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Photoemission Spectroscopy (2)
Strongly correlated electron systems
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Principle of photoemission spectroscopy
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Electronic structure

Band dispersion and Fermi surface

Metal Insulator Semimetal

Quantum number: wave number k E= h2k2/2m
Momentum hk
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Periodic Table of the Fermi Surfaces of Elemental Solids
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Angle-resolved photoemission

sample
Metal B

Insulator & ———
Shockiey surface state of G110
\ / Momentum
\\/ K A\k Fermi level

Principle of ARPES
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Dimension of Fermi surface
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Three-dimensional Fermi surface mapping
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Spectral weight mapping Fermi surface and band dispersion
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Very High resolution photoemission spectroscopy
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Probing depth

Escape depth of photoelectrons
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Photon Factory

KEK (High energy ...)

Tsukuba, Japan

Tsukuba, Japan
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What is superconductivity?
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- Superconductor
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Discovery of superconductivity

Liquid He (1908)
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BCS (Bardeen, Cooper, Schrieffer ) theory High-Tc cuprate superconductor

Electron-Phonon interaction
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High-Tc cuprate superconductors

Crystal structure

Phase diagram CuO, plane
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Observation of SC gap by ARPES
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Observation of SC gap by ARPES
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Fermi surface and band dispersions in high-Tc cuprates

Fermi surface

ky Band dispersion

Band structure: E(k) = -2t(cos ka+cos ka)  k, k
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Band structure and Fermi surface of high-Tc cuprates (Overdoped sample)
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Pseudogap issue
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Evolution of “Fermi surface”

Mott insulator Pseudogap state Metal (Fermi liquid)
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QP band structure in node direction
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Formation of quasi-particle band
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Anisotropic SC gap in Bi2212
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Superconducting gaps of Bi2223 Strongly correlated electron system
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High-Tc cuprate superconductor Correlated electrons

@ L @— A There are three kinds of “electrons”.
i _ i! !E 1) Band electrons

i'_o_+ _°_+ Nearly free electrons can move between atoms.
i—@— _°_¢ -

i 2) Localized electrons

Electrons localized near atom sites due to correlation.
i | |

Planar cuprate
Copper @ Oxygen

— -

3)Correlated electrons
These electrons can move between atoms
but their movements are not so easy
as in band electrons.

cf. Prof. Nagaosa at Univ. Tokyo




Correlation effects on DOS
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Correlation effects in ARPES spectra

Band electrons interaction
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Mass enhancement due to electron correlation

=ImG

DOS
JU /W : ' -

/ﬂ/\T\IJK |

Y \'A'S

T e~ -

1 Mband "
o

Incoherent pa

[
X.Y. Zhang, M.J. Rozenberg and G. Kotliar, PRL '93.

Mass renormalization near
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Model of Self-energy Quasi-particle structure of high-Tc cuprates
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Quasi-particle structure of high-Tc cuprates
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