e <

T-ReX Ressancu Grour Eletira Sincrotrone Trieste

Witnessing quasi-particle dynamics in strongly
correlated electron system

Daniele Fausti,
Elettra-Sincrotrone Trieste S. c. p. a. and University of Trieste
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Non-equilibrium “Parameters Space”
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Pump & Probe
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Witnessing quasi-particles in strongly correlated electron systems

* High Vs. Low-photon energy excitation in CTI La,CuO,
Nat. Comm. 5, 5112, 2014

Towards selective excitations of low energy modes

*  Phonon pump and dd-transitions probe in CuGeO3

Quantum Optics for studying ultra-fast processes in Condensed Matter
 Balanced Homodyne Detection
 Impulsive phonon excitation: the case of quartz
 Time evolution of the probe quantum state after the

interaction with the material
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Optical properties of La,_Sr,CuO,
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Optical properties of La,_Sr,CuO,
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Optical properties of La,_Sr,CuO,
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Optical properties of La,_Sr,CuO,
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Selectivity of the excitation process
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Hubbard Holstein Hamiltonian

H = Hi+Hy+Hppr
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De Filippis and V. Cataudella

SCSR2014, Trieste . Daniele Fausti




Hubbard Holstein Hamiltonian

Hgpr

¢i,o + H.c.), < Hopping

<—{ e-e repulsion

)(1 — n;). <— Boson coupling

collaboration with N. Nagaosa, A. Mishchenko, G.
De Filippis and V. Cataudella

SCSR2014, Trieste © Daniele Fausti




Experiment Vs. Theory
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Experiment Vs. Theory
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Experiment Vs. Theory

Experiment Theory (e-ph ON)
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High Vs. Low-photon energy excitation
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High Vs. Low-photon energy excitation
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High Vs. Low-photon nergy excitation
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High Vs. Low-photon energy excitation
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Witnessing quasi-particles in strongly correlated electron systems
* High Vs. Low-photon energy excitation in CTI La,CuO,
Towards selective excitations of low energy modes

*  Phonon pump and dd-transitions probe in CuGeO,

Quantum Optics for studying ultra-fast processes in Condensed Matter
 Balanced Homodyne Detection
* Impulsive phonon excitation: the case of quartz
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3

T=ReX Reseanch Grovr

A, =10.0pm High-Energy Excitation
- Data
— Ft Fast Phonon
- — Cu-Ophonon| Non-Thermal Thermalization
. = "
) o Phonon Population
= ],
£ 4
@wc_ Thermal Response ¢
10 15 20
-300 =150 0 150 300 450
Wavelength (um) Delay time 7 (fs)
A =13.7um
- Data
— it
. — Cu-0 phonon =0
= e
o L.
E 4
- — =300 -150 0 150 300 450
10 15 20 Delay time 7(fs)
Wavelength (um)
A =15T7um
— Data
— Fit
g wwe  Cu-O phonon
- =
£ a Low-Energy Excitation
= 5
Thermal Respnnse¢
10 15 20 25
Wavelength (um) -300 ~150 0 150 300 450
Delay time T (fs)
SCSR2014, Trieste O q Daniele Fausti

Elettra Sincrotrone Trieste




Phonon Pump in CuGeO3
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Phonon Pump in CuGeO3
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Quantum Optics for studying Condensed Matter out of equilibrium

Experimental Quantum Optics Study of out of equilibrium states in
Measurements of quantum states of light Condensed Matter: Pump&Probe
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Quantum Optics for studying Condensed Matter out of equilibrium

Experimental Quantum Optics Study of out of equilibrium states in
Measurements of quantum states of light Condensed Matter: Pump&Probe
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Quantum Optics for studying Condensed Matter out of equilibrium

Experimental Quantum Optics Study of out of equilibrium states in
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Quantum State Reconstruction
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Quantum State Reconstruction
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Quantum State Reconstruction
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Quantum State Reconstruction
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Quantum Optics for studying Condensed Matter out of equilibrium
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Quantum Optics for studying Condensed Matter out of equilibrium
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Quantum Optics for studying Condensed Matter out of equilibrium
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Quantum Optics for studying Condensed Matter out of equilibrium
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Quantum Optics for studying Condensed Matter out of equilibrium
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Fourier Transform (a.u.)
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Fourier Transform (a.u.)
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Conclusions

hv<Eg

v'The light pulses do not “just” inject energy into the system!

O<t<t,
v'Unravel e-e and e-ph interactions in condensed matter through & T N e N S,
E— Q A Q )——f¢ h Q
LN ) ,,fQ.—J——Qé Q:-—J——Q:" ﬁw‘

selective excitations:
*Witnessing the boson dressing of electronic excitations

*Coherent response of low energy degrees of freedom

v'Full treatment of light matter interaction is needed beyond effective

temperature models
v'Time domain tomographic quantum state reconstruction .
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Perspectives

v'Higher order measurements of fluctuation spectroscopy in
inhomogeneous phases

v'Higher order measurements of silent modes AntiFerrimagnet

v'Coupling infrared pumps with quantum state reconstruction

dn‘u’.:'KT
IR “prepare” the low energy mode in a coherent state ol
Homodyne reconstruction measure the interaction with ;}'
electronic excitation | ol T
v'"Manipulation of optical pulses through light Matter interactions sv e ike
p ro b e “ D.I‘I D.JE 0.3

Sr content, x
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