
DOE CD-2 review in December 2012.
From December 4 through Decem-
ber 6, 2012, 26 reviewers delved into
every aspect of project readiness on
behalf of the DOE, culminating in a suc-
cessful CD-2 review, which is a precur-
sor to the all-important CD-2 approval.

opment of nanofocusing optics using
zone plates in the range of 20 nm at 25
keV, a two-year study of options for
high-speed detectors, and development
of RIXS optics.

Successful reviews were not the
only milestones last year. The acceler-
ator complex was a hive of activity with
the construction and testing of proto-
type components.

Prototypes of two revolver-undula-
tor engineering designs were con-
structed and evaluated. A revolver

“Upgrade” cont'd. on page 5



“Welcome” cont’d from page 2
(APS-U), are both blossoming, helped
by the revolution in hard x-ray focusing
capabilities.

Progress of the APS Upgrade in
FY12 is spelled out by George Srajer,
the APS-U Project Director, on page 3.
This year the preliminary design for the
APS-U was completed and the baseline
scope and schedule set, steered by a
series of useful and productive reviews
held by our sponsor, the U.S. Depart-
ment of Energy Office of Science (DOE-
SC), and by Argonne management. The
DOE-SC has been steady in their en-
couragement and sup-
port of the Upgrade.
Argonne, led by Direc-
tor Eric Isaacs, contin-
ues to provide the
backing that is essen-
tial to the Upgrade
success.

In anticipation of
the Upgrade, several
new beamlines are being developed
that will bring many new research capa-
bilities to our facility. One of these is the
Dynamic Compression Sector (DCS) at
Sector 35, which formalized its ties with
the APS in a Memorandum of Under-
standing signed on September 6, 2012.
The DCS is the culmination of many
years of leadership by Prof. Yogendra
Gupta, Director of the Institute for
Shock Physics at Washington State
University, and is being funded by the
DOE National Nuclear Security Admin-
istration. See page 62 for more details
on this most recent addition to the fam-
ily of APS beamlines.

In addition, the 34-ID beamline op-
erated by APS X-ray Science Division
(XSD) was reconfigured to use canted
undulators, which allows two independ-
ent undulator beamlines to operate
using a single straight section in the
APS storage ring. Canting was also
brought to the High Pressure Collabora-
tive Access Team (CAT) 16-ID beam-
line, and GeoSoilEnviroCARS 13-ID
beamline. The BioNanoprobe at the Life

Sciences CAT (21-1D) welcomed its first
users. XSD beamline 1-BM was recon-
figured to host optics and detectors
testing programs (see page 174), XSD
1-1D was re-instrumented to begin a
new era in high-energy in situ diffraction
microscopy, construction was com-
pleted at XSD 7-BM for the study of
high-speed fuel sprays via microradiog-
raphy (page 175), and 17-BM was con-
verted to be operated by XSD for
powder diffraction.

The team constructing the new in-
termediate energy x-ray (IEX) beamline

It is important that we communicate the value of scientific
research in general, and the value of DOE-SC user facilities
in particular. These are excellent investments that will pro-
vide ample returns for future generations in addressing the
major challenges facing our society in energy, the envi-
ronment, and health.

at Sector 29 installed and commis-
sioned the IEX undulator insertion de-
vice, an electromagnetic variable
polarizing undulator that is the first of its
kind.

APS expertise continued to foster a
tradition of collaboration. Our scientists
and engineers worked with their coun-
terparts at the Linac Coherent Light
Source at the SLAC National Accelera-
tor Laboratory and the Technological In-
stitute for Superhard and Novel Carbon
Materials (Troitsk, Russia) to demon-
strate the first “seeded” hard x-ray laser,
with all of the intensity concentrated in a
narrow and stable energy bandwidth
(page 170). This long-held goal for de-
velopers of x-ray free-electron lasers
promises to open entirely new vistas in
X-ray science.

Our people earned recognition
from various quarters of the scientific
world; a rundown begins on page 176.

In 2012, the staff of the GM/CA
beamlines mentioned above moved or-
ganizationally from the Argonne Bio-
sciences Division to the Argonne X-ray

Science Division within the APS (see
page 74). GM/CA is a national user fa-
cility funded by two of the National Insti-
tutes of Health. For many years GM/CA
has provided world-leading structural bi-
ology capabilities at the APS. The
GM/CA group received a 2010 R&D
100 Award for the development of the
Hard X-ray Minibeam Quad Collimator
for Structural Biology, and led the re-
cent effort to understand the mecha-
nism for reduced radiation damage in
crystals with micron-sized beams.

