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Abstract: The C and LB modes of t(m+n)LG are studied systematically by Raman spectros-
copy. In the t(m+n) LG, the C modes of nl.LG and mLLG and LBMs of (m+n) LG are ob-
served. We fit the positions of C and LB modes by an improved linear chain model. We find
the interlayer shear coupling at the twisted interface is ~20% of that at Bernal stacked inter-
faces, but the layer breathing coupling at the twisted interface is closed to that of Bernal in-
terface. Moreover, the next-nearest interlayer interaction,which is 9% of the nearest interlay-
er interaction, must be considered for LBMs. The Raman intensity of the C,LB and G modes
is significantly enhanced in t(m+n)LGs for specific excitation energies. This behavior is as-
signed to the resonance between van Hove singularities in the joint density of states of all op-
tically allowed transitions in twisted multilayer samples and the laser excitation energy,dur-
ing the optical absorption and emission steps of the Raman process. Beyond tMLGs, the inter-
layer interaction of other heterostructures can also be measured by Raman spectroscopy.
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Fig, 1

(a) Optical image of a flake comprising a t(1+1)LG and a t(1+3)LG. (b) Optical contrast of t(1+1)LG

and t(1+3)LG. For comparison, the contrast of 2LG and 4LG is also plotted. (¢) Stokes/anti-Stokes Raman

spectra in the C and LB spectral range, and Stokes Raman spectra in the G peak region for 1. 96 and 2. 33 eV

excitation. Polarized Raman spectra are also shown
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Fig. 2 Stokes/anti-Stokes Raman spectra in the C and LB peak region and Stokes spectra in the G spectral region for

six tMLGs. E,, is also indicated. The spectra are scaled and offset for clarity. The scaling factors of the indi-

vidual spectra are shown. Vertical lines are guides to the eye

(a) © q

%y

LCM

—00—00—00

/
Qo

tLCM

2LCM

Fig. 3

130 T T T
(b) My _LBM,
LBM
Y LM 4828} .
120 101 LBM,, 1+3
b LBMMQ &
. ) LBM,,
10 f iy A
LBM 1+2
[ 1+1+1
= +
_E 100 ! X Exp 1 \3
s 1 | OtweM ZHLBM,,
S b >
: 90 Oarem
=
53 45§_§Cbu!k % C. 1+3
s i £ 142
35 R---c,, /
[ C,, i &Cﬂ 1o
25 [ o2} S2+42
: -8,
15 F .
[ gv nm oena S
r ++ + X ++ + +
5 ln v bd N — (\1 ——
N SEEP &P
Layer number(1/N)

(a) Linear chain model (LCM) ,LCM with the twisted interface (tLCM) and LCM with second-nearest in-

terlayer coupling (2LCM). (b) Experimental (Exp. ,open crosses) and theoretical (tLCM, open circles, and
2L.CM, open diamonds) data of C and LB modes in tNLG
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(a) Band structure of 10. 6° t(1+1)LG. The optically allowed transitions are marked by dashed arrows, The

transitions with energy ~1. 15 eV between parallel bands along K-M are forbidden, as indicated by solid ar-

rows with crosses. (b) Squared optical matrix elements of the corresponding band pairs in (a). (¢) Band
structure of 10, 6° t(1+3)LG. Some typical transitions are indicated by vertical dashed lines. (d) A(G) of t
(1+1DLG,(e) A(G) and A(GT) of t(1+3)LG,and (f) A(Cs;),A(Cs,),A(LBM,,) and A(LBM,,) as a

function of laser excitation energy. The filled circles.open diamonds.open triangles and open squares are the

experimental data,while the lines show the simulations. The dash-dotted lines in (e) are the electronic joint
density of states (JDOSs) of all the optically allowed transitions (JDOSoar) in t(1+3)LG along G-K-M-G.

The VHSs of JDOSo.r are indicated with arrows
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