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Abstract
I. INTRODUCTION

NMR is a powerful spectroscopic tool and widely used in physics studies. However, the detection of conventional
NMR is inapplicable to nanostructures with a small ensemble of nuclear spin, such in a GaAs based quantum point
contact (QPC). A more susceptible technique namely resistively detected-NMR (RDNMR) can help us to circumvent
the limitation. QPC can be exploited as a tunable spin filter device. The QPC constriction is created typically by
imprinting a saddle-like electrostatic potential on a two dimensional electron gas (2DEG). Within the QPC, for instance,
two separated chiral spin edge channels can be brought closer, allowing spin flip scattering to occur. In the presence of
hyperfine interaction, the spin flip scattering provides a way to polarize an ensemble of nuclear spins in the QPC. The
polarization of as small as 107 nuclear spins can be sensitively readout through the conductance change in the

spin-resolved regime.

We divide the work into three separate sections to distinguish each own result clearly, but otherwise the subjects are

interrelated and fall into a larger theme of hyperfine-mediated transport.

I1. DEVICE AND METHODS

We carry out the measurement on a triple gate QPC, consisting of a pair of split metal gates with additional canter gate

in between. We use a high quality 20-nm wide GaAs quantum well. The low temperature electron mobility is p = 1.47 x
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10% cm?/Vs at an electron density ns = 1.8 x 10" cm. An ac current lac = 1 nA (10 nA) is applied for transport
(RDNMR) measurements. We put the sample inside a dry dilution refrigerator with an electron temperature of about
300mK for RDNMR detection in integer filling factor (vb, vgpe = 2, 1) and at 100 mK for a more fragile filling factor
combination. The diagonal voltage Vp is measured using a phase-locked lock-in amplifier. Prior to the RDNMR
measurement, the nuclear spins are polarized via current induced-dynamic nuclear polarization (DNP) by applying lac
= 10 nA for 1000 s. Then radiofrequency (rf) with -30dBm power is swept through °As Larmor frequency at a sweep
rate of 100 Hz/s.

I11.MAGNETIC FIELD DEPENDENCE OF RDNMR DETECTED AT LOWEST LL
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Fig 1. (a) RDNMR signals of the high-mobility and low-mobility devices measured at vge < 1 with magnetic-field
variation. The strain around the QPC structure increases the quadrupolar fields, resulting in a threefold degeneracy
spectrum for all the RDNMR signals. (b) FWHM of RDNMR central transition (CT) shows dependency on the
magnetic field in the lower magnetic field and saturate at a higher magnetic field. Blue dashed line at 1 kHz corresponds

to GaAs nuclear dipole interaction.

We systematically test the condition limiting the observability of the RDNMR signal, under the simplest possible
condition where the lowest LL alone (N = 0) was occupied. The electron density in a quantum well is adjusted by
applying the back-gate bias (Veg) to maintain this condition for all the given magnetic fields. We decrease the magnetic
field and observe the changes in the RDNMR signal. By doing so, we can track the evolution of RDNMR spectra from

high to the lowest possible magnetic field. As the RDNMR-signal shape and strength are sensitive to the detection point,
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we carefully select the RDNMR detection point at around the same value of vg,c < 1. In the presence of positive nuclear

spin polarization, RDNMR signal observed as conductance peak, summarized in Fig. 1(a).

All RDNMR signals exhibit threefold degeneracy spectra with the separation between each peak at Ar =~ 20 kHz raised
due to electric field gradient (EFG) induced-quadrupole interaction, which is independent of the field. Interestingly, the
central NMR linewidths vary with the field strength as shown in Fig. 1(b). Below B = 3 T, the linewidth decreases in
proportion with the field, reflecting contributions of the Knight-shifts, and approach a lower limit of 1 kHz
corresponding to the GaAs nuclear dipole interaction. In a higher magnetic field, FWHM saturated at around 13 kHz,

suggesting the contribution of Coulomb interaction [1].

IV.RDNMR DETECTION AT HIGHER LLs
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Fig 2. (a) Diagonal conductance Gp as a function of split gate bias voltage measured at several perpendicular magnetic
fields. The open circles indicate the RDNMR detection point at higher LL. (b) RDNMR spectra measured as

conductance peaks at different vy, vgpe cCOMbination.

To further push the detection limit of NMR in a QPC in a bid to preserving the spin degeneracy of the lowest 1D
subband level, we demonstrate local generation and detection of nuclear spin polarization operating at higher LLs as
displayed in Fig. 2(a) [2]. We detect conductance peak as expected from our understanding of inter-edge channel spin
scattering in RDNMR detection. Through this approach, we manage to push the detection limit down to B =0.98 T. Our

developed NMR technique can potentially work at even lower perpendicular magnetic fields and/or elevated



NO. <4>

temperatures by employing a higher mobility device and a lower 2DEG density. We believe this work would open a
way to study 1D electronic states such as the 0.7 anomalous conductance near zero magnetic field via nuclear spin

relaxation rate and Knight shift measurements. Those measurements are currently underway.

