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" High Tc Cupper-Oxide Superconductors

Bednorz-Muller (Noble prize1987)
T.=35-135K

Ti;Ba;CaCu30p

BiySrCaCuy0g
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Unusual Electronic Properties of HTSCs in Normal Phase
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E. Dagotto, Rev. Mod. Phys. 66 (1994)763; D.N. Basov et al., Rev. Mod. Phys. 77 (2005)721.
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: New Superconductors
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< Kamibiars, Y. ot al. J. Am Lt ¢ ¢
c Gl . L YBa,Cu,0, z
()]
C
o
§ ReOFeAs La Ce Pr Nd Sn Gl
3 T..K 41 41 52 51.9 55 53.5
L Reference [27] [9] [10] [28] [11] [20]
i a, A 4.035 3.006 3.025 3.040 3,040
E o i 8,740 8.648 8,505 8.406 8,406
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Abstract Electronic and phonon structures of the BaFea Asa
superconductor in the magnetic—orthorhombic phase have
been investigated by the ab-initio density functional theory
using the pseudopotential Quantum Espresso code. Den-
sity of state and electronic band structure for this phase
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Electronic and Phonon Structures of BaFe,As, Superconductor
by Ab-initio Density Functional Theory

potassium doping at the Ba site changes the system from the
spin-density wave ( 5DW) metal to the superconductor hav-
ing T;; as much as 38 K at x = 0.4 [5]. The Hall effect mea-
surement indicates that charge carriers are hole-like. The
crystal structure of BaFez Asp is tetragonal with the 14/mnm
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Research Challenges
Problems of theory

e Strongly Correlated: LDA-DFT does not give reasonable results
 Many Body Hamiltonian is diagonalized only for small lattice

e Complete Hamiltonian?

» doping, temperature, interactions, etc?

How Experiments can help?

Determination of crystal structure
Superconducting properties
Phase diagram
Electronic structure
Phonons, magnetic excitations, etc

R IR IR IR IS —————————————
ILSF-IPM, Sep. 2013
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Light Source Accelerator

Relativistic forward focusing of Synchrotron Radiation
=
, Accslraion
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x E
Non relativistic Relativistic (v>99.999999 c)
Isotropic Radiation Forward Cone Radiation (mrad)
(LB ey Accelerated electrons
Electron NewSUBARU - m o

Switching X e

Magnet (

*Electron Gun
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News, information, and educational materials about the world's

synchrotron and free electron laser light source facilities
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Light Energy | Circumferenc Emittance Current Straight Section Operation
Source (GeV) e (m) (nm-rad) (mA) = year
ESRF 6.0 844.4 4.0 200 32x63m 1994
APS 7.0 1104 3.0 100 40 x 6.7 m 1996
SPring-8 8.0 1436 34 100 44 xTm. 4%x30m 1997
ALS 1.9 196.8 6.3 400 12 x6.7m 1993
TLS 1.5 120 25 240 6x6m 1994
ELETTRA 2.4 259 7.0 300 12 x6.1m 1994
PLS 2.5 280.6 12.0 200 12x6.8m 1995
LNLS 1.37 93.2 100 250 6x3m 1997
MAX-IT 1.5 90 9.0 280 10x32m 1997
BESSY-II 1.7 240 6.1 200 Sx49m, 8x57m 1999
Siberia-II 2.5 124 98 200 12x3m 1999

S v A
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3rd Generation SRF in 2000s

