Control of nuclear spinsby quantum Hall edge channels

S. Komiyama and T.Machida® *

Department of Basic Science, University of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo,
Japan

8 PRESTO, Japan Science and Technology Corporation (JST), 3-8-1Komaba,
Meguro-ku, Tokyo, Japan

Extrenel yweak i nteracti onof nucl ear spinstotheir environnentsyi el ds,
on one hand, their exceedi ngly | ong de-coherence ti me, but on t he ot her
hand, makes their control and detection a nontrivial task. Contriving
i ngeni ous neans of controlling/detecting nuclear spins is thus an
i nportant experinental chall enge for exploring the i npl ementation of
spintroni cs, quantuminformati on processi ng or quantumconputationin
solid state devices. We show here that spin-split edge channels in the integer
quantum Hall effect (IQHE) devices provide a unique tool to (i) polarize, (ii)
unitary-transform, and (iii) detect nuclear spins. The number of manipulated nuclear
spinsissmall, on the order of 10°.

The one-electron energy of afinite two-dimensional electron gas (2DEG) system is
quantized into discrete Landau levels (LLs) in strong magnetic fields, where each orbital
LL is spin split into spin-up and spin-down Zeeman sub-levels. Due to confining
potential, the LLs increase their energies as a boundary of the 2DEG layer is approached
and form respective edge channels along the boundary at the Fermi level. By selectively
transmitting different edge channels by means of cross-gate biasing technique, one can
unequally populate the spin-up edge channel and the spin-down edge channel of the
lowest orbital LL in a GaAg/AlGaAs Hall bar device in the v=2 IQHE regime.
Over-populated edge channel (either with spin-up or spin-down) can be chosen by the
polarity of the source-drain voltage applied to the device. When the up-spin channel is
over populated, for instance, spin-up electrons undergo spin-flip transition to empty
states of the spin-down edge channel. Due to the hyperfine interaction [1] this processis
accompanied by the down-to-up spin-flop transition in the nuclear spin system, leading
to the development of strong dynamic nuclear polarization (DNP) in the region only
along the edge channels. The DNP, in turn, induces an effective magnetic field for the
electron spin system, again, via the hyperfine interaction. Thisleadstoa change of the
resistance of the device, through which the DNP is sensitively detected. By passing
radio-frequency (rf) currents through a fine metal strip placed near the edge channels



locally generate rf-magnetic fields in the region of DNP. Nuclear magnetic resonance
(NMR) as well as the Rabi oscillation of initialized nuclear spins are electricaly
detected (through the resistance) [2,3]. Free-induction decay as well as the spin-echo
experiments have been made, suggesting T, = 80 ps. In addition, by externally
modifying the confining potential via side-gate-biasing technique, the edge channels are
shifted side-wise over a 120nm distance, thereby locally probing the spatia profile of
the DNP. DNP proved to spread roughly over a 20 nm-wide region (twice the magnetic
length). The number of manipulated nuclear spinsis suggested to be on the order of 10°.
The spin-split edge channels are thus a powerful tool to (i) efficiently initialize, (ii)
unitary-transform, and (iii) sensitively detect nuclear spins.

The work is supported in part by Precursory Research for Embryonic Science and
Technology (PRESTO) of Japan Science and Technology Corporation (JST), and by
Grant-in-Aid for Specially Promoted Research from the Japan Ministry of Education,
Culture, Sports, Science and Technology.

"Present address: Institute of Industrial Science, Ce308, University of Tokyo,
4-6-1 Komaba, Meguro-ku, Tokyo, Japan

[1] B.E.Kane, L.N.Pfeiffer, and K.W.West, Phys. Rev. B 46 (1992) 7264.
[2] T.Machida, T.Yamazaki, and S. Komiyama, Appl. Phys. Lett. 80 (2002) 4178.
[3] T. Machida, T. Yamazaki, K. Ikushima, and S. Komiyama, Appl. Phys. Lett. 82 (2003) 409.



