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Single-point condensation phenomena for a
four-dimensional biharmonic semilinear problem

FuTosnl TAkAaHAsHI (00O 0) !

We study the asymptotic behavior of least energy solutions to the following
fourth order elliptic problem (£,):

A’y =uP in(Q,
(Ep)Q u>0 inQ,
u|39 = Aulag = 0

as p gets large, where (2 is a smooth bounded domain in R%.

In our earlier work, we have shown that the least energy solutions remain bounded
uniformly in p and they have one or two “peaks” away form the boundary.

In this talk, following the arguments in Adimurthi-Grossi and Lin-Wei, we will
obtain more sharper estimates of the upper bound of the least energy solutions and
prove that the least energy solutions must develop single-point spiky pattern, under
the assumption that the domain is convex.

More precisely, we have

Theorem. Assume Q is a smooth bounded convex domain in R* and u,, is the least
energy solutions to (E,). Then we have

1< liminf [Ju | 1) < limsup [y (0 < Ve,
p—00

Furthermore, set w, = u,/(Jqubdx). Then for any sequence wy, of w, with
Pn — 00, there exists a subsequence such that the blow up set S of this subsequence
satisfies S = {xo} (one point blow up) for xy € Q, and

1) fo.(x):= % = 8y, in the sense of Radon measures of ().
(2) w,, — Gu(-,30) in CL(Q\ {zo}) where Gy(z,y) denotes the Green function
of A? under the Navier boundary condition.

(3) mg is a critical point of the Robin function Ry(x) = Hy(z, ), where Hy(x,y) :=
Gu(z,y) + o=z log |z — y| denotes the regular part of G.
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We conjecture that the blow up point xg may be a maximum point of the Robin
function R4. This is a future work for us.

LCOE fellow, Mathematical Institute, Tohoku university
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JRF A & RIK B & DS
The Synergy Between Nuclear Physics and Astrophysics
A. Baha Balantekin
Department of Physics, Graduate School of Science, Tohoku University
and

Department of Physics, University of Wisconsin, Madison

Recent advances in cosmology and simultaneous technological developments in
experimental instrumentation have enlarged the scope of astronomy from its
traditional mode of optical observations of atomic and molecular physics-based
phenomena, to a complementary mode of neutrino observations of nuclear and particle
physics-based phenomena. This talk will attempt to illustrate the synergy between
astrophysics and nuclear physics using the example of neutrino astrophysics. Neutrino
astrophysics bridges several subfields of physics that traditionally have been
separated. It is an interdisciplinary area where input from nuclear physics, particle
physics, and astrophysics is needed. The properties of the neutrino has at long last
yielded to an intensive experimental assault. Evidence for neutrino mass and
oscillations are now seen in the solar-neutrino spectrum, in atmospheric neutrinos,
and in the reactor and accelerator neutrino experiments. There are many profound
astrophysical and cosmological implications of these recent results. In particular, the
neutrino mass scale indicated at by these new data implies that neutrinos form a
significant (though subdominant) fraction of the matter on very large scales. This is
tantalizing, since it is in accord with at least some interpretations of the WMAP
observations of anisotropy in the cosmic microwave background radiation. The recent
neutrino oscillation data may also have significant implications for our picture of core-
collapse supernovae. There has been steady progress in recent years in our
understanding of supernovae. It was shown that neutral-current neutrino-nucleus
scattering from abundant nuclei in supernovae can produce less abundant species such
as B, F", Li° in significant amounts. Progress was made on explosion models both
with prompt and delayed mechanisms, especially in understanding the role of
convection. Neutrino re-heating of the shock was established as the most likely
mechanism stabilizing the explosion. The expanding neutron-rich hot bubble formed
between the neutrino-sphere and the shock wave is now considered to be a very
plausible site for the r-process nucleosynthesis. In this talk theoretical nuclear physics

research at Tohoku University in these areas will be discussed.



