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Title: Topological insulator surface states for magnetoelectric, spintronic, 
and thermoelectric effects 
 
 
Author: Joel E. Moore 
UC Berkeley/LBNL 
 
Abstract:  
Much of condensed matter physics is concerned with understanding how 
different kinds of order emerge from interactions between a large number 
of simple constituents. In ordered phases such as crystals, magnets, and 
superfluids, the order is understood through "symmetry breaking": in a 
crystal, for example, the continuous symmetries of space under rotations and 
translations are not reflected in the ground state. A major discovery of the 1980s 
was that electrons confined to two dimensions and in a strong magnetic field 
exhibit a completely different, "topological" type of order that underlies 
the quantum Hall effect. 
 
In the past few years, we have learned that topological order also occurs in 
some three-dimensional materials, dubbed "topological insulators", in zero 
magnetic field. Spin-orbit coupling, an intrinsic property of all solids, drives 
the formation of the topological state.  Topological insulators have metallic 
surface states with several unusual properties that are connected to basic 
problems in magnetoelectricity, spintronics, and thermoelectricity.  We present 
theories of these types of effects in topological insulators including the currently 
studied materials Bi2Se3 and Bi2Te3. 
 
 



Title: Plasmarons in Quasi-freestanding Epitaxial Graphene 
 
Author: Aaron Bostwick 
Lawrence Berkeley National Lab 
 
Abstract:  
Graphene is a remarkable new electronic material with many unique 
properties. To realize its promise, it is essential to understand how its 
charge carriers interact. By measuring the spectral function of charge 
carriers in quasi-free-standing graphene, we show that at finite doping, the 
well-known linear Dirac spectrum does not provide a full description of the 
charge-carrying excitations. We find that there also exist composite 
"plasmaron" particles, consisting of holes coupled to density 
oscillatons of the graphene electron gas. The Dirac crossing point is 
resolved into three crossings: the first between pure charge bands, the 
second between pure plasmaron bands, and the third a ring-shaped crossing 
between charge and plasmaron bands. 
 
 



Title: The pairing mechanism of Iron-based superconductors 
 
Author: Dung-Hai Lee 
Lawrence Berkeley National Laboratory 
 
Abstract:  
After a critically review of our understanding of the pairing mechanism of 
conventional superconductors, I will discuss the pairing mechanism of the iron-
based superconductors. I conclude with a comparison between the cuprates and 
the iron-based materials.   
 



Title: Necessary conditions for magnetism and superconductivity in iron 
pnictides and chalcogenides  
 
Author: Sergey Borisenko 
IFW Dresden 
 
Abstract:  
We study different iron-based superconducting materials at ultra low 
temperatures by means of angle-resolved photoemission spectroscopy. The 
measurements provide a direct access to the information on the low energy 
electronic structure, which includes the detailed knowledge of the Fermi surface, 
band renormalization, electronic self-energy and symmetry of the 
superconducting order parameter. The results suggest a direct correlation 
between the fermiology and fundamental physical properties throughout the 
phase diagram of iron superconductors. 
 



Title: Intermediate Coupling Model of Cuprates 
 
 
Author: Robert S. Markiewicz 
Northeastern University 
Boston MA 02115 
 
Abstract:  
We have recently introduced a quasiparticle-GW (QP-GW) model to describe the 
effects of charge and magnetic fluctuations in cuprates.  The bare bands are 
taken from tight-binding fits to the first-principles local density approximation 
(LDA) bands, and the corresponding bare susceptibilities evaluated numerically.  
The resulting GW self energy correctly reproduces the dressed dispersions and 
high-energy kinks seen in angle-resolved photoemission spectroscopy (ARPES).  
Self energies are calculated both for the paramagnetic phase and for d-wave 
superconducting and/or (p,p) antiferromagnetic phases.  The latter describes the 
magnetic order seen in electron-doped cuprates and models the pseudogap 
seen in hole-doped cuprates. 
 
Given this self energy, we have applied the model to calculate a variety of 
spectroscopies, including ARPES, optical, scanning tunneling spectroscopy, x-
ray absorption and resonant inelastic x-ray scattering (RIXS), and inelastic 
neutron scattering, in all cases finding good agreement with experiment over a 
wide range of dopings.  We find a collapse of the magnetic gaps in a quantum 
critical point, but the optical spectra continue to show a residual charge-transfer 
gap, due to the incoherent part of the spectrum. 
 



I n v i t e d  Ta l k s

Tu e s d a y, J u l y  1 9 , 2 0 1 1



Title: Ultrafast non-thermal dynamics of spin and charge order in striped 
nickelate via femtosecond resonant soft x-ray scattering 
 
Author: Wei-Sheng Lee 
Stanford Institute for Materials and Energy Science, SLAC National Accelerator 
Lab. 
 
Abstract:  
In the striped nickelate La2-xSrxNiO4, spin order coexists with charge order, 
whose periodicity is half of spin order. So far, most of the studies on the stripe 
phase were performed in the thermal equilibrium state by varying temperatures; 
the dynamics of stripe phase in the time domain when the system is driven-out-
of-equilibrium has not yet been studied. Using the x-ray free electron laser 
(XFEL) at the Linac Coherent Light Source (LCLS), we performed time resolved 
optical-pump and resonant soft x-ray diffraction probe experiments to study the 
dynamics of the spin and charge order. The dynamics are found to be distinct 
from the equilibrium properties. Through the analysis of the recovery time scale, 
the spin-charge order coupling and the vector nature of the spin order are 
elucidated. 
 
 



Title: Ultrafast momentum-dependent quasiparticle dynamics of high-T_c 
superconductors investigated by time- and angle-dependent 
photoelectron spectroscopy 
 
Author: Uwe Bovensiepen 
University of Duisburg-Essen, Faculty of Physics, 
Germany 
 
Abstract:  
Relaxation of optically excited electron-hole pairs proceeds in 
metals on ultrafast time scales [1]. In superconductors the 
relaxation rates of quasiparticles at energies close to the 
superconducting gap edge are reduced because of the loss of 
quasiparticle states at the Fermi level [2]. Since the decay 
proceeds - at least in part - by Cooper pair reformation, the 
study of the quasiparticle relaxation dynamics bears potential to 
analyze the interaction responsible for Cooper pair formation. In 
this talk recent results of femtosecond pump-probe experiments 
with angle-resolved photoelectron detection will be presented for 
optimally doped Bi_2Sr_2CaCu_2O_8+d in the superconducting state 
and on EuFe_2As_2 (parent compound). In the cuprate system we find 
a predominant excitation of quasiparticles at momenta near the 
antinode. We show furthermore, that at low enough excitation 
density quasiparticle relaxation is dominated by Cooper pair 
reformation. In the Fe-pnictide material we monitor a difference 
in the relaxation rate for electrons and holes near the Fermi 
momentum, which disappears above the Neel temperature. The effect 
is therefore related to an optical modification of the 
antiferromagnetic order. Future experiments will focus on a 
variation of excitation density and doping to analyze its 
influence on the relaxation dynamics. 
 
The work has been performed in collaboration with L. Rettig, R. 
Cortes, M. Wolf, H. Eisaki, J. Fink, P. Gegenwart. Experiments 
were carried out at the Freie Universität Berlin. We acknowledge 
funding of the Deutsche Forschungsgemeinschaft through SPP 1458 
and the Alexander von Humboldt foundation. 
 
[1] Kirchmann et al., Nature Physics 6, 782 (2010) 
[2] Demsar et al., Phys. Rev. Lett. 82, 4918 (1999) 
 



Title: Cluster-Based Numerical Simulations for X-ray Spectroscopies in 
Correlated Materials 
 
Author: Thomas P. Devereaux 
Stanford University 
 
Abstract:  
In this talk I will present an efficient scheme for calculating various x-ray 
spectroscopies using a combination of cluster exact diagonalization and ab-initio 
codes. These multi-orbital calculations include multiplet, charge-transfer, 
hybridization, and core-hole interactions all on the same footing, and are able to 
reproduce fairly well representative spectra on several transition metal oxide 
materials. Focus will be placed on x-ray absorption, resonant inelastic light 
scattering (RIXS), and the dielectric response S(q,w) of Fe- and Cu-based 
materials. As an example, the differences between RIXS and S(q,w) will be 
highlighted, with a specific focus on low energy magnon excitation 
 



Title: Electronic structure of iron arsenic high temperature 
superconductors studied by angle resolved photoemission spectroscopy 
(ARPES) 
 
Author: Chang Liu 
Ames Laboratory 
 
Abstract:  
The 2008 discovery of the iron pnictide superconductors triggered enormous 
theoretical and experimental effort in the condensed matter physics community, 
as they represent the second class of high temperature superconductors with Tc 
up to 55 K. The phase diagrams of these materials contain a number of intriguing 
features that hint at a close link between theri superconducting behavior and their 
electronic structure. In this talk I present experimental studies on the electronic 
structures of the pnictides, using the technique of angle resolved photoemission 
spectroscopy (ARPES). These studies reveal a comprehensive picture of their 
band structures. We performed some of the first ARPES measurements on the 
pnictides [1,2], followed by detailed ARPES studies on a wide range of members, 
including the carrier-doped AEFe2As2 (122) and RFeAs(O,F) (1111) systems. 
Our experimental results show the quasi two dimensionality of electronic 
structure in the 1111 systems [1], versus complete three dimensional Fermi 
surfaces in the 122 systems [3]; a surface-driven electronic structure [4] with the 
presence of a large s-wave-like superconducting gap [5] in the 1111 systems; a 
magnetically reconstructed electronic structure revealing an unexpected nesting 
condition in undoped as well as underdoped 122 systems [6]. Most importantly, a 
comprehensive survey on cobalt-doped BaFe2As2 led to the discovery of Lifshitz 
transitions (topological changes in the Fermi surface due to doping-driven rigid 
band shifting) that are likely to have direct impact on their superconducting 
properties [7,8]. Both the low doping emergence and the high doping 
disappearance of superconductivity are likely linked with such Lifshitz transitions.  
Superconductivity favors a specific Fermiology in high-Tc superconductors. 
 
 
References 
[1] C. Liu et al. arXiv:0806.2147 (2008); C. Liu et al. Physica C 469, 491 (2009) 
[2] C. Liu et al. Phys. Rev. Lett. 101, 177005 (2008) 
[3] C. Liu et al. Phys. Rev. Lett. 102, 167004 (2009) 
[4] C. Liu et al. Phys. Rev. B 82, 075135 (2010) 
[5] T. Kondo et al. Phys. Rev. Lett. 101, 147003 (2008) 
[6] T. Kondo et al. Phys. Rev. B 81, 060507(R) (2010) 
[7] C. Liu et al. Nature Physics 6, 419 (2010) 
[8] C. Liu et al. Phys. Rev. B Rapid Comm. (in press) (2011) 
 



	  

	  

Title: Laser-ARPES study on Fe-pnictide superconductors 
 
 
Author: Shik Shin 

Institute for Solid State Physics(ISSP),  
The University of Tokyo 
 
 
Abstract:  
We studied (Ba1-xKx)Fe2As2 using high resolution laser ARPES.  For BaFe2As2, 
we found a drastic transformation in Fermi surface (FS) topology with the 
rearrangement of its orbital component across the transition at TN = 140 K[1].  
Polarization-dependent ARPES enables us to 
separately observe the electronic structure 
from single domains in the low-temperature 
twinned structure.  It is suggested that single 
Fe 3d orbital component dominates the highly 
3-dimensional FSs in antiferromagnetic (AF) 
state.  We conclude that BaFe2As2 shows AF 
state coexisting with orbital-polarized metallic 
state. 
We will also discuss on the superconducting 
gap and its anisotropy of each Fermi surface 
on (Ba1-xKx)Fe2As2 [2], and KFe2As2 [3] 
measured by polarization-dependent laser-
ARPES.  We found that orbital fluctuation 
mechanism is also important as well as the 
spin fluctuation mechanism in the 
superconductivity. 
 
 
References 
[1] T. Shimojima et al., PRL 104, 57002(2010). 
[2] T. Shimojima et al., Science 332, 564(2011). 
[3] K.Okazaki et al., unpublished. 
 



Title: Advances in correlated electronic structure computations 
for transition-metal oxides: cobaltates, vanadates and ruthenates 
 
Author: Frank Lechermann 
I. Institute for Theoretical Physics, University of Hamburg, Germany 
 
Abstract:  
The combination of the local-density approximation (LDA) to density 
functional theory (DFT) with explicit many-body approaches such as, 
e.g., the dynamical mean-field theory (DMFT), has proven as an powerful 
approach to tackle the problem of strong correlation on an realistic 
level. The complex interplay of the effective dimensionality and the 
symmetry of the underlying crystal structure with the competition between 
the localized and the itinerant character of electrons is indeed 
giving rise to highly interesting physical phenomena in many modern 
materials, especially within the family of transition-metal oxides. 
 
However there is still significant need for further development of 
realistic many-body methodologies. Defining properly the correlated 
subspace, going beyond purely local viewpoints, demanding full 
charge selfconsistency, including generic spin-orbit couplings, upscaling 
to many orbitals, or computing dynamical lattice susceptibilities 
are only a few issues on the list. In this talk we will discuss such 
improvements to LDA+many-body frameworks in the context of concrete physical 
problems. For instance, the intriguing physics of sodium cobaltate at high doping 
asks for a rather broad perspective in view of the static, spectral and transport 
properties [1,2,3,4,5]. Additional new insights into the physics of Sr3Ru2O7 and 
LiV2O4 will be provided 
along these lines. 
 
[1] H. Alloul, I.R. Mukhamedshin, T.A. Platova and  A.V. Dooglav, 
   EPL 85, 47006 (2009). 
[2] A. Nicolaou, V. Brouet, M. Zacchigna et al.  PRL 104, 056403 (2010). 
[3] FL, PRL 102, 046403 (2009). 
[4] L. Boehnke and FL, arXiv:1012.5943. 
[5] O.E. Peil, A. Georges and FL, in preparation. 
 



Title: Photoemission insight into the Fermi surface of the heavy-fermion 
system YbRh2Si2 
 
Author: Steffan Danzenbächer  
Institut für Festkörperphysik, Technische Universität Dresden 
 
Abstract:  
The true shape of the Fermi surface (FS) in heavy-fermion systems is one of the most 
puzzling questions in solid-state physics. In this contribution we present results of FS 
and iso-energy mappings of the heavy-fermion compound YbRh2Si2. Angle- resolved 
photoemission measurements with different photon energies and LDA band-structure 
calculations were used to thoroughly study the FS and different isoenergy surfaces of 
the system. 
It was found that some parts of the iso-energy surfaces can be interpreted by surface 
related bands of slab-calculations while other parts arise from a projected density of 
states of more bulk like Bloch states. Only for the FS itself and iso-energy surfaces near 
the Fermi level, where localized 4f-states are located in the same binding energy region, 
the situation becomes more complicated. It was shown that the nature of the FS can be 
understood by interaction between Yb 4f states and valence bands that are different at 
the surface and in more bulk-like regions of the system. 
Furthermore the experimental data can be understood in a simple hybridization model 
which describes the interaction by a k-depended hopping between localized 4f states of 
Yb and itinerant valence bands of surrounding atoms and can be analyzed separately for 
bulk and surface contributions. The strength of this interaction depends strongly on 
energy, symmetry and partial f character of the valence-band states that vary across the 
Brillouin zone [1-7]. 
 
