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Supplementary Text
Section S1: Theoretical Calculations of the Electronic Band Structures
All the calculations were carried out using DFT as implemented in the Vienna ab initio simulation package (VASP).1 The projector augmented wave (PAW) method was employed,2 and the generalized gradient approximation (GGA) exchange-correlation functional developed by Perdew, Burke, and Ernzerhof (PBE) was applied.3 The CrSBr/WSe2 heterostructure was constructed by using Hetbuilder.4 An energy cutoff of 400 eV was set, and all the structures were fully optimized until satisfying a force criterion of 0.02 eV/Å. K-point meshes of 1 × 1 × 1 and 3 × 3 × 1 were used for geometry optimization and electronic structure calculations, respectively. The structure was inserted a large distance of vacuum space greater than 15 Å to eliminate the interaction between two periodic units. The semiempirical correction scheme of Grimme, DFT-D3 (BJ),5 was applied to treat the vdW weak interaction. In order to better describe the correlation effects for Cr-d orbitals, the PBE + U approach introduced by Liechtenstein was used, with the values of U and J are 3 eV and 1.5 eV, respectively.6 The supercell was generated using a lattice-matching algorithm via the Schwalbe-Koda method, 7 which systematically searches integer matrix pairs that minimize lattice mismatch under rotation. The supercell is generated by  and  for CrSBr and WSe2 (Fig. S7), respectively, resulting in a supercell containing 159 atoms with 1% deformation. The unfolded band structures were obtained by using VASPKIT toolkit.8

Section S2. Magnetic Proximity Effect Induced Spin-selective Interlayer Transfer
The magnetic order in monolayer and fewlayer CrSBr
The magnetism of CrSBr originates from localized Cr3+ moments (3d3, S=3/2). Its magnetic properties are well described by a Heisenberg-type Hamiltonian,

Previous studies show the ferromagnetic exchange within each layer and antiferromagnetic coupling between adjacent layers, resulting in an A-type antiferromagnetic ground state with strong in-plane easy-axis anisotropy.9-11 In the monolayer limit, CrSBr therefore exhibits a net in-plane magnetization.

Electronic band structure of monolayer WSe2
At the band extreme of K and K' valleys of monolayer WSe2, the electronic states are described by an effective k· p Hamiltonian. When retaining only the spin- and valley-dependent terms,

where  labels the K/K' valleys, respectively, and λ denotes the spin–orbit coupling. The SOC term has opposite signs in opposite valleys, giving rise to the spin–valley locking and valley-selective optical selection rules.12

Magnetic-proximity-induced exchange interaction
In a CrSBr/WSe2 heterostructure, interfacial exchange coupling between electrons of WSe2 and localized Cr spins of CrSBr can be written as

Within a mean-field approximation, this interaction can be reduced to an effective exchange field acting on the WSe2 electrons,

where n is the magnetization direction of CrSBr and △ex is the proximity-induced exchange splitting. This equation is commonly used for magnetic proximity effects in 2D magnets/TMDs heterostructures.13-15 For monolayer CrSBr, n lies predominantly in its xy crystal plane.

Effective spin model and spin-selective interlayer coupling
Combining the intrinsic spin–orbit coupling in 1L WSe2 with the proximity-induced exchange field, the effective spin Hamiltonian at valley τ is

where the exchange field is assumed to be in-plane. Diagonalization yields eigenenergies and spin polarization:


While the energy spectrum depends only on τ, the spin polarization remains valley dependent. Increasing △ex rotates the electron spin from out-of-plane toward the in-plane direction, which results in a gradual suppressing of the valley-selective optical responses.
In a CrSBr/WSe2 heterostructure with the type-II band alignment, interlayer charge or exciton transfer can be described within the framework of Fermi’s golden rule. The spin-selective interlayer transfer rate () is given by
where is the interlayer tunneling matrix element, are the densities of states of the two layers, and denote the spin eigenstates. The overlap term explicitly depends on the relative spin orientation; for a canting angle  between the spin quantization axes, it scales as .14-16
Consequently, magnetic-proximity-induced spin canting in 1L WSe2 leads to the spin-selective interlayer charge transfer and polarization-dependent photoluminescence in CrSBr/WSe2 heterostructures, even in the absence of an out-of-plane magnetic field. 
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Fig. S1. Morphology characterization of the CrSBr/WSe2 heterostructure.
a Optical (upper) and fluorescence (lower) images of the 1L-CrSBr/1L-WSe2 heterostructure shown in Fig. 1a. The uniform fluorescence at different region shows a high quality of this sample. b Atomic force microscopy (AFM) image of the same heterostructure. The height measured along the yellow-dashed line is ~1nm which indicates a close contact between CrSBr and WSe2 in the heterostructure region. c and d Optical images (upper) and fluorescence (lower) images of the 2L-CrSBr/1L-WSe2 and 3L-CrSBr/1L-WSe2 heterostructure, respectively.
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Fig. S2. Optical properties of the CrSBr/WSe2 heterostructure on quartz substrates. 
a Optical image of the 1L-CrSBr/1L-WSe2 heterostructure fabricated on a quartz substrate. b Absorption spectra for this sample at different regions at 4 K. c Circularly-polarized PL spectra of 1L WSe2 at different regions at 4 K.
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Fig. S3. Optical properties of the CrSBr/MoSe2 heterostructure.
a Optical image of a typical 1L-CrSBr/1L-MoSe2 heterostructure fabricated on the Si/SiO2 substrate. b Circularly-polarized PL spectra of 1L MoSe2 at different regions at 4 K. c Circularly-polarized PL spectra of individual 1L CrSBr at 4 K.
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Fig. S4. TAS dynamics of 1L WSe2.
a TAS of 1L WSe2 on a quartz substrate measured under the σ+σ+ polarization configuration. b The decay dynamics of excitons at a probe energy of 1.78 eV for individual 1L WSe2. c The decay dynamics of excitons at a probe energy of 1.78 eV for 1L WSe2 at the heterostructure region. All the decay curves are fitted with a biexponential function, representing the fast and slow decay processes as discussed in the main text.
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Fig. S5. Temperature- and polarization-dependent TAS of the CrSBr/WSe2 heterostructure.
TAS of the 1L-CrSBr/1L-WSe2 heterostructure a and 1L WSe2 b measured at 4 K under the σ+σ+ configuration. TAS measured at room temperature under the σ-σ- c and σ+σ+ d polarization configurations. The pump photon energy was ~1.36 eV with a pump fluence of 113.2 μJ cm-2.
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Fig. S6. TAS of 1-3L CrSBr.
TAS of 1L CrSBr measured under the pump photon energy of ~1.36 eV a and ~1.96 eV b, respectively. TAS of 2L CrSBr c and 3L CrSBr d measured under a pump photon energy of ~1.96 eV. The pump fluence was kept at ~33.96 μJ cm⁻².
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[bookmark: _GoBack]Fig. S7. The 1L-CrSBr/1L-WSe2 supercell.
Top a and side b views of 1L-CrSBr/1L-WSe2 heterostructure. The dotted arrows indicate the lattice vectors a and b for the unit cell of the heterostructure. 
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