Hadronic CP violation from strangeness and constraints on CP phases
Ken-ichi Hikasa, Yasuhiro Shimizu, Takeo Moroi, Masahiro Yamaguchi

Department of Physics, Tohoku University, Sendai 980-8578, Japan

The origin of CP violation in nature is a very important issue in particle physics since CP
violation is indispensable for the baryon asymmetry in universe. In the standard model (SM),
there are two CP violating parameters; the phase of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix and the QCD theta () parameter. The former induces CP violation in flavor violat-
ing process, such as CP violating K, B decays while the latter induces flavor conserving CP
violation, such as neutron electric dipole moment (EDM). The experimental upper bound on
the neutron EDM gives strong constraint on 6, (|§] < 107'%). On the other hand, the recent
measurements of CP asymmetry in B decays at Babar and Belle confirm that the phase of
the CKM matrix is the dominant source of the CP violation in K and B decays. It is known
that the phase of the CKM matrix is not enough to explain the baryon asymmetry in universe.
Therefore, it is very important to search for new CP violating phases.

We consider hadronic CP violation induced by chromoelectric dipole moments (CEDMSs) of
light quarks and the QCD theta parameter (6). We concentrate on the strange quark CEDM.
We derive effective CP violating nucleon interactions induced by the CEDMs and 6 with the
SU(3) chiral Lagrangian technique. From the effective interactions, we calculate the EDMs for
the 1%Hg atom, neutron and deuteron. Using these results, it is possible to put constraints on
the quark CEDMs from the experimental upper bounds on the EDMs of *Hg atom, neutron.

In order to demonstrate an implication of our results on the supersymmetric (SUSY) models,
we calculate the gluino contributions to the quark CEDMs with the flavor violating mass
insertion approximations. It is usually considered that the EDMs are sensitive to the flavor
diagonal CP phases. However, when both left-handed and right-handed quark mixing exist, the
CEDMs can be enhanced by the left-right squark mixings. Since the typical SUSY models have
the left-handed squark mixing, the EDMs can give strong constraints on the flavor dependent
SUSY phases. These constraints on the CP phases can give important implications to other
SUSY phenomenology, including the B physics. As an example, we show that there is a strong
correlation between the strange quark CEDM and the CP asymmetry in B — ¢K, (Ssky)-
The current bounds on the strange quark CEDM from **Hg atomic and the neutron EDMs
imply that the deviation of Syx, from the SM should be strongly suppressed.



Medium effects; Hadrons in nuclear matter and Nuclei in condensed matter
J. Kasagi
Laboratory of Nuclear Science

Modification of properties of constituents in surrounding environments is one of the
most interesting and important phenomena in physics. As the world shows layer
structures, quark — hadron(meson/baryon) — nucleus — atom/molecule — liquid/solid - - -,
the medium, in which the basic constituents of the layer interact to each other, is
considered to play an important role for the modification. However, it is very hard to see
clear effects of medium acting on its substructure. Recently, the role of media has been
studied more deeply at various stages of layer structure. For example, in a nucleus
which provides a matter environment with a finite baryonic density, reduction of
nucleon and meson masses has been discussed in the framework of QCD as well as a
possibility of partial deconfinement of quarks. Moreover, in condensed matter, nuclear
reactions and/or nuclear decays are considered to be strongly modified by the existence
of electrons in extreme conditions.

We have studied medium effects relating to nuclei; properties and behaviors of
hadrons in nuclear matter, and, nuclear reactions and decays in condensed matter. We
would like to discuss mainly the following subjects in my talk; properties of the
S11(1535) nucleon resonance in nuclei, reaction rates of low-energy nuclear fusion
reactions in condensed matter, and, modification of lifetime of 7Be in Ceo fullerene. Most
of the experiments have carried out at the Laboratory of Nuclear Science. The results so
far obtained have generally indicated that the medium effect is not small, but rather
strong for specific conditions. The S11(1535) resonance appears with larger resonance
width in nuclei than in isolated. Low-energy D+D and Li+D reactions are enhanced very
strongly in some metals. The shortest lifetime of 7"Be ever reported has been deduced in

Ceo. We will discuss on these experiments in detail as well as future plans.
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Hypernuclear y-ray spectroscopy via the Hyperball2 array

T. Koike, Y. Fujii, O. Hashimoto, S. Kinoshita, Y. Ma, Y. Miura, S. Nakamura,
H. Tamura and M. Ukai
Department of Physics, Tohoku University