We are serious about the safety of
all of our people at the
APS, employees and
users alike. Fiscal
year 2012 was the
best year yet for injury
statistics, with 1 injury
that required medical
attention; 4 first-aid in-
cidents; and 0 “DART”
injuries involving
[Dlays [A]way, [R]estricted, or [T]rans-
ferred. Numbers are not the whole story
here; the fact that no one suffered a se-
rious injury is the bottom line. Our goal
for the future is to reduce all of these
numbers to zero.

Finally, it is important that we com-
municate the value of scientific re-
search in general, and the value of
DOE-SC user facilities such as APS in
particular. These are excellent invest-
ments that will provide ample returns for
future generations in addressing the
major challenges facing our society in
energy, the environment, and health.
The research highlighted in this book is
just a fraction of the discoveries made
by our users and staff in 2012. | hope it
is as inspiring to you as it is to us.

Brian Stephenson
Argonne National Laboratory
Associate Laboratory Director,
Photon Sciences;

and Director

Advanced Photon Source



“Upgrade” cont'd. from page 3
undulator has the footprint of a single
undulator, but allows the user to choose
between two different period lengths.
Revolvers provide users with greater
flexibility to tune and optimize x-ray en-
ergies over a broader range.

Superconducting technology
opens up new avenues for production
of high-energy photons at synchro-
trons. The upgraded APS will be the
first third-generation synchrotron to
use a superconducting undulator. The
short (0.32-m-long) prototype, SCUO,
was installed in the APS accelerator
tunnel in December 2012-January
2013 (see the article on page 168).
The device was commissioned, and x-
ray measurements confirmed that
SCUO0 met its design specifications.
SCUO performed flawlessly during its
first four-month-long running period
and scientists are now using the de-
vice for research, taking advantage of
its high-energy x-rays. Operational
test results will guide final develop-
ment of the 2.3-m-long production su-
perconducting undulator.

The Short- Pulse X-ray (SPX) sys-
tem will provide users with high-repeti-
tion rate (up to 6.5 MHz) pulsed x-rays.
This will provide APS users with the ca-
pability of studying the complex, ultra-
fast behavior of biological, material, and
chemical systems at the molecular

The SPXO0 team with the horizontal cavity tuner test set-up at the Argonne Tandem Linear Accelerator
System. From left to right: Joe Matalevich (JLab), Mike McCrea (JLab), Tom Mann (APS-U), Joel
Fuerst (APS-U), John Mammosser (seated, JLab), Ali Nassiri (APS-U), Genfa Wu (APS-U), and Ned

Arnold (APS-U). Inset: Jeremiah Holzbauer (Argonne).

level, and to study actions that occur on
time scales of a few picoseconds. The
SPX system will make the APS the only
light source at which users can vary
their hard x-ray pulse lengths from 2 to
100 ps at individual beamlines. Earlier
this year, a prototype short-pulse x-ray
system (SPXO0) radio-frequency cavity
was integrated with its tuner, high-
power and low-level radio-frequency
systems, controls, and a 2K helium sys-
tem, and successfully tested in the lab-
oratory for the first time. This was a
significant achievement.

Building 400, which will house the

The core members of the revolver-undulator team, in the APS Magnetic Measurement Facility. Left to
right: Joe Gagliano, Jr.; John TerHAAR; Mike Merritt; and Sue Bettenhausen (all ASD Magnetic De-

vices Group), between the two APS prototype revolver undulators. At left is the “non-revolving strong-

back” design, which only revolves the magnet arrays and a fairly small structure that ties them

together. Right: The “revolving strongback” design, where the entire beam (that provides bending

stiffness for the magnet arrays) revolves. This is essentially an APS-specific adaptation of the design

utilized at the European Synchrotron Radiation Facility.

SPX cryogenics system, is located in
the storage ring infield adjacent to sec-
tors 5 through 7, and was finished in
September 2012.

Our project management team has
benefited greatly from new additions in
2012. Among these hires are Jim Kerby
(Project Manager), Tom Fornek (Deputy
Project Manager and Integration Asso-
ciate Project Manager), Tom Mann
(SPX Deputy Associate Project Man-
ager), and Tom Burt (Financial Analyst).
Their wealth of experience and expert-
ise were critical to the successful re-
views in 2012 and they will continue to
play central roles in our successes
going forward. An organization chart for
the APS-U can be found on our web
site at http://www.aps.anl.gov/Upgrade/.

