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» Previous PBE, GoW,@PBE and BSE results show
strong stacking dependence of quasiparticle band
gaps, excitonic behavior, and visible-light optical
response.

» For some stackings (AA, AA’ and AB”), the PBE
starting point exhibits semimetallic or near-zero-
gap character, leading to unphysical screening and
band distortion near the Y point in GoW,@PBE
calculations.

» Adopting HSE as the new mean-field starting point
and performing GoWo@HSE and BSE calcula-
tions is therefore essential for obtaining trustworthy
quasiparticle and optical properties.

Bilayer orthorhombic boron nitride (0-B;Ns) is a
promising two-dimensional optoelectronic material
whose electronic structure and optical response are
highly sensitive to the interlayer stacking arrange-
ment. As shown in Figure 1, this project systemat-
ically investigates six representative bilayer stack-
ing configurations. In the previous stage, we ex-
amined the quasiparticle band structures, excitonic
effects, and optical properties of bilayer 0-B,Ns for all
six stackings based on PBE, GoW @PBE, and the
Bethe-Salpeter equation (BSE). The results show
that all stacking configurations retain a direct-gap
character at the quasiparticle level, with band gaps
ranging 0.67-1.99 eV, compared with the results ob-
tained from semilocal density-functional calculations,
the GoW, band gaps are significantly enlarged, with
an increase of about 1.3 eV, and their quasiparticle
band gaps, exciton types, and optical responses in
the visible-light region exhibit pronounced stacking
dependence. These results establish an initial physi-
cal picture of the stacking-dependent electronic and
optical properties of bilayer 0-B3Ns.

However, the previous study also revealed a deci-
sive theoretical bottleneck. For some stacking config-
urations, the PBE starting point yields a semimetallic
or near-zero-gap character, which introduces un-
physical metallic screening in the subsequent GoW,
calculations and leads to noticeable band distortions
near the Y point in the Brillouin zone, as shown
in Figure 2. Since the band-edge electronic struc-
ture directly determines the quasiparticle band gap,
excitonic transition channels, and the position of

the optical absorption onset, such an inaccuracy
in the starting point further affects the quantitative
interpretation of excitonic properties and optical re-
sponses.[1] Therefore, PBE is not a sufficiently reli-
able many-body starting point for this system, and
relying solely on GoW,@PBE is insufficient for ob-
taining publication-quality and quantitatively trustwor-
thy results.[2]

Figure 1: Side (top) and top (bottom) view of six stacking struc-
tures of bilayer 0-BaNo.

Figure 2: Example of the quasiparticle band-structure distortion
obtained from Go Wo @PBE for a representative AB' stacking
configuration. The distortion appears near the Y point in the Bril-
louin zone, reflecting the unphysical screening effect introduced
by the semimetallic or near-zero-gap PBE starting point.

Based on the above understanding, adopting the
hybrid functional HSE as a new mean-field start-
ing point is a necessary key methodological step
for obtaining physically reliable many-body results




i)

in bilayer 0-BsNs. The calculations in the previous
stage have already shown that, for some stacking
configurations (AA, AA’ and AB”), the PBE starting
point yields a semimetallic or near-zero-gap charac-
ter, and introduces anomalous metallic screening in
the subsequent GoWj calculations, ultimately lead-
ing to nonphysical distortions in the quasiparticle
band structure. Therefore, the uncertainty in the
current results does not simply originate from ordi-
nary numerical errors, but rather from the intrinsic
limitation of PBE itself as the starting point for the
many-body calculations.[3]

In this context, the introduction of HSE is clearly
necessary and irreplaceable, because it can pro-
vide a more realistic description of the single-particle
electronic structure, especially the band-edge-state
distribution and the finite-gap character of the rel-
evant stacking configurations.[4] By correcting the
unreasonable semimetallic tendency given by PBE
already at the mean-field level, HSE is expected to
suppress the anomalous screening effect at its origin
and thereby remove the nonphysical band distortion
observed in GyW @PBE. This is crucial, because
the band-edge states directly determine the quasi-
particle band gap, excitonic transition channels, and
the position of the optical absorption onset. With-
out a reliable starting point, even if the subsequent
GoW, and BSE calculations can capture the gen-
eral trends, the results can hardly be regarded as
quantitatively trustworthy.

Therefore, the present project extension is a nec-
essary continuation aimed at overcoming the core
theoretical bottleneck already clearly identified in the
previous stage. The central goal of the extension
phase is to establish a trustworthy quasiparticle and
excitonic physical picture for bilayer 0-B2N, by carry-
ing out GoW @HSE and BSE calculations. These
calculations are indispensable for eliminating the cur-
rent band-distortion problem, obtaining quantitatively
reliable electronic-structure and optical-spectrum re-
sults, and ultimately producing high-quality results
suitable for submission to Physical Review B.
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