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Figure 2. First light from SOR-RING, December 1974,
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Figure 3. The team SOR-RING, December 1974, The first row
from left to right; Watanabe, Mivahara, Nagakura, Ishiguro, Sato;
the second row from left to right. Yamakawa®, Kitamura, Tsujika-
wa®, Yamaguchi*, Katayama®, Sasaki.

*High Energy Physics Division, INS.
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Table 1. Novel Opportunities Created or Activated by Synchrotron Radiation
Target Processes or Structures o : Methods and Techmques e
Atoms ‘Photoromzatron i k Absorptlon spectroscopy - .
: Photoelectric processes. of inner shells ‘| Photoelctron spectroscopy s
Total and partlal photoabsorption cross sec‘uons Photoion spectroscopy
Relaxation of inner shell holes - .| Fluorescence and excitation spectra
Electron correlation ‘| Auger electron spectroscopy. ;
Angular distributions of photo electrons and asymmetry Multiple coincidence spectrosco; y
factors ; .| Multi-color spectroscopy (Iasers
- Post-collision 1nteractrons Aligned atoms
Delayed onset of ionization cross-sectlons and giant Mass spectroscopy. (trme—of ﬂrght) ol
| resonances i Lmearly or crrcularly polarrzed llght
Multiply charged photorons : ~,
Double photoionization ; ’ :
Molecules Photoabsorption - 'Absorptxon spectroscopy

.| Site-specific excitations -
- Site-specific dissociations

‘| State-specific excitations

Chemical reactlons

“Total and partial cross-sectlons
Photoionization

Photodissociation

_Shape resonances:

Super-excited states
Molecules on top of crystals

| Photoelectron spectroscopy

‘| Photoion (fragment) spectroscopy. -

‘Fluorescence excrtatron) spectroscopy

‘| Multiple coincidence spectroscopy =
-Mass spectroscopy (trme—of ﬂrght)

| Photodesorption:

| Linearly or circularls

: Orrented molecul

larized light

Condensed Matters
(Crystals, Liquids,
Solutions,

Arnorphous solrds)

*| color centers, impurities)
| Local structures. surfaces&mterfaces, enzymes, interca-
lations, crystal growth stram around 1mperfectrons,

sures, magnetrc or elcctrrc ﬁelds)

Energy band structures

Fermi surfaces = -

Surface states

Surface reconstructions
Physical & chemical adsorption

Magnetism (Bulk thin ﬁlms domam structures & boun-
'| daries) - ; : o :

Inperfecttons in crystals (d'

etc.)

‘| Phase transmon dynamrcs
| Chemical reactions on catalysts .

Materials under extreme circumstances (High pressures,
high'or low: temperatures ‘hydraulic or uniaxial pres-

“Magneteic circular dichroism

| Absorptlon spectroscopy
Reflection spectroscopy

Photoelectron-yield spectroscopy ‘
Photoelectron spectroscopy (angle-mtegrated or angle—

' resolved)

Fluorescence (excrtatron) spectroscopy
Spin analy31s of photoelectrons : -

Multiple coincidence spectroscopy

“XAFS (absorption, ﬁuorescence, yield, Auger, :

time-resolved)
XANES. (NEXAFS)
X-ray diffraction analysrs

‘Small-angle ‘scattering

Debye-Scherrer ring.

‘| Diffuse scattering =
| Inelastic scattering (Compton, Raman, Magnetrc, e
' Nuclear-resonant, etc.) .
Interference, Standmg wave
.| 'Photoelectron diffraction

Diffraction topography

Living substances, ;
Biology & Medicine

Structure of macromolecules LA

3D arrangements and motions of protems

‘Active centers of enzymes i
Structure & function of muscles and membranes
Effects of radiation: upon living substance, mutatxon, &

| lethal dose

Diagnosis of c1rculatory defects, cancers
Envrronmental hygene i

| Xeray diffraction analysis

XAFS & XANES

Small angle scattermg

X-ray radiography

X-ray computed tomography
Subtraction angiography = -
Photon activated therapy (proposed)

- X-ray microscopy: .

X-ray phase contrast mrcroscopy

S X-ray ﬂuorescence analysrs

Engineering &
Techniques

‘Materials research

Non-destructive inspection of materrals or devices
Fabrication of microstructures

X-ray hthovraphy

LIGA
Characterlzatlon of natural or synthetrc crystals & sur-

faces

Crystal growth from hqurds, formatron of drslocatrons
or defects :
Magnetic alloys & ﬁlms =

‘Chemical reactions, & catalists

Structure of enzymes. .

Phamaceutical research k

Characterization of optical devices

(Mirrors, gratings, crystals, filters, windows, polarrzers,
capillaries, concave lenses; Fresnel zone: pIates, Bragg-

| Fresnel plates, multrlayers, quarter-wave plates)

:,X-ray diffraction topography
X-ray radlography :

X-ray: CT.
X-ray microscopy
XAFS & XANES

| Photoelctron spectroscopy

Auger electron spectroscopy
X-ray fluorescence analysis

Circular dichroism =

Magnetic circular dichroism

| Photodesorption (Photon-stimulated desorptron)
Reflectance measurements

Polarization measurements
Plane-wave topography
Interferrometer

‘Speckle pattern

Holography
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Figure 4. (a) A rainbow of undulator radiation at SOR-RING
operated at 200 MeV, December 1981.Two laint extra rainbows at
the center are produced by [ringing fields of dipoles, and stay even if
the undulator magnets are removed (Kitamura et al., 1982)2, (b)
The 19-pole test undulator inserted into a straight section of SOR~
RING.
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Figure 5. Time-of-flight mass spectra of molecular-ion fragments
produced by Si K-photoionization of SiH,. lons are dominantly
bare silicon without traces of hydrogen bonded 1o Si. Satellites ob-
served at higher mass sides are due to Si isotopes (Shigemasa et al.,
199070,

hv=d19eV
at the -;fh"'r” resonance

hvmddleV

Figure 6. Angular distribulions of K-shell photoelectrons against
the molecular axis (angle 0") of nitrogen i) at the shape resonance,
419 ¢V, with the final-state symmetry parallel to the axis, and ii) at
447 eV, far beyond the resonance. The final state 1) shows dominant-
ly f symmetry, whereas ii) shows a simple p type symmetry™®,
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Figure 7. In-vacuum undulator of the 6 GeV TRISTAN AR-ring
at the Photon Factory (Yamamoto et al., 1992),
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Figure 8. Calculated (A, B, C) and observed (D) peak brightness
of 6 ¢m * 60 period unduiator at BL-2, Photon Factory, against the
field parameter K. Curve A is plotted by assuming a low-emittance
limit (<10 nm rad}, B is corrected for a finite aperture, and C is the
value for the actual emittance of PF-ring, 400 nm rad. The absolute
brightness (D) was deduced from the photoelctron count of helium
as the target gas (Sasaki, 1986)%,
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