Atomic nuclei consist of a number of protons and neutrons. When one of the con-
stituent nucleons is replaced by a hyperon, a hypernucleus is formed. Hyperons such as A
and Y are different types of particle from nucleons in that they have non-zero strangeness
quantum number. The inclusion of strangeness in nuclear medium offers an unique labo-
ratory for deepening our understanding of nuclear force not limited to nucleon-nucleon but
extended to hyperon-nucleon and hyperon-hyperon interaction. Until recently, detailed
structural investigations of hypernuclei had only been a dream due to the experimental
challenge such studies pose. However, the high resolution ~-ray spectroscopy of hyper-
nuclei became a reality with a development and construction of the germanium (Ge)
detector array, Hyperball. Thus far, precise structures of several A hypernuclei have been
identified from which strengths of spin-dependent interaction between a A and a nucleon
are experimentally determined. A reduction in size of a bulk nuclear matter (core) in the
hypernucleus 7 Li has also been observed experimentally confirming the glue like presence
of a hyperon that is not affected by Pauli principle.

Based on the success of a series of Hyperball experiments, an upgrading of Hyper-
ball has been undertaken. The new array, Hyperball2, houses six Clover-type detectors,
which are segmented into four Ge crystals, plus 14 single-crystal Ge detectors. Each
detector is surrounded by BGO scintillator counters for a reduction of backgrounds in
~v-ray spectrum by vetoing contaminated events. The photo-peak detection efficiency of
Hyperball2 is nearly doubled from that of the previous array. The first experiment with
this array, in conjunction with Superconducting Kaon Spectrometer (SKS), is scheduled
at the KEK beam facility to perform v-ray spectroscopy of }2C and }'B using the (7,
KT) reaction on '2C target. In this experiment, one of the main goals is to measure a
lifetime of 7/2% state in }'B, which is selectively produced via one proton emission decay
of }2C(27%). The measured lifetime, by means of Doppler shift attenuation method, deter-
mines the reduced transition probability of the }'B(7/27—5/2%) A-spin-flip M1 transition
(B(M1;7/2—5/2%)). Properties of a A particle in free space may change in nuclear mat-
ter and the magnetic moment is one of them. The measurement of the B(M1;7/2*—5/2")
value will provide a quantitative account for the change of the magnetic moment of a A
if at all.

More expansive and systematic studies of various hypernuclei via the y-ray spec-
troscopy are planned in the future with high intensity beams provided by 50-GeV Proton
Synchrotron at Japan Proton Accelerator Research Complex (J-PARC), currently under
construction. The beams with an intensity ~10 to ~100 times of that achievable at the
present will be available for the hypernuclear experiments. Thus a dramatic increase in
counting rates of Ge detectors is anticipated and a much faster data-readout system for
these detectors is being developed.
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We have performed cooperative photoemission and neutron scattering experiments on
cuprate high-Tc¢ superconductors to study the low-energy excitation responsible for
and/or relevant to the mechanism of superconductivity.

We have experimentally determined the full
energy dispersion and the coherence factors of
the Bogoluibov quasiparticles in
Bi2Sr2Ca2CusO10 (Fig. 1) by angle-resolved
photoemission spectroscopy (ARPES). The
results show a good quantitative agreement
with the prediction from the BCS theory. This
proves the basic validity of the BCS theory in
the wide meaning to describe the high-Te
superconductivity. We have experimentally

Encrzy (me%")

identified two different bosonic modes in & .
Bi-system high-Tc¢ superconductors. One .E e e 1 ;
produces the “small” kink in the limited E | . "r’l!, ﬁ}{\;g'
momentum region around the node, and E'H' : |.I.'-'.-. I::' n;\

another is related to the “large” kink which E '_.__.'.--"!-' g ¥

exists in a relatively wide momentum region 'IEI;.LT.-_?:.____.:--...-. .--..__--...-...._._..'1.-
with the stronger magnitude closer to the (r, 0) TR ||.£ |r|:1||:‘n'- i o 3

point. The observed momentum and
temperature dependence of the kinks as well as the Fig. 1 (a) Band dispersion of
impurity effect show that the large kink is of Bogoliubov quasiparticles .and (b)
magnetic origin and closely related to the high-Tc Z(g]slrzesnce factors determined by
superconductivity, while the small kink around the

node has no direct correlation to the superconductivity.