References: 
[1] S. Danzenbächer et al., PRL 96, 106402 (2006). 
[2] D. V. Vyalikh et al., PRL 96, 026404 (2006). 
[3] S. Danzenbächer et al., PRB 75, 045109 (2007). 
[4] D. V. Vyalikh et al., PRL 100, 056402 (2008). 
[5] S. Danzenbächer et al., PRL 102, 026403 (2009). 
[6] D. V. Vyalikh et al., PRL 103, 137601 (2009) 
[7] D. V. Vyalikh et al., PRL 105, 237601 (2010)	  
 
* Full author list: 
S. Danzenbächer1, D.V. Vyalikh1, C. Krellner2, Yu. Kucherenko1,3, K. Kummer1, M. 
Holder1, C. Geibel2, M. Shi4, L. Patthey4, R. Follath5, S.L. Molodtsov6, and C. Laubschat1 

 
1Institut für Festkörperphysik, Technische Universität Dresden, D-01062 
Dresden, Germany 
2 Max-Planck-Institut für Chemische Physik fester Stoffe, Nöthnitzer Strasse 
40, D-01187 Dresden, Germany 
3 Institute for Metal Physics, National Academy of Sciences of Ukraine, UA- 
03142 Kiev, Ukraine 
4 Swiss Light Source, Paul Scherrer Institute, CH-5232 Villigen-PSI, 
Switzerland 
5 BESSY GmbH, Albert-Einstein-Strasse 15, D-12489 Berlin, Germany 
6 European XFEL GmbH, Albert-Einstein-Ring 19, D-22671 Hamburg, 
Germany 
 
et@physik.phy.tu-dresden.de 
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Title: Clocking the melting transition of charge and lattice order in 1T–
TaS2 with ultrafast extreme ultraviolet angle-resolved photoemission 
spectroscopy 
 
Author: Stefan Kaiser 
Max Planck Research Department for Structural Dynamics, 
CFEL - Center for Free Electron Laser Science 
& Department of Physics University of Hamburg 
 
Abstract:  
Charge density waves (CDWs) underpin the electronic properties of many 
complex materials. The canonical source of CDW order is Fermi-surface nesting, 
driven by electron-phonon coupling via the Peierls mechanism. In many CDW 
systems there are also pronounced electron-electron correlations, and with 
multiple orderings coexisting or competing, it is difficult to tease apart their 
individual roles in the broken-symmetry phase. Characterizing the interplay 
between different interaction mechanisms, and the associated hierarchy of 
energy scales and timescales, is crucial to understanding CDW physics in real 
materials. 
We use time- and angle-resolved photoemission spectroscopy with sub-30-fs 
XUV pulses to map the time- and momentum-dependent electronic structure of 
photoexcited 1T–TaS2. This compound is a two-dimensional Mott insulator with 
charge-density wave ordering.  
On photo-doping, not only the Mott gap at the Fermi level but also the CDW gaps 
at finite binding energy melt on sub-vibrational timescales:  
Charge order, evidenced by splitting between occupied sub-bands at the Brillouin 
zone boundary, melts well before the lattice responds.  
This indicates that the CDW gaps close in response to a redistribution of charge, 
rather than a repositioning of atom.   
Subsequently, spectral intensity migrates from shadow bands in the first zone 
back out to higher momentum, revealing the unfolding of the Brillouin-zone that 
accompanies incipient lattice relaxation along the coordinate of the Raman active 
amplitude mode following photo-doping. At longer timescales, charge order and 
lattice distortions lock again, displaying a modulations of spectral weight at the 
frequency of the amplitude mode. 
 
 
 



Title: Direct observation of superconducting gap in iron-based 
superconductors 
 
Author: Kosuke Nakayama 
Department of Physics, Tohoku University, Sendai 980-8578, Japan 
 
Abstract:  
We report high-resolution angle-resolved photoemission spectroscopy results on 
iron-based superconductors. We clarified doping evolution of the electronic 
structure in Ba1-xKxFe2As2, such as the emergence of Dirac cones in the parent 
antiferromagnetic phase [1], the development of pseudogap in underdoped 
region [2], and the scaling of the superconducting gaps with Tc over a wide range 
of the superconducting phase [3]. We also show the similarity of 
superconducting-gap character among various iron-based superconductors [4,5], 
and discuss the mechanism of the high-Tc superconductivity. 
 
* This work has been done in collaboration with T. Sato, Y. Tanaka, K. 
Umezawa, S. Souma, T. Takahashi (Tohoku University), P. Richard, H. Miao, T. 
Qian, H. Ding (Chinese Academy of Sciences), Y.-M. Xu, M. Neupane (Boston 
College), Z. H. Liu, and S.-C. Wang (Renmin University). 
 
[1] P. Richard et al., Phys. Rev. Lett. 104, 137001 (2010). 
[2] Y.-M. Xu et al., Nature Commun., in press. 
[3] K. Nakayama et al., Phys. Rev. B 83, 020501(R) (2011). 
[4] K. Nakayama et al., Phys. Rev. Lett. 105, 197001 (2010). 
[5] Z. H. Liu et al., arXiv:1008.3265. 
 



Title: Electronic structure of iron chalcogenides 
 
Author: Dong Lai Feng* 
State Key Laboratory of Surface Physics/Fudan University 
 
Abstract:  
In the newly discovered AxFe2-yAs2 (A=K,Cs) with a superconducting transition 
temperature (Tc) of about 30 K, large electron Fermi surfaces are observed 
around the zone corners with an almost isotropic superconducting gap of ~10.3 
meV, while there is no hole Fermi surface near the zone center, which 
demonstrate the inter-band scattering or Fermi surface nesting is not a 
necessary ingredient for the unconventional superconductivity in iron-based 
superconductors. Thus, the sign change in the s± pairing symmetry driven by the 
inter-band scatterings as suggested in many weak coupling theories becomes 
irrelevant in describing the superconducting state here.  A more conventional s-
wave pairing is likely a better description.  
By studying two types of magnetically ordered insulating compound, we have 
found the electronic structure evidence for mesoscopic phase separation in 
AxFe2-yAs2, as well as “Mott”-like physics. However, we will show that the parent 
compound of the superconducting phase is likely a band semiconductor, instead 
of a Mott insulator. [1] 
 
References 
[1] Y. Zhang et al. Nature Materials 10, 273-277 (2011); F. Chen et al. preprint. 
 
*Full author list:  Y. Zhang, Z. R. Ye, Q. Q. Ge, M. Xu, L. X. Yang, F. Chen, C. He 
(Fudan), X. H. Chen (USTC), M. Arita, K. Shimada, H. Namatame, M.Taniguchi 
(HiSOR), Jiangping Hu (Purdue), M. Matsunami, and S. Kimura (UVSOR) 
 



Title:	  Spin liquids and topological insulators on the Honeycomb lattice 
 
Author: Fakher F. Assaad 
Institut f�ur Theoretische Physik und Astrophysik, Universit�at W�urzburg, Am 
Hubland, 97074 W�urzburg, Germany 
 
Abstract:  
In this talk, I will review aspects of the phase diagram of the Hubbard model on 
the Honeycomb lattice supplemented by a spin orbit coupling term. A quantum 
spin liquid phase as defined by the absence of a local order parameter emerges 
at the transition between the Dirac fermion semi-metallic state and the  
antiferromagnetic Mott insulator. This state is robust against spin orbit 
coupling and is not adiabatically connected to the Z2 topological band insulator. 
The bulk of the Z2 topological band insulator is robust against the screened 
Coulomb interaction. On the other hand, edge states are very sensitive to 
correlations. Substantial magnetic fluctuations develop thereby depleting low 
energy spectral weight in the charge and single particle channels. The above 
results stem from large scale Quantum Monte Carlo simulations on lattice sizes 
up to 18_18 unit cells and have been partially published in Refs. [1] and [2]. 
 
[1] Z. Y. Meng, T. C. Lang, S. Wessel, F. F. Assaad, and A. Muramatsu, Nature 
464, 847 (2010). 
 
[2] M. Hohenadler, T. C. Lang, and F. F. Assaad, Phys. Rev. Lett. 106, 100403 
(2011). 
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Title: Correlation effects - from simple metals to complex systems: Recent 
developments in electronic structure and spectroscopic calculations  
 
Author: Jan Minar 
Dep. Chemie, LMU University of Munich, Germany 
 
Abstract:  
A brief introduction to the theory of angle-resolved photoemission spectroscopy 
(ARPES) of solids is given with an emphasis on the so-called one-step-model of 
photoemission that describes excitation, transport to the surface and the escape 
to the vacuum in a coherent way. This is followed by a short description of the 
main features of an implementation of the one-step-model within the Munich 
SPR-KKR program package [1]. Special attention will be put on the possibility to 
account for correlation effects and chemical disorder using the LSDA+U or DMFT 
(dynamical mean field theory) schemes in combination with the Coherent 
Potential Approximation (CPA) alloy theory, respectively. To illustrate the 
applicability of the new  formalism several examples of ARPES calculations from 
simple metals as well as from complex disordered alloys will be presented. 
Spectral features of ferromagnetic bcc Fe and hcp Co will be discussed for in-
plane and out-of-plane configurations of the magnetization [2]. The influence of 
chemical disorder and correlation on ARPES data is analyzed, as an example, 
for the NixPd1-x alloy system [3]. Typical aspects of Rashba physics are shown 
for  paramagnetic 5d-metals like Pt and Au [4] as well as for the binary 
intermetallic AuxNi1-x alloy. Finally, topological behavior in the surface emission 
from W(110) will be discussed on the basis of the corresponding experimental 
data. 
 
References 
1.  H. Ebert, D. Ködderitzsch, J. Minar, Rev. Prog. Phys., accepted (2011). 
2. J. Minar, JPCM Topical review, accepted (2011);J. S. Barriga  et al., Phys. 
Rev. Lett. 103, 267203  (2009);  J. S. Barriga et al., Phys. Rev. B 82, 104414 
(2010). 
3. J. Braun et al. Phys. Rev. B 82, 024414 (2010). 
4. A. Nuber et al. Phys. Rev. B 82, 165401 (2011). 
 
 



Title: ARPES and the Pseudogap Phase of the Cuprate Superconductors 
 
Author: Peter D. Johnson 
Condensed Matter Physics and Materials Science Department 
Brookhaven National Laboratory, Upton, NY 11973, USA 
 
Abstract:  
In the under-doped or pseudo-gap phase of the cuprate superconductors, a 
significant portion of the Fermi surface is still gapped at temperatures above the 
transition temperature Tc. Further instead of a closed Fermi surface, 
photoemission studies indicate that the low-energy electronic excitations appear 
to form Fermi arcs separated by gapped regions. Here we report high-resolution 
photoemission studies of this underdoped regime.  A new analysis points to the 
possibility that the Fermi arcs may in fact be one side of Fermi pockets, 
consistent with the underlying nature of the spin liquids in these materials.  By 
examining a range of reduced doping levels down into the non-superconducting 
regime, below 5% doping level, it appears that the areas of the hole pockets 
scale with the doping level consistent with models such as the YRZ ansatz.   A 
particle-hole asymmetry observed in the nodal region is clear evidence that 
electron pairing does not originate from the Fermi arcs in the normal state. 
However in contrast the particle-hole symmetry observed in the anti-nodal region 
is interpreted as evidence for singlet pairs forming along the copper-oxygen bond 
directions at temperatures above the superconducting transition temperature Tc.  
However with the onset of long range phase coherence superconductivity 
emerges on the hole pockets in the nodal region.  
 



Title: Using La1-xSrxMnO3 as a knob to tune superconductivity in YBa2Cu3O7-x  
 
 
Author: Milan Radovic* 
Lab. for synchrotron and neutron spectroscopy EPF Lausanne, Switzerland;  
Swiss Light Source, Paul Scherrer Institut, Villigen, Switzerland 
 
Abstract:  
The relationship between superconductivity and magnetic order is an important issue for 
both fundamental and applicative research (spintronics). The recent progress in 
manufacturing heterostructures provides an opportunity to study the interplay between 
superconductivity and magnetism. Knowing that the valence electrons in cuprates and 
even more in manganites are subject to strong magnetic interactions, the charge transfer 
across the interface accompanied with the magnetization is expected to have a crucial 
influence in these systems. An interesting question is if we use the charge transfer to 
control the doping level of cuprates. If so, it can provide an optimal way to dope cuprates 
without the complication of structural disorders introduced by chemical doping. 
To study the interplay between superconductivity and magnetism we are investigating 
LSMO and YBCO film and a series of n(YBCO)/m(LSMO) bilayers and multilayers (n 
and m are numbers of YBCO and LSMO unit cells respectively) grown on different 
substrates. To study YBCO/LSMO interface we are using Angle Resolved 
Photoemission Spectroscopy (ARPES) (study of electronic structure), Polarized Neutron 
Reflectometry (PNR) (to reveal the depth profile of the magnetic induction) and 
Resonant Inelastic X-ray scattering (RIXS) measurements (for resolving the low energy 
magnetic excitations in with orbital sensitivity). 

 
*Full author list: Milan Radovic1,2, Elia Razzoli1,2, Yasmine Sassa3, Martin Mansson4,  
Ming Shi2, Claude Monney2, Kejin Zhou2, Thorsten Schmitt2,   
Jochen Stahn3, Joel Mesot4 and Luc Patthey2 
1 Lab. for synchrotron and neutron spectroscopy EPF Lausanne, Switzerland;  
2 Swiss Light Source, Paul Scherrer Institut, Villigen, Switzerland;  
3 Lab. for Neutron Scattering, PSI Villigen, Switzerland;  
4 Lab.  for Solid State Physics, ETH Zürich, Switzerland; 
5 Paul Scherrer Institut CH-5232, Villigen, ETH Zürich, EPF Lausanne, Switzerland. 
 



Title: Elementary Magnetic Excitations of Iridates and Cuprates probed by 
Resonant Inelastic X-ray Scattering 
 
 
Author: Jeroen van den Brink 
IFW Dresden, Germany 
 
Abstract:  
Resonant Inelastic X-ray Scattering (RIXS) provides direct access to elementary 
charge, spin and orbital excitations in complex oxides. As a technique it has 
made tremendous progress with the advent high-brilliance synchrotron X-ray 
sources. From the theoretical perspective the fundamental question is to which 
precisely which low-energy correlation functions RIXS is sensitive. Depending on 
the experimental RIXS setup, the measured charge dynamics can include 
charge-transfer, phonon, d-d and orbital excitations [1,2]. I will show that RIXS 
also allows to probe spin dynamics, in particular magnon and bi-magnon 
dispersions [3,4]. Based on these observations, I will discuss the novelties that 
RIXS reveals on the spin dynamics of high-Tc cuprates [5,6] and strongly spin-
orbit coupled iridium-oxides [7]. 
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Title: Exploring charge and magnetic excitations in the cuprates with soft 
x-ray RIXS 
 
Author: Marco Grioni 
École Polytechnique Fédérale de Lausanne, Lausanne, Switzerland 
  
 
Abstract:  
Novel synchrotron radiation spectroscopies probe the electronic structure of 
strongly correlated materials with unprecedented sensitivity and accuracy. 
Resonant inelastic xray scattering (RIXS) in particular offers a view on local and 
collective excitations that is complementary to established techniques like 
neutrons, optics, or photoemission. The commissioning at the Swiss Light Source 
of the high-resolution (E/ΔE~10'000) SAXES soft x-ray spectrometer opened the 
way to measurements of the full spin wave spectrum in the cuprates, and the 
accurate evaluation of crucial model parameters. I will discuss RIXS data for the 
paradigmatic AFM parent compound SrCuO2Cl2 and, for Bi-2212, the evolution 
of the magnetic excitations into the superconducting part of the phase diagram. 
 
 



Title: Ab-initio model calculations for resonant inelastic x-ray scattering 
including the local correlations and low energy excited state dispersion, 
using the relation between absorption, elastic diffraction and inelastic 
scattering 
 
Author: Maurits Haverkort 
Max Planck Institute for Solid State Research, Stuttgart, Germany 
 
Abstract:  
Resonant Inelastic X-ray Scattering (RIXS) has seen an amazing experimental improvement over 
the last ten years [1,2]. Both the resolution as well as the yield has improved by more than one 
order of magnitude. With this progress in mind it is therefore to be expected that this technique 
will soon evolve into a well-established method to measure all kind of low lying excitations and 
their dispersions. In many respects the technique is comparable to neutron scattering, whereby 
each technique has its own virtues.  
 
The theoretical understanding of the RIXS spectral function is quite involved. For the low energy 
excitations like magnons, orbitons or inter-band transitions one would like to have a theory 
including the full momentum dependence of these excitations. At the same time for the 
description of the intermediate state it is required to include the full local many body interactions 
between the localized core hole and the valence electrons. Within the fast collision approximation 
Luo et al. [3] showed that the RIXS spectral function is described by a form-factor and structure 
factor. Furthermore the form-factor is related to spin and orbital momentum operators in a simple 
form, which allows for the measurements of single magnons. Within the fast collision 
approximation all valence-valence and non-spherical valence-core interactions in the intermediate 
state are neglected. For the L2,3 edges of d9 compounds, of which the Cuprates are an important 
example, this is reasonable and allows one to describe the magnetic and orbital excitations, 
including their polarization and momentum dependence. In general this approximation is however 
not justified. 
 
Within this talk I will present a tractable theory for the calculation of the RIXS spectral function 
that allows for the inclusion of both the intermediate state interactions as well as the final state 
momentum dependence [4]. I will factorize the RIXS spectral function into two parts. One part 
describes the low energy excitations without a core hole and the other part describes the chance 
to make such low energy excitations. The transition operator expresses this chance. I will show 
that the transition operator is given by fundamental x-ray absorption spectral functions multiplied 
by low energy operators. For magnetic excitations these fundamental spectra are the magnetic 
linear and circular dichroism [5], which are multiplied by spin operators. 
 
This theory allows for a simple description of selection rules as well as analytical expressions for 
the polarization dependence of RIXS spectral functions. 
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Title: Beyond DMFT: novel approaches to spatial correlations and their 
applications 
 
 
Author: Hartmut Hafermann 
École Polytechnique 
Centre de Physique Theorique (CPHT) 
 
 
Abstract:  
Incorporating non-local correlation e_ects is a major challenge in achieving a 
realistic description of strongly correlated materials. While cluster extensions of 
DMFT allow a rigorous treatment of short-range spatial correlations, only a few 
realistic applications can be treated due to the large computational requirements. 
Novel and promising routes are approaches treating spatial correlations 
approximately, through diagrammatic extensions of DMFT. Their application to 
multiorbital systems remains computationally feasible even for long-range spatial 
correlations. I will review the different approaches and recent developments in 
this field, pointing out current technical challenges and present an application for 
the particular case of dual fermions. 
 



