Annual Review 2005 179

UVSOR Facility

IX-U Development of the UVSOR Light Source

IX-U-1 Successful Commissioning of New RF
Cavity

MOCHIHASHI, Akira; KATOH, Masahiro;
HOSAKA, Masahito; YAMAZAKI, Jun-ichiro;
HAYASHI, Kenji; TAKASHIMA, Y oshifumil
(!Nagoya Univ.)

We have built a new main RF accelerating cavity for
the UV SOR-II electron storage ring. The new cavity can
generate RF voltage of 150 kV without replacing the
high power RF transmitter whose maximum output
power is 20 kW. The cavity was installed in a short
straight section in the spring 2005. The desigh RF
voltage of 150 kV was soon achieved in the high-power
test operation without electron beam. After the high
power test operation, the test operation with electron
beam was started. By carefully observing the pressure
rise in the cavity, we have decided to start the user
operation with a moderately high RF accelerating RF
voltage of 100 kV, which is twice higher than before.
After the vacuum is completely recovered, the operation
with the design voltage of 150 kV will be started. These
high values of the accelerating voltage have made the
low emittance operation possible without reducing the

beam lifetime. Since May 2005, the UV SOR-I11 electron
storage ring has been operated with a small emittance of
27 nm-rad for users.

IX-U-2 lon Trapping Phenomena at UVSOR-II

MOCHIHASHI, Akira; KATOH, Masahiro;
HOSAKA, Masahito; YAMAZAKI, Jun-ichiro;
HAYASHI, Kenji; TAKASHIMA, Y oshifumi?;
HORI, Yoichiro?

(INagoya Univ.; 2KEK)

We have observed the dependence of the vertical
betatron tune on the vacuum condition on the UV SOR-
Il electron storage ring. We changed the vacuum condi-
tion artificially by turning off the vacuum pumps. The
betatron tune was measured by RF-KO method. During
the experiment, the storage ring was operated in multi-
bunch filling mode, in which successive twelve RF
buckets were filled with electrons and other four buckets
were kept empty. This result strongly suggested that the
non-linear electric field produced by the ions trapped by
the electron beam caused the betatron tune shift. We
have observed betatron tune shifts were consistent with
the theoretical predictions.

IX-V Researches by the Use of UVSOR

IX-V-1 Development of Velocity Imaging
Spectrometer for Observing Negative Fragment
lons

HIKOSAKA, Yasumasa; SHIGEMASA, Eiji
[J. Electron Spectrosc. Relat. Phenom. 148, 5 (2005)]

A velocity imaging spectrometer has been developed
to observe negative ions from molecular ion-pair disso-
ciation. The imaging spectrometer furnishes with a pair
of permanent magnets. The formed magnetic field effec-
tively prevents the electrons’ arrivals to the detector,
without seriously affecting negative ions' flights. The
performance of the imaging spectrometer is demon-
strated in the observations of photoelectrons from O
and He, and O~ from O,. Sample results on negative ion
formation from O, and N2O, prove that the present
imaging method provides useful information on the
assignments of superexcited states and the dynamical
properties of ion-pair dissociation.

IX-V-2 Dynamics of Double Photoionization
near the Ar 2p Threshold Investigated by
Threshold Electron-Auger Electron
Coincidence Spectroscopy

LABLANQUIE, Pascall; SEINERMAN, Sergei2;
PENENT, Francis®; AOTO, Tomohiro?
HIKOSAKA, Yasumasa; ITO, Kenji4

(ILURE; 2. Petersburg State Maritime Tech. Univ.;
3LCPMR; “KEK)

[J. Phys. B 38, L9 (2005)]

Threshold electron—Auger electron coincidence
spectroscopy measurements were carried out near the
Ar 2p thresholds. Such a method allows us, for the first
time, to observe the threshold electron yields associated
with the selected final states of the Ar* ion: 3p*(1Dy),
3p*(1So), 3p*(®P) resulting from the 2p hole Auger
decay. All the spectra reveal strong PCI distortion.
Comparison with calculations carried out in the frame-
work of a quantum-mechanical PClI model allows us to
clarify the mechanisms and the dynamics of threshold
electron production. In the 3p*(*D,) and 3p*(1Sy) chan-
nels, contribution to the threshold electron yield comes
essentially from the PCI retardation of slow photo-
electrons. In the 3p*(3P) final state channel, an addition-
al process of valence multiplet decay of the 3p*(1D,)6d
state plays arole at and below the L, L3 thresholds.
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IX-V-3 Origin of Threshold Electrons Produced
in Decay of the Xe 4d~np Resonance

