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Material response to an external field

F
. . -
linear optics:
the response of a crystal to an electric
field F depends linearly on the field . .
P

P(w) = x"V(w)F(w)

nonlinear optics:  with incresing field strength,
higherorders can be important

P, = X(l)(wo)Fwo T X(Q) (ZWO)Fwono + X(S) (SWO)FwonOFwo T ..
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Second harmonigeneration (SHG)

amplitude:
YO F3 <<<< YO F
but...

symmetry!
P(F)=xWF 4+ @ F2 4O 3 4

P(~F) = —xVF Q}@ ~X®F? 4. = —P(F)
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Importance of SHG?

w WlIRAFGAZY &2dz2NDS
A coherent light at higher frequency

wDiagnostics
A surface sensitive technique to analyze properties
of materials
A analyze change of electronic and crystal structiire
t strain mapping in 2D materials
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Transition metal dichalcogenides (TMDs)

not inversion symmetric 2D materials

graphene
(semimetal)

hBN
(insulator)

TMDs
(semiconductor)

™M = Mo, W, etc.
D =S, Se, Te

v
N . Q Q. __Q
Inversion symmetric ‘ ‘
o & .
O © ©
inversion symmetric
Adapted from A.K. Geim, L.V. GrigorieMajure499, 419425 (2013) E,E&ggﬁ%
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Strain mapping
INn TMDs

TECHNISCHE
UNIVERSITAT
WIEN

Vienna University of Technology

@b

INSTITUTE FOR
THEORETICAL PHYSICS




A model forstrained TMDs

F
ola PRISTINE STRAINED
o< | P< (2)
q g O (2) (2) 2,0) . Wijk
#% F Py = Xijetit Xijk = Xigk T g, " Uim
Im
¢ Pig »
o-¢ | P-¢ Ul ... strain tensor
o<
M photoelastic tensor
@ (2)
- B aX@'jk
Pijklm — ) .
A 23 components A 25 components
A 4 nonvanishing A 12 nonvanishing
o= gy =y = k=0 A symmtery:2 independent
A 1 independent parameter parameters pand p,

12  cos?(3¢) ‘0
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Experimental idea

measure SHG
|(2)

apply controlled strain
€aas €bbs X0 knOWFI

!

a
get P1, P2
P & map elastic strain in an arbitrarily
R . d oriented sample
) < €aay €bb
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First principles calculation

A longwavelengthlimit
A independent particle approximation (IPA
A neglect local fieldffects

MO = 5 30 [+ Vies(a)] + Y omi-A() F() = ~L2 A

(]
N s
'

Hy: t-independent H,: perturbation

(2)( 2w w, w) X Z/dkw S {fnlrnm(k){rml(k)rln(k)}_|_

— win(k) — w
Wnm = Wp, — Wy, ... transition energy fmlrnm(k){rml(k)”'"ln(k)}}
fom = fn— fm ... difference in occupation wml(k) — W
Tnm - .. dipole matrix element

used as implemented in thexciting-code [1,2]

[1] AndrisGulans, Stefan KontuGlaudia Draxl et. al., Bhys.: Condens. Matter 26, 363202 (2 Bﬁ?\?ENéﬁﬁ
[2] Sharma, S., and BmbroschDrax| PhysiceScripta2004.T109 (2004): 128. WIEN
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energy [eV]

0% ———
+1% —

k-distance [arb.u.]

Strongest transition
amplitude in regions of
the Brillouin zone where
the bands are parallel
(band nesting)

This is also where the
bandschangestrongly
under strain

vacuum = 18 A
k =70x70x1
nUﬂOCC: 40
RG,.= 10.0
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Sensitivity of the SHG signal to strain

experiment simulation
2. =3.1eV 2. =2.62 eV

- 0.0%
- 0.2%
0.4%
0.6%
- 0.8%
= 1.0%

very strong change with strain same qualitative trend
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Verification of the photoelastic tensor descriptio

comparison fit (R, p,) and simulation ... but exhibits a strong energy dependenc
90° 2. =2.62 eV 2w = 1.000 eV

90

— 0.0%
— 0.2%
0.4%
0.6%
0.8%
— 1.0%

270° o
linearization of. @ works well...
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Origin of the energy dependence

0% 1% strain

joint density of states

details of the directional
dependence frondipole
moments |,
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