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Science at the Hard X-ray Diffraction Limit
A series of workshops devoted to science with diffraction-
limited, high repetition rate, hard x-ray sources, e.g., Energy

Recovery Linac and Ultimate Storage Ring sources
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Workshop 1 (June 6 &7,2011)

Diffraction Microscopy, Holography and Ptychography using
Coherent Beams
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Biomolecular Structure from Nanocrystals and Diffuse
Scattering
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Ultra-fast Science with “Tickle and Probe”
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High-pressure Science at the Edge of Feasibility
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Feasibility
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Frontier Science with X-ray Correlation Spectroscopies using

Continuous Sources
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XDL 2011 Workshop 2

Chavas Leonard (KEK/PF)

A series of six workshops devoted to science with diffraction-
limited, high repetition rate, hard X-ray sources such as Energy
Recovery Linac (ERL) took place in Cornell University (NY,
U.S.A.). Among the six workshops, the X-ray Diffraction
Limit (XDL) workshop number 2 concerning biomolecular
structure from nanocrystals and diffuse scattering was held on
July 13th and 14th, 2011. The purpose of the workshop was to
assess the state-of-the-art in the use of hard X-ray nanobeams
to determine biomolecular structures from nanocrystals, and to
obtain biomolecular dynamical information from analysis of
diffuse scattering by crystals, including nanocrystals. Organized
by Ed Lattman (Hauptmann-Woodward Med. Res. Inst.), Mavis
Agbandje-McKenna (Univ. Florida), Keyth Moffat (Univ.
Chicago), and Sol Gruner (Cornell Univ.) the workshop gathered
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about 70 participants, with 16 oral presentations introducing
some aspirations of the structural biology community for the
use of ERL light sources when they will be made available.
The present short communication summarizes my impressions
resulting from these two days workshop.

The long journey up to Cornell University took
approximately 17 hours, including a 12 hours trip from Tokyo-
Narita up to Detroit-Wayne County airport, and an additional
2 hours from Detroit to Ithaca using a connecting flight. One
good advantage of the long international flight appeared to be
the opportunity to get used to foreign eating habits, with not less
than six meals served along the journey! After arriving in Ithaca
airport, it took only one phone call to the hotel to get a shuttle
car picking me up and driving me to the hotel, located at only 10
minutes drive from the airport. Fully satisfied from the unusual
high number of meals consumed in the airplanes, it was then
possible to deeply enjoy getting a rest and a good night sleeps in
the 40 m” hotel room.

The local weather in Ithaca resembles early spring in Japan,
with the proximity of the Caryuga Lake, and further in the
north of the Lake Ontario that generates an invigorating climate
with fresh mornings and chilly evenings. Ithaca is a small city
counting a population of approximately 30,000 people, one
seventh of the population in Tsukuba.

The workshop started the morning after the arrival to Ithaca,
with the first lecture given at 8:20AM. After the introductive
talks, two sessions on the first day, followed by three sessions
on the second day divided the whole workshop into three main
topics. Each of the talks was concluded by at least 20 minutes
discussion among the participants, which helped greatly to
stay focused in spite of the fact that the sessions were long and
sometimes difficult to follow.

The introduction was made of three talks on the properties
of ERL and Ultimate Storage Rings (USR), on the present
status and future possibilities of X-ray detectors, and on more
general topics including nanocrystals, sample injectors and
correlations for working at an ERL. Although the two first
reports were repeatedly given as introductive topics all along
the six workshops, the third one, presented by John Spence,
gave the tempo for these two days by directly introducing the
challenging issues that will have to be solved when dealing
with nanocrystals. Notably, the presentation was oriented on the
present and future developments of the various jet injectors for
delivering samples to the X-ray beam.

The first session following the introduction regrouped three
talks, directly related to nanocrystals, our understanding of
their existence, some methods for producing them in an highly
reproducible and automated way, and existing X-ray sources for
studying them (e.g. the APS micro-beamline) while waiting for
new synchrotron sources such as the ERL to be completed.

The final session of the first day combined theoretical
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approaches for better understanding the noise issue when
working with small objects, together with some concrete
applications of nanobeams for studying difficult biological
targets such as G-protein coupled receptors. As often when
defending theoretical ideas, this session was well animated by
conflicts of opinions, yet illustrating how confusing and shallow
is our knowledge of the origin of noise and methods for reducing
it while increasing weak signals.

The second day of the workshop started with a list of
concrete biological and structural applications that would benefit
from ERL sources. Among the long list of possible projects,
large macromolecular complexes, and membrane proteins
appeared to be preferential targets, as they often do not grow into
large macrocrystals, but rather in small nanocrystals difficult to
interpret or work with.

Finally, the last two sessions regrouped five talks related
to solution scattering and biological opportunities, with the
potential of the ERL and USR sources in better improving such
methodologies. Of particular interest was a proposal from Dmitri
Svergun to develop farther the cryo-SAXS/WAXS technique,
which suffers presently from the weak signal over noise ratio
emanating from samples exposed to large X-ray beams.

To attend this workshop clearly enlarged my visions on the
possibilities emerging with ERL sources in the field of structural
biology. As mentioned by one of the participant, this is the
science that should dictate technological development, and not
the other way around. By motivating novel ideas, the ERL will
allow to develop new approaches to deepen our knowledge in

the biological and structural fields.
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