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THEORETICAL METHODS

The results presented in the main text are obtained within the framework of many-body pertur-

bation theory (MBPT). This allows for an ab initio description of electronic and optical properties

including excitons (1), (2) and trions (3).

Therefore we apply a hierarchy of methods starting with a density functional theory (DFT)

calculation within the local density approximation (LDA) including spin-orbit coupling. On top of

this we apply the GW approach within the GdW approximation to obtain a reliable quasiparticle

band structure (4)

ĤQP
GdW = ĤDFT + iGW − iGWmetal︸ ︷︷ ︸

≈Vxc

= ĤDFT + iGdW.

In the next step the optical properties are investigated using the GW/BSE approach (1, 2, and

5). The excitons (in the Tamm-Dancoff approximation) are described by the eigenstates of the

Hamiltonian with matrix elements

〈vc|Ĥ(eh)|v′c′〉 =(εc − εv)δcc′δvv′ (ĤBS)

− (Wv′c,vc′ − Vv′c,c′v) , (Ĥeh)

where |vc〉 denotes electron-hole pair excitations from the ground state |0〉, εi the quasiparti-

cle energies, and W (V ) the screened coulomb (bare exchange) interaction. Finally the coupled

electron-hole excitations of the system can be evaluated by

|S〉 =
∑
vc

BS
vc|vc〉 (1)

with the coefficients BS
vc and corresponding eigenvalues ΩS . To describe the trions we apply the

recently developed method, work done in part by one of the present authors, described in detail

in Ref. (3) and its supplement. This results in the diagonalization of the eigenproblem, e.g. for

negative trions

〈vc1c2|Ĥ(eeh)|v′c′1c′2〉 = (2)

(εc1 + εc2 − εv)δc1,c′1δc2,c′2δv,v′ (ĤBS)

+(Wc1c2,c′1c
′
2
−Wc1c2,c′2c

′
1
)δv,v′ (Ĥee)

−(Wv′c1,vc′1
− Vv′c1,c′1v

)δc2,c′2 (Ĥeh,1)

−(Wv′c2,vc′2
− Vv′c2,c′2v

)δc1,c′1 . (Ĥeh,2)
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In addition to the band structure term ĤBS and the electron-hole interactions Ĥeh,1/2 the electron-

electron (hole-hole) repulsion Ĥee is taken into account. Eventually we end up with the correlated

trion states

|T,K〉 =
∑
vc1c2

A
(T,K)
vc1c2 |vc1c2〉 , (3)

and the position in the spectrum

Ω(|T,K〉 ↔ |cK〉) = E(T,K) − εcK , (4)

which is given by the energy of the trions compared to the final electron (hole) |cK〉.

NUMERICAL DETAILS

Numerical details of trion calculations in carbon nanotubes (3) and intralayer excitations in

monolayer TMDCs (6) have been discussed previously. At this stage we mostly elaborate on the

convergence of interlayer states.

In our calculation for excitons we employ 4 valence and 8 conduction bands. This is sufficient

to describe the lower energy part of the spectrum we are interested in this study. The convergence

with respect to the k-mesh is shown in Figure S1, The dependence on the mesh is small and linearly

extrapolated to an infinite mesh.
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Figure S1. Convergence of interlayer and intralayer excitons in respect to the k-mesh. The values

are extrapolated to an infinite mesh.
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Figure S2. Convergence of interlayer trions in respect to the k-mesh. The values are extrapolated

to an infinite mesh.

For the description of bound interlayer trions T+
IL (see Figure S2) similar good convergence in

respect to the k mesh as previously for intralayer states (6). On the other hand the resonant states

Ṫ
+
IL depend slightly stronger on the mesh. Here, we interpolate them in parallel to an infinite

mesh. We note that the energies of Ṫ
+
IL,(1/2) are distinctly larger than for T+

IL (see Eq. (4)) and the

diagonalization of significant more eigenstates is required.
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