Title: Soft-X-Ray ARPES View of Three-Dimensional Electronic Structure 
 
Author: Vladimir N. Strocov* 
Swiss Light Source, Paul Scherrer Institute 
 
Abstract:  
ARPES experiments in the soft-X-ray energy range bring advantages of free-
electron final states, simplified matrix elements and increasing photoelectron 
escape depth λ. The latter, along with enhancement of the bulk sensitivity, 
implies improvement of the intrinsic resolution in surface-perpendicular 
momentum Δkz = λ-1. This enables, in combination with free-electron final states 
achieved at high energies, investigations of electronic structure of three-
dimensional (3D) systems under reliable control of the full 3D momentum k. 
 
I illustrate these general principles by recent results achieved at the ADRESS 
beamline of SLS (V.N. Strocov et al, J. Synchrotron Rad. 17 (2010) 631). The 
beamline delivers soft-X-ray radiation with variable polarizations in hv range from 
300 to 1600 eV. High photon flux topping up 10^13 photons/s/0.01%BW at 1 keV 
has allowed us to break through the notorious problem of small valence band 
crossection in the soft-X-ray range. Operation with a combined energy resolution 
of 110 meV delivers spectra of publication quality within 5 min, and of 60 meV 
within 30 min. 
 
The use of soft-X-ray ARPES to investigate 3D electronic structure is illustrated 
by our experiments on a prototype transition metal dichalcogenide VSe2. Such 
quasi-two-dimensional systems are particularly challenging because the Δkz 
broadening is comparable with the perpendicular extension of the Brillouin zone. 
We sliced the 3D Fermi surface (FS) in kz by variations of photon energy. The 
experimental FS shows a textbook clarity by virtue of free-electron final states, 
their good definition with small Δkz and smooth matrix elements achieved with 
soft-X-ray energies. A perpendicular cut of the FS reveals its 3D warping which 
gives rise to the out-of-plane component qz of the charge density waves formed 
in VSe2. 
 
I will also give an overview of the recent soft-X-ray ARPES experiments 
performed at the ADRESS beamline including the pilot user projects. These 
include signatures of exciton mediated CDWs in TiSe2, alternating shapes of the 
FS in three-dimensional HTSC pnictides, and hybridization between sp- and f 
states in heavy-fermion systems, and FS of buried layers in LaNiO3/LaAlO3 
hererostructures. Our first results demonstrate an immense potential of soft-X-ray 
ARPES to deliver a clear view of 3D electronic structure. 
 
*Full author list: V.N. Strocov, M. Kobayashi, M. Shi, T. Schmitt and L. Patthey 
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Title: New electronic orderings in misfit cobaltates investigated by ARPES 
 
Author: Alessandro Nicolaou* 
Synchrotron Soleil 
 
Abstract:  
Cobaltates are a family of transition-metal oxides where metallic CoO_{2} planes 
are intercalated with different structures, acting as charge reservoirs. Sodium-
cobaltates are extensively studied since the discovery of an exotic 
superconducting phase in Na_{x}CoO_{2}:H_{2}O. Moreover, they offer the 
possibility to investigate the evolution of the electronic properties from the Mott-
insulator limit (x=0) to the band insulator one (x=1). Surprisingly, signatures of 
strong correlations appear very far from the Mott-insulator limit for x>0.7, where 
good metallicity coexists with Curie-Weiss susceptibility and high thermoelectric 
power [1,2]. In the same doping limit, NMR and anomalous scattering 
experiments detect a charge order on the Co sites, with an organization dictated 
by the Na ordering. 
 
I will present a study, performed by angle resolved photoemission (ARPES) on a 
parent family of compounds, the misfit cobaltates. We have measured many 
compounds with a doping x>0.7, showing the same exotic metallic properties as 
Na cobaltates. I will show that signatures of strong correlations are present in the 
ARPES spectra of misfits and that they yield the reduced bandwidth observed 
also in Na cobaltates [2]. By estimating the number of metallic carriers in different 
misfit phases by mean of Fermi surface mappings we detected the same 
deviation from a rigid-band filling picture as in Na cobaltates, consistent with a 
progressive charge localization. This work proves that, despite the very different 
3D environment for the CoO_{2} planes in misfits and Na cobaltates, a very 
similar physics develops in both families of cobaltates. 
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Title: Cluster Dynamical Mean Field Methods and the Momentum-selective 
Mott transition 
 
Author: Emanuel Gull 
Columbia University 
 
Abstract:  
Innovations in methodology and computational power have enabled cluster 
dynamical mean field calculations of the Hubbard model with interaction 
strengths and band structures representative of high temperature copper oxide 
superconductors, for clusters large enough that the thermodyamic limit behavior 
may be determined. We present the methods and show how extrapolations to the 
thermodynamic limit work in practice. We show that the Hubbard model with 
next-nearest neighbor hopping at intermediate interaction strength captures 
much of the exotic behavior characteristic of the high temperature 
superconductors. An important feature of the results is a pseudogap for hole 
doping but not for electron doping. The pseudogap regime is characterized by a 
gap for momenta near Brillouin zone face and gapless behavior near the zone 
diagonal. for dopings outside of the pseudogap regime we find scattering rates 
which vary around the fermi surface in a way consistent with recent transport 
measurements. Using the maximum entropy method we calculate spectra, self-
energies, and response functions for Raman spectroscopy and optical 
conductivities, finding results also in good agreement with experiment. 
 



Title: Topological Surface States in Topological Insulators 
and Superconductors : Discovery and the New Frontiers 
 
Author: M. Zahid Hasan 
Princeton University 
 
Abstract:  
Abstract: Three dimensional topological insulators (originally called “Topological 
Insulators”) are a new phase  of matter which realizes a non-quantum-Hall-like 
topological state  in bulk matter and unlike the quantum Hall liquids can be 
turned into superconductors [1-3]. In this talk, I will briefly review the basic theory, 
predictions and experimental discovery of topological insulators at ALS-LBNL. 
I will then discuss experimental results that demonstrate the properties of 
topological insulators such as spin-momentum helical locking, non-trivial Berry’s 
phases, mirror Chern number, absence of backscattering or no  U-turn, 
protection by time-reversal symmetry and the existence of  room temperature 
topological order. I will also report the possible exotic roles of superconductivity 
and magnetism in doped topological insulators and their potential applications. 
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Title: Relocation of the topological surface state of Bi2Se3 by Ag atom 
intercalation probed by ARPES and STM 
 
Author: Akio Kimura* 
Hiroshima University 
 
Abstract:  
Three-dimensional (3D) topological insulators, which harbor massless helical 
Dirac fermions in a bulk energy gap, provide a fertile ground to realize new 
phenomena in condensed matter physics, such as a magnetic monopole arising 
from the topological magneto-electric effect and Majorana fermions hosted by 
hybrids with superconductors [1]. The topological insulator phase has been 
predicted and confirmed to exist in a number of binary compounds [1-3] and the 
ternary thallium-based chalcogenides [4,5]. Among them, Bi2Se3 is one of the 
most promising candidates for potential applications in ultra-low power 
consumption quantum devices that can work stably at room temperature due to a 
sufficiently large bulk energy gap [3]. Owing to the time-reversal symmetry, 
topological surface states are protected from backscattering in the presence of a 
weak perturbation, which is important for the realization of dissipationless spin 
transport in novel quantum devices. However, such surface state is not protected 
from scattering by arbitrary angles, so the shielding of this state from impurities is 
an important problem. 
 
Here, we demonstrate by using the state-of-the-art angle resolved photoelectron 
spectroscopy (ARPES) combined with the scanning tunneling microscopy (STM) 
and ab-inito calculation that silver atoms deposited on the surface of Bi2Se3 are 
intercalated between the quintuple layer (QL) units of the crystal, accompanying 
their detachment from the substrate. By making use of the tunable photon energy 
as well as the bulk sensitivity by exciting with the low-energy synchrotron 
radiation, we probe that the topological surface state is relocated beneath the 
detached quintuple layers, accompanied by the appearance of trivial two-
dimensional (2D) states. These novel findings open a pathway to the engineering 
of Dirac fermions shielded from the ambient contamination and may facilitate the 
realization of fault-tolerant quantum devices. 
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Title: BALTAZAR @ KTH: A laser ARTOF facility 
 
Author: Oscar Tjernberg* 
KTH 
 
Abstract:  
The BALTAZAR facility at KTH is a unique setup for laser based ARPES in the 
VUV range. The photon source of the system is built around a high power laser 
source generating ps pulses of IR radiation. Several steps of Higher-Harmonic-
Generation (HHG) are then used to generate 10.5 eV photons at high repetition 
rate (0.5-1 MHz). The electron energy analyzer is of the Time-of-Flight (ToF) type 
with a Delay-Line-Detector (DLD). The use of a laser based source with ps 
pulses together with a high resolution DLD permits high energy- and angular 
resolution while the time-of-flight technique also permits angle resolved data to 
be collected within a complete solid angle. The complete solid angle detection 
results in dispersive information concerning a two dimensional sheet in the 
Brillouin zone rather than just a k-space line as for hemispherical analyzers 
normally used. High energy and angular resolution together with low temperature 
capability permit detailed studies of quantum materials. 
 
We will present the design of the system and show some data that demonstrate 
some the system capabilities.   
 
 
*Full author list: O. Tjernberg, O. Götberg and M. H. Berntsen 
 



Title: Linear band dispersion in multilayer epitaxial graphene grown 
on the SiC(000¯1) C face 
 
Author: Amina Taleb-Ibrahimi* 
CNRS/Synchrotron SOLEIL 
 
Abstract:  
Epitaxial graphene (EG) onto SiC is extremely promising for applications 
because it makes feasible carbon electronics while circumventing carbon 
nanotubes problems, i.e. scalability and contact problems. It is possible to 
grow exceptional quality graphene on both Si and C faces of SiC. For 
multilayer epitaxial graphene (MEG) grown on the C-face, a unique 
rotational stacking of the graphene layers causes adjacent graphene 
layers to be electronically decoupled. A set of nearly independent linearly 
dispersing bands (Dirac cones) at the graphene K-point are observed, 
where each cone corresponds to an individual macro-scale graphene 
sheet. The top layers in MEG are quasi neutral, with the Dirac point within 
experimental resolution from the Fermi level (about 10meV). This is in 
contrast to deviations to the linear dispersion observed elsewhere for 
highly doped EG on the Si-face indicating electron-phonon and electron-
plasmon coupling (the Dirac point is ~ 440 meV below EF). We will provide 
here direct experimental evidence of these observations using angle-
resolved photoemission. 
 
* Full author list: "M. Sprinkle, J. Hicks, A. Tejeda, A. Taleb-Ibrahimi, P. 
LeFèvre, F. Bertran, C. Berger , P. Soukiassian, A. Lanzara, W.A. deHeer,  
and E.H. Conrad 
	  



Title: Pairing symmetry studies on iron pnictides / chalcogenides through 
Angle-resolved photoemission 
 
Author: Yiming Xu* 
Lawrence Berekley National Laboratory 
 
Abstract:  
The newly discovered iron pnictide and iron chalcogenide superconductors have 
joined the copper oxide (cuprates) superconductors into the category of high-
temperature superconductors. Angle-resolved photoemission spectroscopy 
(ARPES) has been used extensively in studying electronic structure and 
superconducting gap of both systems. A remarkable similarity of the two systems 
is that both of them have a superconducting dome emerging from an 
antiferromagnetic (AF) phase when extra carriers (dopants) are introduced. Thus 
the superconductivity in pnictides/chalcogenides, like the one in cuprates, has 
raised the possibility of spin fluctuations mediated paring in these new 
superconductors. In this talk, I will present our recent ARPES results on these 
pnictide/chalcogenide materials, mainly focus on high-resolution measurements 
of the superconducting gap function of many different pnictide/chalcogenide 
superconductors.Our results strongly suggest that the pairing mechanism of the 
pnictides/chalcogenides is likely to be driven by short-range antiferromagnetic 
fluctuations. 
 
*Full author list: Y.-M. Xu, P. Richard, Y.-B. Huang, T. Qian, X.-P. Wang, P. 
Zhang, X.-Y. Cui, E. Razzoli, M. Radovic, G.-F. Chen, P. Zheng, N.-L. Wang, H.-
H. Wen, C.-L. Zhang, P.-C. Dai, J.-P. Hu, X. Dai, Z. Fang, Z. Wang, and H. Ding 
 
 



Title: The Non-quasiparticle Nature and Origin of Fermi Arcs: Insights from 
the ARPES Tunneling Spectra 
 
Author: Theodore Reber* 
University of Colorado 
 
Abstract:  
The “normal”, i.e. non-superconducting state of underdoped cuprate 
superconductors is an extremely unusual state of matter, widely argued to be 
more exotic and interesting than the high temperature supercondcting state to 
which it is linked. This normal state is characterized by three key phenomena – 
a) a confusing “Fermi arc” typically described as a discontinuous locus of 
quasiparticle-like excitations at the Fermi energy, b) a “pseudogap” 
corresponding to weakly gapped states above the superconducting transition 
temperature and c) a non-Fermi Liquid behavior usually indicated by unusual 
electronic scattering rates. Here we show, via the application of a new type of 
quantitative ARPES-based spectroscopy, that the Fermi arcs as well as much of 
the pseudogap phenomenology are naturally explained as a consequence of the 
interplay of a d-wave gap with a strongly temperature dependent pair-breaking 
scattering rate. In particular, we show a) the Fermi arc is not a discontinuous 
locus of quasiparticle excitations at the Fermi surface but is rather a continuous 
locus of non-quasiparticle excitations due to the weight scattered into the gap, b) 
uncondensed Cooper pairs form in the pseudogap state, and c) the non-
quasiparticle excitations composing the Fermi arc are natural candidates to 
explain much of the anomalous non-Fermi-liquid like behavior of cuprates. 
 
*Full author list: T. J. Reber, N. C. Plumb, Z. Sun, Y. Cao, Q. Wang, H. Iwasawa, 
M. Arita, J. S. Wen, Z. J. Xu, G. Gu, Y. Yoshida, H. Eisaki, Y. Aiura, and D. S.  
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Title: Interplay of Supermodulation and Electronic Structure in Bi2201 
 
Author: Jonathan Rosen* 
University of British Columbia 
 
Abstract:  
In the study of high-temperature superconductors a complete understanding of 
the competing states of matter accessed via temperature and chemical doping is 
vital to the interpretation of the experimental results.  The recent discovery of 
multiple incommensurate structure modulations in underdoped Bi2201 [1] 
explains the previous misidentification of fermi surface features [2] and highlights 
the importance of a systematic study of structural ordering in this material. We 
use ARPES and LEED to extend previous studies with the temperature and 
doping dependence of the spectroscopic features associated with multiple-q 
structural order. The results allow us to relate the crystal surface symmetry with 
ordering coherence as a function of temperature and the single-electron spectral 
function. This finding of detailed interplay between structural and electronic order 
at temperatures above and below superconductivity sheds new light on the 
complex phase diagram of the cuprates. 
 
References: 
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Title: How fast do Charge Density Waves melt? 
 
Author: Timm Rohwer* 
Institut für Experimentelle und Angewandte Physik 
 
Abstract:  
Charge-density waves (CDWs) are broken-symmetry states of low-dimensional 
solids that are brought about by strong electron-phonon interaction. They are a 
classical paradigm of condensed matter physics. Yet, surprisingly, their 
microscopic origin in real materials is still poorly understood. In quasi-two-
dimensional systems, for example, the common approaches based on ARPES 
band structure results—looking for nested sections of the Fermi surface or for a 
peak in the electronic susceptibility—have almost no predictive power. 
Apparently, a more successful explanation has to take into account the delicate 
balance between several factors including not only electronic and phononic 
structure, but also electron-electron (electron-hole) and electron-phonon 
interactions. Here, we will explore whether femtosecond time-resolved ARPES 
using pulsed extreme ultraviolet radiation (43 eV) by a table-top high-harmonic-
generation source can provide novel insights into the relative roles that the 
various factors play in CDW formation. We will focus on three conspicuous 
CDWs in prominent members of the family of layered transition-metal 
dichalcogenides: the (2×2×2) CDW in the possible excitonic insulator 1T-TiSe2

[1], 
the (√13×√13) CDW in the Mott insulator 1T-TaS2

[2] and the c(2√3×4)rect. CDW 
in the Peierls insulator RbxTaS2

[3]. Our particular goal will be to reveal the relative 
importance of electronic (excitonic) or phononic contributions to each CDW 
transition by relating measured breakdown and equilibration dynamics of CDW-
induced spectral features to typical elementary time scales in layered 
compounds. 
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Title: What precisely is meant by the nonequilibrium melting of a charge 
density wave insulator 
 
Author: Wen Shen* 
Georgetown University 
 
Abstract:  
Many pump/probe photoemission spectroscopy experiments on materials like 
TaS2 and TbTe3 show a gap closure in the density of states shortly after the 
system has been pumped with energy followed by its reopening on 
subpicosecond time scales.  In addition, experiments sensitive to the order 
parameter show a lowering of the order parameter shortly after the pump, but it is 
not suppressed to zero. Hence, it appears that in nonequilibrium there is a 
decoupling of the gap closure from the suppression of the order parameter, 
unlike what happens in equilibrium.  Using an exact formulation of a charge-
density wave insulator in equilibrium at zero temperature which is pumped to a 
nonequilibrium state by a large femtosecond pulse and then probed to measure 
the photoemission spectra, we model these experiments with a system that can 
have its density of states and their occupancy change due to the pump, but we 
find that the charge-density-wave order parameter is never suppressed to zero.  
We see evidence for gap closure occurring without complete suppression of the 
order parameter, just like what is seen in experiments.  We discuss the 
implications of these results on different pump/probe experiments with charge-
density-wave materials. 
 
