[image: image106.png]Educational, Scientific and :

The Abdus Salam

Infernational Centre
&)

Cultural Organization |

(CTP

for Theoretical Physics






               [image: image1.png]- Institute for Complex
) Adaptive Matter




     [image: image2.jpg]UROPERAN
CIENCE
— OUNDATION

SETTING SCIENCE AGENDAS FOR EUROPE



       [image: image3.png]


      [image: image4.png]



smr2357

Innovations in Strongly Correlated Electronic Systems:

School and Workshop

(6 - 17 August 2010)
(Miramare, Trieste - Italy)
CO-ORDINATORS:


Andrey CHUBUKOV

University of Wisconsin, Madison, U.S.A.



Piers COLEMAN


Rutgers University, Piscataway, U.S.A.



Andy SCHOFIELD

University of Birmingham, U.K.



Hide TAKAGI


University of Tokyo/RIKEN, Japan 



Hai-Hu WEN


Nanjing University, China

LOCAL ORGANIZER:



Erio TOSATTI


ICTP-SISSA-DEMOCRITOS








Trieste, Italy

BOOK OF ABSTRACTS
web-page: http://agenda.ictp.trieste.it/smr.php?2357
P R E F A C E


This School and Workshop brings together graduate and postdoctoral students in condensed matter physics together with experts in the field to learn, discuss and discover the challenges, the latest analytical, computational and experimental developments in correlated electron systems.  The first week involves a School on correlated electron systems, with ten invited speakers giving a short course on new development while the second week is a Workshop.

 
Strongly correlated electron systems remain at the center of experimental and theoretical activities in condensed-matter physics. These are complex systems, which exhibit self-organized behavior driven by unifying principles. The search for these principles is fueled by a continuing stream of discoveries of new materials, particularly new superconductors, by new insights into the interplay of solid-state chemistry and correlated electron behavior, by new findings from high-precision experiments, and the profound connections between theoretical methods in high energy physics and those of the many-body problems. This is a field that continues to re-invent itself through a stream of new discoveries.

          The aim of this Workshop is to explore, understand, and exploit the interconnections and clarify distinctions across the breadth of strongly correlated quantum systems with a particular focus on correlated electrons, superconductivity, Mott physics and quantum magnetism.

          The Workshop will bring together cutting edge researchers- theoretical and experimental condensed matter physicists and chemists active in the area of emergent quantum materials: heavy fermions, frustrated spin systems, oxide metals and high temperature superconductors - both cuprates and pnictides.


The Organizers would like to acknowledge generous support from the Institute for Complex Adaptive Matter (ICAM-I2CAM) funded by the U.S. National Science Foundation I2CAM International Materials Institute Award Grant DMR-0844115, Interdisciplinary Approaches to Functional Electronic and Biological Materials, (INTEL-BIOMAT) funded by the European Science Foundation (ESF), the University of Tokyo/RIKEN Advanced Science Institute and the Department of Physics, Nanjing University, China.
The Organizers wish you a most exciting and enjoyable event.



Andrey CHUBUKOV



 Erio TOSATTI




Piers COLEMAN                                          Doreen M. SAULEEK



Andy SCHOFIELD



Hide TAKAGI


Hai-Hu WEN
WEEK no. 1 - SCHOOL 

from 6 - 10 August 2012

P R O G R A M M E

(as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
Innovations in Strongly Correlated Electronic Systems:

School and Workhsop

(6 - 17 August 2012)

Venue:  

Leonardo da Vinci Building - Main Lecture Hall

Co-sponsor(s):

Institute for Complex Adaptive Matter (ICAM-I2CAM)

Interdisciplinary Approaches to Functional Electronic and Biological Materials

(INTEL-BIOMAT) funded by the European Science Foundation (ESF)

University of Tokyo/RIKEN and Department of Physics, Nanjing University

Organizer(s): Directors: 

A. Chubukov, P. Coleman, A.Schofield, H. Takagi and H-H Wen

Local Organizer: 

E. Tosatti 

WEEK no. 1 - SCHOOL from 6 - 10 August 2012

(updated as of 1.8.12)
MONDAY, 6 AUGUST 2012

08:30 - 09:30



REGISTRATION/ADMINISTRATIVE FORMALITIES






at the Leonardo da Vinci Building, Reception area
PLEASE NOTE:  Participants receiving MEAL COUPONS may collect the total amount of coupons for the duration of your stay ONE DAY AFTER you have completed the ONLINE REGISTRATION  with the Secretary of the activity.

THE MEAL COUPONS MUST BE COLLECTED DIRECTLY FROM THE GUEST HOUSE RECEPTION DESKS AS FOLLOWS:

ADRIATICO GUEST HOUSE:  Tuesday to Friday, from 13.00 to 15.00

GALILEO GUEST HOSUE:       Tuesday to Friday, from 10.00 to 12.00 and from 13.00 to 15.00

***********************************************************************

09:30 - 09:40



OPENING REMARKS







Profs.  A. Chubukov, P. Coleman, A. Schofield, 







H. Takagi, H-H. Wen and 
E.Tosatti

NEW DIRECTIONS


SESSION CHAIR:  Andy SCHOFIELD

09:40 – 10:55



Andre-Marie TREMBLAY / Universite de Sherbrooke, Canada







Mott transition, Hubbard model and superconductivity: 






an introduction - Part I
10:55 - 11.15



--- Coffee Break ---
11.15 - 12.30



Ali YAZDANI / Princton University, U.S.A.







Visualizing the emergence of heavy fermions and their 







exotic properties - Part I
12:30- 14:00



--- Lunch Break ---






SESSION CHAIR:  Hide TAKAGI
14:00 - 15.15



Andre-Marie TREMBLAY / Universite de Sherbrooke, Canada







Mott transition, Hubbard model and superconductivity: 






an introduction - Part II
15:15 – 15:35



--- Coffee Break ---

15:35- 16:50



Ali YAZDANI / Princton University, U.S.A.







