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The excitonic insulator Ehase
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Photoexcitation of an excitonic insulator?
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Photoexcitation of an excitonic insulator?
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WS,: Chernikov, Nat. Photonics 9, 466 (2015)
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Photoexcitation of an excitonic insulator?
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band gap narrowing
(renormalization)

more screening vs more excitons:
band gap dynamics?

Siand Ge: Berggen, PRB 24,1971 (1981)
Graphite: Pagliara, JACS 133, 6318 (2011)
WS,: Chernikov, Nat. Photonics 9, 466 (2015)
MoS,: Pogna, AC Nano 10, 1182 (2016) ...
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DFT calculation:
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—> excitonic coupling sensitive to interchain distance?

Kaneko, PRB 87, 035121 (2013))
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The electronic and structural Ehase transition in TazNiSei
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T

he electronic and structural phase transition in Ta,NiSe
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(1) How do the photoinduced carrier &
lattice dynamics connect with each other?

(2) How does the Coulomb interaction govern

the nonequilibrium electronic structure?/
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The work tools:

e free carrier excitation by 1.55 eV pump:

A) atT
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The work tools:
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“& e free carrier excitation by 1.55 eV pump:
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e time-resolved ARPES & 2PPE: photoinduced dynamics
of the occupied & unoccupied electronic bands

VB
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The work tools:
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© T_PE det.
Auﬂ e free carrier excitation by 1.55 eV pump:
E(k) _________ I Evac @ at
RN atk#0

e time-resolved ARPES & 2PPE: photoinduced dynamics
of the occupied & unoccupied electronic bands

* midIR transient reflectivity: photoinduced carrier and
lattice dynamics
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e strong VB depopulation and re-filling
within few ps
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S. Mor et al., PRL 119, 086401 (2017)
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Photoexcitation at I'
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e strong VB depopulation and re-filling
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E-E.(eV)

* hole population saturates at 50 %
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Photoexcitation at I'
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MidIR transient reflectivity probing the hole dynamics a
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MidIR transient reflectiviy Erobing the hole dxnamics atI’
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MidIR transient reflectiviy Erobing the hole dxnamics atI’
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—T< T, (120 K)
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Photoinduced switching of the

/‘\\ﬂ structural phase?

S.Moretal., PRB 97, 115154 (2018)
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Coherent ghonons cougled to carrier excitation at I
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Coherent phonons coupled to carrier excitation at I'
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Coherent phonons coupled to carrier excitation at I'
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Amplitudes: complete saturation above Fc

— no abrupt structural phase transition (PT)

Absorption saturation at I' inhibits
the nonthermal structural change

Lifetimes: ~ few ps
4.0-THz-phonon decay coupled to carriers at I’

- no delayed nonthermal structural PT
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@ How do the photoinduced carrier & lattice

e Coherent phonons coupled to displacement of charges excited at I’

S.Moretal., PRB 97, 115154 (2018) S. Mor etal., PRL 119, 086401 (2017)
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@ How do the photoinduced carrier & lattice

e Coherent phonons coupled to displacement of charges excited at I’

* Inhibited photoinduced structural change through optical absorption saturation at I'

S.Moretal., PRB 97, 115154 (2018) S. Mor etal., PRL 119, 086401 (2017)
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@ How do the photoinduced carrier & lattice

avridarrnili( ONnNectL WILrl o l_.__‘_‘__

e Coherent phonons coupled to displacement of charges excited at I’

* Inhibited photoinduced structural change through optical absorption saturation at I'

... Lattice unperturbed, let’s look at the nonequilibrium electronic band structure...

S.Moretal., PRB 97, 115154 (2018) S. Mor etal., PRL 119, 086401 (2017)
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(2) How does the Coulomb interaction govern
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(2) How does the Coulomb interaction govern
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(2) How does the Coulomb interaction govern
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Photoinduced narrowinﬁ of the electronic band sBIittinﬁ
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Photoinduced narrowinﬁ of the electronic band sBIittinﬁ
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Photoinduced narrowinﬁ of the electronic band selittinﬁ
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Photoinduced narrowinﬁ of the electronic band sglittinﬁ
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Photoinduced narrowing of the electronic band selittinﬁ
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Two dxnamics of the band gap at I
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Two dxnamics of the band gap at I
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Two dxnamics of the band gap atI’
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Phodoinduced modulation of the electronic band gap
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Phodoinduced modulation of the electronic band gap
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Phodoinduced modulation of the electronic band gap
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Photoenhancement of the excitonic insulator order parameter

Two-band semiconductor with interband interaction Hine = U ), 1 o5 Nives
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Hartree Fock calculations:
D. Golez, P. Werner, M. Eckstein S. Mor et al., PRL 119, 086401 (2017)

Selene Mor - Materials in Quantum Cavities and Excitonic Insulators,12.07.2019



Photoenhancement of the excitonic insulator order parameter

Two-band semiconductor with interband interaction Hine = U ), 1 o5 Nives
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Hartree Fock calculations:
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Photoenhancement of the excitonic insulator order parameter
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Photoenhancement of the excitonic insulator order parameter

Two-band semiconductor with interband interaction Hine = U ), 1 o5 Nives
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Summary: Ultrafast electronic and structural dynamics of Ta,NiSe
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