*Full author list: Wen Shen, Jim Freericks 



Title: Probing the Local Magnetic Order in Quasi-1D Cuprates with 
Resonant Inelastic X-Ray Scattering 
 
Author: Thorsten Schmitt* 
Paul Scherrer Institut 
 
Abstract:  
The quasi-one-dimensional cuprates Li2CuO2 and CuGeO3 are prototype edge-
sharing chain compounds [1]. The Cu2+ ions in these strongly correlated 
materials give rise to one spin ½ per CuO4 plaquette with a nearest neighbor Cu-
O-Cu bond angle close to 90° implying weak superexchange coupling between 
Cu spins. For Li2CuO2 below TN~9K the spins order antiferromagnetically 
between the chains, but ferromagnetically in the chains. For CuGeO3 short range 
antiferromagnetism coexists with frustrated magnetic interactions, but for low 
temperatures (TSP≈14 K) the presence of strong fluctuations drives the system 
into a Spin-Peierls phase. 
 
We have performed Resonant Inelastic X-ray Scattering (RIXS) at Cu L3 and O 
K-resonances at the ADRESS beamline of the Swiss Light Source on these 
compounds. Our momentum resolved RIXS measurements at the Cu L3-edge 
allow analyzing orbital excitations with high sensitivity. At the O K-edge, the RIXS 
spectra display a complicated interplay of low-energy excitations from charge, 
orbital and lattice degrees of freedom. In particular, we discuss charge transfer 
related spectral components in the scenario of exotic Zhang-Rice (ZR) singlet 
and triplet excitations which can be reached in the final state with O K-edge RIXS 
[2,3]. For CuGeO3 only ZR triplet excitations are observed with increasing 
intensity when cooling towards TSP. Temperature dependent measurements for 
Li2CuO2 evidence clear opposite temperature behavior for these two spectral 
components, in good agreement with optical conductivity calculations [4]. 
Comparing the energy of both ZR excitations from the spectra allows determining 
the binding energy of the Zhang-Rice singlet in Li2CuO2. Furthermore, the 
intensity development of the ZR excitations is analyzed in terms of the 
thermodynamics of domain walls in one dimension. Our study establishes RIXS 
as an excellent probe for investigating local magnetic order in quasi-one-
dimensional cuprates. 
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2.   T. Learmonth et al., Euro. Phys. Lett. 79, 47012, (2007). 
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Title: Non-equilibrium self-energy-functional theory 
 
Author: Michael Potthoff* 
Institut fuer Theoretische Physik, University of Hamburg, Germany 
 
Abstract:  
Using standard perturbation theory to all orders, the grand potential of a system 
of strongly correlated electrons can be expressed as a functional of the self-
energy such that the physical self-energy is a stationary point. Nonperturbative 
approximations can be constructed by restricting the domain of the self-energy 
functional to a subspace of trial self-energies spanned by an exactly solvable 
reference system [1]. This comprises approximations, such as the dynamical 
mean-field theory (DMFT) and the variational cluster approximation (VCA). 
 
Here we show that this concept can be extended straightforwardly to the non-
equilibrium case. Green’s functions and self-energies have to be defined on the 
three-branch Keldysh-Matsubara contour in the complex time plane [2], and the 
grand potential must be reinterpreted accordingly. The resulting variational 
scheme is extremely general and provides a rederivation of non-equilibrium 
DMFT [3], for example. 
 
To discuss practical issues relevant for a numerical implementation of a non-
equilibrium VCA, we consider in a first step a coupling of Hubbard-type reference 
systems consisting of two sites only. Different initial states will be considered, 
e.g. an uncorrelated Neel state or a correlated singlet state, to study the time 
evolution of spin correlations [4]. 
 
[1] M. Potthoff, Eur. Phys. J. B 32, 429 (2003). 
[2] M. Wagner, Phys. Rev. B 44, 6104 (1991). 
[3] J. Freericks et al., Phys. Rev. Lett. 97, 266408 (2006). 
[4] M. Balzer, M. Potthoff, Phys. Rev. B 83, 195132 (2011). 
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Title: Nonlocal in space and time correlations in solids 
 
Author: Alexander Lichtenstein* 
University of Hamburg 
 
Abstract:  
Based on path-integral formalism and CT-QMC method we develop a general 
theory of non-local interactions for lattice fermion models which 
allows us to describe the electronic spectral function and collective charge 
and spin excitations on equal footing. The efficient perturbation theory in 
the interaction of fermionic and bosonic degrees of freedom which is valid 
for both weak and strong coupling limits and interpolates between them is 
constructed. Zero-order approximation of this theory corresponds to the 
extended dynamical mean-field theory (EDMFT), a regular way to calculate 
nonlocal corrections to the EDMFT being provided. The method is especially 
suitable for consideration of collective magnetic and charge excitations and 
allows to calculate their renormalization with respect to ``bare'' RPA-like 
characteristics. As an illustration it is shown that effective superexchange 
interactions in the half-filled Hubbard model can be derived within the 
dual-ladder approximation. A time-dependent scheme for electronic spectral 
functions will be discussed. 
 
*Full author list: Alexander Lichtenstein, Alexey Rubtsov, and Mikhail Katsnelson 
 



Title: High-resolution Angle-resolved Photoemission of LaRu2Si2 and 
CeRu2Si2 
 
Author: Jonathan Denlinger 
ALS/LBNL 
 
Abstract:  
The three-dimensional electronic structure of the prototypical heavy fermion f-
electron material CeRu2Si2 and its non-f reference material La Ru2Si2 are 
investigated using photon-dependent angle-resolved photoemission 
spectroscopy (ARPES) over a wide energy range of 30-500 eV. In the lower 
energy range special attention is paid to the identification of surface states 
arising from the Si-terminated surface and the modification and suppression of 
the surface states via dosing experiments and polarization-dependence of the 
incident light. The low energy scale differences in the electronic structure 
between the two compounds are the result of f-d hybridization present for Ce and 
absent for La.  In addition, the improved ARPES capabilities at the recently 
commissioned ALS Merlin beamline (BL4.0.3) newly reveal differences in f-d 
hybridization strength for bulk and surface bands. 
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Title: Theory of non-linear collective photoexcitations in a Mott insulator 
 
Author: Takashi Oka 
The University of Tokyo 
 
Abstract:  
During the past decades, the intensity of ultra-short pulse lasers have  
increased by an order of magnitudes.  We show that there is an interesting field 
of research in the highly non-linear regime below the optical gap  
accessible with present day's lasers. To show this, we develop a theory of non-
linear excitations in strongly correlated insulators beyond the Kubo formula 
regime. This is a many-body extension of Keldysh's ionization theory  
and is demonstrated in an exactly solvable one dimensional Hubbard model  
by combining the Landau-Dykhne method with the Bethe ansatz solution [1].  
The predictions are compared with td-DMRG as well as recent 
results in non-equilibrium DMFT [2]. 
 
Using this scheme, we show that the distribution of holon-antiholon pairs  
created by strong lasers can be controlled by changing the laser's photon energy.  
We estimate the Schwinger limit for several materials and discuss the relevance 
to controlling photo-induced phase transitions in pump-probe experiments. 
 
[1] Takashi Oka, arXiv:1105.3145.  
[2] Martin Eckstein, Takashi Oka, Philipp Werner, Phys. Rev. Lett. 105, 146404 
(2010). 
 
 



Title: Cooperative interplay between CE-type spin ordering and 
ferromagnetism in (Pr, Ca)MnO3 
 
Author: Shuyun Zhou* 
ALS/LBNL 
 
Abstract:  
Charge, orbital and spin orderings play an important role in transition metal 
oxides.  In the case of colossal magnetoresistance (CMR) manganites, the 
competition between localized CE-type charge, orbital and spin ordered 
(CO/OO/SO) state and itinerant ferromagnetism (FM) is believed to be the key 
for the colossal change in resistance which can be induced by various external 
perturbations. Here I will present our recent results on the spin and orbital 
ordering in Pr1-xCaxMnO3 (PCMO) using resonant soft x-ray scattering as a 
direct probe.  I will first compare the orbital and spin orderings in both 50% doped 
and 30% doped PCMO, and reveal an unexpected cooperative interplay between 
the CE-type spin ordering and ferromagnetism - two seemingly incompatible 
states in 30% doped PCMO, as well as the fragility of the CE-type ordering that 
underpins the CMR effect. I will also discuss our recent time-resolved resonant x-
ray scattering study of the spin/orbital ordering dynamics across the laser-
induced insulator to metal transition. 
 
*Full author list: Shuyun Zhou, Yi Zhu, Matt Langner, Yi-De Chuang, A.G. Cruz 
Gonzalez, N. Tahir, Zahid Hussain and Robert Schoenlein 



Title: ON THE ELECTRONIC STRUCTURE OF Ba(Fe1-xCox)2As2 
ACROSS THE SUPERCONDUCTING PHASE TRANSITION 
 
Author: Marino Marsi* 
Universite' Paris-Sud 
 
Abstract:  
The recent discovery of superconducting iron pnictide compounds has triggered 
an intense scientific effort to understand the electronic properties of these 
materials, and their implications for the mechanism of superconductivity. In order 
to shine new light on this open issues, we performed at the BaDElPh beamline of 
Elettra [1] an extensive Angle-Resolved PhotoElectron Spectroscopy study of the 
electron-doped compound Ba(Fe1 xCox)2As2, for different temperatures and 
photon polarizations. 
 
We will present a detailed analysis of these results, which made it possible to 
clarify the nature of the five iron 3d orbitals in the holelike electronic structure 
close to the Fermi level. In particular, we will show that the iron 3dz2 orbital is 
instrumental in explaining the role of strong electronic correlations in these iron-
pnictide compounds [2]. These findings are discussed in comparison with the 
most recent theoretical models.  
 
Furthermore, we identified the changes in the electronic structure induced by the 
superconducting transition, which can be explained with a s+- order parameter. 
Nevertheless, a simple scenario with only one harmonic contribution to the orbital 
dependent weighting prefactors of the order parameter is not sufficient: multiple 
harmonic terms are necessary to explain the experimentally observed behaviour, 
in contrast with the hole-doped compounds of the same family. We will discuss 
these results taking into account the orbital nature of the Fermi surface as a 
function of the position in the phase diagram. 
 
[1]  L. Petaccia et al., Nucl. Instr. and Meth. A 606, 780 (2009)  
[2]  B. Mansart et al., Phys. Rev. B 83, 064516 (2011) 
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Title: Simultaneous vectorial spin mapping of a topological insulator using 
circularly-polarized time-of-flight photoemission 
 
Author: Nuh Gedik* 
MIT 
 
Abstract:  
We introduce a time-of-flight based angle-resolved photoemission spectroscopy 
using ultrafast circularly-polarized laser pulses that is capable of measuring 
vectorial spin distribution simultaneously over an entire volume of phase space. 
We apply this general technique to obtain spin maps over the complete surface 
band of a topological insulator Bi2Se3. It is found that surface electrons behave 
as an ideal helical Dirac cone within a narrow energy range about the charge 
neutrality point, but acquire modulations in all three components of spin at higher 
energies relevant to device applications. I will also discuss how the pulsed nature 
of TOF-ARPES naturally lends itself to time-resolved imaging of band 
dispersions and spin-polarizations in electronic systems driven out-of equilibrium. 
 
*Full author list: Nuh Gedik, Yihua Wang, David Hsieh, Dan Pilon, Dillon 
Gardner, Young Lee 
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Title: Band renormalization in cuprate and ruthenate superconductors 
 
Author: Hideaki Iwasawa* 
Hiroshima Synchrotron Radiation Center, Hiroshima University 
 
Abstract:  
Knowledge on the electronic structure is indispensable to understand the 
unconventional superconductivity. Especially, it is important to characterize the 
renormalization effects of the electrons near the Fermi level. To understand the 
renormalization effects in cuprate and ruthenate superconductors, we have 
performed the high-resolution polarization-dependent ARPES. By tuning the 
polarization and photon energy, we have clearly observed the high-energy 
anomaly in both superconductors. It is also found that the high-energy anomaly 
appears depending on the band character. In this talk, we will discuss the global 
renormalization effects and the origin of the high-energy anomaly in cuprate and 
ruthenate superconductors. 
 
*Full author list: H. Iwasawa, Y. Yoshida, H. Eisaki, T. Masui, S. Tajima, K. 
Shimada, H. Namatame, M. Taniguchi, D. S. Dessau, Y. Aiura 



Title: Superconductivity and Pairing Fluctuations in the Half-Filled Two-
Dimensional Hubbard Model 
 
Author: Michael Sentef* 
SIMES / University of Augsburg (Germany) 
 
Abstract:  
The two-dimensional Hubbard model exhibits superconductivity with d-wave 
symmetry even at half-filling in the presence of next-nearest neighbor hopping. 
Using plaquette cluster dynamical mean-field theory with a continuous-time 
quantum Monte Carlo impurity solver, we reveal the non-Fermi liquid character of 
the metallic phase in proximity to the superconducting state. Specifically, the low-
frequency scattering rate for momenta near (pi, 0) varies non-monotonously at 
low temperatures, and the dc conductivity is T-linear at elevated temperatures 
with an upturn upon cooling. Evidence is provided that pairing fluctuations 
dominate the normal-conducting state even considerably above the 
superconducting transition temperature. 
 
*Full author list: Michael Sentef, Philipp Werner, Emanuel Gull, Arno P. Kampf 



Title: New Strongly Correlated Electron Perspective on High Temperature 
Superconductors 
 
Author: Gey-Hong Gweon* 
University of California, Santa Cruz 
 
Abstract:  
We discuss new data and new analysis of angle resolved photo-electron 
spectroscopy (ARPES) on the high temperature superconducting cuprates.  New 
data include detailed Fermi surface maps on Na-oxychloride superconductors, 
including hitherto unexplored samples at optimal doping and over doping, as well 
as those at under-doping.  New analysis includes an unprecedentedly 
comprehensive and successful analysis of ARPES line shape of various high 
temperature superconductors in the normal state.  Not only new laser-based data 
but also traditional synchrotron-based data are included on equal footing.  The 
emerging picture is that the electron correlation is of fundamental importance in 
determining the properties of the competing order, the normal state, and multiple 
energy scales.  In particular, we highlight a new theoretical approach, the theory 
of extremely correlated Fermi liquid.   
 
*Full author list: Gey-Hong Gweon 
 University of California, Santa Cruz, CA, 95064, USA 
Sriram Shastry 
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Jianqiao Meng 
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 Condensed Matter Physics and Materials Science Department 
 Brookhaven National Laboratory, Upton, New York, 11973, USA 
Sung-Ik Lee 
 Department of Physics, Pohang University of Science and Technology 
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Title: Two-dimensional electronic states in LaTiO3/SrTiO3 oxide interfaces 
 
Author: Young Jun Chang 
ALS, LBNL 
 
Abstract:  
Oxide interfaces draw increasing attention for the fascinating phenomena and the 
possibilities of next-generation electronic applications. However, the electronic 
properties of the interfaces remain elusive mainly due to lack of obvious 
experimental evidences. Here we report the band structure measurements of 
LaTiO3/SrTiO3 heterostructures comprised of unit-cell layers. We applied angle-
resolved photoemission spectroscopy (ARPES) to map the electronic structure of 
oxide multilayers grown by in situ pulsed laser deposition on the BL7.0, ALS. We 
found that the interface generates a high-density electron liquid over few unit 
cells from the junction. We further discuss the orbital characteristics of the 
interface electronic states with comparison to the recent theoretical calculations. 
Our result demonstrates the unit-cell layer resolved electronic structure of the 
LaTiO3/SrTiO3 interface and potential application for other complex oxide 
interfaces. 
 
