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Recently non-commutative spacetime attracted much attention from both theoretical and phe-
nomenological points of view. KEspecially in string theory, there are a great deal of studies for non-
commutative descriptions of D-branes which are translated into the commutative description by the
Seiberg-Witten map. The NS B field which is coupled with open strings has a close relationship to
spacetime non-commutativity. The end points of an open string with the NS B field backgroud become
non-commutative (See the review article [1] which is a part of the master thesis submitted to Chiba
University.). In the article [2] I have obtained the exact form of the Dirac bracket of a membrane with
a 3-form field background by using canonical transformations. The open membrane has end strings
with a non-commutativity which depends on the canonical momentum.

We can constract a kind of non-commutative space by replacing the Poincare algebla with a q-
deformed algebra (a Hopf algebra, which corresponds to a quantum group). This is called the k-
Minkowski space. Drinfeld and Jimbo have found a method to constract a g-defomed algebra with
respect to any simple Lie algebra. However the Poincare algebra is not simple Lie algebra, then we
cannot use the Drinfeld-Jimbo method. It is well known that the Poincare algebra is realized by the
contraction of the AdS algebra which is simple. The procedure is advocated by Lukierski et. al. In the
g-deformed Poincare algebra, the 3-dimensional rotation is not modefied. The x-Minkowski space is
one of the candidate for a theory of cosmic rays with extremely high energy above the GZK (Greisen-
Zatsepin-Kuzmin) cutoff. If we consider the interaction between extremely high energy cosmic rays
and CMB photons, particles with energy which is larger than 7 x 10'%eV from distant sources cannot
reach the Earth. In the xk-Minkowski space, extremely high energy cosmic rays can reach the Earth.
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Effects of Vector Coupling on Chiral and Color-superconducting Phase
Transitions — interplay among the scalar, pairing and vector interaction—



Although many works have been done for the problem of the so-called color superconductivity
(CSC) in dense quark matter, one must say that the previous works are all incomplete because an
important interaction in the vector channel Ly = —G'y(¢y*4)? is missing, which is found to alter the
nature of the transition from chiral-symmetry broken (xSB) to color-superconducting phase drastically,
as we shall show.

The significance to incorporate £y may be understood as follows: (1) First of all, the instanton-
anti-instanton molecule model as well as the renormalization-group equation[1] show that £y appear as
a part of the effective interactions together with the ones in the scalar and the pseudo-scalar channels
Ls = Gs{(y)? +(ivsT1))?} responsible for YSB. (2) Ly gives a repulsive contribution, hence tends
to suppress the formation of high-density system, because (1/7%1)) = p is the density. (3) The chiral
restoration at finite density is necessarily accompanied with a density jump to higher density state
with a large Fermi surface, which in turn favors the formation of Cooper instability leading to CSC.
Thus one expects naturally that Ly acts to postpone the chiral restoration and the formation of CSC
to a higher density, which might be inaccessibly high.

To explore the effects of the vector interaction quantitatively, we take the following interaction
Lagrangian of Nambu-Jona-Lasinio type with two flavors (N; = 2) and determine the phase dia-
gram in the mean-field approximation with the vector coupling Gy varied by hand: £y = Lg + Ly
+G c{ (PivsToAaC) (P ivs oA ath) + (V12X C) (0 Tad9ep)}. The last term is responsible for CSC.
The parameters Gg and the cutoff A are determined so as to reproduce the pion mass m, and the
pion decay constant f,; with the current quark mass m, = mg = 5.5 MeV. The G¢ is chosen so as to
reproduce the results obtained with the instanton-induced interaction[2].

The numerical calculation shows the following: When Gy /Gy is increased, (i) the first order
phase transition between xSB and CSC is weaken and the transition point is postponed to larger
chemical potential u with a few tens MeV, and (ii) a ’coexisting phase’, where massive quarks with
dynamically generated quark mass is superconducting, appears in a wide range of u. We notice that
the appearance of such a coexistence phase is robust in contrast to the case encountered in [2].

We emphasize that the effects (i) and (ii) of £y are intuitively understandable and natural.
Therefore all the previous works should be reexamined with Ly incorporated. Furthermore, since the
effects does not depend on the number of the flavors, the so called color-flavor locking phase (CFL)
with Ny = 3 can be also largely affected with Ly.
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SU(3) breaking effect in the Chiral Unitary model for Baryon resonances
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Description of 8Be as Deformed Gas-like Two-Alpha-Particle States

In order to study non-zero spin excitations of the recently proposed «- cluster condensation in
the self-conjugate 4n nuclei, spatial deformation is introduced into the model wave function of the
a-cluster condensate. The rotational band states of ®Be are investigated as a first step of a test case
for the study of the deformation of the a-cluster condensate. Calculations reproduce well the binding
energy of the 07 ground state and also the excitation energy of the 2% state. Our 0" wave function
is found to be almost exactly equal to the 07 wave function obtained by the generator coordinate
method using Brink’s 2« wave function. The study shows that both the 07 ground and 2% excited
states can be considered as having a gas-like (i.e. weakly bound) 2a-cluster structure. As for the 0
ground state, the change of the wave function, due to the introduction of the deformation, is found to
be very small.
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