Visualizing the emergence of heavy fermions and their 







exotic properties - Part II
16:50 -17:50                                   Student run discussion session

18.00 onwards

        WELCOME RECEPTION 





        (outside on the terrace, weather permitting, 





         otherwise in the reception area)

TUESDAY, 7 AUGUST 2012




QUANTUM MAGNETISM
SESSION CHAIR:  Natalia PERKINS
09.15 - 10.30



Hide TAKAGI / University of Tokyo/RIKEN, Japan 







An overview of quantum spin liquid:  







from toy of theorists to reality - Part I
10.30 – 11:00



--- Coffee Break --- 

11.00-12:15



Yong-Baek KIM / University of Toronto, Canada







Lightning review on quantum spin liquid







Topological phases in quantum materials - Part I
12.15 – 13:45



--- Lunch Break ---







SESSION CHAIR:   Hai-Hu WEN
13.45 - 15.00



Hide TAKAGI / University of Tokyo/RIKEN, Japan 







An overview of quantum spin liquid:  







from toy of theorists to reality - Part II
15.00- 15:30



--- Coffee Break ---

15.30 - 16.45



Yong-Baek KIM / University of Toronto, Canada







Lightning review on quantum spin liquid







Topological phases in quantum materials - Part II
16:45-17:45                                     Student run discussion session

WEDNESDAY, 8 AUGUST 2012

SPECTROSCOPY / OPTICS and BEYOND

Review application of optics to strongly correlated electron systems








SESSION CHAIR:  Andre-Marie TREMBLAY
09.15 - 10.30



Dmitri BASOV / Univ. of California at San Diego, La Jolla, U.S.A. 






An infrared probe of electronic correlations and many-body







effects in solids:  a case study of high-Tc pnictides and 







graphene - Part I
10.30 - 11.00



--- Coffee Break ---


11.00 - 12.15



Lara BENFATTO / University of Rome "La Sapienza", Italy 






Optical properties of correlated electron systems:







Basic theoretical aspects and optical sum rule - Part I
12.15 - 13.45



--- Lunch Break ---
                                                       SESSION CHAIR:  Elena BASCONES
13:45 – 15:00                                  Dmitri BASOV /Univ. of California at San Diego, La Jolla, U.S.A. 






An infrared probe of electronic correlations and many-body







effects in solids:  a case study of high-Tc pnictides and 







graphene - Part II

15:00-16:15                                    Lara BENFATTO / University of Rome "La Sapienza", Italy 







Optical properties of correlated electron systems:







Basic theoretical aspects and optical sum rule - Part II

16.15 - 16.45



--- Coffee Break ---

16:45 – 18.30 



POSTER SESSION - I





        Poster Gallery behind the Main Lecture Hall


THURSDAY, 9 AUGUST 2012

MOTT




SESSION CHAIR:  Rafael FERNANDES

09.15 - 10.30



Elena BASCONES / Universidad Autonoma de Madrid, Spain 






Mott physics: from basic concepts to iron superconductors







- Part I
10.30 - 11.00



--- Coffee Break --- 
11.00 - 12.15



Andy SCHOFIELD / University of Birmingham, U.K.







Quantum criticality 1 - Part I
12.15 – 13:45



--- Lunch Break ---






SESSION CHAIR:  Yong-Baek KIM
13.45 - 15.00



Elena BASCONES / Universidad Autonoma de Madrid, Spain 






Mott physics: from basic concepts to iron superconductors







- Part II
15:00 - 15.15



--- Coffee Break --- 

15:15- 16:30



Andy SCHOFIELD / University of Birmingham, U.K.







Quantum criticality 11 - Part II
16:30-18:00                                     Student run discussion session for Wed. and Th. sessions
FRIDAY, 10 AUGUST 2012
IRON




SESSION CHAIR:  Dmitri BASOV

09:15 - 10.30



Hai-Hu WEN / Nanjing University, China 







Materials and pairing mechanism in iron 











pnictides/chalcogenides:  what we have learnt 







and what are left - Part I
10.30 - 11.00



--- Coffee Break --- 
============================================================
11.00 - 12.00



ICTP Praveen Chaudhari Prize Ceremony







Ado JORIO 






Universidade Federal de Minas Gerais, Belo Horizonte, Brazil






Electronic and vibrational properties of 






graphene-based systems

============================================================
12.00 – 13:30 



--- Lunch Break ---






SESSION CHAIR:   Lara BENFATTO
13:30-14:45 



Rafael FERNANDES / Iowa State University, Ames, U.S.A.







Interplay between superconductivity, magnetism and 







nematic/orbital order in the iron pnictides - Part I
14:45-16:00



Hai-Hu WEN / Nanjing University, China 







Materials and pairing mechanism in iron 











pnictides/chalcogenides:  what we have learnt 







and what are left - Part II
16:00 – 16:30 
                           --- Coffee Break --- 

16:30 – 17:45
                            Rafael FERNANDES / Iowa State University, Ames, U.S.A.







Interplay between superconductivity, magnetism and 







nematic/orbital order in the iron pnictides - Part II
17:45 – 18:30                                  Student run discussion session
A B S T R A C T S

O F

I N V I T E D   T A L K S

(in order of presentation, as per Programme updated 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
MONDAY, 6 AUGUST 2012
(updated as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
[image: image5.png]Mott transition, Hubbard model and
superconductivity: an introduction

A.-M. S Tremblay
Département de physique and RQMP

Université de Sherbrooke
Sherbrooke, QC J1K 2R1, Canada

In this introduction, I will first recall some of the successes of standard
Solid State physics, in particular the BCS theory of superconductivity. I
will then explain the Mott metal-insulator transition and why it is such a
strong departure from textbook physics. This will lead us to understand
why physicists are so puzzled by superconducting states that appear in the
vicinity of a Mott transition. I will then introduce the Hubbard model as
the simplest model that contains the physics of the Mott transition and ask
whether it can also explain superconductivity near a Mott transition.
High-temperature superconductors and layered organic superconductors
are cases in point that illustrate respectively the case of doping control
and the case of interaction strength control. I will explain Dynamical
Mean-Field Theory and some of its extensions, one of the most popular
methods to treat that kind of problem. We will end with a discussion of
some of the latest results and open questions. I will assume that the
student is familiar with second quantization, phase transitions and some
elementary notions of many-body theory.




