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Pump and Probe measurements
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Pump and Probe Spectroscopy
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Outline

v Pump&Probes spectroscopy and broadband white-
light probes on insulating transition metal oxides

v Hubbard exciton revealed by time-domain optical
spectroscopy in YVO,

v’ Charge transfer excitation in La,CuQ,
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' YVO;: Properties

Layer compound of BaTiO3-like
distorted/tilted octahedra (Pbnm)
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YVO;: Properties

Orbital Physics in V3*(3d,)
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v Mott insulator wl
Mott gap [11.2eV -

v' Crystal field determined > 1
“mainly” by JT

YVO;: Properties
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YVO,: Optical Properties
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YVO,: Optical Properties

v" 6 Gaussian and 1 Tauc-Lorentz oscillators
v" Anomalous behavior of SW in the Spin and OO phases?!

1.5 20 25 30 35 40 45

T T T T T T T i'l

400 -
(@) YVO, aaxis

Spectral weight (a. u.)

T T T T T T T T T
50 100 150 200 250 300

Temperature
Reul. J, Gruninger M. & al. Preprint
£5% UNIVERSITA
2% DEGLI STUDI DI TRIESTE Portoroz, NGCES, 2012
—

T-ReX Reseance Grour



welettra

Transient O
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Thermal Vs. non-Thermal SW
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Thermal Vs. non-Thermal SW |

v" Thermodynamic estimate of the temperature AT[K] — gais 'f\éA'V
variation in the photo-excited state(AT) U mol

v' Extrapolation of static optical properties (T +AT)
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v'Direct Exchange of SW between the two bands
i.e. It is the same band!
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Spectral weight exchange
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Spectral weight exchange
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Spectral weight exchange
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Spectral weight exchange
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Spectral weight exchange
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Spectral weight exchange
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Conclusion 1
v’ Excitonic state on Hubbard band

v Quantify the magnetic contribution to the kinetic

energy gain?!

http://arxiv.org/pdf/1205.4609.pdf
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Outline

v Pump&Probes spectroscopy and broadband white-
light probes on insulating transition metal oxides

v Hubbard exciton revealed by time-domain optical

spectroscopy in YVO,
v’ Charge transfer excitation in La,CuQ,
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Charge Transfer excitation in La,CuQ,

v Layered Structure
v’ Cu?* - 3d°
v" Doped 2D Spin % System
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Static and Time domain Ref. in La,CuQ,

CT Peak t=0 t=3 t=17

0.22
— 400K
— 300K
> 0211 ——— 200K >
= b3
g Py
E 0.20
0.19 — _20x10°

Delay (ps)

Energy (eV)

v' Charge Transfer is strongly perturbed in the time domain
v" Dynamical measurements of the charge transfer
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v Charge Transfer is strongly perturbed
within 1 ps (Mott gap collapse)

v' The sideband is perturbed much late
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' Proposed Approach

Short Range interaction for Frenkel “like” excitons
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Electrons and holes form Frohlich polarons so that the T dependence of the

polaron self-energy causes a shift of the band edge

E(T)=E7—2hwoa,ln(hwe/kpT)+1]
Polaron Coupling constant —————— ; e
2 1.5 | Experiment 1 Theory
a=l o2 l_ll{2mwg 'EI[CuO
P 2
LUN
Polaron Relaxation Rate 0.5

0

y(T) =220y(hwo/E)*a,[2n(hwo/kgT) +1]
Phys. Rev. Lett. 69, 1109 (1992)

Portoroz, NGCES, 2012

ngﬁ UNIVERSITA
H % DEGLI STUDI DI TRIESTE



FE"\;l\ip,
@eletrrq Q{ m

Conclusions

v" In absence of free carriers time domain spectroscopy can
be used to address the nature of high energy optical
excitations

v YVO,: Unveiled the nature of the twofold band, Hubbard
exciton, and magnetic con-
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v La,Cu0,: Preliminary study of charge transfer excitation
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