(7]
S
) e L e . - . g o
Bl | viohsousce | Tacey | Chreumforence | Banitance | Cunent Straight Section Operation
S New 1.5 118.7 38 500 4x26m.2x14m 2000
< SUBARU - ' ) - B -
2 SLS 2.4-2.7 288 5.0 400 I3x11.7m 3 x7m.6x4m 2001
= ANKA 2.5 110.4 50 200 4x56m4x22m 2002
S CLS 2.9 170.88 22.7 300 12x52m 2003
S SPEAR-3 3.0 234 18 500 12x3m 4x45m.2x7.5m 2004
= SAGA-LS 1.4 75.6 7.5 300 Sx25m 2006
"g SOLEIL 2.75 354.1 3.74 500 4%x12m.12x7m. 8x3.8m 2007
a4 DIAMOND 3.0 561.6 2.7 300 6x11.3m. 18x83m 2007
S ASP 3.0 216 10 200 14x54m 2008
35 INDUS I 2.5 172.5 58.1 300 8x4.5m 2008
= SSRF 3.5 432 3.9 300 4x12m. 16 x 6.5m 2009
= ALBA 3.0 268.8 4.3 400 4x8m. 12x42m. 8x2.6m 2010
) PETRA III 6.0 2304 1.0 100 20x4m 2010
S 3 Generation Synchrotron Under construction
é Light Source i‘_‘;ﬂ ¢ “":m(‘lﬁjre“‘:e fi:llftf;‘c'{; %ﬁ?t Straight Section Status
wn CANDLE 3.0 216 8.4 350 16x4.8m Planned
I&") MAX IV 1.5/3.0 96 /528 5.6/0.24 500 12/ 20 - straight sections (2010)
_ PLS-II 3.0 281 5.8 400 12X68m. 12x3.1m (2011)
- TPS 3.0 518 1.7 400 18x7m. 6 x12m (2013)
™ NSLS-II 3.0 792 0.9 500 15x6m. 15x9.3m (2014)
SESAME 2.5 133 26 400 4x5m.8x35m.4x1.9m (2014)
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Experimental Techniques
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ARPES

 Angular Resolved PhotoEmission Spectroscopy
Electronic structure (bands, Fermi surface, ..)
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REVIEWS OF MODERN PHYSICS, VOLUME 75, APRIL 2003

Angle-resolved photoemission studies of the cuprate superconductors

Andrea Damascelli*
Stanford Synchrotron Radiation Laboratory, Stanford University, Stanford, California 84305

Zahid Hussain
Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, California 94720

Zhi-Xun Shen

Department of Physics, Applied Physics and Stanford Synchrotron Radiation Laboratory,
Stanford University, Stanford, California 94305

(Published 17 April 2003)

The last decade witnessed signifilesm=—PTogress 1n angle-resolved photoemission s
(ARPES) and its applicati@ ARPES experlments with 2-meV energy resolullon and 0.2°
angular resolution are a reality evelT for-phetaamission on solids, Th

the improved sample quality have enabled ARPES to emerge as a leading tool in the investigation of
the high-T . superconductors. This paper reviews the most recent ARPES results on the cuprate
superconductors and their insulating parent and sister compounds, with the purpose of providing an
updated summaryofthe-extemsive lilerature. Lhe low-energy excitations with emphasis
of the most relevant issues, such as the Fermi surface and remnant Fermi sul
uperconducting gap, the pseudogap and d-wave-like dispersion, evidence of electroni
inhomogeneity and nanoscale phase separation, the emergence of coherent quasiparticles through the

conducting transition, and many-body effects in the one-particle spectral function dug
interaction o rith magnetic and/or lattice degrees of freedom, amic nature
of the field, we chose to focus mainly on reviewing the experimental data, as on the experlmental side
a general consensus has been reached, whereas interpretations and related theoretical models can vary
significantly. The first part of the paper introduces photoemission spectroscopy in the context of
strongly interacting systems, along with an update on the state-of-the-art instrumentation. The second
part provides an overview of the scientific issues relevant to the investigation of the low-energy
electronic structure by ARPES. The rest of the paper is devoted to the experimental results from the
cuprates, and the discussion is organized along conceptual lines: normal-state electronic structure,
interlayer interaction, superconducting gap, coherent superconducting peak, pseudogap, electron
self-energy, and collective modes. Within each topic. ARPES data from the various copper oxides are
presented.

S V A
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Energy Range: Ultraviolet (<100 eV)
Energy Resolution: a few meV
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Optimally doped Bi2212 (Tc=90 K) at 40 K
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Peak-Deep-Hump structure and

Superconducting Gap
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Eep. Prog. Phys. 63 (2000) 171-232. Prnted i the UK PII: S0034-4835(00)88954-X

Phonon spectroscopy by inelastic x-ray scattering

Eberhard Burkel

Physics of New Materials, Department of Physics, University of Rostock, Aungust-Bebel-Strasse 33, 18055 Fostock,
Germany

Recewed 24 May 1999, in final form 18 November 1999

Abstract

The present synchrotron sources with brilliant x-ray beams. due to high photon fluxes, small
source sizes and high collimation. have revolutionized x-ray physics.