AOTO, Tomohiro!; HIKOSAKA, Yasumasa;
HALL, Richard?, PENENT, Francis?;
LABLANQUIE, Pascal3; ITO, Kenjil

(KEK; 2DIAM:; 3LURE)

[J. Electron Spectrosc. Relat. Phenom. 142, 319 (2005)]

Coincidence spectra of energetic electrons with
threshold electrons were measured following photo-
excitation of the Xe 4dz2 52 — np resonances, in order
to investigate the origin of threshold electrons, and the
mechanism leading to formation of the Xe?* 5p~2 and
5s15p~1 final states. A two-step decay process was
observed in the production of Xe** 5p~%(1D) following
decay of the 7p resonance, where the intermediate state
is Xet* 5p~2(1S)8p that autoionizes emitting a pseudo-
threshold electron. This process was confirmed in a
time-of-flight analysis of the coincidence spectra of the
energetic electrons with the threshold photoelectrons. It
is suggested that a similar two-step process also contrib-
utes to the population of excited Xe?* states and is the
main origin for the production of threshold electrons in
decay of the 4d1 np resonances.

IX-V-4 Coincidence Auger Spectroscopy

PENENT, Francist?; LABLANQUIE, Pascal3;
HALL, Richard% PALAUDOUX, Jerome!; ITO,
Kenji%; HIKOSAKA, Yasumasa; AOTO,
Tomohiro* ELAND, John H. D.5

(ALCPMR: 2DIAM; 3LURE; 4KEK; SPTCL)

[J. Electron Spectrosc. Relat. Phenom. 144-147, 7
(2005)]

Auger electron spectroscopy (AES) and photo-
electron spectroscopy (PES) are (with X-ray emission
spectroscopy, XES) powerful analytical tools for
material science and gas phase studies. However, the
interpretation of Auger spectra can be very difficult due
to the number and complexity of the involved processes.
A deeper analysis, that allows a better understanding of
relaxation processes following inner shell ionization, is
possible with coincidence Auger spectroscopy. This
method gives a new insight into electron correlation and
allows disentangling of complex Auger electron spectra.
In this paper, we present some examples related to gas
phase coincidence Auger electron spectroscopy using
synchrotron radiation. The detection in coincidence of
an Auger electron with a threshold photoelectron pres-
ents two main advantages which are good energy reso-
lution and high coincidence count rates. This technique
has also provided new results on double Auger decay
processes. A further qualitative breakthrough has been
made with the development of a new experimental set-
up based on a magnetic bottle time-of-flight electron
spectrometer. This opens up the field of multi-electron
coincidence spectroscopy and allows a most detailed
analysis with characterization of all possible decay
pathways following inner shell ionization.

IX-V-5 Collision Dynamics of the Kr8* + N,
System Studied by a Multi-Coincidence
Technique

KANEYASU, Tatsuo; AZUMA, Toshiyuki?;
OKUNO, Kazuhiko?!
(1Tokyo Metropolitan Univ.)

[J. Phys. B 38, 1341 (2005)]

We have devel oped a multi-coincidence technique to
study MCl-molecule collisions. Using this technique,
complicated reaction processes and collision dynamics
in Kr®* + N, collisions have been successfully revealed
in the energy region below 200 eV/u. The reaction
processes in the single-, double-, triple- and quadruple-
charge changing collisions are resolved and three low-
energy collision phenomena, ‘ peak-shifting’ of molecu-
lar ions, ‘ peak-splitting’ and * anisotropic fragmentation’
of fragment ion pairs, are found in the time-of-flight
spectra of target ions. By careful analysis of kinematics
of al the products, it is concluded that the charge trans-
fer in the Kr®* + N, collisions is dominated by multi-
electron capture processes followed by electron emis-
sion and the collision dynamics is characterized by the
transverse momentum transfer from the ion to the
molecule and the appearance of the ‘anisotropic
fragmentation.’

