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Supplementary Note 1: X-ray diffraction measurement
The typical x-ray diffraction (XRD) data is plotted in Supplementary Fig. 1, determining the largest surface of the samples to be the (001) plane. The heat current and magnetic fields are applied in the (111) plane. The full width at half maximum (FWHM) is only 0.096°, indicating the high quality of our samples.
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Supplementary Figure 1 | Typical x-ray diffraction pattern of the BaCo2(AsO4)2 single crystal. The largest plane is determined to be the (001) plane.







[bookmark: _Hlk121945045]Supplementary Note 2: Magnetization for H || a
Supplementary Fig. 2 depicts the magnetization from 2 to 20 K of BaCo2(AsO4)2 single crystal in various magnetic fields parallel to the a axis. The whole behavior is similar to the case where fields are applied along the b axis, indicating weak in-plane anisotropy. The magnetic order vanishes at about 0.54 T, slightly larger than the critical field Hc3 (0.53 T) for H || b, which can also be evidenced by magnetizations in Fig. 2b. Besides, the range of the spin spiral state is larger, from 0.11 to 0.26 T. 
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Supplementary Figure 2 | Low-temperature magnetization of the BaCo2(AsO4)2 single crystal at various magnetic fields along a axis. 





Supplementary Note 3: Low-temperature specific heat measurements for H || a
The temperature dependence of specific heat for H || a is plotted in Supplementary Fig. 3(a). At zero field, a -peak due to antiferromagnetic ordering is observed at TN2 = 5.15 K, which is then suppressed by a small in-plane field above 0.6 T. It is roughly consistent with the previous specific heat measurementsS1,S2 and our magnetization results. As temperature decreases, the values of Cp/T exhibit a sudden upturn below about 1 K, which can be attributed to a high-temperature tail of a nuclear Schottky peak. To see this more clearly, we replot Cp/T below 4 K in Supplementary Fig. 3(b). 
[image: ]

Supplementary Figure 3 | The low-temperature specific heat of the BaCo2(AsO4)2 single crystal for H || a. (a) The temperature dependence of Cp/T below 10 K at several fields. At zero field, a clear phase transition occurs at TN2 = 5.15 K. (b) An abrupt upturn is observed below about 1K, which can be attributed to the nuclear Schottky contribution.
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