V. RDNMR DETECTION AT FQHE REGIME

We then expand our study to another interesting phenomenon that can be observed in the high-magnetic regime: the
fractional quantum hall effect (FQHE). At a high magnetic field, it is safe to assume that the electron spin is fully
polarized and so does the current-carrying edge channel. In this case, we expect the spin flip scattering, responsible for
DNP and NMR signal, to be absent. To examine this hypothesis, we set the bulk filling to vy, = 1 at a field of 12 T and
the point contact filling to vg,c = 2/3. However contrary to our expectation, we observe current-induced RDNMR signal
as displayed in Fig. 3(a) at both flank of vqy. = 2/3 with different signal polarity. We observe a conductance dip for vgpc
> 2/3 but it gets reversed when the filling factor is reversed to vge < 2/3. Moreover, the central transition is Knight

shifted with increasing a negative voltage to the split gates as indicated by the dashed line in Fig. 3(a).
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Fig 3. (a) RDNMR signal measured with vy, Vgee = 1, 2/3 combination. (b) Illustration of the corresponding edge

channel.

Our result suggests that the actual edge channel could be much more complex and we could not treat the spin to be

always fully polarized as in the current existing theoretical model.
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Nogm CIE. FTBARIE 7 v — I8 B W TRk RIS RS L C & 72 BCPu i B & 36 n (RDNMR) % QPC
BEICIGHT A Z LT, QPC HEICRBIT S RDNMR O L EFAE U HEEZHOMMNMIL LS & L
bDThDd, FlIZ, Ry — N TCREOBTEELZREL, B ¥ —F—FTF ¥ U RE
BOBFEE, SHICEHALRADRT Oy LIBREZEEICHB TEX 5 QPC 21E- L., 20
RDNMR 5% TEICHIE LI & ZAICRERH D, KIFETHEOLNTZEREEZLUTICE LD D,
ZLODIZ, QPCICBIT DTy VT ¥ XA ORI R b PIREICBN D QPC Ol 23 F i 2,
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72 TORFE, RDNMR R lZ a7 2 20— 27 L LTELNL., FOWBEEE)S 1.25T
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T5Z LT, KBS T QPC NOETEE OIS LT A4 b7 M X2 HMEIEO RS
BT DN AR TS — 5., BEGTIIZOEKPEIMT 2t 2HALNL., B MM
HIER O EZTmBRT 28R 2525 2 LIk Lz,

5T, Yo cHETS 0.7 %D RDNMR 2 WO FEBR % B L. QPC O MMl % FiH
AN OME, QPC ONE Z T 2N-1 OFFH NIZT XU Lo R#) LT, 1TUUFT
DAY OBRmE L RDNMR OB A 1T 572, £ DS, 0.98T THIE Iz N=5 OLEITIL.
PC D FATZ7EETEr MG L IZERCEEFEEZELIZLICKIIL, K7 - -7k
AT A2 L TO0.7 {5 RDNMR I S CX A A geM %k LT,

%12, QPC @ RDNMR % 738 & 7 A — AV R IEaE 35 729, QPC OIS T 1, NES
MFEZR 2/3 ORETHEZITV., Ml KEEOLB(LIIH L Tar X7 X ZAORDLIICE
% RONMR E 5% 11T # 2 2 MBS CHHI Lz, B<HONTWLRER 2/3 1 CBIFL2 AV
R IZFE D N1 27 @ RDNMR (X Z OREG TIRBI SN, BN mEIIE AV RES
WL TWDHEEZLNDEESE L, I/7rAaty /7 2/3 HkEZRBET H2REICAE A
HENREELTWAZLEZRLTWVWS, I/70Rxaty s RAkEEO=y DIREIZEL T
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KL 9 2OEMNGK D, H—EOFimIch s, 5w CHEERERKR CHEEOME LI L
TV 5%, QPC @ RDNMR HIEIZ A F 72 #Efifi & L T, % =5 T GaAs K QPC DO fEHL, ZE U T QPC Din
AP B ILEE T RDNMR (IZOW Tl _72%, BEAETRET VX U7 L~ULTO RDNMR 23 ifim S 4,
BLEETIEIEROT Z L Z AN E &0 RDNR RNEm ST\ 5, % J/\ETiT RDNMR &
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Lt TWa, FLETHEELONEEREZE O TNDS,
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