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Inelastic mean free path (nm)

Strong inelastic collisions of photoelectrons in the solid

Sudden approximation M. P. Seah, Surf. Interface Anal. 1979
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Energetics of the photoemission process Exin| Spectrum
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Electrons in a periodic potential

Nuclei + core electrons make the ionic lattice

Valence electrons are delocalized and behave as nearly independent particles

Mean field theory: effective interaction of nearly independent particles
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The periodicity of the lattice implies the Bloch theorem
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Phonons: the low energy excitations of the lattice
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Temperature dependence of the soft phonon
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Introdution to strongly interacting materials

Transition metal Oxides
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High temperature superconductivity
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Colossal Magnetoresistance

La, Sr,MnO,
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Strongly interacting materials

Poor screening Electron-phonon interaction
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Breakdown of the band picture



Structural distortion and Mott transition in 1T-TaS,
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Scanning tunneling microscopy



Phonon softening due to large el-ph coupling

17-Tas,
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Large structural distortion

Amy Y. Liu, Phys Rev B, 2009




Binding Energy (eV)
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Perfetti, Phys. Rev. B, 2005

Top view of the UCO




A purely electronic phenomenon: the Mott transition
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Time resolved photoemission with lasers
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Different timescale for electronic motion and lattice motion
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R. P. Feynman: The system is said to be in thermal equilibrium if all the
fast things have happened and the slow things not yet.



Dynamics of the electrons in a metal

Thermalization due to electron-electron interaction
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electronic temperature
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ARPES Intensity

L. Perfetti, Phys. Rev. Lett. 2006
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EBinding Energy (gV)
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Coherent phonon excitation

9 N Q Shift of electronic binding energies



Theory of Coherent Phonons A.V. Kuznetsov, Phys. Rev. Lett., 1994
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ARPES Intensity

Breakdown of the MOTT phase

I I
04 0.2 00 -0.2 -04

Binding Energy (eV)

Normalized I|_|

=
o

Q
©

O
o)

Instantaneous collapse of
the charge gap

Monotonic recovery of
electronic correlations in
680 fs




Intensity

Collapse of the electronic
Gap due to the elevated electronic
temperature

Dynamical mean field theory
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New sources and first results

Free Electron Lasers
High flux of photons High photon energies

RF
RF Gun Bunch Bunch Stations
Compressor Compressor v v Collimator gg SFLASH
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Intensity (arb. units)

Photoinduced change of lattice structure in 1T-TaS,
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High Harmonics Generation
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T. Rohwer, Nature 2011
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1T-TiSe,

Photoinduced breakdown
of the structural distortion

T. Rohwer, Nature 2011
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M. Rini, Nature 2007
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Quiz Section



Is La,CuQ, expected to be an insulator or a metal ?

La,CuO,:
2 24432 = -2
. 4
O: [He]2s42p Cu2+: [Ar]3d?
La: [Xe]6s25d? Odd number of electrons

Cu: [Ar]4s13d10 Half filled band



LDA band structure of La,CuQO,

La,CuO, is a Mott
Insulator
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Does photoexcited silicon conduce electricity?
|s photoexcited silicon a metal?

Photoexcited Silicon is a conductor but not a metal?
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Insulator to metal transition
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We indicate C, and C, the electronic and lattice specific heat of a

metal. Which is the typical ratio C,_ / C, at room temperature?
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On which timescale one expects a breakdown of

the Mott insulating phase?

The typical timescale of the electronic motion is ~h/W
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A phonon mode is located at the Brillouin zone boundary of the

undistorted phase. Could we coherently excite it in the distorted
phase? Under which conditions?

It must be a zone center phonon of the 17-TasS,
reconstructed BZ. RTRR A

50
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On which timescale one expects a photoinduced
transition of the lattice structure?

Period of the soft phonon mode divided by 4 90 fs in TiSe,

30 I I T I I

—— P=0GPa but short range force constats at 10 GPa
- —- P=10GPa
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Intensity (arb. units)

Metal insulator transition in VO,
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Is the structural transition an effect of the metal-insulator transition ?



It is not possible to reach a metallic phase without changing the structure

A. Cavalleri, Phys. Rev. B 2004
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It has been shown that valence band spectra acquired at high

photon energy (1 keV) may differ subtantially from the ones

acquired in the range of 20-100 eV.

Could you suggest possible reasons of it ?

Matrix elements

Surface sensitivity

Maiti, Phys. Rev. Lett. 1999
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