Enormous progress has been mitiated m all established x-ray methods, with the aim of
the development of new types of spectroscopy. This 1s particularly true for the spectroscopy
of the dynamics 1n condensed matter. Meanwhile, there are two powerful x-ray methods with
very high-energy resolution available for the study of low energetic excitations like phonons.

This review summarizes the developments of these methods focusing on these mstrumental
developments of the spectrometers using either crystal optics in close-to-backscattening
geometry or nuclear resonant techniques.

Applications to measurements of phonon dispersion curves and of phonon density of states
in ordered and disordered solids and 1n liquids are presented. It 1s shown how x-ray results are
stimulating improvements in the theoretical approaches to the dynamucs. New msights into
the dynamics of liquids are discussed.

The sensitivities of the spectroscopies allow the study of vibrational behaviour i very
small amounts of material even in nanometre-sized thin films or particles. We can already
analyse the phonon spectrum of a monolayered nuclear resonant 1sotope. Prospects of the
techniques are also demonstrated.
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Experimental Condition

%)

C

g Table 2. Comparnson of backscattering spectrometers at HASYLAB. at the ESRF, at APS and

8 SPring-8.

_% Location INELAX ID16 31D BL35XU

< HASYLAB ESRF APS SPring-8

g Hamburg. Germany Grenoble. France Chicago. USA Kansai, Japan

-8 Operational 1987 1994 1997 2000

@© Source characteristics

g Ring energy 4.5GeV 6.0 GeV 7.0 GeV 8.0GeV

% Fing current 140 mA 200 mA 100 mA 100 mA

S Insertion device wiggler 2 undulators undulator undulator

6:5 Length 2.6m 1.6 m each 25m 45m

c Divergence:

o vertical 0.12 mrad 24 prad 12 perad 11 prad

"é horizontal 2.6 mrad 40 prad 42 prad 35 prad

% X-ray optics

g Pre- 51(111) S51(111) diamond 51(111)

n monochromator 2-crystal setting channel-cut 2-crystal setting 2-crystal setting

S room temperature  at 90—120 K room temperature cryogenically

o) cooled

E Main Si(hhh) Si(hhh) S51(440)+(153113) Saidhhh)

% monochromator backscattering backscattering  nested channel-cut  backscattering

LL spherically bent tat tat

(il) focusing murror  focusing mirror focusing mirror

= Focus spot 3 x 1 mm’ 500 % 300 um?® 600 x 500 pm? 100 x 150 pm?

™ Analyser Si(hhh) Si(hhh) S1(hhh) Si(hhh)
spherically bent spherically bent  spherically bent spherically bent
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Examples

Softening of Cu-O Bond Stretching Phonons in Tetragonal HgBa,CuQy;

H. Uchiyama,' AQ.R. Baron,2 S. Tsutsui,2 Y. Tanaka,3 W.-Z. Hu,] A, Yamamoto,' S. Tajima.I and Y. Endoh*
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Momentum & Doping dependence
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FHYSICAL REVIEW B 83, 224525 (2011)

Softening of bond-stretching phonon mode in Ba,_,K,BiO; at the metal-insulator transition

H. Khosroabadi," S. Miyasaka,l'” J. Kﬂha}'ashi,J K. Tanaka.!* H. Uchi}iﬂma,?"J‘ A Q. R. Baron R 'T';:tjimal'3
' Department of Physics, Graduate School of Science, Osaka University, Osaka 560-004 3, Japan
2JST, Transformative Research Project on Iron Pnictides (TRIP), Tokye 102-0075, Japan
Research and Utilization Division, SPring-8/JASRI, Hyogo 679-5198, Japan
Materials Dynamics Laboratory, RIKEN SPring-8 Center, Hyogo 679-5148, Japan
{Received 29 October 2010; revised manuscript received 8 April 201 1; published 30 June 2011)

The dispersion of phonons in Bay_, K, BiO; along the (3 4 g, 0. 0) direction in reciprocal space was determined
for x =0, 0.30, 037, and 0.52 using high-resolution inelastic x-ray scattering. The observed phonon energies
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