[image: image6.png]Visualizing the Emergence of Heavy Fermions and their Exotic Properties

Ali Yazdani
Princeton University

In metallic compounds containing elements with f-electrons, the interaction between f-electrons
and surrounding itinerant electrons leads to the development of composite electron-like particles
with a very heavy effective mass at low temperatures. These composite particles are fundamental
to the appearance of unconventional superconductivity and other exotic behaviors observed in
actinide- and rare-earth-based compounds. Recently, there has been a major breakthrough in the
application of scanning tunneling microscopy (STM) techniques to study of heavy fermions [1-
2]. In this talk, I will review these recent developments and will describe how we used the STM
techniques to detect for the first time the emergence of heavy fermions with lowering of
temperature in a prototypical family of heavy-electron materials. [2] These experiments
demonstrate the sensitivity of the tunneling process to the composite nature of these heavy
particles, which arises from quantum entanglement of itinerant and f-electrons. Scattering and
interference of the composite particles is used to resolve their energy—momentum structure and
to extract their mass enhancement, which develops with decreasing temperature. The lifetime of
the emergent heavy particles reveals a direct relationship between their energy and temperature
dependence, a consequence of proximity to a zero-temperature quantum phase transition. These
experiments open a new window to probe the apparent non-Fermi liquid behavior in heavy
fermions compounds, as well as decades-old puzzles of superconductivity and other complex
ordering phenomena involving heavy electrons.

[1] P. Aynajian, E. H. da Silva Neto, C. V. Parker, Y. Huang, A. Pasupathy, J. Mydosh, and A.
Yazdani, Proc. Nat'l. Acad. Sci USA 107, 10383 (2010).

[1] P. Aynajian, E. H. deSilva Neto, A. Gyenis, R. E. Baumbach', J. D. ThompsonT, Z. Fisk*, E.
D. Bauer and A. Yazdani, Nature 486, 201 (2012).




TUESDAY, 7 AUGUST 2012
(updated as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
[image: image7.png]An overview of quantum spin liquid:
from toy of theorists to reality

Hidenori Takagi
Department of Physics, University of Tokyo, Hongo, Tokyo113-0033, Japan
RIKEN Advanced Science Institute, Hirosawa, Saitama 351-0198, Japan

I will be giving an over view of spin liquid materials.

1. Basic concepts: Geometrical frustration and spin liquid
2. How to realize frustrated lattice in real materials?

3. Overview of potential candidates: 2D triangular system
4. Overview of potential candidates: Kagome system

5. Overview of potential candidates: Other system

4. Related topics




Lightning review on quantum spin liquid

Part I
Topological phases in quantum materials 

Part II
Yong-Baek KIM

Department of Physics

University of Toronto

60 St. George Street

Toronto, M5S 1A7

Ontario

CANADA

WEDNESDAY, 8  AUGUST 2012
(updated as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
An infrared probe of electronic correlations 

and many-body effects in solids:  

a case study of high-Tc pnictides and graphene

Dmitri BASOV

University of California at San Diego

Department of Physics

9500 Gilman Drive

La Jolla, CA 92093-0319

U.S.A.

[image: image8.png]Optical properties of correlated electron systems:
basic theoretical aspects and optical sum rule.

Lara Benfatto!
1. CNR-ISC and Department of Physics, University of Rome La Sapienza, Rome, Italy

I will first review the standard derivation of the basic formulas for the optical conductivity in a lattice system.
After a short warm-up on the derivation of standard expressions, I will focus on the meaning of a conserving
approximation and on the issue of the optical sum rule. Once established what should be the ’standard’ behavior
of a Fermi-liquid metal and BCS superconductor, I will discuss three remarkable examples of emerging systems
where standard paradigms do not apply: cuprate-based superconductors,iron-based superconductors and graphene.
As we shall see, either the existence of strong correlation or the presence of a complex multiband structure, or both,
make the optical properties of these systems rather unusual.




POSTER SESSION - I
Leonardo da Vinci Building

Poster Gallery

(behind the Main Lecture Hall - reception area)

THURSDAY, 9 AUGUST 2012
(updated as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
[image: image9.png]Mott physics: from basic concepts to iron superconductors.

In the talks | will discuss several aspects of Mott physics with main emphasis on the physics of
multi-orbital materials. | will start reminding some basic concepts of the Mott transition in
single band systems, as the opening of the gap in the insulator, the renormalization of the
quasi-particle weight and mass in the correlated metal or the special role played by half-filling.
We will then move to the case in which there are several equivalent orbitals. At zero Hund’s
coupling the degeneracy increases the critical value of the interaction Uc and a Mott transition
is found at commensurate fillings away from half-filling. Hund’s coupling reduces the
degeneracy effect and modifies the gap value. Its effect strongly depend on the filling giving
rise to correlated Hund’s metals. When the orbitals are not equivalent an orbital selective
Mott transition can take place. | will finally discuss correlations in iron superconductors within
the context of Mott physics in multi-orbital systems.




[image: image10.png]Quantum criticality 1:

Andy SCHOFIELD
University of Birmingham
School of Physics & Astronomy
U.K.

I will present the "conventional" scenario of
quantumcriticality whose origin lies in paramagnon
theory and the work of many authors. I will assess how it

compares with experiment particularly in the d-metals.




[image: image11.png]Quantum Criticality 2:

Andy SCHOFIELD
University of Birmingham
School of Physics & Astronomy
U.K.

Here we discuss issues with the conventional theory of
quantum criticality. Many of these issues have come to light in
experimental studies of f-metals which will form the main topic of

this lecture.




FRIDAY, 10 AUGUST 2012
(updated as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
[image: image12.png]Ado JORIO
Universidade Federal de Minas Gerais
Belo Horizonte, Brazil

Electronic and vibrational properties
of graphene-based systems

Abstract:

This presentation is a summary of 12 years work to elucidate
the electronic and vibrational properties of carbon nanostructures
formed by sp2 bonds, using Raman spectroscopy. The mother
material is the two-dimensional graphene, and focus will be given to
one-dimensional carbon nanotubes, as well as defecs in these
materials. Aspects like quantum confinement, many-body and
disorder effects will be discussed. Raman spectroscopy turned out as
a very powerful technique to study "nanocarbons", being applied

now on the development of nanometrology.



