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Veiga, 4715-310 Braga, Portugal

‡Istituto di Struttura della MateriaConsiglio Nazionale delle Ricerche (CNR-ISM), Division

of Ultrafast Processes in Materials (FLASHit), Via Salaria Km 29.5, CP 10, I-00016

Monterotondo Stazione, Italy

E-mail: alejandro.molina@uv.es

aOn permanent leave from Departamento de Fisica Aplicada, Universidad de Alicante, San Vicente del
Raspeig, 03690 Spain

Dielectric screening

In 2D materials, the bandgap and hence the dielectric screening determines the exciton

binding energy at large extent. In Fig. 1a we have represented the exciton binding energies

as a function of the bandgap and found a linear trend (also predicted in ref.1). We find an

analogous trend in the dielectric screening. In Fig. 1b we show the head of the static dielectric

screening, ε−10,0(|q|). We obtain that ε−1Cl < ε−1Br < ε−1I . Therefore the larger exciton binding

energy is associated to a smaller dielectric screening.2 For comparison we have included the

screening of single-layer MoS2, that has a binding energy of 0.5 eV.
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Figure 1: a. Excitonic binding energy of the bright and dark exciton as a function of GW
bandgap. b. Head of the static dielectric screening matrix for the family of chromium
trihalides and single-layer MoS2.

Bandgap and Hubbard correction

The main effect of the Hubbard correction is the splitting of the eg − t2g conduction bands.

The bandgap increases only for U values smaller than 1 eV and it reduces for larger values,

as shown in Fig. 2a. The main effect of the Hubbard correction is the splitting of the

conduction band states eg and t2g.

Regarding the GW method and the Hubbard correction, Figure 2b shows the GW

bandgap as a function of U , compared with the change in the DFT bandgap. Basically,

the GW bandgap follows the same trend than the DFT one. The small difference can be

attributed to the change of dielectric screening with U . In any case, the optical spectra does

not change significantly with U within a reasonable range of values.

MOKE. Independent Particle Approximation

We show in Fig. 3 the Kerr spectra for the three chromium trihalides, with (BSE) and

without (IP) excitonic effects. The general trend is a slight renormalization of the first and
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Figure 2: (a) Bandgap at Γ as a function of U . (b) Bandgap at Γ as a function of U using
DFT and GW approximation.

second peak. The overall line shape of BSE and IP spectra are rather similar in the three

cases.
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Figure 3: Kerr angle spectra with (solid lines) and without (dashed lines) excitonic effects
of (a) CrI3, (b) CrBr3 and (c) CrCl3.
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