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Low energy band structure:
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Low energy band structure:

) N ‘d 2> «— TN — O
V= ( %(‘d:ﬂ—yﬂ + Z;’dmy>) ) < m; = 12
valley index s = 1 < spin;index
T = =1
A Ae — Ay Ao + Ay
Ho = v(T0sky + 0yky) + ESOTOJZ | S, T,0, + S.T,00

staggered mass  Kane-Mele mass chiral” chemical
potential

ﬂ ? )
2 ’ ? H. Ochoa, R. Roldan. PRB, 87, 245421 (2013)
. ? ? ? ? A. Kormanyos et al. PRB, 88, 045416 (2013)

f K. Kosmider et al. PRB, 88, 245436 (2013)

hopping term (through S p-like
orbitals)



Low energy band structure:
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Low energy band structure:
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orbitals) potential

The Hamiltonian form can be fixed by symmetry arguments

Important for spin relaxation studles
H. Ochoa, R. Roldén. PRB, 87, 245421 (2013)



experiments...  K.FMakecal PRL, 105, 136805 (2010)

Photon encrgy (¢V)
1.7 18 19 20 21 22 23 24
0.4 1 " ) 1 A 1 A 1 A 1 " 1 2
0.30 0.30 .
. i 034 @
0.25 - @ @ { mwes § xcibation 0.25 i _ 10 l@ |
. r 3 :i oe® -
© C = 1 ‘. o
:‘ 020 - 0.20 g g LA «
— = -—
.- I 3 % 0.1
£ 0.15- 015 21| 3 -
8 - 2| s
g 0.10 - 0.10 ® 8 001
2 ) i é § llay
0 ¢ 2lay
0.05 4 toy -0.05 s 1E-3 Rasultant Fits g
N Direct Gap e
0.00 - 0.00 E 1E-4 ® a Indwect Gap ‘E
-
v T T T . T T T T T T z o
1.8 20 i B
md
O-U'l'l'l'l'l'l'
1.7 18 19 20 21 22 23 24
Photon energy (eV)

60 40
(a) Present [|C (b) Present work with
work QP lifetimes
40 - ! i
)
§ Al B- z - 20
=27 aAB AB
p— - 3 ”\ ?_, . —
% 2 [ \\\ P” \::s', 0 MMJ_‘ /7 Py 1 ,,l 0
- g (c) Result from (d) Experiment
= = ref. [14) (ref. [1))
- 1 — 8 . "
Q Fel H i
& . I ; 120
| AB
0 - .
1 iy | | 0

16 20 25 30 15 20 25 30 35
Photon Energy (eV)

D.Y.Qiu et al. PRL, ' 1'1,216805 (2013)




experiments...  K.FMakecal PRL, 105, 136805 (2010)
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experiments...+ analytical GWV calculation

G w,k) =w — Ho(k) — Z(w, k)

Unscreened Coulomb interaction:
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Analytical GWV calculation
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quantum corrections to be calculated




Analytical GWV calculation
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Analytical GWV calculation

we have 5 (nonlinear) algebraic equations for || parameters!

Sk = [ (d3q3D<q>G<k g

27)
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5)\6, 5)\117 5A, 5UT7 (5%. < quantum corrections
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are also unknown!
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we need 6 extra conditions to solve the problem!
“renormalization” conditions



experiments...
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Absorption experiments see two exciton peaks

\/93/4+ n+\/9 — g2/4

A.S.Rodin,A. H. Castro-Neto, PRB, 88,195437 (201 3)

Es(n,j) = ms

no more peaks are usually observed
the electron-hole continuum is hardly observed!



experiments...
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physical insight?

(1).In absence of interactions the hopping process does not
depend on spins

o_ ,.0
UT_Ui

(2). In absence of interactions the spin orbit interaction for
m;=0 is (almost) zero

A~ ()

| 1- 5 -4 =2 still unknown parameters in the theory



Let’s see the outcome g_ <1
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Let’s see the outcome g_ <1
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Let’s see the outcome g >1

We can go beyond small couplings
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at large g’s the exciton gs can merge the valence band!



Let’s see the outcome
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Let’s see the outcome

0-1 bt rrrmnnrms -4 @ .:\ f— TF,"(I ...;..............-...-.........é ........... -
m A =3x/2ali i

The trends do not match cause the exciton levels are not
accurate close to a merging transition!

\/93/4+ n+\/J —g2/4

A.S.Rodin,A. H. Castro-Neto, PRB, 88,195437 (201 3)

2 Es(n,j) = mg



Conclusions:

|.The Coulomb interaction will modify the nominal value of
the spin orbit splittings.

2. The conduction band can be significantly larger than the
expected from DFT.

3.There is a spin dependent Fermi velocity renormalization
can be observed?

4.Vertex corrections? Static approximation?

5. Redo the calculations in the doped regime. Screening
effects.

6. Quantum corrections of quadratic terms.