IX-V-6 Collision Dynamics of MCI-Molecule
Systems Studied by Multi-Coincidence
Technique

KANEYASU, Tatsuo; AZUMA, Toshiyuki?;
OKUNO, Kazuhiko?!
(1Tokyo Metropolitan Univ.)

[Nucl. Instrum. Methods Phys. Res., Sect. B 235, 352
(2005)]

Callision dynamics and reaction processes in charge
transfer collisions of Kr8* + N, below 200 eV/u have
been studied. We used a multi-coincidence technique
which enables us to obtain kinematic information for
both the fragment ions and the scattered projectile. The
collision phenomena observed in the time-of-flight
spectra of target ions are well clarified in consideration
of the kinematics in colliding particles. We found an
anisotropy in charge-unbal anced fragmentation channels
at lower collision energy. The anisotropic behavior
becomes significant not only with decreasing the
collision energy but also with increasing the charge
imbalance of the fragment ion-pair. The collision
dynamics in the Kr8* + N, system is characterized by
the transverse recoil momentum and the anisotropic
fragmentation.

IX-V-7 Optical Investigations of the Clathrate a-
EugGa16Gesg

SICHELSCHMIDT, Joergl; VOEVODIN,
Vladimirl; PACHECO, J.1; GRIN, Yuri;
STEGLICH, Frank®; NISHI, Tatsuhiko? KIMURA,
Shin-ichi



(*Max-Planck Inst.; 2SOKENDAI)
[Eur. Phys. J. B 46, 363-366 (2005)]

We performed measurements of the optical reflec-
tivity in the energy range 0.007-30 eV on the clathrate-
VIII type compound a-EugGajsxGespx in order to
investigate its electronic band structure. The very low
charge carrier concentration as well as ferromagnetic
ordering of the divalent Eu ions below 10.5 K charac-
terize the spectra at photon energies below ~0.4 eV in
accordance with the results of band structure calcu-
lations. Disorder induced bound states have been
identified to affect the optical conductivity at energies
between 10 and 100 meV.

IX-V-8 Influence of Cage Distortions on the
Electronic Structure and Optical Properties of
BagGess

ZEREC, lvical; CARRILLO-CABRERA, Wilder?;
VOEVODIN, Vladimirl; SCHELSCHMIDT,
Joergl; STEGLICH, Frank!; GRIN, Yuri?;
YARESKO, Alexander®; KIMURA, Shin-ichi
(*Max-Planck Inst.)

[Phys. Rev. B 72, 045122 (7 pages) (2005)]

Measurements of the optical conductivity on
BagGeys reveal a shift of optical spectral weights
towards higher energies, as temperature is lowered
below the structural phase transition. This behavior may
be understood from the structural modifications revealed
from the new structure refinements of x-ray diffraction
data from high quality single crystals. Apart from Ba
atoms, some Ge cage atoms are also shifted into distant
split sites below the phase transition. In this way one
covalent bond is broken between the corresponding Ge
atoms and they become threefold bonded. Electronic
band structure calculations for the low symmetry
ordered model show that the bond breaking causes a
shifting of three bands from the conduction to the
valence region. This leads to a shifting of optical spect-
ral weights towards higher energies, which is in agree-
ment with the experimental data.

IX-V-9 Indirect and Direct Energy Gaps in
Kondo Semiconductor YbB1»

OKAMURA, Hidekazul; MICHIZAWA, Takahiro!;
NANBA, Takaol; KIMURA, Shin-ichi; IGA,
Fumitoshi2; TAKABATAKE, Toshiro?

(!Kobe Univ.; 2Hiroshima Univ.)

[J. Phys. Soc. Jpn. 74, 19541957 (2005)]

The optical conductivity [o(w)] of the Kondo semi-
conductor YbB12 has been measured over wide ranges
of temperature (T = 8-690 K) and photon energy (hv =
1.3 meV). The o(w) data revea the entire crossover of
YbB1, from ametallic electronic structure at high T's to
a semiconducting one at low T's. Associated with the
gap development in o(w), a clear onset is newly found
at hv = 15 meV for T < 20 K. The onset energy is
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identified as the gap magnitude of YbB1, appearing in
o(w). Thisgap in o(w) isinterpreted as the indirect gap,
which has been predicted by the renormalized-band
model of the Kondo semiconductor. On the other hand,
the strong mid-infrared (mIR) peak observed in o(w) is
interpreted as arising from the direct gap. The absorp-
tion coefficient around the onset and the mIR peak
indeed show the characteristic energy dependences
expected for indirect and direct optical transitions in
conventional semiconductors.