[image: image13.png]Materials and pairing mechanism in iron pnictides/chalcogenides: what

we have learnt and what are left

Hai-Hu Wen
Center for Superconducting Physics and Materials, Physics Department, Nanjing University,
China

I will give a brief survey of the material and experimental status in the new iron based
superconductors. The transport, thermodynamics, penetration depth and tunneling experiments
have revealed clearly the existence of multiband superconductivity. The NMR, inelastic neutron
scattering, etc., have uncovered the intimate relationship between the superconductivity and the
fluctuating antiferromagnetism. In many measurements a full-gap feature is favored, although a
distinction remains still between the angle resolved photo-emission spectroscopy and the bulk
measurements. It seems that the ingredients for supporting the well documented St pairing
manner are sufficient. While, however, I will raise some concerns based on the recent progress,
mainly on the unexpected weak (nonmagnetic) impurity scattering, and the possible absence of the
hole pockets in some systems, like the recently discovered KxFe2Se2. All these suggest that to

reach a consensus about the superconducting mechanism needs still further efforts.




[image: image14.png]Interplay between superconductivity, magnetism, and
nematic/orbital order in the iron pnictides
Rafael M. Fernandes

Columbia University & Los Alamos National Laboratory, USA

The recent discovery of iron-based compounds displaying superconductivity at nearly 60K
opened a new direction in the research of high-temperature superconductors. Much of the interest lies
in understanding not only their superconducting pairing mechanism, but also their normal state
properties. Indeed, these materials are characterized by a very rich phase diagram, displaying
magnetic, superconducting, structural, and orbital order. In these lectures, | will present a microscopic
electronic model that consistently describes the interplay between these different degrees of freedom,
shedding light on the primary role played by magnetism.

I will show that magnetic fluctuations enhance the repulsive electronic interaction between
different pockets of the Fermi surface, giving rise to a superconducting state whose gap function has
opposite signs on distinct Fermi surface sheets. This is the so called s* state, which may or may not
have accidental gap nodes. While magnetic fluctuations support an unconventional superconducting
state, long-range magnetic order competes with superconductivity, since the same electronic states
are responsible for both the superfluid condensate and the staggered magnetic moment. From this
competition, a new thermodynamic state can emerge, where both long-range magnetic and
superconducting order coexist microscopically. | will also show that the degeneracy of the magnetic
ground state, allied to the presence of magnetic fluctuations, gives rise to an emergent Ising-nematic
phase that spontaneously breaks the tetragonal symmetry of the system, triggering both structural and
orbital order. Due to its magnetic origin, nematic order competes indirectly with superconductivity, but
nematic fluctuations may enhance the superconducting transition temperature. | will show that these
nematic degrees of freedom are present in the phase diagrams of the iron pnictides over wide
temperature and doping ranges, affecting the character of the magneto-elastic transitions,
renormalizing the elastic moduli, and giving rise to a resistivity anisotropy with different signs in
electron-doped and hole-doped compounds.




WEEK no. 2 - WORKSHOP 

from 13 - 17 August 2012

P R O G R A M M E

(as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
Innovations in Strongly Correlated Electronic Systems:

School and Workhsop

(6 - 17 August 2012)

Venue:  

Leonardo da Vinci Building - Main Lecture Hall

Co-sponsor(s):

Institute for Complex Adaptive Matter (ICAM-I2CAM)

Interdisciplinary Approaches to Functional Electronic and Biological Materials

(INTEL-BIOMAT) funded by the European Science Foundation (ESF)

University of Tokyo/RIKEN and Department of Physics, Nanjing University

Organizer(s): Directors: 

A. Chubukov, P. Coleman, A.Schofield, H. Takagi and H--H Wen

Local Organizer: 

E. Tosatti 

WEEK no. 2 - WORKSHOP from 13 - 17 AUGUST 2012
(updated as of 1.8.12)

MONDAY, 13 AUGUST 2012



08:30 - 09:00



REGISTRATION/ADMINISTRATIVE FORMALITIES






at the Leonardo da Vinci Building, Reception area
PLEASE NOTE:  

THIS REGISTRATION IS ONLY FOR VISITORS SPECIFICALLY INVITED FOR THE WORKSHOP - SECOND WEEK.

Those visitors who have already attended the School - First Week, DO NOT NEED TO REGISTER AGAIN
*********************************************************************
09:00 - 09:10



OPENING REMARKS







Profs.  A. Chubukov, P. Coleman, A. Schofield, 







H. Takagi, H-H. Wen and 
E.Tosatti

INNOVATIVE CONCEPTS and TECHNIQUES in QUANTUM MATTER








SESSION CHAIR:  Dirk MORR

09.10 - 10.00



Kristjan HAULE / Rutgers State University, Piscataway, U.S.A.






The physics of Hunds metals and its relevance for ruthenades,







iron pnictides and chalchogenides
10.00 – 10:30



--- Coffee Break --- 

10.30 – 11.20



Sung-Sik LEE / McMaster University, Hamilton, Canada







From renormalization group to emergent gravity:







holographic description of quantum many-body







systems








11.20 - 12.10



Michael NORMAN / Argonne National Laboratory, U.S.A.







Arcs versus Pockets - To d-wave or not to d-wave, 







that is the question
12.10 - 14.00



--- Lunch Break ---

DEVELOPMENTS in QUANTUM MAGNETISM








SESSION CHAIR:  Silke PASCHEN
14.00 - 14.50



Hae-Young KEE / Stanford University, U.S.A. 







Theory of magnetic structure in layered iridates:







spin-orbit band or Mott insulators
14.50 – 15:40



Kedar DAMLE / TIFR, Mumbai, India







Vacancy-induced spin textures and their interactions in a







classical spin liquid
15:40 - 16.10



--- Coffee Break ---

16.10 – 17:00



Collin BROHOLM/ John Hopkins University, Baltimore, U.SA.






From incommensurate correlations to mesoscopic spin 







resonance in YbRh2Si2

TUESDAY, 14 AUGUST 2012



NEW DIRECTIONS in TOPOLOGICAL MATTER









SESSION CHAIR:  Hae-Young KEE
09.00 – 09:50



Andrey BERNEVIG / Princeton University, U.S.A. 







Fractional Topological Insulators 

09:50 – 10.40



Liang FU / Harvard University, Cambridge, U.SA.