In the coming year, we expect just
as much, if not more activity. To make
sure that the APS-U Project continues
to receive the attention and expertise
that it deserves as it ramps into high
gear, we are in the process of hiring
key personnel so we can be ready for
the next major goal, CD-3, the approval
to start construction!

We all look forward to these new
challenges. George Srajer

Argonne National Laboratory

Deputy Associate Laboratory Director,
Facility Development, Photon Sciences;
and Director,

Advanced Photon Source Upgrade Project

The APS Upgrade Project is funded by the
U.S. Department of Energy Office of Science
under Contract No. DE-AC02-06CH11



THE 2012 NOBEL PRIZE IN CHEMISTRY:
SHINING A BRIGHT LIGHT ON
G-PROTEIN-COUPLED RECEPTORS

M2 muscarinic M3 muscarinic

receptor® receptor®® PAR1
receptori?

6 opioid u opioid
receptor® receptori!

Fig. 1. Gallery of Brian Kobilka et al.’s GPCR structures from data collected at GM/CA-XSD. The re-
ceptors are shown in ribbon form. In the center, the ,AR is in green, and the three-part G protein is in
orange (Ga.), cyan (GB) and blue (Gy). Small signaling molecules are bound in some receptors (carbon
atoms as black spheres, red oxygen, blue nitrogen). The light blue stripes represent the position of the
cell membrane with the outside of the cell above the stripe and the cell interior below. Extra proteins to

aid crystallization are in gray. Numbers refer to literature citations in the list on the next page.

© ® The Nobel Foundation.
Photo: Lovisa Engblom

A nearly 40-year journey of scientific
discovery culminated in the awarding of
the 2012 Nobel Prize in Chemistry to
Robert Lefkowitz of Duke University and
Brian Kobilka of Stanford University for
their studies of G-protein-coupled recep-
tors, or GPCRs. The award in part rec-
ognized the several receptor crystal
structures solved by Brian Kobilka and
co-workers from x-ray diffraction data
recorded at the APS.



G-protein-cou-
pled receptors are
protein molecules
embedded in the
surface of a cell
where they transmit
information from the
outside to the inside
of the cell. The
transmitted informa-
tion starts a cas-
cade of molecular
events inside the
cell, leading to a
physiological re-
sponse that can be
quite dramatic, such
as a rapid change of
heart rate; constriction of blood vessels;
or a sensation of light, smell, or taste.
Lefkowitz and Kobilka focused on a
GPCR called the B, adrenergic receptor
(B,AR). The B,AR is the receptor for
adrenaline and is the target of many
drugs for treatment of conditions as di-
verse as hypertension and asthma. The
G proteins inside the cell are the first
molecular recipients of GPCR signals.
They carry the signal to other parts of
the cell and initiate the physiological re-
sponse.

Lefkowitz discovered GPCRs in
the 1970s, and he and Kobilka charac-
terized the behavior of the B,AR in the
1980s at Duke. Since the 1990s, Ko-
bilka and his group at Stanford have
studied the molecular details of the
B,AR, with the goal of “seeing” the re-
ceptor in three dimensions by solving
its crystal structure. This was a massive
undertaking that required a deep under-
standing of receptor behavior and rigor-
ous attention to experimental detail.

They obtained the first crystals in
1997, but these crystals were small, ex-
tremely fragile, and radiation sensitive.
It took ten more years and the applica-
tion of several experimental techniques
to grow crystals of sufficient quality for
structure determination. In 2007, Ko-
bilka and his group determined the first
human GPCR structures in atomic de-
tail using diffraction data obtained at
the General Medical Sciences and Na-

2012 Chemistry Laureate, Brian K. Kobilka (left) receiving his Nobel Prize from His Majesty King
Carl XVI Gustaf of Sweden at the Stockholm Concert Hall, 10 December 2012. ©Nobel Media AB
2012. Photo: Alex Ljungdahl

tional Cancer Institute (GM/CA-XSD)
beamlines at the APS.