IX-V-10 Kondo Ground States and Non-Fermi-
Liguid Behavior in CeNii_xCoxGez

LEE, B. K.1: HONG, J.B.L; KIM, J. W.1; JANG, K.
-H.1: MUN, E. D.1; JUNG, M. H.2; KIMURA, Shin-
ichi; PARK, T.3; PARK, J. -G.1; KWON, Yong-
seung?t

(rsungkyunkwan Univ., Korea; 2BKSl, Korea; 3LANL,
U.SA)

[Phys. Rev. B 71, 214433 (9 pages) (2005)]

We report measurements of the magnetic suscep-
tibility, specific heat, and electrical resistivity of the
heavy fermion alloy series CeNii_xCoxGez. With in-
creasing x, hybridization between the localized 4f and
conduction band electrons is enhanced. The magnetic
order observed at x = 0 is completely suppressed at x =
0.3 and non-Fermi-liquid behavior appears at the critical
concentration, which is analyzed in terms of two-dimen-
sional antiferromagnetic quantum fluctuations. Specific
heat and magnetic susceptibility data are quantitatively
explained by the Cogblin-Schrieffer model with degen-
erate impurity spin j = 1/2, 3/2, and 5/2 for Co concen-
tration range of x < 0.6, 0.7 < x < 0.8, and x = 0.9,
respectively.

IX-V-11 Infrared Spectroscopy under
Multiextreme Conditions: Direct Observation of
Pseudogap Formation and Collapse in CeSb

NISHI, Tatsuhiko!; KIMURA, Shin-ichi;
TAKAHASHI, Toshiharu?;, MORI, Yoshihisa3;
KWON, Yong-seung? IM, Hojun®; KITAZAWA,
Hideaki®

(1SOKENDAI; 2Kyoto Univ.; 2Okayama Univ. Sci.;
4qungkyunkwan Univ., Korea; °NIMS)

[Phys. Rev. B 71, 220401(R) (4 pages) (2005)]

Infrared reflectivity measurements of CeSb under
multiextreme conditions (low temperatures, high pres-
sures, and high magnetic fields) were performed. A
pseudogap structure, which originates from the mag-
netic band folding effect, responsible for the large
enhancement in the electrical resistivity in the single-
layered antiferromagnetic structure (AF-1 phase) was
found at a pressure of 4 GPa and at temperatures of
35-50 K. The optical spectrum of the pseudogap chang-
es to that of a metallic structure with increasing mag-
netic field strength and increasing temperature. This
change is the result of the magnetic phase transition
from the AF-1 phase to other phases as a function of the
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magnetic field strength and temperature. This result is
an important optical observation of the formation and
collapse of a pseudogap under multiextreme conditions.

IX-V-12 Infrared Study on CeSb under High
Pressures

KIMURA, Shin-ichi; NISHI, Tatsuhiko!; MORI,
YoshihisaZ SUMIDA, Yukitsune?z TAKAHASHI,
Toshiharu3; KWON, Yong-seung® IM, Hojun?;
KITAZAWA, Hideaki4

(1SOKENDAI; 20kayama Univ. Sci.; 3Kyoto Univ.;
4qungkyunkwan Univ., Korea; °NIMS)

[Physica B 359-361, 100-192 (2005)]

The optical reflectivity spectra (R(w)) of CeSb have
been measured at high pressures to investigate the origin
of the physical properties appearing under pressures. At
300 K, the pressure dependence of R(w) revealed that
the carrier density proportionally increases with increas-
ing pressure up to 2.5 GPa. At lower temperature, the
R(w) spectrum drastically changes with both tempera-
ture and pressure due to the complex magnetic phase
diagram. Especially, at 2.5 GPa and 30 K, the R(w)
intensity below 0.2 eV decreases, on the contrary that at
around 0.3 eV increases. This result suggests that the
density of states near the Fermi level decreases and
shifts to the high-energy side.

