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Low energy effective interaction of XXZ spin
interaction on 2 dimensional quantum dot

Institute of Physics, University of Tsukuba M. Hamatani ! and Nobuhiko Taniguchi 2

REDERICED, T=0TaVEIRZVADE—IDEROBELZEDE S EEF Fy MHER
ENTe, TRIBRNCHIAT 570, BDAREOHTEZ AW TR X VF—F%F) Hamiltonian
KTz, FOFER. universal Hamiltonian IZfah 5 #H (fixed point) Oftic, MHEEHDESL E
MK E {72 %48 (fixed point) BN, Fc, BRAUHOUMRNEETHS Lhbh o7,

In recent experiments of a quantum dot (QD) [1], it has been observed that conductance
peaks retain finite widths even at very low temperature. Being motivated by this, we investigate
the low-energy behavior of QD with anisotropic electron-electron interaction, which is expected
to be residual such as in metallic ferromagnets. In particular, we examine how the anisotropic
interaction may or may not stabilize various RG fixed points including the universal Hamiltonian.

We consider the two-dimensional QD. In the QD, the (effective) interaction between the i-th

and j-th electrons is assumed to be

Vij = @i + JESTSE + JYSYSY + J5SESE,

where S*,SY, S% are spin operators while ® is the density part. We assume that the effective spin
interaction may have the anisotropy of the XXZ type (J* = J¥). As for the orbital part of the
interaction (®;;, ij, ij), we consider the isotropic Fermi liquid channels on the two-dimensional
plane.

The effect of the anisotropic interaction on the low-energy behavior is analyzed using the RG
method incorporating the random matrix theory, as has been proposed by Murthy et al.[2]. As
a result, it is found that the anisotropy gives rise to 8 phases (see Table 1). It is shown that the
anisotropy makes the universal Hamiltonian unstable in certain parameter regions, and when it
happens, the RG flow drives the system toward either the XY type or the Ising type. A rough
sketch of phase boundaries is shown in Fig.1(a), where the horizontal axes @.! and 420 are the
triplet and the singlet part of the interaction, and C = In2. The plane (C) corresponds to the
case of isotropic interaction, J? — J% = 0, on which the result of Ref. [2] is reproduced. On the
planes (A)-(E) parallel with the isotropic plane (C), there exist a region (shown as shaded area

in Fig.1(b)) where anisotropy drives the system unstable and the region gets larger with the

'E-mail: hamatani@cm.ph.tsukuba.ac.jp
2E-mail: taniguch@cm.ph.tsukuba.ac.jp

— 509 —



o JEJ* Preferred anisotropy

(1) o 0 0 isotropic (Universal)

(2) -0 O 0 isotropic

3) 0 -0 O XY

4) 0 0 -oo Ising

(5) —o0 =—-o0 O XY

(6) —o0o 0 - Ising
J*<JF<0-XY

(™) 0 T T { J? < J® <0 — Ising

® -0 0 0o | J® < J* <0 XY
J? < J* <0 — Ising -

Table 1: Eight types of possible RG flows.

Figure 1: (a) shows three phase boundaries (shaded planes) of RG flows. (b) shows that unstable
regions due to anisotropy (depicted by shaded area) get larger when the anisotropy increases.

increasing anisotropy.
The results show that the anisotropy effect can make the universal Hamiltonian unstable in
very low temperature. The experiments [1] may have already captured such an instability or a

crossover toward it.
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