The high-brightness, high-energy
synchrotron x-ray beams from undulator
sources at the APS and the micro-crys-
tallography beamlines at GM/CA-XSD
were essential to solving the GPCR
structures. The GM/CA-XSD end sta-
tion for micro-crystallography exploits
the APS x-ray beam properties of stabil-
ity, brightness, and the ability to be fo-
cused on an extremely small spot.
Critical features of the micro-crystallog-
raphy end station include a rapidly
changeable beam size and powerful
software for micro-scale manipulation of
beam and sample. These were exactly
the right tools for the tiny, weakly dif-
fracting crystals of the challenging
GPCR projects.

Since determining the first ,AR
structures in 2007, Kobilka’s group con-
tributed structures of five other GPCRs
as well as several variants of the §,AR
(Fig. 1). Seeing the receptor in partner-
ship with its G protein is the group’s
most remarkable accomplishment to
date. Removing the receptor from the
cell membrane, stabilizing the isolated
receptor in an active form, making a
stable complex of the receptor and G
protein, and capturing the receptor-G
protein at a single step in the intricate
signaling dance was a technical tour de
force that required many experimental

methods and many
collaborators.

About half of all
medications are tar-
geted directly or indi-
rectly to one of the
nearly 800 GPCRs.
Kobilka’s GPCR
structures give a
clear picture of the re-
ceptors and where
drugs bind within
them. Thus, it has
enormous implica-
tions for creating and
improving pharma-
ceuticals and for un-
derstanding and
controlling the effects of drugs of choice
such as caffeine, opium, and cocaine.
Janet L. Smith, JanetSmith@umich.edu,

Robert F. Fischetti, rfischetti@anl.gov

PUBLICATIONS AND PROTEIN DATA BANK

CODES FOR GPCR STRUCTURES FROM

THE KOBILKA GROUP:

T Rasmussen et al., Nature 450, 383 (2007).
2R4R, 2R4S

2 Cherezov et al., Science 318, 1258 (2007).
2RH1

3 Bokoch et al., Nature 463, 108 (2010).
3KJ6

4 Rasmussen et al., Nature 469, 175 (2011).
3P0G

5 Rosenbaum et al., Nature 469, 236 (2011).
3PDS

6 Rasmussen et al., Nature 477, 549 (2011).
3SN6

7 Zou et al., PLoS One 7, e46039 (2012).
4GBR

8 Granier et al. Nature 485, 400 (2012).
4EJ4

9 Haga et al., Nature 482, 547 (2012).
3UON

10 Kruse et al., Nature 482, 552 (2012).
4DAJ

" Manglik et al., Nature 485, 321 (2012).
4DKL

12 Zhang et al., Nature 492, 387 (2012).
3Vw7

GM/CA-XSD has been funded in whole or in
part with Federal funds from the National
Cancer Institute (Y1-CO-1020) and the Na-
tional Institute of General Medical Sciences
(Y1-GM-1104). Use of the Advanced Photon
Source at Argonne National Laboratory was
supported by the U.S. Department of Energy
Office of Science under Contract No. DE-
AC02-06CH11357.



ACCESS TO BEAM TIME AT THE APS

All beam time at the APS must be requested each cycle through the web-based Beam Time
Request System. Five types of requests are possible: General User (a researcher not associated
with a particular beamline), Partner User (a member of a collaborative access team [CAT], a Part-
ner User proposer, or a member of a collaborative development team), CAT member, CAT staff,
and APS staff. Each beam time request (BTR) must be associated with a proposal, but the require-
ments for each proposal type differ.

The new APS User Portal (http://www.aps.anl.gov/Users/aps_userPortal.html) provides access
to comprehensive information for prospective and current APS users.

GENERAL USER PROPOSALS AND BTRs

Proposals are peer reviewed and scored by a General User Proposal Review Panel, and time
is allocated on the basis of scores and feasibility. A new BTR must be submitted each cycle, and for
each cycle, allocation is competitive. Proposals expire in two years or when the number of shifts
recommended in the peer review has been utilized, whichever comes first.

PARTNER USER PROPOSALS AND BTRs

Proposals are peer reviewed by a General User Proposal Review Panel and reviewed further
by a subcommittee of the APS Scientific Advisory Committee; the final decision on acceptance is
made by the APS Deputy Director. Although a new BTR must be submitted each cycle, a specific
amount of beam time is guaranteed for up to three years.

CAT MEMBER PROPOSALS AND BTRs

Proposals from CAT members are much shorter, do not expire, and are reviewed by processes
developed by individual CATs. A new BTR must be submitted against these proposals for each
cycle during which the proposal needs beam time, and allocation/scheduling is determined by the
CAT.