The ALS is supported by the director of the Office of Science, Office of Basic 
Energy Sciences, of the U.S. Department of Energy under contract DE-AC02-
05CH11231. Y. J. C., A. L. W., and K. H. acknowledge the support by the Max 
Planck Society. L. M. acknowledge support by a grant from the Swiss National 
Science Foundation (SNSF)(project PBELP2-125484). 
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Title: Depth-Resolved Standing-Wave Excited ARPES of Buried Layers and 
Interfaces: LSMO/STO Magnetic Tunnel Junction 
 
Author: Alexander Gray* 
UC Davis and LBNL 
 
Abstract:  
Traditional angle-resolved photoemission spectroscopy (ARRES) is an 
established powerful technique, enabling direct measurement of the valence-
band electronic structure of materials. Here we introduce a new depth-selective 
photoemission technique by combining soft x-ray ARPES with standing-wave 
(SW) excited photoelectron spectroscopy, wherein the intensity profile of the 
exciting x-ray radiation is tailored within the sample. This effect is accomplished 
by setting-up an x-ray standing-wave field within the sample by growing it on a 
synthetic periodic multilayer mirror substrate, which in first-order Bragg reflection 
acts as the standing-wave generator. The antinodes of the standing wave 
function as epicenters for photoemission, and can be moved vertically through 
the buried layers and interfaces by scanning the x-ray incidence angle. We apply 
the new SW-ARPES technique to the investigation of the electronic properties of 
the buried interface within a magnetic tunnel junction La0.7Sr0.3MnO3/SrTiO3. 
Depth-resolved k-space maps of Mn 3d eg and t2g states from the bulk-like and 
interface-like regions of the buried La(0.7)Sr(0.3)MnO3 layer exhibit distinctly 
different behavior suggesting a change in the Mn bonding state near the 
interface. The experimental results are compared to the state-of-art one-step 
photoemission theory including matrix element effects. 
 
Research was supported by the U.S. Department of Energy, Office of Science, 
Office of Basic Energy Sciences, Division of Materials Sciences and Engineering 
under Contract No. DE-AC02-05CH11231. 
 
*Full author list: A. X. Gray, J. Minár, L. Plucinski, M. Huijben, A. Bostwick, E. 
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Title: Low-Energy Scale Excitations and Ordering at Metal-Organic 
Interfaces 
 
Author: Achim Schöll* 
Universität Würzburg, Exp. Physik 7 
 
Abstract:  
"The metal-organic interface plays a crucial role for the electronic functionality 
and overall performance of organic devices. Ordering of organic thin films and 
adsorption of the first molecular layer, which are of fundamental relevance for the 
contact properties, are determined by the molecule-substrate and molecule-
molecule interaction. On the example of 1,4,5,8-naphthalenetetracarboxylic 
dianhydride (NTCDA) and Cu-phtalocyanine (CuPC) on Ag(111) we will provide 
some indications that strong electronic correlations and many-body effects occur 
at these interfaces and may be decisive for the molecular arrangement.  
For NTCDA/Ag(111) inverse melting, an unconventional ordering phenomenon 
that leads to disordering upon cooling, can be observed [1]. The transition to the 
disordered phase leads to a significant and characteristic change of the 
electronic structure, whose origin is believed to be a consequence of strong 
electron correlation between molecular states and the Bloch states of the surface 
[2]. In particular, we observe a peculiar narrow excitation feature at the Fermi 
level for the ordered phase, which is related to the partial occupation of the 
metal-molecule hybridization state. This feature displays a strong temperature 
dependence and is immediately connected to the binding energy of the 
hybridization state, determined by the coupling between the molecule and the 
substrate. At low temperatures, the line-width of this feature amounts to only ~ 10 
meV, representing an unusually small energy scale for electronic excitations in 
these systems. We discuss possible origins, related e.g. to many-body 
excitations in the organic-metal adsorbate system. 
 
 
[1] A. Schöll, L. Killian, Y. Zou, J. Ziroff, S. Hame, F. Reinert, E. Umbach and 
R.H. Fink, Science, 303 (2010)  
[2] J. Ziroff, F. Forster, A. Schöll, P. Puschnig, and F. Reinert, PRL 104 (2010) 
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Title: Role of electron-phonon coupling in 4d transition metal oxide 
magnetism 
 
Author: Chul Kim* 
Institute of Physics and Applied Physics, Yonsei University, Korea 
 
Abstract:  
Spin triplet superconductivity observed in Sr2RuO4 triggered the research on 4d 
transition metal oxides. The triplet pairing for the superconductivity in Sr2RuO4 is 
theoretically suggested that the pairing is mediated by the exchange of 
ferromagnetic (FM) fluctuation. However, absence of ferromagnetic fluctuation 
and repeated observations of incommensurate antiferromagnetic (AFM) 
fluctuation from inelastic neutron scattering indicate that a better understanding 
of magnetism is needed.  
Related to the issue in Sr2RuO4 is the magnetism in Ca2-xSrxRuO4 (CSRO) for 
which RuO6 octahedra are rotated. While density functional calculations predict 
FM ground state for systems with rotated RuO6, AFM ordering has recently been 
observed in the magnetic susceptibility data from CSRO. As the theoretically 
predicted FM ground state of RuO6 system is known to be closely related to the 
pairing mechanism of Sr2RuO4 spin-triplet superconductivity, AFM ordering 
observed in CSRO raises questions about the FM fluctuation mediated spin 
triplet superconductivity in Sr2RuO4. 
For a better understanding of the magnetic phase diagram, we performed high-
resolution angle resolved photoemission on Sr2RuO4 as well as on a related 
material Sr2-xLaxRhO4. ARPES results from systems with rotated RuO6 
octahedral (surface states of Sr2RuO4 and Sr2-xLaxRhO4) show strong kink 
features in the band dispersion. The kink structure causes enhanced van Hov 
singularity and increases the density of states at the Fermi level, which in turn 
affects the magnetism. The origin of kink is found to be from the electrn phonon 
coupling. By comparing the magnetic properties and electronic structures of 
CSRO, SLRhO and SLRuO, I will try to explain the role of electron-phonon 
coupling in the magnetism of 4d transition metal oxides. 
 
 
*Full author list: Chul Kim, Y. K. Kim, W. S. Kyung, D. J. Song, W. S. Jung, Y. Y. 
Koh, H. Y. Choi, Y. Yoshida, H. Eisaki, M. Arita, K. Shimada, Changyoung Kim 



Title: Dynamical Vertex Approximation for Nanoscopic Systems 
 
Author: Giorgio Sangiovanni 
Vienna University of Technology 
 
Abstract:  
With the aim of calculating strongly correlated materials more and more reliably, 
different novel approaches have been proposed in recent years. 
Quantum Cluster Theories turned out to be very successful for 2- and 3-
dimensional Hubbard and related models. Complementary approaches, like Dual 
Fermion and Dynamical Vertex Approximation, classifiable as diagrammatic 
extensions of single-site Dynamical Mean Field Theory, become superior when 
long-range spatial correlations need to be accurately described.   
An interesting application of Dynamical Vertex Approximation is the one for 
nanoscopic systems [Phys. Rev. Lett. 104, 246402 (2010)]. 
The increasing complexity of nanoscopic systems and the possibility of tuning 
their physical properties through nano-engineering constitutes a new challenge 
for theories, in particular when strong electronic correlations are involved.  
I will discuss how Dynamical Vertex Approximation can be applied to such 
problems. I will show how to model a quantum point contact with 110 atoms and 
present our finding that the contact becomes insulating already before entering 
the tunneling regime due to a local Mott-Hubbard transition occurring on the 
atoms which form the point contact. I will also present results for the realistic 
case of a manganite nano-cluster where we combined our algorithm with a one-
electron Hamiltonian calculated within Density Functional Theory 
 



Title: Widespread spin polarization effects in photoemission from 
topological insulators 
 
Author: Chris Jozwiak* 
ALS/LBNL 
 
Abstract:  
High resolution spin-ARPES was performed on the 3D topological insulator 
Bi2Se3 using the high efficiency spin-TOF spectrometer developed at the ALS.  
The surface state’s predicted helical spin structure, including spin textures of 
opposite chirality above and below the Dirac point, is observed and found to 
persist at room temperature.  In addition to the expected spin structure, the 
measurements reveal surprising spin polarization effects that also seem to 
originate from the spin-orbit interaction, but are well differentiated from 
topological physics by contrasting momentum and photon energy and 
polarization dependencies.  These measurements demonstrate significant 
differences between quasiparticle and photoelectron spin polarizations.  These 
findings emphasize the complexity of spin-ARPES experiments and demonstrate 
important considerations for their interpretation. 
 
References 
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Title: Surface 2DEGs in correlated and topological solids 
 
Author: Phil King* 
University of St Andrews, UK 
 
Abstract:  
"Electric-field control of the conductivity of a two-dimensional electron gas 
(2DEG) lies at the heart of semiconductor-based electronics. Here, through in-
situ surface control, we demonstrate an analogue of such field-effect generation 
of 2DEGs at the bare surfaces of the prototypical complex oxide SrTiO3 [1] and 
the model topological insulator Bi2Se3 [2,3], and utilize angle-resolved 
photoemission (ARPES) to gain unprecedented insights into their electronic 
structure. For SrTiO3, we observe co-existing ladders of subbands of both light 
and massive carriers, reflecting the multi-orbital nature of this system. We 
demonstrate that the 2DEG density can be controlled via exposure to intense UV 
light [1], suggesting a unique methodology to spatially pattern the ground-state 
density of a 2DEG with potential applications in oxide electronics. Unusually, we 
find evidence for a co-existence of strongly-interacting but very mobile electrons, 
which may hold the key to understanding the unique properties observed in oxide 
interface 2DEGs. In Bi2Se3, we induce a 2DEG that coexists with the topological 
surface state of this material [2]. Via effective surface gating, we demonstrate the 
emergence and electrostatic control of a large Rashba spin-splitting [3], which 
should provide an ideal platform for room-temperature operation of advanced 
spintronic devices such as the spin-FET, as well as their scaling to nanometer 
dimensions. Together, these results establish the potential of surface field-effect 
control combined with ARPES measurements both to elucidate details of the 
spectral function of quantum-confined states in emerging electronic materials, 
and to demonstrate their potential for practical application. 
 
[1] W. Meevasana, P.D.C. King et al., Nature Mater. 10 (2011) 114 
[2] M. Bianchi, P.D.C. King et al., Nature Commun. 1 (2010) 128 
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Title: Electronic Structure of Topologically Nontrivial Sb Films: a 
Reconciliation of Spin-Polarized Surface States and Unpolarized Quantum-
Well States 
 
Author: Tom Miller* 
University of Illinois at Urbana-Champaign 
 
Abstract:  
Topological insulators support protected spin-polarized currents on their 
surfaces, which make them candidates for potential spintronics applications. In a 
centrosymmetric crystal, the bulk bands are spin-degenerate. Yet the polarized 
surface states have dispersions that carry them, in parts of the Brillouin zone, 
into these unpolarized bulk conduction and valence bands. We present 
experimental and theoretical work on thin films of Sb to elucidate this passage 
from spin-polarized surface states to unpolarized bulk states. Thin films are likely 
to be relevant for device fabrication, and the use of a thin film in the experiments 
converts the normal bulk-band continuum into a spectrum of discrete quantum-
well subbands which are more amenable to observation by angle-resolved 
photoemission. Comparison of experiment with theoretical calculations provides 
a reconciliation of the behavior of the surface and bulk states in parts of the zone 
where they must intermix.  
 
*Full author list: G. Bian, T. Miller, and T.-C. Chiang 
Department of Physics, University of Illinois at Urbana-Champaign, 1110 West 
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Title: Doping dependence of electron-coupling spectrum in the nodal 
direction of Bi2212 
 
Author: Hiroaki Anzai* 
Hiroshima Synchrotron Radiation Center 
 
Abstract:  
In high-Tc cuprate, the electron is coupled with other excitations of various 
frequencies. Hence, the energy-resolved information of the electron coupling is 
an important clue to the pairing mechanism of superconductivity. Recently, low-
photon energy angle-resolved photoemission spectroscopy (ARPES) has 
revealed the presence of new renormalization in the nodal dispersion of Bi2212 
at ~10 meV [1,2]. The question how such a coupling develops on doping is one 
of the interesting topics. In this study, we have performed a systematic low-
energy ARPES study of Bi2212, and deduced the doping dependence of the 
effective electron-coupling spectrum in the nodal direction. We found that bilayer 
bands arise from double CuO2 planes of Bi2212 show a similar mass 
enhancement at low-energy < 15 meV. As hole concentration decreases, the 
coupling spectral weight of low-energy part increases more rapidly than the 
intermediate part around ~65 meV. In contrast, that of the high-energy part > 130 
meV decreases with underdoping. We found evidence for a crossover of the 
dominant coupling excitation from the ~ 65 meV to the < 15 meV on underdoped 
side. These results suggest a competition among multiple screening effects as a 
possible origin of the mass enhancement. 
 
[1] J. D. Rameau et al., PRB 80, 184513 (2009) 
[2] N. C. Plumb et al., PRL 105, 046402 (2010) 
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Title: The Role  of  Electron-Phonon  Coupling  in  the  CDW phase 
transitions in TaSe2 
 
Author: Yue Cao* 
University of Colorado 
 
Abstract:  
We will report our research progress of the classical charge density wave 
material 2H-TaSe2.  The formation of the CDW can be driven by the electronic 
instability or by the interplay between electrons and phonons, which is an 
essential ingredient of CDW. In this talk, we will provide a novel analyzing 
technique that can help distinguish the two scenarios. We will discuss the three 
possible nesting schemes in this talk and compare its electronic instability. We 
employ a novel band dissected technique to analyze the characteristic correlation 
functions for the CDW phase.  By comparing the electronic instability to the 
actual band folding in the incommensurate CDW phase, we can tell the role of 
electronic structure /  electron phonon coupling in this material. This discussion 
will help improve our understanding of the CDW and of the nesting picture in 
general. 
 
 
*Full author list: YUE CAO, ZHE SUN, QIANG WANG, JIXIA  DAI,  KYLE  
MCELROY,  MICHAEL  HERMELE,  University of  Colorado, 
HELMUTH  BERGER,  Institute  of  Condensed  Matter Physics, EPFL, 
Switzerland, DANIEL DESSAU, University of Colorado 



Title: MERLIN beamline and its capability in angle-resolved photoemission 
(ARPES) and high resolution M-edge resonant inelastic X-ray scattering 
(MERIXS) spectroscopy 
 
Author: Yi-De Chuang* 
Lawrence Berkeley National Laboratory 
 
Abstract:  
Beamline 4.0.3 (MERLIN) is currently under commissioning and will be open to 
general users. In this presentation, we will outline the performance of the 
beamline, as well as capabilities of two endstations: ARPES endstation with 
Scienta R8000 energy analyzer and MERIXS endstation with VLS spectrograph. 
We will also show some preliminary results obtained at these endstations. 
 
*Full author list: Jonathan Denlinger, Yi-De Chuang, Andrew Wray 



Title: ARPES studies of bilayer manganites – stripes, nesting, and electron 
localization 
 
Author: Dan S. Dessau* 
University of Colorado 
 
Abstract:  
I will present some of our recent ARPES results on bilayer manganites, including 
temperature-dependent studies of the electron localization inside the bilayer 
orbitally-ordered stripe phase at x=0.59, the impact of the CE phase at x=0.50, 
as well as a wide-ranging doping study from x=0.36 up to x=0.61. These studies 
show the impact of the Fermi surface as well as the real space structure on the 
various ordering phenomena, as well as the feedback of these phenomena on 
the electronic structure.  
 
* Full author list : D. S. Dessau, Z. Sun, Q. Wang, A. V. Fedorov, H. Zheng, H. 
Lin, A. Bansil, R. Markiewicz, J. F. Mitchell  
 



Title: Spatially resolved ARPES on strongly correlated materials 
 
Author: Pavel Dudin* 
Sincrotrone Trieste – Elettra 
 
Abstract:  
We report on the first experience of using scanning probe ARPES facility at 
Spectromicroscopy beamline of Elettra light source. The scanning probe 
microscope, is equipped with multilayer coated objectives to condense VUV 
radiation into micro-spot probe with the diameter of 0.5 micron. There are two  
excitation energies available, 27 and 74 eV. This scanning probe approach 
provides ordinary ARPES experiment with spatial resolution. 
 
The microscope has been commissioned few years ago, and now is growing its 
user community. Up to now, the approach of spatially and angle resolved 
photoemission was found very useful in studies of systems with strong electronic 
correlations, including Mott-Hubbard transition in vanadium oxides [1], graphene 
band dispersion studies at micro-scale, percolation driven superconductivity in 
Ru/SrRu2O4 eutectic, CDW phase in TaS2 etc. We will show how the 
microscope is useful for the visualization of spatial inhomogenities in electronic 
dispersion, or in the measurements of electronic dispersion curves on ultra-small 
samples with sub-micron sizes. 
 
Also the recent improvements of microscope performance will be discussed: the 
sample environment in the range of 15-500K, best achievable energy and 
angular resolution of 13 meV and ±0.12 degrees on 2D detector of small (40 mm 
mean radius) movable hemispherical analyzer. 
 
