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Transition Metal Dichalcogenides
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Transition Metal Dichalcogenides
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Many-Body Instabilities in TMDCs
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Many-Body Excitations in TMDCs
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Many-Body Effects in TDMCs

= instabilities and excitations strongly depend on doping levels,
thicknesses, and environments
= adequate descriptions need

e precise electronic dispersions
e accurate Coulomb interactions

involving doping and environmental screening effects
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TMDC Model: MoS,
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TMDC Model: MoS,
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= use Mo d,, d,,, and d,>_,> orbitals to evaluate t,g and U.g+s
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TMDC Model: MoS, - Coulomb Interactions
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TMDC Model: MoS, - Coulomb Interactions

Esub

sub

e dielectric environment yields additional screening channels

e reduces “internal” Coulomb interaction

either: redo ab initio calculations including surrounding material

or: use Wannier Function Continuum Electrostatics!
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Wannier Function Continuum Electrostatics
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MR et al., PRB 92, 085102 (2015)

e changing the dielectric environment is a macroscopic electrodynamic problem

e normally hard to combine with atomistic quantum mechanical description
= utilize Wannier basis {&, 5}

® macroscopic screening is controlled by
a single element of the dielectric matrix ¢ 5(q)
e changing this element changes the environmental screening
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TMDC Model: MoS, - Coulomb Interactions
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TMDC Model: MoS, - Coulomb Interactions
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Interplay of Screening and
Superconductivity
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Unconventional Superconductivity in Doped MoS,

=- no phononic glue needed for
Minter > Hintra

[1] Roldan et al., PRB 88, 054515 (2013) 14 /22



Malte Résner - University of Bremen Interplay of Screening and Superconductivity

Unconventional Superconductivity in Doped MoS,
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averaged Coulomb interaction
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Unconventional Superconductivity in Doped MoS,
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Unconventional Superconductivity in Doped MoS,
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Unconventional Superconductivity in Doped MoS,
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Unconventional Superconductivity in Doped MoS,
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Unconventional Superconductivity in Doped MoS,
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Unconventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,

e Eliashberg / Allen-Dynes theory
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Conventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,

Coulomb pseudo potential
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Conventional Superconductivity in Doped MoS,

Coulomb pseudo potential

averaged Coulomb interaction
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Conventional Superconductivity in Doped MoS,

Coulomb pseudo potential
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Conventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,
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; 0.35F : : : : : —
o
- K occ. K + I occ. 52
5 03 < R V
© 3 02
4 0.25¢ 1 > 01
o 2 7y
< | | &
2 02 §-01
: | e —
. x=0. e
g 015 —  &—¢ | r MoK :
<
2o 0.1r 1
g .
—= 0.05¢ Ky Esub = 1 ] ,LL* o 7
] = E|
&} 1 In[—=F—
0 +u n[“’log]

0 0.02 0.04 0.06 0.08 0.1 0.12

electron doping concentration
e for small doping (K occupation) u* strongly depends on doping
e at high doping levels (K and X occupation) p* ~ 0.15 is reasonable

[1] Schénhoff, MR et al., PRB 94, 134504 (2016) 18/22



Malte Rosner - University of Bremen Interplay of Screening and Superconductivity

Conventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,
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Conventional Superconductivity in Doped MoS,
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Conclusions
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Many-Body Excitations in TMDC Semicondu
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Many-Body Excitations in TMDC Semicondu
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Many-Body Excitations in TMDC Semicondu
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Thank you for your attention!
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