IX-V-13 Electronic Structure of Bulk Metallic
Glass ZrssAl10CuszgNis

SODA, Kazuol; SHIMBA, Kurando!; YAGI,
Shinyal; KATO, Masahikol; TAKEUCHI,
Tsunehirol; MIZUTANI, Uichirol; ZHANG, T.%
HASEGARA, M.2 INOUE, AkihisaZ OTO,
Takahiro; KIMURA, Shin-ichi

(*Nagoya Univ.; 2Tohoku Univ.)

[J. Electron Spectrosc. Relat. Phenom. 144-147,
585-587 (2005)]

The electronic structure of a bulk metallic glass Zrsg
Al10CusoNis has been studied by means of photo-
electron spectroscopy in order to understand the origins
of its large glass formation ability and unique mechani-
cal properties from the microscopic point of view. The
valence-band photoelectron spectra show three bands
ascribed to the Zr 4d, Ni 3d, and Cu 3d states. A re-
markable feature of these bands is the highly symmetric
spectral shape with the high-binding energy and narrow
width in comparison with the d bands of the crystalline
transition metals. This is attributed to the lack of the
crystalline periodicity in the metallic glass as well as the
reduction in the neighbouring atoms to hybridize with
those transition metals. A high-resolution valence-band
spectrum also reveads the intensity reduction near the
Fermi level, which implies that the pseudo-gap in the
electronic structure may be one of the important factors
for the glass formation.

IX-V-14 Carrier-Induced Infrared Magnetic
Circular Dichroism in the Magnetoresistive
Pyrochlore TI,Mn,07

OKAMURA, Hidekazul; KORETSUNE, Toshihisal;
KIMURA, Shin-ichi; NANBA, Takaol; IMAI,
Hideto, SHIMAKAWA, Yuichi% KUBO, Y oshimi?
(Kobe Univ.; 2NEC Corp.)

[J. Phys. Soc. Jpn. 74, 970-974 (2005)]

Infrared magnetic circular dichloism (MCD), or
equivalently magneto-optical Kerr effect, has been mea-
sured on the TI,Mn>O7 pyrochlore, which iswell known
for exhibiting a large magnetoresistance around the
Curie temperature Tc ~ 120 K. A circularly polarized,
infrared synchrotron radiation is used as the light
source. A pronounced MCD signal is observed exactly
at the plasma edge of the reflectivity near and below Tc.
However, contrary to the conventional behavior of
MCD for ferromagnets, the observed MCD of TIoMn,Oy
grows with the applied magnetic field, and not scaled
with the internal magnetization. It is shown that these
results can be basically understood in terms of a classi-
cal magnetoplasma resonance. The absence of a mag-
netization-scaled MCD indicates a weak spin-orbit
coupling of the carriers in TIo,Mn,O7. We discuss the
present results in terms of the microscopic electronic
structures of TIoMnOy.

IX-V-15 Magnetic Ordering in Frustrated
Ce5Ni28i3

LEE, B.K.:: RYU, D.H.:; KIM, D. Y.l HONG, J.
B.1: JUNG, M. H.2, KITAZAWA, Hideaki3;
SUZUK I, Osamu3; KIMURA, Shin-ichi; KWON,
Y ong-seung?!

(:sungkyunkwan Univ., Korea; 2BKSl, Korea; 3NIMS)

[Phys. Rev. B 70, 224409 (5 pages) (2004)]

The transport, magnetic, and thermal properties are
studied on an antiferromagnetic compound CesNi»Si3
with Ty = 7.3 K. We find signatures of spin fluctuation
in this geometrically frustrated magnet. The Curie-
Weiss fit gives a large value of the paramagnetic Curie
temperature, yielding a frustration parameter f = 8.4.
The electronic specific heat coefficient y = 300 mJ/Ce
mol K2 is strongly enhanced, leading to residual entropy
at low temperatures. The spin fluctuation is suppressed
as the magnetic field exceeds the metamagnetic tran-
sition field Hy, = 1 T, where the magnetoresistance
decreases steeply. The steady increase of magnetic sus-
ceptibility below Ty is likely to be associated with the
presence of paramagnetic Ce ions. For LasNi2Sis, a
superconducting transition is observed at Tc = 1.8 K.

