
0 besides the usual
spin-degenerate plateau at G0 = 2e2/h. [1,2] It is very important that this quasi-plateau becomes
more pronounced with increasing temperature, T , which excludes various possible mechanisms
related to the single particle quantum interference phenomena, which vanishes with increasing
temperature. An in-plane magnetic field drives this anomaly to the Zeeman induced spin-split
value 0.5 G0, which demonstrates the relation of this phenomenon to electron spin. Quite recently,
the differential conductance near zero-bias and its temperature dependence are pointed to be very
similar to that of Kondo effect found in quantum dot system. [3] This suggests the possibility that
local spin moments are formed in the QPC region. [4]

There have been several proposals of possible spontaneous spin polarization [5]. Instead we have
proposed that the phenomenon itself and the temperature dependence are in agreement with the
mechanism based on spin fluctuations or “paramagnons” which can occur due to the exchange in-
teraction in the region of the constriction where the density is low. [6] The activation characteristics
strongly advocate the role of collective excitations localized to the QPC interacting with conducting
electrons. The charge excitation has a characteristic frequency, ωpl, which is larger than the inverse
of the electron ballistic time of flight or a ballistic variant of the Thouless frequency, ωTh ≡ vF

L ,
(where vF is the Fermi velocity and L is the length of QPC). The arguments on time-dependent
scattering processes show that the conductance remains intact by a perturbation of charge fluctua-
tion with frequency much larger than ωTh. Instead, the spin excitation, ωpara, becomes softer, and
is much more significant, which is invoked by the exchange interaction in the low density region of
the constriction.

Spin fluctuation: Under a quasi-adiabatic potential where the potential at the constriction is
smooth compared with the Fermi wave length, the inter-sub band process is essentially neglected in
the argument of the low-field conductance. Therefore, we consider an effective one-dimensional (1D)
model with a short-range interaction, I, between spin anti-parallel electrons, which is non-zero only
in the region of the constriction. We mimic the large two-dimensional reservoirs connected to the
constriction by non-interacting 1D channels regarding effective screening there. The Hamiltonian
reads

H =
∑
σ

∫
dxΨ†

σ(x)TxΨσ(x) +
I

2

∑
σ

∫
dxW (x)Ψ†

σ(x)Ψ†
σ̄(x)Ψσ̄(x)Ψσ(x), (1)

where Ψσ(x) is the annihilation field operator at x for spin σ (σ̄ is opposite to σ), and Tx is the
kinetic energy operator. W (x) is a form factor, which characterizes the spatial dependence of
the exchange interaction. The paramagnon propagator χR(x, x′, t) is evaluated with the random



phase approximation (RPA). The paramagnon spectral density function, ρp(x, ω) = 1
π�χR

ω (x, x), is
enhanced in the constriction and grows rapidly while I0 = I(πh̄vF )−1 approaches 1− (the mean-field
Stoner instability point for homogeneous system). The characteristic energy of the paramagnon
mode behaves like h̄ωpara ≡ π

√
1 − I0h̄vF /L.

Linear response theory: We examined the conductance in a linear response (Kubo) theory. [7] The
DC conductance is obtained using current-current response function.

With a perturbation expansion only includ-
ing RPA propagator in the lowest order as
shown in the Feynman diagrams in Fig.1,
we obtained the conductance formula: G =
G0

∫
dη(−∂f(η)

∂η )(|tη |2 + δT a(η)+ δT b(η)), where
the first term corresponds to the Landauer’s
formula and the other terms are including χR.
The first correction δT a corresponds to the cur-
rent vertex correction and vanishes at T = 0.
The second correction δT b comes from the self-
energy of single-particle Green’s function. The
imaginary part of the self-energy vanishes, how-
ever, there is a non-vanishing positive contribu-
tion at T = 0, which is a static potential reno-
malization.

= + + ...
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Fig.1 Feynman diagrams in the calculation of the
paramagnon propagator (above) and the conductance
up to lowest order in the paramagnon propagator. The
solid line represents the electron propagater and σ is
the electron spin.

The conductance of relatively higher temperatures is described by a model that the electron scat-
tered by the fluctuating potential, δU(x, t), which is due to internal dynamics (Coulomb interac-
tion). By using the time-dependent perturbation theory [8] for δU(x, t) we obtained the stationary
current [6] and current noise [9] formula, which explain the experiments well.

Conclusions: We proposed a microscopic theory of electron scattering by spin fluctuations at
a constriction in the lowest order perturbation as the origin of the 0.7 anomaly, which explains
successfully the higher temperature behavior. The low temperature and/or non-linear character-
istics are interesting, however the lowest-order RPA treatment may not be enough to account for
Kondo-like behavior. It would be quite interesting if an electron spin resonance or thermal/shot
noise experiment could be done to detect the slow spin fluctuations.
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