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Introduction

In the presence of a strong perpendicular magnetic field, the orbital motion of electrons confined to a two-dimensional plane is
quantized into discrete Landau levels. When only the lowest of such level is almost completely occupied, the elementary excitations of
the system become large topologically stable spin texture known as Skyrmions [1]. Here, we present an extensive study of nuclear
magnetic resonance (NMR) spin-lattice relaxation rate in the first Landau level of an extremely high-quality GaAs/AlGaAs sample.
We find strong and enhanced relaxation in the limit of T->0 and Rxx—>0 where localization of electronic states occurs. This is
consistent with the predictions of, and finds a natural interpretation in terms of a magnetic ground state containing a Skyrme crystal

[2].

Results and Discussion

Figure 1 shows the spin-lattice relaxation rate (1/T1) extracted using resistively detected NMR in the vicinity of the v =1 Quantum
Hall state, at filling factors v=0.84 (diamonds), 0.86 (filled circles) and 0.895 (open circles). The nuclear spin of 75As is found to
relax much more efficiently with T->0 and when a well developed quantum Hall state with Rxx~0 occurs. The data show a
remarkable correlation between the nuclear spin relaxation and localization. Extrapolating the rate in Fig.1 to the x-axis defines a
resistance Rm at which T1->c0. While there will remain other, weaker relaxation mechanisms, this extrapolated Rm should provide a
measure where nuclear relaxation by the strong low-temperature mechanism ceases. When translated to Tm via our Rxx versus T
calibration, the Tm's define a temperature boundary for the low-temperature magnetic phase as shown in the inset of Fig.1 versus the
partial filling factor, | v -1|. Efficient relaxation of the nuclear spins requires magnetic fluctuations in their environment and the data in

Fig.1 requires an increase of such fluctuations as Rxx (and hence 6xx) decreases. A spin-polarized two-dimensional Fermi gas is
extremely inefficient in providing such fluctuations. On the other hand, a spin-wave Goldstone mode of a Skyrme crystal [2] provides
a very efficient mechanism for relaxing the nuclear spins. Within this scenario, phase 1 would correspond to a square lattice phase of
Skyrmions with long-range positional and orientation order, while phase 2 would correspond possibly to a melted skyrmion phase
with quasi long-range magnetic order only.
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Conclusions

In the vicinity of the v =1 quantum Hall state, in GaAs/AlGaAs the nuclear spin relaxation increases strongly as the temperature is
lowered and when Rxx—> 0. This strongly suggests that the localized states are responsible for the fast nuclear relaxation. We find a
natural interpretation of our data in terms of a magnetic phase of localized skyrmions relaxing the nuclear spin via a Goldstone mode
of the crystal and deduce a partial phase diagram in the T- v plane.
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