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Summary

Results of muon spin relaxation (USR) and dc magnetic susceptibility measurements on the 2D triangular-lattice antiferromagnet FeGa.S. are reported and compared with previous data from
NiGa.Ss. In FeGa,S, USR data indicate a critical slowing-down of magnetic fluctuations and a transition at 7T* = 31 K, which Is twice the bifurcation temperature T = 16 K from magnetic
susceptibility measurements. As the applied field increases, T: decreases, consistent with a spin glass-like freezing at this temperature. This could suggest a viscous spin liquid state for T: < T <
T*, as has been attributed to NiGa.S, with T: = 3 K from ac susceptibility and T = 8.5 K from both NMR and uSR. The inhomogeneous dynamic muon spin relaxation rate Aq scales for both
compounds (Fig. 3 below), suggesting a common mechanism for their spin dynamics. Exponential critical slowing down of spin fluctuations [Aq LI T32 exp(=To/T)], expected in a 2D Heisenberg
antiferromagnet, is observed in both compounds. The similar spin dynamics in NiGa.S: (S = 1) and FeGaxS4 (S = 2) suggest that they are essentially classical (S = «) and may therefore involve Z;
vortex excitations (Kawamura et al.).

Experimental setup (figure stolen fromJeti

NiGa,Ss was first studied by Nakatsuji et al. to search for novel ground states in an exact Eloctronic dock Local Magnetic
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triangular lattice. The dc magnetic susceptibility indicates a transition at T = 8.5 K, which
IS also the temperature where uSR experiments observe critical slowing down and the

onset of quasistatic spin freezing. T S —— ——
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In the Isostructural compound FeGa,S4, dc magnetic
susceptibility measurements exhibit a ZFC-FC
bifurcation at T = 16 K (figure), which could be a
freezing temperature similar to the case of NiGazS..
However, recent studies indicate the ZFC-FC
bifurcation at 8.5 K In NiGaxS4 Is due to an impurity
effect, and spin-glass-like freezing Is observed at a
ower temperature.
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Results and Discussion

“‘”TE | | "FeGas, | Bl T N R T =~ Z,-vortex scenario:
J:E 0.06 |- "--.. T -_ i .m*‘l‘“#”‘t NiGa,S, |7 The antiferromagnetic (AF) Heisenberg model on a 2D
L o foiagg e ZFC: I — 10" e ‘,.‘ - triangular lattice Is a typical geometrically frustrated magnet.
% £,"“‘“ g; 1 E‘v I TP s L o | It was demonstrated by Kawamura some time ago that the
€ 0.04 ":*“*Hu:;]i . ;T I /T%;MH _ ' model bears a topological qguantum number, or the so-called
7 Sseciinee Y =2 I W Zwl £ : i Z»vortex. It was found that that a triangular 2DHAF exhibits
g biaal e T L g Mf; RN Bl a thermodynamic phase transition at finite temperature with
ol F'f i - Y | e — CUITKY finite spin correlation length and correlation time due to
S T e ""*—‘ia;ﬁfm J 0.1 T1”r 10 binding and unbinding of Z, vortices.
GOt —%=4d T =4—8 T "“ﬁ*iff::--k.;%fml;_l 12 This thermodynamic phase transition is predicted to have an
e  (b) s FeGas,| extended critical regime, as has been suggested in NaCrO,
T(K) ol NiGa,S, | with T; /T*= 0.3, and in NiGa,S4, with T; /T*= 0.4. Here
FeGa,S. is found to have a critical regime with T: /T*= 0.5.
Figure 1: Temperature dependence of magnetic X068 L GR.0ab ¢ 74T 147 4 A recent study Of. the c_:lass_ig:al AF Heis_enberg model on 4
susceptibility X = M/H in FeGa,S. from 2 K to 300 S AL st | , _2D_tr|angular-latt|ce_ with bilinear anq blquad_ratlc_ exchange
K for various applied magnetic fields. Tr and T* 0.3 4 mdu_:ates a1lopo og!cal phas_e trans!tlon tha?: 'S dr_lven by 2
are the spin freezing temperature and critical vortices for small biquadratic coupll_ng O], In whlcih case a
slowing-down temperature, respectively. 0_01 R T Z, vortex corresponds to a 21t rotation of the 120 Spin
structure around a vortex core. The thermodynamic
1As) transition temperature varies for different Q values. The
¥ T T lT IR observed critical slowing down of magnetic fluctuations in
10°F f T Figure 3: (a) Scaled temperature dependence of dynamic these systems could be a result of such a thermodynamic
f le ,i f muon spin relaxation rate Aq In FeGa»Ss and NiGa.Ss. Inset: process.
10°F "4 FeGags, *ﬂf“ s 2D critical slowing down of spin fluctuations, leading to Aq However, in NiGa.S. the quasistatic field below T* follows a
—~ | NiGa,S, Py A f [ 752 exp(-To/T). (b) Stretched-exponential power K'in mean-field temperature dependence, suggesting more
%104 £ % 3 FeGaxS. and NiGazS.. conventional spin freezing. In FeGa:S. this field is much
h 02 T=2K  [FeGas). e larger, and has not yet been accurately measured.
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