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Motivation : i To measure the polarization, the system is excited with
We investigate the temperature ; The scattering rate Is calculated using Ferm i right-handed circularly polarized light (o+), and then
dependence of valley polarization in WS, i Golden’s rule: | the resultant photoluminescence is analysed for co-
heterostructures. The influence of i ZHZI o N(TYS (e, — & — ha) + i polarized (o+) and cross-polarized/left-handed
. . | —=—) II'(q | circularly polarized light (o-). The degree of valley
heterostructures of different materials on ; e & (1+N(D)5(er — & + hw) : T | |
S . | polarization is related to the circularly polarized
the f:legree of Yalley polarlzatlon.ls i i emission (P...)1,2 where P =(I,-1)/(1,+1), and 1, (1)
depicted. The intervalley scattering rates i | is the intensity of the o+ (o-) helicity PL component. In
under resonant and non-resonant | hwro[meV]  hwyo[meV] e(0) £() | Figs. 2a and 2b, the X° temperature-dependent
L . | WS l ot
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dering Eréhlich i : SI0, 55.7 60 3.9 3.36 | conditions using the 543nm (2.283eV) and 594nm
consiaerin ronlicn coupliing are | : . .

J piing | L | (2.087eV) laser sources, respectively. Figs. 2c and 2d
calculated. The results show the scattering | | show scattering rate from the bottom of the conduction
rate Is almost independent of temperature - Results | band at the K point to all available states near the K’
due to a large phonon energy. i The results of the measurements and theoretical i point. The bandgap energy shift due to electron-
Subsequently, the major contribution of the calculations are shown below?. phonon coupling is shown in Fig. 3b, where the

: : | | temperature dependence of the bandgap shift is much
observed valley depolarization should : : P P | | Jap |
| o i @, | weaker than observed in the experiment (Fig. 3a).
come from the change In the radiative i 3 a5 X Ws/GrX’ | i
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in Fig. 1. Atomically thin materials 1 and 2 are bounded | 2 ol A=943nm R 3 | > 90
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To find the Frohlich coupling, we solve Maxwell : | Figure 3: Temperature dependent energy shift of X°
equations in the form of? i | in hBN / WS, / hBN and WS, / Gr. (a) Experimental
| | and (b) theory. In (a) the energy shift is normalized
5(p.7) b(q, 7)elts l | and set to O at 4K in both cases.
p,z) = Z q,z)eF, : |
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( (a:1q-l(- 1)e)q+ q 0 <Z i? i (d) Temperature (K) | con CI usion
a,ed7=2t) 4 g—qz z<ty ! !
#(q2) = o (1+ e ?T)[(1 — ape9%2)e + a,e 1) —t, <2< 0’ | | We have demonstrated temperature dependent valley
_ p—2qt, —qt, —2qtq (z+t5) _ | |
(@ = e e+ g e e P=h | | polarization measurements in CVD-grown a)
: | monolayer WS, encapsulated in hBN and b)
o €, — €, o (e, — €3)exp(—qt,) i i monolayer WS, on top of graphene excited by two
L e +e, 2 e, 4 €63+ (6, — €3)exp(—2qt,)’ i | different photon energies. The electron-phonon model

| th=200meV | partly explains for the observed temperature

The frequencies can be obtained by the secular equation i 50 100 150 200 250 300 | dependency.

and ¢, Is related to the energy of excitation quanta aw,. i Temperature (K) i ___________________________________________________

The Hamiltonain can be written as i Figure 2: Temperature dependent valley polarization | References
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