
This section is speci�cally devoted to present the current research in the �eld of material physics at 
NSRRC.  It is not representative of all activities and groups concerned with material physics at NSRRC. 
Only �ve articles have been invited, of which their contributors are prominent scientists currently 
leading in material physics.  

This section shows much TLS strength, distributed as follows: EXAFS studies of nanocrystal catalysts 
(Y.-L. Soo), ARPES studies of metal-semiconductor epitaxial growth (S.-J. Tang), PEEM studies of 
ferromagnetic/antiferromagnetic bilayers (M.-T. Lin), high-pressure XES and XAS studies of Fe-based 
superconductors (J.-M. Chen), and XMCD studies of modi�ed electronic and magnetic properties of 
LSMO surface (J. C. A. Huang). 

One important application of cerium oxide is to convert toxic carbon monoxide into environmental 
acceptable carbon dioxide.  Soo et al report an e�ective manufacturing process to enhance the 
catalytic activity of cerium-oxide nanocrystals by defect engineering.  EXAFS was employed to investi-
gate the local atomic structure and to provide crucial information for an understanding of the mecha-
nism of activity enhancement based on a defect model. 

Tang et al discovered the mechanism for the growth of a smooth metal-semiconductor epitaxial f ilm. 
Lattice matching is pivotal for the growth of epitaxial f ilm.  By investigating the Pb f ilms on Ge (111), 
their ARPES results show that the electronic match dominates at a small thickness of a f ilm for 
metal-semiconductor systems.  This f inding is important for applications in thin-f ilm electronics.

In the f ield of recording technology, ferromagnetic/antiferromagnetic bilayers with controllable 
perpendicular magnetization are of great importance.  Lin et al who conducted PEEM experiments 
proposed a new concept to establish perpendicular magnetization utilizing an exchange-coupling 
e�ect between the antiferromagnetic and ferromagnetic thin f ilms.  

Chen et al discuss the dependence of electronic structures on pressure and the spin states of emerging 
Fe-based superconductors using high-pressure XAS and XES; they demonstrated that superconductiv-
ity in Fe1.01Se results from the interplay between the structural, magnetic and electronic properties. 

Huang et al present a systematic and combinative investigation of PES, XAS and XMCD revealing the 
electronic and magnetic properties in LSMO thin f ilms.  The in�uence of surface treatment on the 
modif ied surface is described and provides crucial information for spintronic applications. 

The work reported here represents only part of the research conducted in NSRRC in the f ield of mate-
rial physics, because the full expanse of this area cannot be covered through space limitations. The 
authors who contributed to this section are greatly appreciated.

Materials Physics 
Research Highlights

The light source based on a storage ring has gradually evolved into a mature and stable research 
tool to serve a diverse user community.  Such ring-based light sources o�er great stability, great 
average brightness, a wide spectral range, a large repetition rate, and wavelengths even down to 
the hard X-ray regime, but they have several disadvantages compared with conventional lasers.  The 
radiation emitted from a storage ring has only partial spatial coherence in the X-ray regime; it also 
lacks temporal coherence at those wavelengths.  The pulse length of the photon beam can not be 
readily decreased to a few hundred femtoseconds without disrupting the photon �ux. These 
storage ring-based light sources can hence not fully satisfy researchers who demand fully coherent 
photon beams of great brightness with pulse lengths of a few tens of femtoseconds or less. 

The linac-based free-electron lasers (FEL) are complementary to storage ring-based light sources. 
Linac-based FEL can o�er fully spatially coherent X-ray beams with pulse length of tens of femtosec-
onds or less, and a maximum power at a GW level.  The latest X-ray FEL have been demonstrated in 
LCLS at Stanford, FLASH at DESY and SACLA at SPring-8.  These X-ray FEL were designed based on 
proven accelerator technologies; their sizes range from several hundred meters to three kilometers. 
Their construction costs are of order several hundred million US dollars.  For a X-ray FEL to be acces-
sible to many researchers, novel ideas are required to decrease signif icantly the size and cost of an 
X-ray FEL.  The team led by Y.-C. Huang at National Tsing Hua University has conceived an ingenious 
design capable of achieving a soft X-ray FEL of total length within 80 m.  The preliminary results from 
their computer simulations are promising. Signif icant advances in accelerator technologies are 
required to make their design feasible.  Their novel design is explained in the contributed article of 
this section.
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