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1) Spin Order team

Spin Order team succeeded in observing magnetic scattering from complicated
spin orders and determined the magnetic structures with fine control of beam
polarization relative to the spin direction or chirality of magnetic materials. They also
tune the beam energy to utilize resonance conditions. These techniques were
successfully applied for example, to Sr2lrO4. Analyzing the spectrum of resonant
scattering at the L3 and L2 edges, they revealed that the orbital momentum is
not quenched at each Irs+ion to form the Jefi=1/2 electronic state. They also
observed a two-dimensional short-range magnetic correlation well above Neel
temperature by magnetic resonant x-ray diffuse scattering. The observation of
the weak magnetic diffuse scattering by x-ray scattering is very important to
expand the research field of x-ray magnetic scattering.

This team, therefore, has overcome disadvantage of x-ray magnetic scattering
compared to neutron due to the weak interaction with spins and orbital moment. On the
contrary, they have shown the valuable advantage of x-ray magnetic scattering. For
example, in X-ray magnetic scattering one can separate orbital and spin component and
can measure highly neutron absorbing atoms such as Cd or Ir.

As already shown in some topics by this team, the complementary use of neutron
scattering particularly the use of polarized neutron scattering will expand the accessible
research fields and materials and extract more detailed information from the obtained

magnetic scattering.

2) Spatial Order team
This team has introduced a new concept of “coordination space materials”, which

convinced us an indispensable role of controlling their structures and functionality



of spaces for the development of novel materials with new functions. The experimental
system newly constructed by this team at a beamline of SPring-8, which combines
synthesis and control of coordination space materials, and structure characterization
by synchrotron x-ray beam, played a vital role for the effective synthesis and control of
coordination space materials.

Newly discovered functions by this team, magnetic chemo-switching by
incorporating functional sites and magnetic bistability in the porous framework are very
interesting as well as important since both of them will open a new role of spins in

functional materials.

3) Excitation Order team

Development of high energy-resolution spectroscopy in the soft x-ray (SX) region
conducted by the Excitation Order team is very impressive. In addition to many fruitful
scientific outputs over a wide range of scientific field this team opened up a new vista of
SX spectroscopy for materials science and convinced us the vast potential of the 3GeV
class third generation type SX synchrotron radiation source.

Among many scientific outputs the research on water and related materials is
particularly important. Elucidation of hydrogen-bonding state in liquid water has been a
longstanding problem of basic as well as applied sciences. By using spectroscopic
technique this team revealed the coexisting two types of bonding state depending on the
local structure in water, which is against a widely believed unstructured continuum
model of the liquid. A subsequent study on water in organic solvent confirmed that the
water molecules cannot make tetrahedral-like local structure in the solution because of a
shortage of water molecules.

4) Future prospect

As written in the executive summary, this project has created a starting point to
establish a framework for promoting seeds and needs of advanced photon science. In
other words, the first stage of the Quantum Ordering project will be summarized as
“one—dimensional” research done by each individual team. It is highly encouraged to
create two or three-dimensional research in the near future. We expect that the
research of each Order will expand the field and create new cutting-edge sciences as
well as materials through “crosstalk” among these teams or outside research groups. In
fact, some of the crosstalk has already been started for example, between Spin Order
and Spatial Order such as magnetic chemo-switching by incorporating functional sites

or magnetic bistability in the porous framework. In the near future, the dynamics of the



coexisting two bonding states in water will be an interesting crosstalk research. In this
case, the crosstalk with x -ray or neutron inelastic scattering will be effective to study
the dynamical pair correlation function of water. The crosstalk between Excitation
Order and Spatial Order is also promising. For example, stability of two bonding states

in water should be investigated in the confined space of coordination space materials.

5) Summary

The great success of the Quantum Ordering project was achieved by the
combination of the research members with outstanding scientific abilities with the
appropriate choice of three types of Ordering (Spin Order, Spatial Order, Excitation
Order) as a basic framework of this project research. It should be emphasized that this
project not only created many cutting-edge scientific outputs but also demonstrated high
potentiality of synchrotron x-ray beam for materials science. Particularly, the
instrumental developments achieved in this project are very important since they proved
experimentally that the synchrotron x-ray beam is a versatile as well as invaluable probe
for materials science. Each team of this project properly controlled “degree of freedom”
of synchrotron x-ray beam such as polarization, energy tunability and flexibility to
research condition.

In conclusion, the following two missions of the project are sufficiently achieved.
1) To build new bridges between Photon Science and Materials Science
2) To Elucidate Electronic Quantum Order in Materials
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