Topological superconductivity from Odd-Parity pairing 







in strongly spin-orbit-coupled materials
10:40 - 11.10



--- Coffee Break --- 

NEW DIRECTIONS in PNICTIDES






SESSION CHAIR:  

11.10 - 12.00



Takasada SHIBAUCHI / Kyoto University, Japan







Quantum critical point inside the superconducting dome







and electronic nematic transition above the dome in 







BaFe2(As1xPx)2
12.00 - 14.00



--- Lunch Break ---

NEW DIRECTIONS in PNICTIDES (cont'd)







SESSION CHAIR:  Andrey CHUBUKOV

14.00 - 14.50



Shik SHIN / The University of Tokyo, Japan 







Laser-ARPES study on Fe-pnictide superconductors
14.50 - 15.40



Hong DING / CAS, Beijing, China







Probing iron-based superconductivity by photoelectrons
15.40 – 16:10



--- Coffee Break ---

16.10 – 16:35 



Minghu FANG / Zhejiang University China






Exploration of Fe-Chalcogenide superconductors:







Fe-vacancy order, new AFM ground state and 








superconductivity

16:35 - 17.00



Natalia PERKINS / University of Wisconsin-Madison, U.S.A.







Magnetism in parent Fe-Chalcogenides
WEDNESDAY, 15 AUGUST 2012



QUANTUM CRITICAL THEORY of STRANGE METALS














SESSION CHAIR:  Michael NORMAN
09.00 - 09.50



Piers COLEMAN/ Rutgers State University, Piscataway, U.S.A.






The unsolved problem of heavy fermion superconductivity
09.50- 10.40



Satoru NAKATSUJI / University of Tokyo, Japan







Unconventional quantum criticality, anomalous metal 







with strong valence / orbital fluctuations

10.40 - 11.10



--- Coffee Break ---

11.10 - 12.00



Silke PASCHEN / Vienna University of Technology, Austria 







Exploring heavy-fermion quantum criticality in the extreme







3D limit
12.00 - 14.00



--- Lunch Break ---

HIDDEN ORDER


SESSION CHAIR:  Piers COLEMAN
14.00 - 14.50



Thomas TIMUSK / McMaster University, Hamilton, Canada






The normal state of URu2Si2:  spectroscopic evidence for







an anomalous Fermi liquid.
14.50 - 15.40



Rebecca FLINT / 






Rutgers, the State University of New Jersey, Piscataway, U.S.A.






Hastatic order in URu2Si2

15.40 - 16.10



--- Coffee Break ---

16.10 - 16.35



Dirk MORR / University of Illinois at Chicago, U.S.A.






A nanoscopic approach to heavy fermions:  from Kondo







droplets to Kondo holes
16.40 - 18.30
 
       
        POSTER SESSION - II



                    Poster Gallery behind the Main Lecture Hall  

THURSDAY, 16 AUGUST 2012




SUPERCONDUCTIVITY and its INTERPLAY with CHARGE and SPIN CORNER







SESSION CHAIR:  Kedar DAMLE

09.00 – 09:50



Sergei BORISENKO / Inst. fuer Festkoerper, Dresden, Germanuy 






Fermiology and order parameter of iron-based superconductors







from ARPES
09.50 - 10.40



Aharon KAPITULNIK / Stanford University, U.S.A.







Time reversal symmetry breaking and charge ordering in the







Pseudogap phase of high-temperature superconductors
10:40 - 11.10



--- Coffee Break --- 

11.10 – 11:35



Girsh BLUMBERG / 







Rutgers, the State University of New Jersey, Piscataway, U.S.A.






         CaMn2Sb2 with buckled hexagonal Mn plane 








structure:  Removal of Hund's spin blockade

11:35 - 12.00



Maxim DZERO / Kent State University, U.S.A.







Kondo semiconductors with a twist:  f-orbital topological 







insulators
12.00 - 14.00



--- Lunch Break ---
GRAPHENE and NON-EQUILIBRIUM







SESSION CHIAR:  Girsh BLUMBERG

14.00 - 14.50



Oskar VAFEK / Florida State University, Tallahassee, U.S.A.
 





Electronic multicriticality on a honeycomb bilayer
14:50 - 15.40



Andrey CHUBUKOV / University of Wisconsin-Madison, U.S.A.





Collective instabilities in doped graphene
15.40 – 16:00



--- Coffee Break ---

NON-EQUILIBRIUM

SESSION CHIAR:  Maxim DZERO
16:00 - 16.50



Aditi MITRA / New York University, U.S.A

 





Quantum quenches in one-dimension:








A renormalization group approach

16.50 - 17.40



Natan ANDREI / 







Rutgers, the State University of New Jersey, Piscataway, U.S.A.

 





Quench dynamics of the interacting Bose gas in one dimension
FRIDAY, 17 AUGUST 2012

NOVEL KINDS of ORDER
SESSION CHAIR:  Rebecca FLINT
09.00 – 09:50



Massimo CAPONE / CNR IOM and SISSA, Trieste, Italy







When Mott meets BCS.  







Molecular conductors and the search for high-Tc 








superconductivity

09:50-10:40



Ryotaro ARITA / The University of Tokyo, Japan
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[image: image15.png]The Physics of Hunds metals and its relevance for
ruthenades, iron pnictides and chalchogenides

Kristjan Haule, Rutgers University

[ will discuss the physics of Hund's metals. In these systems the Coulomb interaction
among the electrons is not strong enough to fully localize them, but it significantly
slows them down, such that the low-energy emerging quasiparticles have a
substantially enhanced mass. This enhanced mass emerges not because of the
Hubbard interaction U, but because of the Hund's rule interactions ] that tend to
align electrons with the same spin but different orbital quantum numbers when
they find themselves on the same atom. I will show a few examples of such Hund's
metals, including Sr2RuO4, iron pnictides and iron chalchogenides materials. The
electronic structure, computed by the Dynamical Mean Field Theory in combination
with Density Functional Theory, successfully reproduces several experimental
results and explains the key properties of these material: such as the mass
renormalizations and anisotropy of quasiparticles, the crossover into an incoherent
regime above a low temperature scale, the magnetic moments in iron compunds,
etc. While at very low temperature our simulations predict these materials to be
Fermi liquids, at finite temperature they strongly deviate from Fermi liquid
prediction and can be characterized by self-energy which follows a powerlaw, with
non-integer fractional exponents. The origin of this non-Fermi liquid exponents

will be discussed.