CAT AND APS STAFF MEMBER PROPOSALS AND BTRsS

These proposals are also very short, do not expire, and are reviewed through processes devel-
oped by either the CAT or the APS. A new BTR must be submitted against such proposals for each
cycle during which the proposal needs beam time. Each CAT/beamline determines how these
BTRs are allocated/scheduled.

INDUSTRIAL USERS

Improving industrial-user access to beam time is the focus of an APS pilot plan under the
rubric “Measurement Access Mode” (MAM) that is designed for rapid access to APS beamlines for
short, relatively straightforward measurements. Initially, several sectors agreed to participate in the
MAM pilot. Participation involves setting aside three rapid-access beam-time shifts, at approxi-
mately two-week intervals (some 5% of available user beam time). Qualifying MAM projects are
then scheduled during each running cycle into the next available rapid-access period on the appro-
priate beamline. Concurrently, a web site (http://www.aps.anl.gov/industry/) was established in
order to make the whole access process easier for potential industrial users. An electronic contact
information form filled out by the principal investigator (PI) is emailed to the APS Industrial Liaison
Office for follow-up. This follow-up comprises an acknowledgement email and contact with the PI
for a verbal/email discussion to obtain further information. If the consensus is that the proposed
work meets three criteria (Can it be done here? Can it be done safely? Is there a reasonable
chance that useful information can be obtained?), the office arranges contact between the Pl and
the beamline scientist for the APS sector where the work will be done. In addition, work on the ap-
propriate administrative issues (user registration, user agreements, user accounts) is begun. The
web site is currently being upgraded to include extensive information for industrial users. For more
information, contact Argonne Photon Sciences Deputy Associate Laboratory Director for X-ray Sci-
ence Dennis Mills (DMM@aps.anl.gov); APS User Outreach Scientist Jyotsana Lal (jlal@anl.gov),
or the APS Industrial Liaison Office (aps-i@aps.anl.gov).
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Beamlines, Disciplines, and Source Configuration

15-1D-B,C,D (ChemMaiCARS) 16-BM-B + 16-BM-D + 16-1D-B + 16-ID-D (HP-CAT)

14-BM-C « 14-ID-B (BIOCARS)
13-BM-C + 13-BM-D « 13-ID-C » 13-ID-D + 13-ID-E (GSECARS)

12-BM-B + 12-ID-B « 12-ID-C,D (XSD)

10-BM-A,B + 10-ID-B (MR-CAT)
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E23cm

9-BM-B,C « 9-ID-B,C (XSD)
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M Biological & Life Science £27cm
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5 M Environmental Science
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7-BM-B « 7-1D-B,C,D_(XSD) [ Physics 3.5cm
M Polymers B

£36cm

Experiment Hall, Bldg. 400 = 55cm
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5-BM-C « 5-BM-D « 5-ID-B,C,D Q

4-D-C + 4-ID-D (XSD)

(DND-CAT) / e

_;N‘

Booster/Injector

3-ID-B,C,D (XSD) Synchrotron

Utility

Source Key
Undulator/period

Fcrpuizgem
(Jscuiecm

17-BM-B (XSD)
17-1D-B (IMCA-CAT)
18-ID-D (Bio-CAT)

19-BM-D -+ 19-ID-D (SBC-CAT)

20-BM-B « 20-ID-B,C (XSD)

L‘ 21-ID-D « 21-ID-E* « 21-ID-F + 21-ID-G

(LS-CAT)

22-BM-D « 22-1D-D (SER-CAT)

23-BM-B « 23-ID-B « 23-ID-D
(GM/CA-XSD)

% Canted
Undulators 24-ID-C + 24-ID-E (NE-CAT)
Tandem
Undulators

Beamline
Bending Magnet

[] Bending Magnet 26-ID-C (CNM-XSD)
Center
for
Nanoscale
Materials,

Bldg. 440\)

29-D* (XSD)

30-ID-B,C (XSD)

31-ID-D (LRL-CAT)

32-1D-B,C (XSD)

33-BM-C « 33-ID-D,E (XSD)

34-ID-C + 34-ID-E (XSD)

35-BM (ASD)

Bldg. 450

Central Lab/Office,
Bldg. 401

/ ‘ PSC 135
e Conference Center, Bldg. 402 U.S. DEPARTMENT OF

35-1D-8,C,D,E* (DCS)

*Under Construction
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APS SEcTORS: At the APS, a “sector” comprises the radiation sources (one bending magnet and nominally one insertion device, although
the number of insertion devices in the straight sections of the storage ring can vary), and the beamlines, enclosures, and instrumenta-
tion that are associated with a particular storage ring sector. The APS has 35 sectors dedicated to user science and experimental ap-
paratus. X-ray Science Division (XSD) sectors comprise those beamlines operated by the APS. Collaborative access team (CAT) sectors
comprise beamlines operated by independent groups made up of scientists from universities, industry, and/or research laboratories.