IX-V-16 Features of Fluorescence Spectra of
Polyethylene Terephthalate Films

OUCHI, Isukel; NAKALI, 1kuo% ONO, Mitsumasa’;
KIMURA, Shin-ichi

(YTokushima Bunri Univ.; 2Tottori Univ.; 3Teijin
DuPont Films Japan Ltd.)



[Jpn. J. Appl. Phys. 43, 8107-8114 (2004)]

Out of two species of fluorescence of polyethylene
terephthalate (PET), intrinsic fluorescence (1), which
was caused by short-wavelength (< 320 nm) excitation,
was dominant for very thin films (less than a few
microns), while, trap fluorescence (I1), excited at longer
wavelengths (>320 nm), was much more intense for
thick films. This fact was confirmed, and explained by
an elementary formula. Effects of polymerization cata-
lysts onto the fluorescence spectra were found to be
indirect; namely, peak positions of the fluorescence
were not affected by catalyst systems, while fluores-
cence intensity was sensitive not only to catalyst sys-
tems but also to minute differences in local surround-
ings. Effects of catalyst systems on the weak absorption
bands at 338 nm and 354 nm were examined. Integrated
excitation spectra were resolved; therein, a hidden n —
w* state was found. Most likely, this is related with the
weak absorptions at 338 nm and 354 nm, which are the
major origins of fluorescence (I1).

IX-V-17 Anomalous Magnetic Properties and
Non-Fermi-Liquid Behavior in Single Crystals
of the Kondo Lattice CeNiGey_4Siy

KIM,D. Y. RYU,D.H. HONG, J.B.l: PARK, J.
-G.L; KWON, Yong-seung!; JUNG, M. A.L; JUNG,
M. H.2, TAKEDA, Naoya3; ISHIKAWA,
Masakazu3; KIMURA, Shin-ichi

(rsungkyunkwan Univ., Korea; 2KBSl, Korea; 3Univ.
Tokyo)

[J. Phys.: Condens. Matter 16, 8323-8334 (2004)]

We report on the magnetic susceptibility, specific
heat and electrical resistivity of the heavy fermion
compounds CeNiGe,_4Six (0 = x = 1). Compounds with
x < 1 show antiferromagnetic order, which with increas-
ing x shifts toward lower temperature owing to in-
creased exchange coupling between the localized 4f
magnetic moments and conduction electrons. Eventu-
aly, the magnetic order almost becomes absent, for x =
1. An anomaly observed in the specific heat is well
interpreted by the Kondo model for a degenerate impu-
rity spin J = 1/2 in the Cogblin—Schrieffer limit. A
coherence peak indicative of the formation of a Kondo
lattice is found in the electrical resistivity, whose fea-
tures are consistent with the results for the specific heat.
Interestingly, there is a significant deviation from
Fermi-liquid behaviour at the critical concentration x =
1. This deviation is attributed to a quantum phase transi-
tion in a model with two-dimensional antiferromagnetic
fluctuations.

IX-V-18 Sub-Natural Linewidth Auger Electron
Spectroscopy of the 2s Hole Decay in HCI

ITO, Kenji; HIKOSAKA, Yasumasa; KANEYASU,
Tatsuo; SHIGEMASA, Eiji

Auger-photoelectron coincidence spectroscopy, in
which Auger electrons are measured in coincidence
with the corresponding photoel ectrons, can be a power-
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ful tool to elucidate the decay dynamics of the core-hole
states followed by the productions of doubly charged
atomic and molecular ions. In our coincidence method,
we measure threshold photoelectrons as photoelectrons
to attain high detection efficiency. We have applied the
coincidence method to the 2s hole decay in HCI. We
tuned photon energy at the Cl 2s ionization threshold of
HCI, and recorded the Auger electron spectrum in
coincidence with the threshold photoel ectrons. We have
observed the Auger lines associated with the formations
of HCI**[(Cl 2p)~}(V)™] states via the L;L,3V Coster-
Kronig transitions, which are much faster than other
Auger decay processes such as the LVV transitions.
Ordinary Auger spectrum measured without any coinci-
dences shows only broad structures due to the wide
natural linewidth of the 2s hole states (1.8 eV FWHM).
In contrast, several peaks appear on the coincidence
spectrum we obtained, thanks to the sub-natural line-
width regime which is achieved by the coincidence
observation using the high resolution spectrometers.
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