*Full author list: A.Barinov, P.Dudin 



Title: Prerequisites and consequences of superconductivity in iron 
arsenides from angle-resolved photoemission spectroscopy (ARPES) 
 
Author: Daniil Evtushinsky* 
IFW Dresden 
 
Abstract:  
Angle-resolved photoemission spectroscopy (ARPES) has shown that the Fermi 
surface shape varies drastically for different iron-based superconductors, and 
importance of simple nesting for high Tc is doubtful. Next we address the 
superconducting gap and more fine features, emerging in the electronic spectrum 
below Tc. In high-quality optimally doped (Ba,K)Fe2As2 and (Ba,Na)Fe2As2 
strong in- and out-of-plane momentum dependence of the gap was determined 
via fitting of quasiparticle density to Dynes function. A sharp kink in the 
dispersion and spectral weight depletion were found to appear at Tc, indicating 
strong coupling to a bosonic mode with energy of around 13 meV.  
 
References 
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2. J. Minar, JPCM Topical review, accepted (2011);J. S. Barriga  et al., Phys. 
Rev. Lett. 103, 267203  (2009);  J. S. Barriga et al., Phys. Rev. B 82, 104414 
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Title: Angle and spin resolved photoemission measurements on the 
surface state of a Bi/Si(111) surface 
 
Author: Olof Götberg* 
KTH Royal Institute of Technology 
 
Abstract:  
We have studied 1 ML of Bi forming trimers on a Si(111) substrate. The 
Bi/Si(111) trimer surface shows a giant Rashba-type spin split where spin-orbit 
coupling results in spin polarized bands separated by a large energy split. 
 
Previous studies on Bi/Si(111) [1] show a peculiar Rashba effect where the time-
reversal symmetry is broken. The electronic structure is more complex than in a 
pure Rashba system as there are band crossings at the surface Brillouin zone 
(SBZ) boundaries. 
 
We have conducted detailed ARPES measurements that map the dispersion of 
the spin split bands around the K and M points of the SBZ. Spin resolved PES 
measurements verify the spin polarization of the electronic structure. 
 
[1] K. Sakamoto et al., Phys. Rev. Lett. 103, 156801 (2009) 
 
*Full author list: Olof Götberg 
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Title: Electronic properties of pristine and functionalized graphene 
 
Author: Alexander Grüneis* 
University of Vienna and IFW Dresden 
 
Abstract:  
Regarding the device applications of graphene, chemical functionalization is one 
of the key strategies to tailor its electronic properties [1]. We have carried out 
functionalization of chemical vapour deposition (CVD) grown graphene 
monolayers [2] with alkali and hydrogen atoms [3]. This enables us to tune the 
energy bandgap as well as the electron concentration of graphene 
independently.  
 
Angle-resolved photoemission spectroscopy (ARPES) performed at the BaDElPh 
beamline of Elettra [4] is employed to directly measure the spectral function 
which gives us full access to the electron-phonon coupling and their dependence 
on doping level, wavevector direction and impurities. Furthermore, a metal to 
insulator transition in graphene is discussed in terms of band insulator [5] versus 
electron localization [6]. 
 
[1] D.C. Elias, R.R. Nair, T.M.G. Mohiuddin, S.V. Morozov, P. Blake, M.P. 
Halsall, A.C. Ferrari, D.W. Boukhvalov, M.I. Katsnelson, A.K. Geim, and K.S. 
Novoselov, Science 323, 610 (2009). 
[2]  A. Grüneis, K. Kummer, and D.V. Vyalikh, New J. Phys. 11, 073050 (2009). 
[3]  D. Haberer, L. Petaccia, M. Farjam, S. Taioli, S. A. Jafari, A. Nefedov, W. 
Zhang, L. Calliari, G. Scarduelli, B. Dora, D. V. Vyalikh,  T. Pichler, Ch. Wöll, D. 
Alfè, S. Simonucci, M. S. Dresselhaus, M. Knupfer, B. Büchner, and A. Grüneis ,  
Phys. Rev. B 83, 165433  (2011) 
[4] L. Petaccia, P. Vilmercati, S. Gorovikov, M. Barnaba, A. Bianco, D. Cocco, C. 
Masciovecchio, and A. Goldoni, Nucl. Instr. and Meth. A 606, 780 (2009). 
[5] J.O. Sofo, A.S. Chaudhari, and G.D. Barber, Phys. Rev. B 75, 153401 (2007). 
[6] A. Bostwick, J.L. McChesney, K.V. Emtsev, Th. Seyller, K. Horn, S.D. Kevan, 
and E. Rotenberg, Phys. Rev. Lett. 103, 056404 (2009)." 
 [1] R. Doubble, et al., Phys. Rev. Lett. 105, 27207 (2010). 
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Title: High-resolution ARPES study of the electron self-energy in Pd(110) 
 
Author: Hirokazu Hayashi* 
Graduate School of Science, Hiroshima University 
 
Abstract:  
Palladium (Pd) metal is close to the magnetic instability according to the Stoner 
condition. A recent neutron scattering study clearly indicated magnetic 
excitations or “paramagnons” in Pd [1]. In this study, we have performed 
polarization-dependent high-resolution ARPES measurements in order to 
evaluate the many-body interactions on the quasi-particles in Pd(110). 
Experiments were done at the linear undulator beamline (BL-1) of Hiroshima 
Synchrotron Radiation Center. We have measured the bulk-derived Σ1 band 
along the ΣKX line with the photon energy of 21eV, with the p-polarization 
geometry. Based on the detailed self-energy analyses, we have found a clear 
kink structure at EB~24 meV and a broad hump structure around EB~120 meV in 
both real- and imaginary-parts of the self-energy. We will discuss how the 
experimental results can be explained by assuming the electron-phonon and 
electron-paramagnon interactions. The photon-energy dependence of the 
magnitude of those coupling parameters will be also discussed. 
 
 [1] R. Doubble, et al., Phys. Rev. Lett. 105, 27207 (2010). 
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Title: From a Single-Band Metal to a High-Temperature Superconductor via 
Two Thermal Phase Transitions 
 
Author: Ruihua He* 
ALS/LBNL 
 
Abstract:  
Applying multiple experimental techniques to study the same model system can 
permit deeper insights to be obtained and a firmer conclusion to be made than 
otherwise on a long-standing controversy, for example, the nature of the 
pseudogap phase in cuprate superconductors. In this Stanford-Berkeley 
collaboration, we have performed a combined ARPES (led by Z.-X. Shen and Z. 
Hussain), magneto-optical Kerr effect (led by A. Kapitulnik) and time-resolved 
reflectivity (led by J. Orenstein) study on the same optimally-doped Pb-Bi2201 
crystals [1]. Our results reveal consistent, strong evidence for a rounded phase 
transition at the pseudogap temperature (T*), from a relatively simple one-band 
metal above into a broken-symmetry state of as-yet-unknown nature below T*. 
Upon further cooling close to the superconducting transition temperature (Tc), 
the pseudogap order starts being entangled with the newly-emerging 
superconductivity in an energy-momentum-dependent fashion. This eventually 
leads to a high-Tc ground state with coexisting orders, which is more complex 
than previously thought. 
 
[1] R.-H. He et. al., Science 331, 1579 (2011). 
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Hinton, J. P. Testaud, V. Nathan, Y. Yoshida, Hong Yao, K. Tanaka, W. 
Meevasana, R. G. Moore, D. H. Lu, S.-K. Mo, M. Ishikado, H. Eisaki, Z. Hussain, 
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Title: Stacking faults in bi-layered LSMO  
 
Author: M.A. (Suman) Hossain* 
Stanford Institute for Materials and Energy Science (SIMES) 
 
Abstract:  
The bi-layered manganite La$_{2-2x}$Sr$_{1+2x}$Mn$_2$O$_7$ (x=0.4) has 
been investigated by X-ray PhotoEmission Electron Microscopy (X-PEEM) both 
at the Mn L and O K edges. Spatially resolved magnetic dichroism 
measurements provide direct evidence of stacking faults (SF) in the sample that 
has a different T$_c$ from the rest of the sample. Linear dichroism spectra 
reveal the dimensionality and electronic nature of the SFs relative to the bi-
layered host.  
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Title: Anomalous Kink Energy scales in the Tri-layer High-Tc Cuprate 
Superconductor Bi2Sr2Ca2Cu3O10+delta observed by ARPES 
 
Author: Shin-ichiro Ideta* 
Tokyo University 
 
Abstract:  
It is known that Cooper pairs are formed through electron-boson coupling, and as 
a result of the coupling, anomalies in band dispersions, so called a “kink”, occurs 
in the angle-resolved photoemission spectroscopy (ARPES) spectra of high-T_c 
cuprate superconductors (HTSCs). In order to elucidate the mechanism of kink, 
ARPES studies have been performed on the tri-layer cuprate 
Bi_2Sr_2Ca_2Cu_3O_{10+\delta}(Bi2223). The kink energy in the nodal direction 
was found to be nearly independent of material ~ 70 meV [1, 2]. According to a 
recent calculation by Sandvik et al. [3], nodal electrons are coupled with the anti-
nodal electrons which form the superconducting (SC) gap. That is, the nodal kink 
energy is expressed as E_{kink} = Ω + Δ, where Ω is the energy of boson mode, 
and Δ is the anti-nodal SC gap. Also, Devereaux et al. [4] have reported the 
anisotropy in the electron-phonon coupling, and shows that nodal electrons are 
strongly coupled with anti-nodal gap energy. In a recent ARPES study, Lee et al. 
[5] have reported experimental results for the nodal kink which supports the 
theoretical suggestion. However, despite the fact that the single- and double-
layer cuprates show different sizes of the SC gap in the anti-nodal region, the 
kink energy shows the same value ~ 70 meV. Therefore, it has been unclear 
whether the anti-nodal SC gap couples with nodal electronic structure or not. 
 
In our recent AREPS work on the tri-layer HTSC Bi2223, we have successfully 
observed band splitting corresponding to the three (two outer and one inner) 
CuO_2 planes [6], and also observed different gap sizes for the inner and outer 
CuO_2 planes. In this work, we have performed ARPES measurements of the tri-
layer HTSC Bi2223 in order to observe the kink energy in the outer and inner 
CuO_2 planes. In the SC state, the outer band shows a ~70 meV kink which is 
similar to the previous results in single- and double-layer HTSCs. On the other 
hand, the inner band has an unprecedentedly large kink energy ~ 95 meV, 
reflecting the very large anti-nodal gap of the inner CuO_2 plane.  
References 
[1] A. Lanzara et al., Nature 412, 510 (2001). [2] X. J. Zhou et al., Nature 423, 
398 (2003). [3] A. W. Sandvik et al., Phys. Rev. B 69, 094523 (2004). [4] T. P. 
Devereaux et a., Phys. Rev. Lett. 93, 117004 (2004). [5] W. S. Lee et al., Phys. 
Rev. B 77, 140504(R) (2008). [6] S. Ideta et al., Phys. Rev. Lett. 104, 227001 
(2010). 
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Title: Evidence for conventional superconductivity in SrPd2Ge2 from 
combined ARPES, STS and LDA studies  
 
 
Author: Timur Kim* 
Diamond Light Source Ltd  
 
Abstract:  
Electronic structure of SrPd2Ge2 single crystals is studied by angle-resolved 
photoemission spectroscopy (ARPES), scanning tunneling spectroscopy (STS) 
and band-structure calculations within the local-density approximation (LDA). The 
STS measurements show single s-wave superconducting energy gap Δ(0) = 0.5 
meV. Photon-energy dependence of the observed Fermi surface reveals a 
strongly three-dimensional character of the corresponding electronic bands. By 
comparing the experimentally measured and calculated Fermi velocities a 
renormalization factor of 0.95 is obtained, which is much smaller than typical 
values reported in Fe-based superconductors. We ascribe such an unusually low 
band renormalization to the different orbital character of the conduction electrons 
and using ARPES and STS data argue that SrPd2Ge2 is likely to be a 
conventional superconductor, which makes it clearly distinct from isostructural 
iron pnictide superconductors of the "122" family.  
 
*Full author list: T. K. Kim, A. N. Yaresko, V. B. Zabolotnyy, A. A. Kordyuk, D. V. 
Evtushinsky, N. H. Sung, B. K. Cho, T. Samuely, P. Szabó, J. G. Rodrigo, J. T. 
Park, D. S. Inosov, P. Samuely, B. Büchner, and S. V. Borisenko  



Title: Resonant Inelastic X-Ray Studies on the Cu-L edge in 1-Dimensional 
Cuprate Chains  
 
 
Author: James Lee* 
Stanford University 
 
Abstract:  
Resonant Inelastic X-ray Scattering (RIXS) is a photon-in, photon-out 
spectroscopy technique with the capability of seeing many-body interactions in 
great detail. The recent achievement of sub-eV resolution in RIXS has opened up 
a new avenue for experiments to study these effects quantitatively. Here we 
present high-resolution RIXS data at the Cu L-edge on the quasi-one-
dimensional edge-sharing chain compound, Ca2+xY2-xCu5O10, which is the only 
known dopable quasi-1D chain compound. Charge excitations corresponding to 
doped holes can be clearly resolved when the photon energy is tuned to the 
resonance at the hole band. In addition, we find that the d-d excitations appear to 
disperse with incident photon energy and momentum, and have a nontrivial 
intensity modulation. Effects of hole doping on these excitations will be 
discussed. 
 
 
*Full author list: Jame Lee, M. Yi, W.S. Lee, K. Zhou, C. Monney, S. Johnston, J. 
Van den Brink, T. Schmitt, L. Patthey, T.P. Devereaux, Stanford University, K. 
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Title: Evidence for weak electronic correlations on iron-pnictides 
 
Author: Giorgio Levy* 
Physics and Astronomy Department, University of British Columbia 
 
Abstract:  
We performed resonant photoemission spectroscopy experiments on 
Co-substituted BaFe2As2 and CaFe2As2 compounds. 
Based on these results, we will show that their electronic correlations 
are weak: i) the soft X-Ray absorption spectra have a weak multiple 
effect; ii) partial density of states calculations based on density 
functional theory is able to reproduce the photoemission and absorption 
spectra; iii) the on-site Coulomb repulsion U for 3d electrons is smaller 
than the their total bandwidth. We will further discuss that in despite of 
these finding, ab initio band structure calculations are not able 
reproduce the band dispersions obtained from angular resolved 
photoemission spectroscopy. 
 
*Full author list: "G. Levy1, R. Sutarto1, H.Wadati2, D. Chevrier3, T. Regier3, R. 
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Title: ARPES Study of the Phase Diagram of Fe$_{1+y}$Te$_{1-x}$Se$_x$ 
 
 
Author:  Zhongkai Liu  
Stanford University 
 
Abstract:  
Iron chalcogenide Fe$_{1+y}$Te$_{1-x}$Se$_x$ is a unique member among the 
iron-based superconductor family due to its simplicity in structure and richness in 
physics. The end member Fe$_{1+y}$Te has an antiferromagnetic order with 
Neel temperature ~72K. Substitution of Se for Te suppresses this long-range 
magnetic order and enters a ``spin-glass'' phase where (pi,0) short-range 
magnetic order contributes to weak charge carrier localization. Superconductivity 
emerges by further substitution of Se and suppression of the short-range 
magnetic order. Here we present ARPES study on this system, providing 
evidence of the underlying physics in the phase diagram by analyzing electronic 
structure information. The comparison of iron chalcogenide and other iron-based 
systems help us identify the governing physics in this new family of 
superconductors. 



Title: Photocurrent from a correlated, multi-orbital electronic 
structure 
 
Author: Konrad Matho 
Institut Néel 
 
Abstract:  
"ARPES offers the possibility to explore both low and high energy features 
of the one particle excitations in a correlated system. For the theoretical 
interpretation of the angle resolved spectra, one needs reliable 
approximations to the momentum and energy dependent one particle 
Green function (GF) in the entire range that is relevant for the experimental 
data. Our continued fraction method (CFM) interpolates between the low 
energy propagator for coherent quasi-particle excitations and the leading 
2n terms of the high energy “moment” expansion. Based on an ansatz for 
the GF that has n zeros and n+1 poles in the complex energy plane, an 
iterative algorithm [1-3] constructs the unique solution. Spelled out for the 
general case in [2], the algorithm can also accelerate numerical routines of 
the dynamical mean field theory that require an “impurity solver” [4]. 
Interpolations using the same ansatz without obeying the algorithm [5], 
cannot fulfill all the moment sum rules.  
At this workshop, I will present new results with the CFM, concerning the 
matrix GF, or resolvent, of multi-orbital lattice models for transition metal 
oxides and heavy fermion systems. Starting from the Dyson equation for 
the GF, the spectrum of the angle resolved photocurrent is calculated in 
the presence of hybridisation, charge transfer and matrix element effects. 
This allows to discuss kinks and waterfalls in the ARPES intensity that 
occur at intermediate excitation energies, beyond the generic crossover 
described in [3], as well as changes in the intensity distribution that depend 
on the polarisation and frequency of the incoming photon beam.  
 