[image: image16.png]From renormalization group to emergent gravity :
holographic description of quantum many-body
systems

Sung-Sik Lee
July 27, 2012

Abstract

Under certain conditions, strongly interacting quantum many-body
systems in a D dimensional spacetime are described by weakly interacting
holographic theories defined in a (D+1)-dimensional spacetime. In this
talk, I will discuss about a way to construct holographic duals for gen-
eral quantum many-body systems based on the ‘quantum renormalization
group’ approach. In this approach, the coupling ‘constants’ of a theory
become dynamical variables whose dynamics is governed by a quantum
Hamiltonian that generates the scale transformation. The gauge freedom
to choose different renormalization group schemes leads to the diffeomor-
phism invariance in the holographic description.



[image: image17.png]Arcs versus Pockets — To d-wave or not to d-wave, that is the question
Mike Norman

Materials Science Division, Argonne National Laboratory & Center for Emergent
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Upon underdoping, cuprates undergo a dramatic breaking apart of the Fermi surface
that is a prelude to the Mott insulating phase. The nature of this “Fermi surface”,
though, is the subject of much debate. Some photoemission experiments reveal the
presence of temperature dependent Fermi arcs, consistent with lifetime broadened d-
wave nodes. Others indicate the formation of a nodal hole pocket. Quantum
oscillation experiments instead reveal the presence of a small electron pocket. STM
data are consistent with an umklapp boundary, which has also been invoked in certain
pocket scenarios. In this talk, I will discuss the ins and outs of the various data and
the theories meant to explain them, and what this tells us about the physics of doped
Mott insulators.



[image: image18.png]Theory of magnetic structure in layered iridates:
spin-orbit band or Mott insulators

Hae-Young Kee
July 12, 2012

Department of Physics, University of Toronto, Toronto, Ontario M5S 1A7
Canada & Canadian Institute for Advanced Research, Toronto, Ontario Canada

In iridates, owing to strong spin-orbit coupling, the effective total angular
momentum j=1/2 band is well separated from the rest of bands. In particu-
lar SroIrOy4 (Sr-214) and SrslroO7 (Sr-327) are magnetic insulators formed in
j=1/2 bands leading to an interesting proposal named spin-orbit Mott insula-
tors. However, given that there is an even number of Ir atoms per unit cell due to
a staggered rotation of octahedra and even number of layers, the non-interacting
system could be a spin-orbit band insulator, questioning the Mottness in these
materials. To answer the question on the nature of the insulating phases, and
different phases in various layered structures, we study a Hubbard model with a
tight-binding spectrum designed for each Sr-214, Sr-327 and SrIrO3 (Sr-113). A
canted antiferromagnet (AF) is found in Sr-214 which is deep in the insulating
phase close to strong coupling limit, while a collinear AF with c-axis moments
is realized in Sr-327 near the spin-orbit band insulator. In contrast, Sr-113 is
semimetallic. The origin of such a disimilarity is explained, and implications of
our results in relation to possible high temperature superconductors in doped
iridates are further discussed.




[image: image19.png]Vacancy-induced spin textures and their interactions in a classical
spin liquid

Kedar Damle
Department of Theoretical Physics, Tata Institute
of Fundamental Research, Mumbai 400 005, India.

Abstract

Motivated by experiments on the archetypal frustrated magnet SrCrg,Gajz_9,019 (SCGO), we
study the classical Heisenberg model on the pyrochlore slab (Kagomé bilayer) lattice with site-
dilution z = 1 — p. This allows us to address generic aspects of the physics of non-magnetic
vacancies in a classical spin liquid. We explicitly demonstrate that the pure (x = 0) system re-
mains a spin-liquid down to the lowest temperatures, with an unusual non-monotonic temperature
dependence of the susceptibility, which even turns diamagnetic for the apical spins between the
two kagome layers. For z > 0 but small, the low temperature magnetic response of the system is
most naturally described in terms of the properties of spatially extended spin textures that cloak
an “orphan” S = 3/2 Cr3* spin in direct proximity to a pair of missing sites belonging to the same
triangular simplex. In the 7" — 0 limit, these orphan-texture complexes each carry a net magne-
tization that is exactly half the magnetic moment of an individual spin of the undiluted system.
Furthermore, we demonstrate that they interact via an entropic temperature dependent pair-wise
exchange interaction Jo;;(T,7) ~ TJ(7V/T) that has a logarithmic form at short-distances and
decays exponentially beyond a thermal correlation length £(7") ~ 1/ VT. The sign of J, t depends
on whether the two orphan spins belong to the same Kagome layer or not. We provide a detailed
analytical account of these properties using an effective field theory approach specifically tailored
for the problem at hand. These results are in quantitative agreement with large-scale Monte Carlo

numerics. [with Arnab Sen and R. Moessner]




From incommensurate correlations 

to mesoscopic spin resonance in YbRh2Si2

Collin BROHOLM

Johns Hopkins University

Department of Physics & Astronomy

3400 North Charles Street

Baltimore, MD 21218-2695

U.S.A.

TUESDAY, 14 AUGUST 2012
(updated as of 30 July 2012)

web-page: http://agenda.ictp.trieste.it/smr.php?2357
Fractional Topological Insulators

Andrey BERNEVIG

Princeton University

Princeton Center for Theoretical Science

Condensed Matter Physics

414B Jadwin Hall

Princeton, NJ 08544

U.S.A.

[image: image20.png]Topological Superconductivity from Odd-Parity Pairing in
Strongly Spin-Orbit-Coupled Materials

Liang FU
Harvard University
Department of Physics

Recent theory predicts that there should exist a new class
of unconventional superconductors, which are topologically
ordered and possess massless itinerant Majorana fermion surface
states. The search for such topological superconductors have
attracted great interest. In this talk, I will first prove that
topological superconductivity generically arises from odd-parity
pairing symmetry. Next I will theoretically demonstrate that
strong spin-orbit coupling in multi-orbital materials significantly
enhances odd-parity pairing and its robustness against disorder,
which  provides a novel mechanism for topological
superconductivity. Such a topological state was proposed to
materialize in Cu-doped Bi25e3, and its possible evidence reported

in recent point-contact spectroscopy experiments.




