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Supplementary Figure 1

(a) The optical microscopy image of the WSey obtained by mechanical exfoliation. P1, P2 indicate
different measurement positions. We also measured other samples and observed similar phenomena
in which narrow peaks occur at the edge of monolayer or few layers, as shown in (b). The scale
bar is 5 pm. (c) The comparison of the narrow emission line induced by defects and the intrinsic
valley exciton spectrum, corresponding to P1, P2 in (a). (d) PL spectra as a function of tempera-
ture. With increasing the temperature, the intensity of these emitters decrease until disappearing
with linewidth broadening dramatically. The evolution of PL intensity with temperature further

confirms that these narrow peaks are derived from the defects.
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Supplementary Figure 2

Magneto-optical measurement of another emission lines which have the same behaviour with QD1.
(a) PL spectra with different magnetic fields. The emissions arise from type I transition and the
electron-hole recombination occurs assisted by electron and hole trapping. The peak energy as a

function of magnetic field is shown in (b). The extracted g factor and FSS are about 2.17 and 336

ueV, respectively, as shown in (c).
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Supplementary Figure 3

Magneto-optical measurement of QD2 in vector magnetic field. (a) Schematic of the relative angle
of vector magnetic field. 6 is the angle between the vector magnetic field and the normal of the
sample. (b) PL spectra as a function of magnetic field in Faraday configuration. A g factor about
7 and FSS about 730 ueV can be observed. (c) PL spectra as a function of magnetic field in Voigt
configuration, in which no obvious changes are observed. The energy splitting of the doublet as
a function of magnetic field in Voigt configuration is shown in (d). The energy splitting of the
doublet basically remains same, indicating a small g factor in the plane of sample, similar to I1I-V
quantum dot[1, 2]. (e) PL spectra with different 6. The total strength of the vector magnetic field
remains 4 T. The energy splitting as a function of  is shown in (f). The evolution of splitting with
angle 6 is similar to III-V quantum dot[1, 2]. The Zeeman splitting exceeds the exchange energy

and becomes dominant with applied magnetic field perpendicular to the sample.
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Supplementary Figure 4

Magneto-optical measurement of other emission lines for type III. (a) PL spectra with different

magnetic fields. (b) Energy of peaks as a function of magnetic field. Both two emission lines arise

from type III transition which exhibit unobservable FSS and Zeeman splitting. Spectral wandering

can be observed for both emission lines.
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Supplementary Figure 5

The contributions of valley magnetic moment to three types of quantum emitters under magnetic
field are shown in Figure S5. Under positive magnetic field (B > 0), all bands will experience a
large upshift (downshift) in the K (-K) valley. The electrons in different valleys will have energy
difference, resulting in unequal distributions in the two valleys following the case near thermal
equilibrium. That is to say, the electrons tend to occupy the conduction band in -K valley. And
the case for the negative magnetic field (B < 0) is the opposite. The unequal distributions in the
two valleys lead to the magnetic field dependence of intensity with different helicity. For QD1
and QD2, in which the electrons are trapped by defect levels, the dependence of PL intensity on

magnetic field is not obvious compared to QD3.
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