[1]  K. Matho, J. Phys. Chem. Solids  56, 1735 (1995) 
[2]  K. Matho, J. Electron Spectrosc. Relat. Phenom. 117-118,  13 (2001) 
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[4]  R. Hayn, P. Lombardo and K. Matho   Phys. Rev. B 74, 205124 (2006) 
[5]  G. Kotliar et al., Rev. Mod. Phys. 78, 865 (2006) 
	  



Title: The metal-insulator transition in VO2 films studied by ARPES 
 
Author: Luca Moreschini* 
ALS/LBNL 
 
Abstract:  
The study of the electronic structure of vanadates has traditionally been 
hampered by the poor surface quality of single crystals, insufficient for angle-
resolved photoemission experiments. In particular, the evolution of the band 
structure of VO2 across the 340K metal-insulator transition (MIT) has not been 
directly measured up to this point, with photoemission data limited to angle-
integrated mode and giving evidence only of the gap opening. New opportunities 
are offered by the growth of oxide films. WIth the in situ pulsed-laser-deposition 
system available on beamline 7.0.1 at the Advanced Light Source we have 
grown VO2(001) films on a TiO2 substrate and measured the distribution of the 
quasiparticle spectral weight in the metallic phase. These results will permit a 
direct comparison with the existing theoretical calculations. In addition, they open 
the way to the study of the MIT as a function of film thickness and doping, e.g., 
with W, which causes the suppression of the insulating phase. 
 
*Full author list: Luca Moreschini, Young Jun Chang, Davide Innocenti, Andrew 
L. Walter, G. Gaines, A. Bostwick, Jonathan Denlinger, E. Rotenberg. 



Title: Three-dimensional Fermi surfaces and orbital characters in 
antiferromagnetic BaFe_2_As_2_ 
 
Author: Yosuke Nakashima* 
Graduate School of Science, Hiroshima University 
 
Abstract:  
As with many superconducting materials, the phase diagrams of novel iron-
based materials exhibit superconducting and antiferromagnetic phases in 
proximity to each other.  Therefore their relation has attracted much interest 
recently.  In these phase transitions, Fermi surface should play important roles, 
but three-dimensional shapes of the Fermi surfaces remain controversial.  Here, 
we have mapped out the Fermi surfaces of BaFe_2_As_2_ in three-dimensional 
momentum space by using synchrotron-radiation angle-resolved photoemission 
spectroscopy.  The experiments were performed at BL-9A and BL-1 of Hiroshima 
Synchrotron Radiation Center, using low-energy and linearly-polarized excitation 
photons, respectively. 
 
We have observed dramatic k_z_ dependence of the Fermi surfaces in the 
antiferromagnetic state. In particular, the innermost hole pocket around k_z_ axis 
shows non-monotonic k_z_ dispersion, in contrast to the previous reports of 
conventional ARPES.  In going from the paramagnetic to antiferromagnetic 
phase, a saddle point appears right below Fermi energy at Z and Γ points, 
changing the shape of the innermost hole pocket from cylindrical to tear-shaped, 
as expected from first-principles calculation.  Our polarization-dependent ARPES 
has revealed that the electronic states at these saddle points have even orbital 
character with respect to Γ-X plane.  Our observations suggest that the Fermi 
surfaces in BaFe_2_As_2_ are largely reconstructed by the antiferromagnetic 
order in three-dimensional momentum space. 
 
*Full author list: Y. Nakashima1, A. Ino1,2, b, S. Nagato1, H. Anzai3, G. Hara1, 
Y. Utsumi1, J. Jiang1, H. Hayashi1, H. Iwasawa3, K. Shimada3, H. Sato2,3, M. 
Arita3, H. Namatame3, M. Taniguchi1,3, T. Oguchi4, Y. Aiura2,5,A. Iyo5, H. 
Kito5, K. Miyazawa5, P. M. Shirage5, I. Hase^5^, H. Eisaki5, C-H. Lee5, and K. 
Kihou5 
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Title: Resonant Inelastic X-ray Scattering in a Mott insulator 
 
Author: Nandan Pakhira* 
Georgetown University 
 
Abstract:  
We calculate resonant inelastic X-ray scattering spectra in a Mott insulator which 
is described by the Falicov-Kimball model. This model can be solved exactly with 
dynamical mean field theory (up to a local background correction). The focus of 
this work is to identify specific features in the scattering spectra that are strongly 
enhanced when on resonance and which illustrate features of the insulating 
phase. We find that, the response systematically evolves from a single peak 
structure to a two peak structure as we vary the incident photon frequency from 
the bottom of the lower Hubbard band to top of the upper Hubbard band. These  
correlation induced features are found to be robust and survive even for 
moderately large Auger lifetime broadening effects (where the inverse Auger 
lifetime is on the order of the Mott gap). We believe such correlation induced 
relaxation processes have been already observed in recent measurements on 
Sr2IrO4 by K. Ishii  et. al. (Phys. Rev. B,  83, 115121 (2011)).  
As a comparison, we also calculate the dynamic structure factor for this model, 
which  is proportional to the non-resonant part of the response, and does not 
show these specific signatures. 
 
*Full author list: Nandan Pakhira, J.K.Freericks, A. M. Shvaika 



Title: ARPES in the low photon energy regime: bulk sensitivity and 
quasiparticles at the Mott transition in V2O3 
 
Author: Luca Petaccia 
Elettra Sincrotrone Trieste 
 
Abstract:  
"The characterization of correlated materials is often hampered by the fact that 
the electronic structure of the spectral region close to the Fermi level, which 
determines the wondrous phenomena they exhibit like phase transitions and 
superconductivity, may be different between surface and bulk. Angle resolved 
photoemission spectroscopy (ARPES) is one of the main experimental 
techniques to study the electronic structure but its intrinsic surface sensitivity 
often turns out to be a problem for the fermiology of coherent electronic states. 
The use of low energy photons in ARPES enables unprecedent energy and 
momentum resolutions and it is expected to increase its bulk sensitivity. 
 
The BaDElPh beamline at the Elettra synchrotron light source was constructed to 
perform ARPES at low photon energy in conditions of high flux and high energy 
resolution [1]. These characteristics were exploited to quantify the bulk sensitivity 
of this technique and to investigate the electronic properties of the prototype Mott 
compound V2O3. 
 
We measured the effective attenuation length (EAL) of slow electrons both for a 
small-gap insulator [2] and a rare earth film [3]. In both cases the EAL increases 
when lowering the electron energy but the experimental values are smaller than 
expected from the predictive formula, i.e. the so-called “universal curve” [4]. For 
the V2O3 correlated compound, spectral features corresponding to the 
quasiparticle peak in the metallic phase were clearly observed at low photon 
energy [5]. This coherent peak presents a marked wave vector dependence, with 
a stronger intensity along the GZ direction in agreement with recent theoretical 
calculations [6]. We point out that the bulk sensitivity in low-energy 
photoemission may be lower than early expectation and may strongly depend on 
the investigated material. These results appear to be of general interest also for 
other strongly correlated materials. 
 
Work performed with Marino Marsi and colleagues at LPS Orsay, Francesco Offi 
and colleagues at the University of RomaTre, Stefano Iacobucci at IFN-CNR 
Rome, and A. Goldoni and colleagues at Sincrotrone Trieste. 
 
[1] L. Petaccia et al., Nucl. Instr. and Meth. A 606, 780 (2009). 
[2] F. Offi et al., Phys Rev. B 78, 233403 (R) (2008). 
[3] F. Offi et al., J. Phys.: Condens. Matter 22, 305002 (2010). 
[4] M.P. Seah and W.A. Dench,  Surf. Interface Anal. 1, 2 (1979). 
[5] F. Rodolakis et al., Phys. Rev. Lett. 102, 066805 (2009). 
[6] A.I. Poteryaev et al., Phys. Rev. B 76, 085127 (2007). 
 



Title: Robust surface electronic properties of topological insulators: Bi2Te3 
and Bi2Se3 films grown by molecular beam epitaxy 
 
Author: Lukasz Plucinski* 
PGI-6 FZ Juelich, Germany 
 
Abstract:  
The surface electronic properties of the important topological insulators (TI) 
Bi2Te3 and Bi2Se3 are shown to be robust under an extended surface 
preparation procedure which includes exposure to atmosphere and subsequent 
cleaning and recrystallization by an optimized in-situ sputter-anneal procedure 
under ultra high vacuum conditions. Clear Dirac-cone features are displayed in 
high-resolution angle-resolved photoemission spectra from the resulting samples, 
indicating remarkable insensitivity of the topological surface state to cleaning-
induced surface roughness. 
 
Furthermore, we demonstrate that the excitonic surface photovoltage effects 
related to the band offset in the TI/Si(111) heterojunction must be considered in 
deriving the bulk band gap of Bi2Te3 from the angle-resolved photoemission 
measurements. 
 
L. Plucinski, G. Mussler, J. Krumrain, A. Herdt, S. Suga, D. Gruetzmacher, and 
C. M. Schneider, 'Robust surface electronic properties of topological insulators: 
Bi2Te3 films grown by  olecular beam epitaxy', accepted to APL, 
http://arxiv.org/abs/1103.4548 
 
*Full author list: L. Plucinski, G. Mussler, J. Krumrain, A. Herdt, S. Suga, D. 
Gruetzmacher, and C. M. Schneider 



Title: Unexpectedly large isotope shift in the size of the d-wave gap in Pb-
doped Bi2212 
 
Author: Nicholas Plumb* 
Department of Physics, University of Colorado 
 
Abstract:  
Using low photon energy ARPES, we have performed detailed k-resolved studies 
of the d-wave superconducting gap in 16O- and 18O-substituted samples of the 
high-Tc superconductor Bi1.4Pb0.6Sr2CaCu2O8+δ (Pb-Bi2212). At optimal 
doping, we observe that the gap size Δ0 at the d-wave maximum decreases by 
about 4 meV upon 16O → 18O substitution – more than a 10% shift. These 
results are surprising, because the isotope effect (in terms of Tc, at least) is 
strongly suppressed in the optimal-to-overdoped region of the cuprate phase 
diagram. We attempt to explore the doping dependence of the gap shift and to 
comment on the implications of these findings in the context of other recent 
isotope studies. 
 
*Full author list: N. C. Plumb, H. Iwasawa, T. J. Reber, Y. Cao, M. Arita, K. 
Shimada, H. Namatame, M. Taniguchi, Y. Yoshida, H. Eisaki, Y. Aiura, D. S. 
Dessau 
 



Title: Bose-Einstein condensation of collective Cooper pairs 
 
Author: Carlos Ramirez* 
Universidad Nacional Autonoma de Mexico 
 
Abstract:  
In this work, we present a new evidence to support the view point that the superc
onductivity could be a Bose-Einstein condensation (BEC). It is well known that  
Cooper pairs are not true bosons [1] andthen, we introduce the concept of  
collective Cooper pairs (CCP) as a unitary transformation of Cooper  pairs  [2].  
We  further  prove  that  they  accomplish  bosonic  commutation  relations  at  
the dilute limit [3], which could occur close to the critical temperature. Next, we  
rewrite the Bardeen-Cooper-Schrieffer (BCS) Hamiltonian in terms of collective  
Cooper pairs, and demonstrate that its ground and excited states have bosonic  
nature. The CCP energy spectrum is determined by using the  BCS  Hamiltonian  
and  in  consequence,  the  BEC  critical  temperature  of  CCP  is  calculated  
and compared to the BCS one. The numerical calculations were carried out for  
macroscopic systems by means of a multi-shell model and an analytical freedom
-degree reduction technique. Finally, some thermodynamic properties of such  
bosonic system are also analyzed. 
 
[1] J. Bardeen, L.N. Cooper and J.R. Schrieffer, Phys. Rev. 108 (1957) 1175. 
[2] C. Ramirez and C. Wang, Phys. Lett. A 373 (2009) 269. 
[3] C. Ramirez and C. Wang, J. Phys. Chem. Solids (2011) doi:10.1016/j.jpcs.20
10.10.039.  
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Title: Photoemission studies of plasmon-assisted electron acceleration 
from gold nanopillars 
 
 
Author: Joseph S. Robinson* 
ALS/LBNL 
 
Abstract:  
We present measurements of photoemission from lithographically prepared gold 
nanopillars irradiated with few-cycle, ~800nm laser pulses, which show clear 
evidence of plasmon-assisted electron acceleration. Comparison of these 
spectra to those obtained by irradiating a flat gold surface at the same laser 
intensities shows electron kinetic energies tens of eV higher in the emission from 
the nanostructured surface. A model, consisting of multiphoton ionization 
followed by classical acceleration of the electrons in an oscillating electric field, 
qualitatively reproduces the electron kinetic energy spectra and suggests an 
enhancement of the electric field due to the nanopillars that is ~30 times greater 
than the incident laser field. Such nanostructures may be of interest for direct 
time-resolved measurements of plasmon fields using isolated attosecond XUV 
pulses. 
 
*Full author list: Joseph S. Robinson, Phillip M. Nagel, Bruce Harteneck, Thomas 
Pfeifer, Mark J. Abel, Stephen R. Leone, and Robert A. Kaindl 
 



Title: Analysis of the spectral weight at the fermi level of NdNiO$_3$  thin 
films through the metal to insulator phase transition 
 
Author: Eike F. Schwier* 
University of Fribourg 
 
Abstract:  
We present an analysis of the temperature dependence of the electronic 
structure close to the Fermi level of NdNiO$_{3}$  thin films. The analysis is 
based on angle-integrated ultra violet photoemission measurements between 
$T=1.8 T_{MIT}$  down to $T=0.2 T_{MIT}$  while the film undergoes a metal to 
insulator transition at $T_{MIT}=170 K$.  
We found a temperature hysteresis in the spectral weight at the Fermi level  
comparable to measurements of the thin film conductance. We further analyzed 
the temperature dependence of the gap size in the insulating phase and 
demonstrate a link between the frustration of the magnetic ordering at the Ni site 
and the electronic structure. 
 
*Full author list:  
E. F. Schwier1, V. K. Malik1, M. García-Fernández1, V. Scagnoli2, G. I. Meijer3, 
M. G. Garnier1, C. Bernhard1, P. Aebi1  
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Title: The coupling parameters of many-body interactions in metals 
studied by high-resolution ARPES 
 
Author: Kenya Shimada* 
Hiroshima Synchrotron Radiation Center, Hiroshima University 
 
Abstract:  
"We performed high-resolution angle-resolved photoemission 
spectroscopy (ARPES) of various metallic elements in order to evaluate 
coupling parameters of the electron-phonon and electron-electron 
interactions. In this presentation, we briefly summarize quantitative 
lineshape analyses of ARPES spectra, and report results from a bulk-
derived electronic state in Fe(110) as an example of strongly correlated 
electron systems [1]. We found significant effective mass enhancement of 
~3 due to the electron-electron interaction in agreement with previous 
studies [2,3]. On the other hand, the coupling parameter for the electron-
phonon interaction was ~1/10 of that for the electron-electron interaction. 
Our lineshape analyses suggested there should exist a large energy scale 
kink at -1 eV in Fe as in high-Tc cuprates [1]. We also compare these 
results with those obtained from weakly correlated systems such as the 
surface states in Al(100) [4]. 
 
[1] X.Y. Cui, K. Shimada et al., Phys. Rev. B 82, 195132 (2010), and 
references therein. 
[2] J. Schafer et al., Phys. Rev. B 72, 155115 (2005). 
[3] J, Sanchez-Barriga et al., Phys. Rev. Lett. 103, 267203 (2009). 
[4] J. Jiang, K. Shimada et al. to be published. 
 
* Full author list: Kenya Shimada, Xiaoyu Cui, Jian Jiang, Hideaki Iwaswa, 
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Title: Angle resolved photoemission studies of graphene on SiC(0001): 
Asymmetry of  replicas 
 
Author: Balasubramanian Thiagarajan* 
MAX-lab, Lund University 
 
Abstract:  
Angle resolved photoemission from high quality 1 ML graphene on SiC(0001) 
reveals many more replicas of the pi band than earlier reported in the literature. 
The results are explained by a simple analysis based on diffraction from 
combination of SiC substrate, the buffer layer and the graphene layer. 
 