We have also performed systematic neutron scattering |
experiments on both hole- and electron-doped high-Te o | = l
cuprates to search for the generic feature of spin excitations ! l, .i.l
which could play an important role for the '™ - ._i;'.
superconductivity. Particularly, in a wide momentum and 1, ¢
energy space pulsed neutron scattering experiments ;| "Jr ; J
revealed a new aspect. The observed spin excitation wl 3ot
spectrum in the hole-doped LazxBaxCuQ4(x~1/8) shows an -f—r-%-
interesting dispersion relation (Fig.2), which is similar to T

that of YBa2zCusOr-y. The energy range at around 50meV
approximately corresponds to the energy scale of so-called
kink anomaly observed in ARPES measurement.

Fig. 2 Spin excitation
spectrum in
La,Ba,-CuOy (x~1/8)



Quadrupolar ordering in PrFe P, skutterudite
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Rare-earth filled skutterudite compounds are intensively studied in the last few years because
of their diverse and complex behavior. PrRusPi5 shows a metal-insulator phase transition at
about 60K which is accompanied by also a structural transition. Skutterudite compounds with
Nd or Eu show ferromagnetism, while exotic superconducting phases were found in PrOs;Sh,
discovering the first Pr-based heavy fermion superconductor.

We are particularly interested in the nature and main property of the ordered phase of
PrFesP5 skutterudite. This compound shows a non-magnetic phase transition at 6.5K which
can be suppressed by external magnetic field. The crystal field level scheme of PrFey,P;5 has
not been determined yet experimentally, although the low-lying scheme is responsible for the
low-temperature behavior, e.g. the possible orderings. The CEF splittings in the PrRuyPs
and PrOs,;Sbyy are clearly known by neutron diffraction experiments. But the interpretation
of the neutron scattering spectra of PrFe,P15 is not unambiguous: polycrystalline samples do
not show clear peaks and the peaks appearing in the single crystalline samples spectra become
clear only below the transition temperature. Thus, the question of the CEF scheme is left
open. The most fascinating recent experimental finding on the PrFe,Pqo skutterudite is the
appearance of a high-field phase very sharply located around the (111) magnetic field direction
[1]. This result can be a key point in the identification of the low-energy level scheme and also
the low-field ordered phase. Additionally, it was also found that the electrical resistivity shows
an enhancement around the (111) field direction [2].

We found that only the I" rf‘é(ll) low-lying scheme gives a level crossing point in the ground
state uniquely for the (111) field direction which can be responsible for the appearance of the
high-field phase. Accepting that the low-field phase is the antiferro-quadrupolar ordered phase
of the I's moments, which is supported by experimentally, we examined this AFQ ordering
model in the case of tetrahedral symmetry with the I‘ng) low energy scheme. We found that
this model can lead to the appearance of the new high-field phase for H||(111) in the case when
the energy separation between the singlet and triplet states is small. With the introduction
of ferro-type interactions between the dipoles and 7” octupoles the measured phase boundary
can be reproduced qualitatively. Changing the ferro-type interaction parameters, either two
separated phases or continuous phase boundary can be obtained. We found parameter sets
where the two phases have the same q = (1,0,0) ordering vector. We also found another set
where the low-field phase has q = (1,0, 0) while the high-field phase has q = 0.

We calculated the electrical resistivity from the crystalline electric field states. With this
very simple picture we can reproduce qualitatively the measured resistivity enhancement around
the (111) field direction near the level crossing point at low temperatures.

References
[1] T. Tayama et al., J. Phys. Soc. Japan 73, 3258 (2004).
[2] E. Kuramochi et al., Acta Physica Polonica B34, 1129 (2003).