Key to the beamline descriptions that accompany each science highlight: Beamline designation * Sector operator * Disciplines * Techniques * Ra-

diation source energy * User access mode(s) * General user status *

Sectors not operated (or co-operated) by the APS:
Sector 5: DuPont - Northwestern - Dow CAT (DND-CAT)

Sector 10: Materials Research CAT (MR-CAT)

Sector 13: GeoSoilEnviro Center for Advanced Radiation Sources (GSECARS)-CAT
Sector 14: BioCARS-CAT

Sector15: ChemMatCARS-CAT

Sector 16: High Pressure CAT (HP-CAT)

Sector 17: Industrial Macromolecular Crystallography Association CAT (IMCA-CAT)
Sector 18: Biophysics CAT (Bio-CAT)

Sector 19: Structural Biology Center CAT (SBC-CAT)

Sector 21: Life Sciences CAT (LS-CAT)

Sector 22: Southeast Regional CAT (SER-CAT)

Sector 23: General Medicine and Cancer Institutes
(GM/CA-XSD)

Sector 24: Northeastern CAT (NE-CAT)

Sector 26: Center for Nanoscale Materials/

X-ray Science Division (CNM/XSD)

Sector 31: Lilly Research Laboratories CAT (LRL-CAT)
Sector 35; Dynamic Compression Sector (DCS)



AROUND THE APS

APS AcousTiC LEVITATION VIDEO

GOES VIRAL

Chris Benmore demonstrates his acoustic
levitator, which could help to improve the
efficiency and quality of pharmaceutical
development.

More than 41,000 Google hits for “acoustic levitation Ar-
gonne” and 1,300,000 YouTube views and climbing as of
April 2013; those numbers qualify the Argonne National Lab-
oratory video entitled “Acoustic levitation” as a worldwide
Web sensation:
http://www.youtube.com/watch?v=669AcEBpdsY.

The video shows Argonne physicist Chris Benmore, who
is with the APS X-ray Science Division, suspending droplets
of liquid between two speakers that “generate sound waves
at frequencies slightly above the audible range — roughly 22
kilohertz,” according to the Argonne feature story on the de-
velopment, entitled “No magic show: Real-world levitation to
inspire better pharmaceuticals,” which can be read at:
http://www.anl.gov/articles/no-magic-show-real-world-levita-
tion-inspire-better-pharmaceuticals.

“When the top and bottom speakers are precisely
aligned, they create two sets of sound waves that perfectly
interfere with each other, setting up a phenomenon known as
a standing wave.

“It's not a magic trick and it's not sleight of hand,” the ar-
ticle notes, “scientists really are using levitation to improve

the drug development process, eventually yielding more ef-
fective pharmaceuticals with fewer side effects.”

Thanks to the video, the Benmore team’s work has been
featured on a list of web sites that includes (to name but a
scant few) Mythbusters (“Acoustic Levitation Used to Test
Pharmaceuticals”) where it was Video of the Week, the CBS
News (“Glitch in the matrix’ becomes a scientific reality with
acoustic levitation”), Wired UK (“Acoustic levitation' used to
develop more efficient drugs”), Scientific American (where it
was Video of the Week for September 20), CNET Australia
(“...science wizardry at its best”), Chicago Magazine (“Ar-
gonne Scientists Float Drugs in Sound”), NBC News Future
Tech (“See sound waves levitate drops of liquid”), New Sci-
entist (“Wingardium leviosa! Wand used to make water levi-
tate!” for you Harry Potter fans), Discover Magazine (“Watch
This: Water Droplets Held Aloft by Sound Waves”), Popular
Science (“Government Wizards Levitate Drugs with Ultra-
sonic Sound”), and MSN New Zealand (“Scientists find way
to make liquid levitate”), as well as an array of televised
newscasts.
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AN UNLIKELY ROUTE TO FERROELECTRICITY

ultiferroics have attracted increased interest due to