[image: image21.png]Quantum critical point inside the superconducting dome and
electronic nematic transition above the dome in BaFe,(As . Py),

Takasada Shibauchi
Department of Physics, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan

An enduring question in condensed matter physics is whether high transition
temperature (7¢) superconductivity is driven by an underlying quantum critical point
(QCP) separating different electronic phases at absolute zero-temperature. In particular,
whether a QCP lies beneath the superconducting dome or the criticality is avoided by
the transition to the superconducting state has been a central issue. We report a sharp
depression of the superfluid density in very clean samples [1,2] of the iron-based
superconductor, BaFe,(As;..Py), that gives the first convincing signature of a
second-order quantum phase transition deep inside the dome. We find that
the x-dependence of London penetration depth exhibits a sharp peak at the optimum
composition x=0.30 (7,=30K). This likely results from pronounced quantum
fluctuations associated with the QCP which separates two distinct superconducting
phases [3]. Moreover, from the magnetic torque measurements we find evidence for the
electronic nematic transition well above the structural transition temperature extending
to the overdoped side of the superconducting dome [4]. These results indicate that the
nematic instability precedes the superconductivity in pnictides whilst the QCP inside the

dome has an antiferromagnetic nature.

This work has been done in collaboration with K. Hashimoto, S. Kasahara, Y.
Mizumaki, R. Katsumata, H. J. Shi, S. Tonegawa, T. Terashima, H. Ikeda, Y. Matsuda
(Kyoto), K. Cho, M. A. Tanatar, R. Prozorov (Ames), H. Kitano (Aoyama-Gakuin), N.
Salovich, R. W. Giannetta (Urbana-Champaign), A. Carrington (Bristol), K. Sugimoto,
T. Fukuda (SPring-8), and A. H. Nevidomskyy (Rice).

[1] S. Kasahara et al., Phys. Rev. B 79, 184519 (2010).

[2] H. Shishido et al., Phys. Rev. Lett. 104, 057008 (2010).
[3] K. Hashimoto ef al., Science 336, 1554 (2012).

[4] S. Kasahara et al., Nature 486, 332 (2012).
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We studied (Ba;.xKy)Fe,As, using high resolution laser ARPES. For BaFe,As;, we
found a drastic transformation in Fermi surface (FS) topology with the rearrangement of
its orbital component across the transition at 7y = 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 BaFe,As, 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 (Ba;<K)Fe,As; [2,3], and KFe,As, [4] 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. We found nodes in the
superconducting gaps of KFe,As, [4]. We discussed about them by d or s+- mechanism

1. Shimojima et al., PRL 104, 57002(2010).
2. Shimojima et al., Science 332, 564(2011).
3. Malaeb et al., arXiv:1204.0326

4. Okazaki et al., unpublished.
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[image: image23.png]Probing iron-based superconductivity by photoelectrons

Hong Ding
Institute of Physics, Chinese Academy of Sciences

Angle-resolved photoemission spectroscopy (ARPES) has been used extensively in
studying electronic structure and superconducting gap of the iron-based
superconductors (IBSCs). In this talk, I will present our recent ARPES results on the
IBSCs, mainly focus on high-resolution measurements of the superconducting gap of
many different IBSCs. Our results strongly suggest that the pairing mechanism of
IBSCs is likely to be driven by local antiferromagnetic exchange interactions and
collaborative Fermi surface topology, in a similar fashion as in the case of cuprate
superconductors.



[image: image24.png]Exploration of Fe-Chalcogenide superconductors:
Fe-vacancy order, new AFM ground state and Superconductivity

Prof. Minghu Fang

Department of Physics, Zhejiang University, Hangzhou 310027, China

Cuprates and Fe-based compounds are two families with highest superconducting (SC) transition
temperatures. A common feature in both families is that the superconductivity emerges as
antiferromagnetic (AFM) long range order is suppressed. While the parent compound of cuprates is a
Mott insulator where the electron repulsion is strong, the parent compound of Fe-based materials is
metallic implying weak or moderate electron correlation. A key strategy to develop a unified picture for
the Fe- and Cu-based high temperature superconductivity (HTSC) is to explore the possibility to tune the
Fe-based compound into an insulator. This has not been successful albeit the worldwide efforts since its
discovery in early 2008. The relationship between the antiferromagntic ground state in the
Fe-chalcogenides, which is different from that in the Fe-pnictides, and superconductivity is another
issue.

Here, firstly, I shall talk about the discovery of superconductivity with 7=14K, determining of the
lattice, magnetic structures in the parent of Fe(Te,Se,S) system and the correlation between bi-collinear
AFM order and superconductivity in this system. Secondly, I shall discuss about our efforts on searching
for new Fe-Chalcogenides with AFM insulating behavior, such as La;O3Fe,Se(S), compounds. Finally, I
shall report our discovery of superconductivity above 30K in (T1,K,Rb)Fe,Se, system, which the onset
SC transition temperature is as high as 40K. While the compound with more Fe vacancies shows an
AFM insulator behavior, which may be associated with the Fe-vacancy ordering in the crystals. Our
discovery represents the first Fe-based HTSC at the verge of an AFM insulator. A review on the results
of Fe-vacancy super-lattice, magnetism and superconductivity in (TLK,Rb)FesSe, system will be

presented in this talk.

References:

1. Liling Sun, Minghu Fang, Zhongxian Zhao et al. Nuture 483, 67(2012)

2. F.Ye, Wei Bao, X. H. Chen, Minghu Fang et al., Phys. Rev. Letts. 107, 137003 (2011)

3. Chiheng Dong, Minghu Fang et al., Phys. Rev. B 84, 224506(2011).

4. Minghu Fang et al., EPL, 94 (2011) 27009, Editor’s Choice

5. Hangdong Wang, Minghu Fang et al., EPL, 93 (2011) 47004

6. Jian-Xin Zhu, Minghu Fang, and Qimiao Si ef al., Phys. Rev. Letts. 104, 216405 (2010)

7. Minghu Fang et al., Phys. Rev. B 81, 020509(R) (2010)

8. Yiming Qiu, Wei Bao, Minghu Fang, and Zhiqiang Mao et al. Phys. Rev. Letts. 103, 067008 (2009)
9.  Wei Bao, Minghu Fang, Z. Q. Mao et al. Phys. Rev. Letts. 102, 247001 (2009)

10. M. H. Fang, Z.Q. Mao et al., Phys. Rev. B 78, 224503(2008), Editor’s Suggestion.

Email: mhfang(@zju.edu.cn
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The analysis of magnetism in parent compounds of iron-based superconductors (FeSCs) plays
an important role for understanding superconductivity in these materials upon doping. In most
Fe-pnictides, magnetism can be reasonably well understood within itinerant scenario. The locations
of the Fermi surfaces (FSs) select two possible momenta for the order — (0,7) and (m,0) — in the
Fe-only Brillouin zone (BZ). Electron-electron interaction and the shape of the FSs further reduce
the ground state manifold to single-momentum states with either (0,7) or (m,0). In each of these
two states spins are ordered in a stripe fashion — ferromagnetically along one direction in 2D Fe-
plane and antiferromagnetically in the other. Upon doping, long-range order is lost, but magnetic
fluctuations evolve smoothly and remain peaked at or near (0,7) and (,0) even beyond optimal
doping.