Metal-Insulator Transition of Na,WO3; Studied by High-
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The properties of tungsten-oxide based materials have created enormous interest in material
science for a long time due to its various applications. It is possible to change the color of WO3 by
doping sodium metal, thus forming Na,WQO; bronze for all composition of x. Na,WO3 bronze
exhibits very interesting electronic properties, especially a metal-insulator transition (MIT) as
function of x. A high metallic conduction is obtained for higher x-compounds (x > 0.3), while the
system undergoes MIT with decreasing x. In Na,WO;, Na atom occupies the central position,
while W shares the corner of the cubic quasi-perovskite structure forming WOg octahedron. Due
to the octahedral crystal field, the W 5d band splits into 5d T4 and eg bands, and the Fermi level
(Ef) lies just below the 5d T, band in WO; and the crystal becomes a band insulator, while in
Na,WO; the Na 3s electron goes to the W 5d T,, band and the system becomes metallic for higher
values of x (x > 0.3). For low concentration of x (x < 0.3) the crystal still shows insulating
properties although the origin is now under debate. Hence the study of electronic structure of
Na,WO; has much interest from both technological and fundamental perspectives.

We have carried out angle-resolved photoemission (ARPES) measurements for both
insulating (x = 0.025) and metallic (x=0.58, 0.65. 0.7 and, 0.8) Na,WOs. The band dispersion in
insulating sample is studied with the variation of temperature and compared with its metallic
counter part. The random distribution of Na" ions in WO; lattice gives rise to a strong disorder
effect, and as a consequence the Anderson localization occurs in the conduction band tail and the
system undergoes MIT for low Na concentration (x < 0.3). Due to
the localization the soft Coulomb gap arises and the density of state
vanishes to zero exactly at Eg. The remnant Fermi surface mapped in K, K
insulating phase is found to be replica of real Fermi surface in
metallic system. We found rigid band model is not appropriate in
metallic Na,WO; and this finding support the linear variation of
magnetic susceptibility and specific heat with Na doping. We did not
observe any signature of impurity band (level) near Er region and
hence, the possibility of development of Na induced impurity band
(level), which causes localization at impurity band (level) tail
leading to metal-to-insulator transition at low concentration, is ruled
out. The spectral evolution of DOS at Er in metallic region has a
good agreement with the prediction for disorder metal and varies as a
function of (E - Er)"?. We observed electron-like FS at I'(X) point in
metallic sample as predicted from band calculation and the FS : _
gradually increases with increase in Na concentration in NayWOs3 o Wave Vector
due to W 5d Ty, band filling.

Fig.1 (a) Experimental valence band structure of Nay,sWO; along with band calculation (b) Two
dimensional intensity map of the intensity at Er with the calculated Fermi surface.
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Electronic multipole order in systems with orbital degrees
of freedom

Yoshio Kuramoto
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The dipole order of electrons has long been known as ferromagnetism and
antiferromagnetism. The importance of higher electronic multipoles has recently
been recognized, and now considered as a key element to understand strange
phenomenon such as some phase transition where the order parameter has not
been identified. Especially, ordering of octupole moments has been suggested by
a number of experiments including rare-earth elements with strong spin-orbit
interaction. However, the mechanism has not been identified to stabilize higher
multipoles as compared with dipoles. Our research group takes the electronic
multipole degrees of freedom strategically, and aims at clarifying the hierarchical
dynamical structure of solids by close collaboration of experiment and theory.
The followings are topics being studied.

Observation of multipole order by neutron and X-ray scatterings

By using the spectrometer of Tohoku University at JAERI Tokai, we have
measured neutron scattering spectra of filled skutterudites, rare-earth borides
and borocarbides, and transition metal oxides. Neutrons are suitable to deter-
mine crystal and magnetic structures. On the other hand, scattering of high-
intensity X-rays, available at Tsukuba and SPring-8, is suitable to probe orbital
or quadrupole order of electrons. Higher multipoles such as octupoles may be
more easily detected by X-rays. We shall describe results obtained by these
probes, and explain their significance.

Excitation spectrum in multipole ordered state

Multipole order should accompany characteristic dynamics in analogy with spin
waves emerging in magnets. In Tb and Ho borocarbides, inelastic neutron
scattering have revealed incommensurate nearly diffusive structures around the
phase transition. We shall describe experimental results and possible mechanism
to explain this behavior.

Interaction of multipoles with conduction electrons

Interaction of multipoles with conduction electrons may give rise to Kondo-like
phenomena. In fact, some Pr skutterudites show evidence of Kondo effect as well
as non-Fermi liquid behavior under magnetic field. Our theoretical members aim
at clarifying many-body effects by microscopic methods with full use of analytic
and numerical techniques.



