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MoS: trigonal prismatic structure
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MoS: trigonal prismatic structure
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Bulk dispersion
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Single-layer dispersion
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Single-layer dispersion




Single-layer: circular dichroism




Single-layer circular dichroism




MoS: bilayer

Inversion
symmetry
restored




Bilayer dispersion

Single-layer Bilayer
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Bilayer dispersion

Single-layer Bilayer

Phys. Rev. B 91 (2015) 155436
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* Inversion symmetry

restored

* Spin polarization lost
e Circular dichroism

lost
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Bilayer dispersion

Single-layer Bilayer
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Sample preparation & characterization

Samples: MoS2/Ag(111)

H,S
* Mo evaporation in H2S atmosphere Mo
« Controlled annealing
* Ultra-high-vacuum base pressure ,
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Sample preparation & characterization

Samples: MoS2/Ag(111)

* Mo evaporation in H2S atmosphere
« Controlled annealing
* Ultra-high-vacuum base pressure

Preliminary characterization

« X-ray photoelectron diffraction

* Angle-resolved photoemission spectroscopy
(ARPES)
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Measurement of excited state

Pump-probe ARPES Probe
« Artemis User Facility (U.K. Central At
Laser Facility)

« Tunable infrared pump

« Extreme ultraviolet probe Pump
generated by high-harmonic
generation
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Pump: 2 eV, controllable polarization
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Pump polarization

Variable

linearly
Linearly s- polarized
polarized
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Measurement of excited state

Equilibrium (At<0) At=40fs @ <
-~ max 9r |- M
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M Room temperature
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Measurement of excited state

Difference spectrum

Conduction
band minimum

Local valence
band maximum
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Measurement of excited state

Difference spectrum

Conduction
band minimum

Local valence
band maximum
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Measurement of excited state

Elliptically
_ polarized
Variable
linearly
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polarized
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Naive expectation

» Bilayer is inversion symmetric
« K& K’ equivalent

* No dichroism expected
/‘ r ”
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| \ | Pump-probe depends on more than one

> [ process

mny « Excitation from the excited state to the
- final state

* Interband transition
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Experimental results
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Unexpected dichroism O
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Fitting of observed dichroism
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Theory picture

k p Hamiltonian:

 Bilayer case calculated from simple 4-

band model

* 1 valence & 1 conduction band, top &

bottom layers

» Layer hybridization taken into account
e @. wave vector measured from K

« (. azimuthal angle associated with q
* T2,Sz=+/-1. valley & spin indices
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Theory picture

Pump
polarization  Bilayer Hamiltonian

'
Matrix element: _ —\ | A . —
interband transition @7’ 9) =< WC( q ) | 6(9) va( q ) >

\/ yields the excited state population

T 0) o 1 7)(:05(26’) + @sin(ze)

finear and feircuiar: prefactors describing the relative weight of linear and circular
dichroic terms;

et dependent on spin, valley
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Theory picture

M,(q,0) = <y(q)|&0) VoHy lw(q) >

fCq,0) < 1+ £, .. (q)cos(20) + f.; .. (¢ )sin(20)

@_ 2(hay)Ey,,
Egap

finear and Teircuiar: prefactors describing the relative weight of linear and circular
dichroic terms

science and t1: intralayer hopping parameter
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Theory picture

Sine dependence
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Theory picture

Sine dependence

Sin term associated with various
EIRER | symmetry-breaking, such as:
2 * Presence of single-layer regions on
|5 : | sample
- 05 ) * Substrate effects .
z 0o | | . Layer-dependent probe §en3|t|V|ty

o0 40 20 a0 » Possible layer pseudospin
0 (rad)

Inversion-symmetry-broken,
circular dichroism
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Theory picture

Cos term:

* Related to matrix element of

pumped excitation
* Linear dichroism not exclusive to
this material system

» Arises from intralayer rather than
interlayer hopping

* Previously overlooked because of
the circular dichroism in single-layer
MoS:
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