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1. [bookmark: _Hlk213003501]Second-order correlation measurements

Second-order correlation function, , measurements were performed using a standard two-channel configuration where the incoming light is split with a 50:50 beamsplitter and detected using two single photon counting modules SPCM-AQRH-14 from Excelitas, connected to a Picoharp 300 (PicoQuant) time correlation module. 
Experimental data shows photon antibunching at short timescales and bunching at intermediate timescales (Fig. S2). A typical minimal model to account for this behavior is a three-level model (Fig. S1) which leads to the following form of a two-photon correlation function [1, 2]:
.				(S1)
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Fig. S1. Definition of the three-level model parameters: 1 - ground state, 2 - excited state, 3- shelving state,  denotes the population of the i-th state, and  is the transition rate from i-th to the j-th state.

This function is further convolved with a Gaussian approximation of an instrument response function (IRF). In our configuration the IRF is dominated by the detector timing jitter of ~350 ps, which leads to the timing jitter between two detector channels of ~500 ps. After convolution, model data are further binned into 0.5 ns bins to match the experimental data. 
We fit experimental data with this model and obtain , , and  values listed in Table S1. 
Next, we use model parameters , , and  to obtain the transition rates . In the limit where fluorescent relaxation channel dominates, and shelving/deshelving rates  and  are much lower  , the relations are [1,2]:

 
						(S2)
 

After measuring fluorescent relaxation rate k21 = 0.291 ns-1, we calculate the lifetimes of the shelving state relaxation pathway  and  and also list them in Table S1.
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Fig. S2. g(2) experimental data and three-level fit of single photon emitters. (a) and (b) correspond to #1 in Table S1.  (a) shows antibunching dynamics at shorter time scales and (b) shows bunching at intermediate timescales. Similar data for emitter #2 are shown in (c) and (d), and emitter #3: (e) and (f) respectively. 

Table S1. Results of the g(2) function fit. To calculate of  and  we take the fluorescent transition rate .

	Emitter #
	a
	, ns-1
	, μs-1
	, ns
	, ns
	g(2)(0)

	1
	0.783 ± 0.008
	0.364 ± 0.027
	1.33 ± 0.02
	340 ± 130
	1340 ± 15
	0.24

	2
	0.834 ± 0.007
	0.379 ± 0.024
	1.41 ± 0.02
	360 ± 100
	1310 ± 12
	0.26

	3
	0.853 ± 0.007
	0.417± 0.028
	1.52 ± 0.02
	430 ± 90
	1220 ± 12
	0.28
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2. [bookmark: _Hlk212992891]Raman data
Raman measurements were performed to investigate strain and potential changes in the hBN crystal structure after laser irradiation. Measured hBN samples were located on a silica substrate, and the target area was scanned in 0.5 µm steps using 532 nm continuous-wave (CW) excitation, as described in the Experimental Methods section of the main text. The result, averaged over the entire scanned area of one of the samples, is shown in Fig. S3.
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Fig S3. Raman spectrum, averaged over the full sample area. (a) full range, (b) zoomed in. 


To separate Raman lines from the baseline, we used SNIP (Sensitive Nonlinear Iterative Peak-Clipping) [1] algorithm provided by the pybaselines [2] package. To achievehigh-quality background removal in the scan and account for slow background changes, we averaged the spectra in the sliding 3x3 window around the target spectrum.
An example of initial and background-removed data is shown in Fig. S4. In the averaged spectrum the most prominent line is hBN-related E2g at 1367 cm-1, associated with in-plane B–N bond stretching, similar to G-band in graphite and graphene. In addition to E2g, another Raman-active line in hBN is A1g, an out-of-plane vibration, however it is typically a weak low frequency line that was not observed in our experiment. The rest of the Raman structure in Fig. S4 matches reported spectra of silica [3], featuring an asymmetric main band (R) at 430 cm-1 linked to oxygen motions within SiO4 tetrahedra, sharp D1 and D2 peaks at 495 cm-1 and 606 cm-1 associated with breathing motions of oxygen in 3 and 4-member rings, asymmetric band A at 800 cm-1, and high-frequency doublet at 1060 and 1200 cm-1, associated with the stretching of Si-O–Si bonds and stretching involving SiO4 tetrahedral units [3].
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Fig. S4.  Illustration of the background removal procedure. The dataset is the same as in Fig. S3.

A few studies have shown traces of a cubic BN phase either after a laser treatment of hBN [4] or after ion implantation [5,6]. Photoluminescence from laser-irradiated sites in cubic BN (cBN) has also been reported [7]. Thus, it is of interest to examine whether cBN phase is present at our laser-irradiated sites on hBN.
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Fig S5. Averaged Raman spectra of the irradiated site (highlighted in red) and reference (highlighted in blue). Irradiated site spectra are chosen within a radius of 3 μm from the center of the irradiated site.



Raman line frequencies associated with cubic BN (cBN) have been reported at 1056 cm-1 and 1306 cm-1 [8-10]. Theoretical calculations [11] indicate that cBN has a triply degenerate T₂ optical phonon mode at the Γ point, which splits into lower-frequency transverse (TO) modes at 1055 cm⁻¹ and a longitudinal (LO) mode at approximately 1303 cm⁻¹. The higher LO frequency arises from the polar nature of hBN, as LO–TO splitting is typical of polar semiconductors.
We integrated the Raman spectra over the laser-affected areas and compared the results with a non-affected reference. An example of the data from one of the affected sites is shown in Fig. S5. Apart from the change in amplitude, which we attribute to reduced thickness and interference effects in the hBN flake, no evident spectral lines appear near the typical cBN frequencies.
After the background estimate we evaluated the parameters of the main Raman line E2g by fitting it with a single Lorentzian function and extracting its peak position, amplitude, and width. A typical fit result is shown in Fig. S6, indicating that a Lorentzian fit properly represents experimental data.
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Fig. S6. E2g Raman peak fit with a Lorentzian function.
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3. Polarization-resolved photoluminescence 
Fig. S7 shows additional polarization-resolved PL data of hBN SPEs. Data visualization and analysis follow main text Fig. 6. Two other red emitters are shown here with incomplete polarization suppression, as evident from the spectra at minima-maxima. Furthermore, the PSB-looking feature of SPE in Fig. S7(d-f) may in fact be additional weak emitter, rather than its actual PSB, as seen from highly offset polarization angle.

`
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Fig. S7. Polarization-resolved PL data of two SPEs. Data visualization follows main text Fig. 6.
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