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Resistive read-out of nuclear spin signals from a single quantum dot
under the Kondo effect regime
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We study dynamic polarization and resistive detection of nuclear spins in a single quantum
dot (QD) under the Kondo effect regime. We find that the differential conductance d7/dV
spectra of the QD exhibit remarkable hysteresis under the Kondo effect regime in magnetic
fields when the bias voltage V4 is scanned in the positive and negative directions (Fig. 1a).
We also find that d//dV increases slowly under a fixed V4 where the hysteresis is observed.
Relevance of nuclear spins to the hysteresis and the slow increase in d//dV, is unambiguously
confirmed by the detection of nuclear magnetic resonance signals by monitoring d//dV under
the irradiation of rf-magnetic fields. We attribute the origin of the hysteresis to the dynamic
nuclear spin polarization (DNP) in the QD. Because the DNP develops during the scans of Vg
in the d//dVs4-Vsq measurement, the resultant difference in the effective magnetic field causes
the hysteresis in the d//dVy4-Vsq curves.

Impact of the newly developed technique for the dynamic polarization and resistive
detection of nuclear spins is further emphasized by the following nuclear spin relaxation rate
1/T; measurement. Because 1/7) is enhanced by the electron spin fluctuation, electron spin
dynamics in the QD can be studied through the 1/7) measurement. We find that the value of
1/T suppressed at around Vig= 0 pV increases steeply with increasing Vyq, suggesting a bias-
voltage-driven crossover from a spin-fixed state to a spin-fluctuating state (Fig. 1b). The
crossover is one of unique features of the non-equilibrium Kondo effect under a magnetic
field and is directly observed for the first time in the present study [1].

a b
" scan directions 20 +— § o] '|'
%i_ ‘l“""’ "o 03701
o o _6_(]
px 00T | ¥y 15 - 038 l
- - -l- = 0 500 1000
bm | e IO - trelax (S)
RS 1737 =
= v - L
< L 2887 | b= it T T,
& X 3467 | INs I
— p
/\?/’\___ wl.
| | | | ] ]
-200 -100 4] 100 200 -200 -100 0 100 20
Vsd (uV) Vg (WV)

FIG. 1: (a) Differential conductance spectra of a QD under Kondo effect regime under variou
magnetic fields.The curves are offset for clarity. (b) Bias voltage dependence of nuclear spi
relaxation rate at B = 2.88 T. Inset shows a representative nuclear spin relaxation curve.
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