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Figure S1. The ¢-E diagrams of monolayer WS, along 'M and 'K directions. No obvious in-plane

anisotropy was found for all excitons.
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Figure S2. Experimental g-EELS loss functions of monolayer MoSe, along I'K direction.
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Figure S3. Theoretical EELS loss function Im(-1/¢) and optical absorption Im(g) of TMDCs
calculated by BSE+SOC at zero-¢g excitation. Note that the peaks in the optical absorption always
have lower energy than their EELS counterparts, which is common according to the Kramers
Heisenberg relation.



3.40

2.20 - (@) (b)

B h | |
2.15 - 3.35 - /
w C
2101 ' /

3.30 |

2.05 A _ /

E (eV)

2.00 A 3.25

1.95

| I I I 320 I | I I
0.00 005 010 015 0.20 0.00 005 010 015 0.20

q(A™) q(A™)

Figure S4. Theoretical exciton dispersion of MoS, derived by ¢ dependent BSE loss functions.
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Figure S5. (a) BSE calculated absorption of WS, monolayer. (b-d) Excitonic weights projected onto
the band structure of WS, with SOC included. The short arrows indicate the spin polarizations of each
band, and long arrows show the transitions responsible for the multi-C peaks.



15

: \ﬁ/&

" [

-

Im(e)

o
(‘n"e) yibuans Joie||1osO

N
]

JDOS (1/eV)
N
|

1.2 1.6 2.0 2.4 2.8 3.2 3.6
E (eV)

Figure S6. Oscillator strength (blue vertical bars) of each exciton in monolayer WSe,. Note the
absorption Im(g) show intense peaks with large oscillator strength situated at energy positions far
away from that of the DFT calculated JDOS peak. This is different from the case in Mo-DCs, where
the band-nesting C peak results from the amplification of the high JDOS (joint density of states).
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Figure S7. Power-law fitted removal of the zero-loss peak (ZLP) tail. Actually, the peak positions
and line shapes will not be affected whether one remove the ZLP-tail background or not.