*Full author list: T. Balasubramanian 1, M. Leandersson 1, J. Adell 1,  J. Osiecki 
2, L. I.  Johansson 2,  C. Virojanadara 2, R. Yakimova 2, and L. Wallden 3 
 1 MAX-lab, 2 Linköping Univ.,3 Chalmers Univ., Sweden 
 
 
 



Title: Spin and Orbital Characters of Excitations in Iron Arsenides Revealed 
by Simulated Fe L-Edge RIXS 
 
Author: Takami Tohyama* 
Yukawa Institute for Theoretical Physics, Kyoto University 
 
Abstract:  
After intensive study of iron-based superconductors, it has been recognized that 
both spin and orbital degrees of freedom are the key to understanding the 
physics of iron arsenides. Theoretical calculations within the random-phase 
approximation (RPA) for a five-orbital Hubbard model have nicely explained spin 
excitations observed by inelastic neutron scattering experiments for 
antiferromagnetic (AFM) phase [1]. For charge dynamics, the in-plane anisotropy 
of optical conductivity has been explained by taking into account orbital 
characters of interband excitations [2]. Now, it is desired to detect both the 
excitations at the same time in the energy and momentum spaces. For this 
purpose, we propose resonant inelastic x-ray scattering (RIXS) tuned for Fe L3 
edge [3]. Our calculations of Fe L3-edge RIXS are performed for a five-band 
Hubbard model by using the RPA and a fast-collision approximation. In the AFM 
phase, we find that the magnon excitations predominantly composed of single 
orbital component appear with a weak intensity as compared with orbital 
excitations lying just above the magnon excitations in contrast with the case of 
cuprates. The dominant orbital excitations are found to be accompanied by the 
spin-flip process, producing composite excitations of the coupled orbital-spin 
degrees of freedom. We also predict the polarization and momentum 
dependence of the Fe L3-edge RIXS prior to forthcoming experiments. 
[1] E. Kaneshita and T. Tohyama, Phys. Rev. B 82, 094441 (2010). 
[2] K. Sugimoto, E. Kaneshita, and T. Tohyama, J. Phys. Soc. Jpn. 80, 033706 
(2011). 
[3] E. Kaneshita, K. Tsutsui, and T. Tohyama, arXiv:1104.5424. 
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Title: Visualization of Quantum Fluctuations in Strongly Correlated Electron 
Systems 
 
Author: Norikazu Tomita* 
Yamagata University 
 
Abstract:  
How to describe large quantum fluctuations has been one of the central issues in 
theoretical physics. Especially, it has been quite difficult to see physics behind 
strong electron correlations.  
 
To overcome this situation, we introduce a resonating Hartree-Fock (Res-HF) 
method [1] and demonstrate that the electron correlations are reasonably 
described as QF’s due to elementary excitations like spinons, polarons and 
stripes. In the Res-HF method, a many-body wave function is constructed by 
superposition of non-orthogonal Slater determinants (S-dets), such as  
 
|\Psi>=\sum_{f=1}^{Ns} C_f  \sum_G P^G |f>,  (1) 
 
Non-orthogonality of S-dets makes it possible to describe the electron correlation 
effects efficiently. Furthermore, we employ different orbitals for different spins 
(DODS) to incorporate the electron correlation effects from symmetry broken 
states. Symmetry projections are symbolically denoted by P^G in eq. (1). Here, 
the molecular orbitals for all the S-dets, as well as their superposition 
coefficients, are simultaneously optimized by means of a quadratic steepest 
descent method.  
 
By analyzing the structures of S-dets generating a Res-HF wave function, we 
obtain clear physics on QF’s. This is substantial difference from conventional 
numerical approaches. 
 
 In this research, (I)we visualize the QF’s in the 2D Hubbard model[2], in which 
we show doped holes become polarons. (II)Spin structures on the 2D triangular 
lattice are clarified[3], in which we show how the long-range Neel order is 
suppressed by quantum fluctuations. (III)A new picture is proposed for 
photoemission spectroscopy on SrVO_3, in which the exchange term of the on-
site inter-orbital Coulomb interaction causes reconstruction of triply degenerate d 
orbitals and remove the degeneracy. We show these reconstructed orbitals make 
one deep and two shallow bands below the Fermi energy, which agrees with the 
experimental results[4].  
 
References 
[1] N. Tomita, Phys. Rev. B79, 075113(2009). 
[2] N. Tomita and S. Watanabe, Phys. Rev. Lett. 103, 116401(2009).  
[3] A. Maruyama and N. Tomita, to be published in J. Phys. Conference Series. 
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Title: Nonequilibrium dynamical mean-field study of ac-field-driven 
correlated electrons: An optical control of many-body interactions 
 
Author: Naoto Tsuji* 
Institut für Theoretische Physik, ETH Zürich 
 
Abstract:  
Recent progress of time-resolved (and angle-resolved) photoemission and 
reflection spectroscopies allows us to study nonequilibrium dynamics of 
correlated electron systems in an ultrafast time scale. It is of particular interest 
how one can control physical properties of interacting electrons by driving the 
system with photoexcitation. Here we analyze the time evolution of the single-
band Hubbard model driven nonadiabatically by ac fields [1] by means of the 
nonequilibrium dynamical mean-field theory solved with the continuous-time 
quantum Monte Carlo method. 
 
The results for the time-resolved photoemission spectrum and the optical 
conductivity show that the band width is effectively renormalized by the ac field. 
Strikingly, when the amplitude of the ac field exceeds the critical value the band 
structure is dynamically flipped, producing a negative-temperature distribution 
(i.e. population inversion). We will discuss that this effect can be used to optically 
control the many-body interaction from repulsive to attractive, which poses a 
possibility of ac-field-induced superconductivity with the effective attraction. 
 
[1] N. Tsuji, T. Oka, P. Werner, and H. Aoki, Phys. Rev. Lett., in press (2011). 
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Title: Dynamic gap competition in cuprates 
 
Author: Inna Vishik 
Stanford University 
 
Abstract:  
Strongly correlated electron systems, like the high-temperature superconducting 
cuprates, are characterized by multiple competing and coexisting phases with 
comparable energy scales, and establishing a detailed phenomenology or a 
phase diagram can provide crucial impetus for a microscopic understanding.  
Angle-resolved photoemission spectroscopy (ARPES) is a powerful tool for this 
because it can study low-energy excitations at many points on the Fermi surface 
with great precision, and this momentum-space discrimination was a key for 
recent experiments which showed the distinctness of superconductivity and 
pseudogap physics via their nodal/antinodal dichotomy.   A remaining question is 
the nature of the competition/coexistence between these phases below Tc, and 
we address this via a comprehensive doping-and-temperature dependence study 
of the gap around the Fermi surface in Bi2Sr2CaCu2O8+d (Bi-2212).  At low 
temperature, we find two critical points where superconducting properties 
suddenly change: p~0.19 which is associated with the critical endpoint of the 
pseudogap and p~0.075 associated with the endpoint of a different order.  Via 
temperature dependence measurements, we find evidence of dynamic 
completion between the pseudogap and superconductivity.  When 
superconductivity is stronger, at higher dopings or at low temperature, the 
pseudogap retreats to a smaller FS region near the antinode, and when 
superconductivity is weaker, at low doping or just below Tc, the pseudogap can 
expand to cover a larger region of the Fermi surface.  From this, we can 
reconcile conflicting proposals for the phase diagram. 



Title: Soft X-ray ARPES on TiSe$_2$ 
 
Author: Zuzana Vydrova* 
University of Fribourg 
 
Abstract:  
1\textit{T}-TiSe$_2$ is a quasi two-dimensional transition metal dichalcogenide 
which undergoes a charge density wave (CDW) transition at the critical 
temperature of 200K. 
 
We present photoemission data on TiSe$_2$ below its transition temperature, 
taken at the ADRESS beamline at Swiss Light Source, PSI, using soft X-rays 
with energies between 400 and 1000 eV.  
 
We have taken spectra using different light polarisations as well as off- and on- 
e$_g$ and t$_2g$ resonances spectra.  
The experiments probe the whole three dimensional Brillouin zone and allow a 
direct comparison of the experimental data with bandstructure calculations.  
 
Furthermore, we clearly observe backfolded bands induced by CDW and also 
effects due to phonons. 
 
*Full author list: Zuzana Vydrova, Eike Schwier, Gunnar Garnier, Gael Monney, 
Miriam Garcia-Fernandez, Nicolas Mariotti, Clement Didiot, Philipp Aebi, Claude 
Monney, Vladimir Strocov, Thorsten Schmitt, Luc Patthey 
 



Title: Effective screening and the plasmaron bands in Graphene 
 
Author: Andrew Walter* 
Fritz Haber institut 
 
Abstract:  
Graphene has shown numerous unique and interesting properties, not least of 
which is the existence of plasmaronic bands. The high frequency nature of 
charge density waves (or plasmons) has led to signifcant interest in new 
”plasmaronic” devices which will require the ability to control the electron-hole-
plasmon interactions. While plasmaronic bands are shown to induce deviation 
from the linear band structure at the Dirac energy for graphene on H-SiC, debate 
still surrounds the deviation for graphene on (6√3x6√3) R30o C-SiC, with 
symmetry breaking induced gap formation also proposed. Here we investigate 
the plasmaron bands for different effective screening values by changing the 
interface layer between graphene and a SiC substrate. ARPES data from 
graphene on (6√3x6√3) R30o C-SiC, graphene on Au-SiC, graphene on H-SiC 
and graphene on F-SiC is presented and the deviation of the band structure from 
the Dirac cone picture is attributed to electron- hole- plasmon interactions. 
Comparison to G0W -RPA theory is used to determine the effective dielectric 
constant of the underlying layer and a range of values (εS ∼ 87 to ∼ 7.8) shows 
that graphene is an ideal candidate for investigating the effective screening in the 
context of electron- hole- plasmon interactions. It is also shown that plasmaronic 
and electronic properties of graphene can be manipulated semi-independently, a 
necessity if it is to be employed in future ”plasmaronic” devices. 
 
*Full author list: "Andrew L. Walter1,2,a,Aaron Bostwick1,Ki-Joon Jeon3,Florian 
Speck4, Markus Ostler4, Thomas Seyller4, Luca Moreschini1, Yong Su Kim1, 
Young Jun Chang1,2, Karsten Horn2, Eli Rotenberg1 
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Title: Symmetry-broken electronic structure and uniaxial Fermi surface 
nesting of untwinned CaFe2As2 revealed by angle-resolved photoemission 
spectroscopy 
 
Author: Qiang Wang* 
University of Colorado at Boulder 
 
Abstract:  
We used angle-resolved photoemission spectroscopy (ARPES) to make direct 
measurements of the electronic structure and Fermi surface (FS) of the 
untwinned uniaxial state of CaFe2As2, the parent compound of an iron-based 
superconductor. We observed unequal dispersions and FS geometries along the 
orthogonal Fe-Fe bond directions. Comparing with the optimized LDA 
calculations, an orbital-dependent band shifting is introduced to get better 
agreement, which is consistent with the development of orbital ordering. More 
interestingly, unidirectional straight and flat FS segments are observed near the 
zone center, which indicates the existence of a unidirectional charge density 
wave order. Therefore, our studies indicate that beyond the well-known spin 
density wave (SDW) order and superconducting state (SC), there are other 
competing orders in the iron pnictide materials such as the orbital order (OO) and 
the charge density wave (CDW) order. The coexistence of all these competing 
orders will put strong constrains on theories for describing the iron pnictide 
system. 
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Title: Experimentally creating and transforming a single Dirac cone 
topological insulator surface 
 
Author: L. Andrew Wray* 
Advanced Light Source, LBNL 
 
Abstract:  
Topological insulators are materials embodying a form of topological 
quantum order that causes the surface of the material to form an exotic 
Dirac metal while the bulk is insulating. Numerous new devices and 
phenomena have been theoretically proposed to be achievable by 
interfacing conventional materials with the Dirac surface electrons. To test 
how such interfaces will function, we have measured the surface state 
kinetics with photoemission (ARPES) while modifying the surface state of 
single Dirac cone topological insulators through chemical substitution and 
by depositing surface layers of cathode and anode materials. Substituting 
S for Se in BiTlSe2 is observed to bring about a topological phase 
transition that eliminates the surface Dirac cone, while depositing cathode 
layers of Fe, Cu and In reshapes electronic states beneath the Fermi level 
and adds new pairs of surface Dirac cones in a highly unusual version of 
the Rashba effect. We explore the significance of these effects for device 
applications and for surface superconductivity in doped topological 
insulators such as CuxBi2Se3 (Tc~3.8K) and PdxBi2Te3 (Tc~5K). 
 
* Full author list: L. Andrew Wray, Suyang Xu, Madhab Neupane, David 
Hsieh, Alexei V. Fedorov, Hsin Lin, Susmita Basak, Arun Bansil, Yew San 
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Title: Resonant inelastic X-ray scattering with dramatically enhanced 
resolution at the copper M-edge 
 
Author: L. Andrew Wray* 
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Abstract:  
Advanced Light Source beamline 4.0.3 (MERLIN) is currently under 
commissioning, and will soon be open to general users for resonant 
inelastic X-ray scattering (RIXS) experiments. In this presentation, we will 
discuss new scientific explorations that will be possible with MERLIN, 
focusing on preliminary data obtained during the commisioning period on 
cuprate samples including High-Tc superconductor compounds. The 
presentation will highlight previously unobserved features that can be seen 
with the significantly improved energy resolution available at MERLIN 
(dE~20meV pwhm). Because very few previous RIXS studies have been 
performed at the M-Edge, we will devote time to discussing how M-Edge 
scattering data at MERLIN resemble and differ from the more broadly 
studied transition metal K- and L-edges, including critical parameters that 
determine signal-to-noise for different types of excitations. 
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Title: Topological Phase Transition and Texture Inversion in a Tunable 
Topological Insulator (Science 332, 560 (2011)) 
 
Author: Su-Yang Xu* 
Princeton University 
 
Abstract:  
The recently discovered three-dimensional or bulk topological insulators are 
expected to exhibit exotic quantum phenomena. It is believed that a trivial 
insulator can be twisted into a topological state by modulating the spin-orbit 
interaction or the crystal lattice, driving the system through a topological quantum 
phase transition. By directly measuring the topological quantum numbers and 
invariants, we report the observation of a phase transition in a tunable spin-orbit 
system, BiTl(S1–δSeδ)2, in which the topological state formation is visualized. In 
the topological state, vortex-like polarization states are observed to exhibit three-
dimensional vectorial textures, which collectively feature a chirality transition as 
the spin momentum–locked electrons on the surface go through the zero carrier 
density point. Such phase transition and texture inversion can be the physical 
basis for observing fractional charge (±e/2) and other fractional topological 
phenomena.  
 
*Full author list: Su-Yang Xu, Y. Xia, L. A. Wray, S. Jia, F. Meier, J. H. Dil, J. 
Osterwalder, B. Slomski, A. Bansil6, H. Lin, R. J. Cava, and M. Z. Hasan 
 



Title: ARPES studies of electronic anisotropy in iron pnictides 
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Abstract:  
We use angle-resolved photoemission spectroscopy to study electronic structure 
evolution through the competing phases of the iron pnictide compounds Co-
doped Ba122 and NaFeAs. The crystals were detwinned via application of in-
plane uniaxial stress, enabling measurements of single domain electronic 
structure in the orthorhombic state. At low temperatures, our results clearly 
demonstrate an in-plane electronic anisotropy characterized by a large energy 
splitting of two orthogonal bands with dominant dxz and dyz orbital characters, 
which is consistent with anisotropy observed by other probes. Furthermore, this 
orbital anisotropy is observed to onset at the structural transition, which occurs 
above the spin density wave transition for NaFeAs and doped Ba122. The 
development of orbital anisotropy nears completion at T_SDW, around which 
point band folding occurs along the antiferromagnetic direction. The similar 
behavior of the electronic structure in NaFeAs and Co-doped Ba122 suggests 
that this rapid development of large scale orbital anisotropy above T_SDW is 
likely a general feature of the competing phases in the iron pnictides. 
 



Title: Surface and bulk electronic structure of unconventional 
superconductor Sr$_2$RuO$_4$: unusual splitting of the $\beta$ band 
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Abstract:  
We present angle resoled photoemission study of surface and bulk electronic 
structure of single layer ruthenate Sr2RuO4. As the early studies of its electronic 
structure by photoemission and scanning tunneling microscopy were confronted 
with a problem of surface reconstruction a surface aging was proposed as a 
possible remedy to access the bulk states. Here we suggest an alternative way 
by demonstrating that in the case of Sr2RuO4 circularly polarized light can be 
used to disentangle the signals form the bulk and surface layer, thus opening a 
possibility of investigating many-body interaction both in bulk and surface bands. 
The proposed procedure resulted in improved momentum resolution, which 
enabled us to detect unexpected splitting of the surface  β band. We propose that 
spin{orbit splitting might be responsible for this, and discuss possible relation of 
the newly observed surface feature to the topological matter.  
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Title: Systematic ARPES studies on band structure and pairing symmetry 
of the new iron chalcogenides 
 
 
Author: Peng Zhang* 
Chinese Academy of Sciences 
 
 
Abstract:  
The surprising discovery of superconductivity over 30 K in KxFe2-ySe2, which 
does not contain a toxic arsenic element, has brought new excitement to the field 
of iron-based superconductivity. Systematic angle resolved photoemission 
spectroscopy (ARPES) measurements have been performed on this new system, 
and we find only electronlike bands cross the Fermi level at M (π, 0), while the 
holelike band at Γ sinks below the Fermi level1. The observed FS topology in this 
superconductor does not favor (π, 0) inter-FS scattering between holelike and 
electronlike FSs, in sharp contrast to other iron-based superconductors. Below 
the transition temperature Tc, we observe a nearly isotropic ∼ 8.5meV 
superconducting gap on the Fermi surfaces at M (π, 0), with 2∆/kBTc ∼ 7, 
suggesting strong pairing happening2. Our observations are consistent with the 
s-wave strong-coupling scenario. 
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