There is one family of FeSCs - 11 Fe-chalcogenides Fei4yTe1—2Ses, in which smooth evolution
between parent and optimally doped compounds does not hold. Magnetism in these materials
changes considerably between x = 0 and x ~ 0.5, where the T is the largest. Near optimal doping
magnetic fluctuations are peaked at or near (0,7) and (m,0), as in Fe-pnictides, while magnetic
order in a parent compound Fe;,Te has very different momenta + (7 /2, +7/2) [1-5]. Upon doping,
the spectral weight at £(7/2, £7/2) decreases, and the spectral weight at (0,7) and (m, 0) increases.

In order to study magnetic order in Fe;;,Te, we apply the localized electron scenario and verify
whether the observed commensurate +(7/2,+7/2) order can be obtained in a Heisenberg model
with exchange interactions up to third neighbors [6]. Classically, £(7w/2,+7/2) order is unstable
with respect to a spiral order for any non-zero first neighbor exchange, unless one artificially breaks
Cy symmetry and sets interactions to be spatially anisotropic. We analyze the isotropic quantum
Heisenberg model and show that quantum fluctuations do stabilize a commensurate +(7/2, £7/2)
order in some range of parameters. However, this stabilization does not uniquely determine spin
configuration as a generic +(7/2,4+m/2) order is a superposition of two different Q—vectors: Q1 =
(71-/27 —71'/2), and Q2 = (71-/27 71'/2)

Previous works (for review, see [7]) argued that spin order is a single-Q state (either Qi1 or
Q2). Such an order breaks rotational Cs symmetry and order spins into a double diagonal stripe.
We show [6] that quantum fluctuations actually select another order — a double @ plaquette state
with equal weight of Q1 and Q2 components, which preserves C4 symmetry but breaks Z, trans-
lational symmetry. We argue that the plaquette state is consistent with recent neutron scattering
experiments on Fei,,Te.

[1] S. Li et al, Phys. Rev. B 79, 054503 (2009).

[2] T.J. Liu et al, Nature Mater. 9, 718 (2010).

[3] O. J. Lipscombe et al, Phys. Rev. Lett. 106, 057004 (2011).
[4] 1. A. Zaliznyak et al, Phys. Rev. Lett. 107, 216403 (2011).
[5] I. A. Zaliznyak et al, Phys. Rev. B 85, 085105 (2012).

[6] S. Ducatman, N. B. Perkins, A. Chubukov, arXiv:1207.2201.
[7] D. C. Johnston, Adv. Phys. 59, 803 (2010).
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[image: image26.png]"The Unsolved problem of
Heavy Fermion Superconductivity"

Piers Coleman
Center for Materials Theory,
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The discovery of heavy fermion superconductivity is more
than 30 years old, but the community was slow to accept the initial
discovery and the phenomenon of electronically mediated pairing
was first confirmed 30 years ago. While some heavy fermion
superconductors such as CeCu2Si2, are the best known examples
of spin-fluctuation exchange materials, a large fraction of "bad
actors”, including the second oldest material UBel3 and the family
of "115" materials, pose a major problem to our understanding. I
shall review the field and the challenges it poses to our
understanding of both rare earth and transition metal temperature

superconductivity.



[image: image27.png]Unconventional quantum criticality, anomalous metal with
strong valence/orbital fluctuations

S. Nakatsuji, Y. Matsumoto, K. Kuga, E.T.C. O’Farrell, and A. Sakai
Institute for Solid State Physics, Univ. of Tokyo, Japan.

In strongly correlated electron systems, quantum criticality normally emerges on the border of
magnetism accompanied by critical spin fluctuations. In particular for the 4f electron based heavy
fermions, it has been discussed using Doniach type picture based on the Kondo lattice with integer
valence. Here we discuss unconventional type of quantum criticality and anomalous metallic phases
found with strong valence and orbital fluctuations. The first material is the Yb based heavy fermion
superconductor S-YbAIB4. Interestingly, this exhibits a zero field quantum criticality without tuning
as the first example in a metal [1]. Doping and pressure effects indicate no magnetic phase in the
immediate vicinity of the ambient pressure quantum criticality. The instability associated with
electronic structure or valence may be the origin of the novel quantum criticality. Secondly, we will
discuss the anomalous metallic phase found in the Pr based cubic compounds Pr7nAly (71
transition metal) [2,3]. These allow us to study the competition between the strong hybridization
effects and quadrupolar ordering. Orbital fluctuations under strong hybridization with conduction
electrons suppresses orbital ordering and lead to prominent non-Fermi liquid behavior, suggesting

the possibility of a nonmagnetic type of Kondo effect.

[1] Y. Matsumoto, S. Nakatsuji, K. Kuga, Y. Karaki, N. Horie, Y. Shimura, T. Sakakibara, A. H.
Nevidomskyy, and P. Coleman, Science 331, 316 (2011).

[2] A. Sakai and S. Nakatsuji, J. Phys. Soc. Jpn. 80, 063701 (2011). A. Sakai, K. Kuga, and S.
Nakatsuji, J. Phys. Soc. Jpn. 81, 083702 (2012).
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Heavy-fermion compounds have in recent years emerged as prototypical quantum critical systems. Most
investigations so far have focused on anisotropic heavy-fermion compounds, as for instance CeCus..Aus,
CePd,Siz, Ce(Co,Rh)Ins, or YbRh,Si,. Different mechanisms have been evoked to explain the physical
properties observed in the vicinity of the respective quantum critical points (QCPs). In particular, the
Kondo breakdown scenario [1] was suggested to account for the experimentally observed abrupt change
of Fermi surface across the field-induced antiferromagnetic to paramagnetic transition in YbRh,Si, [2].
We now have identified a cubic heavy-fermion material, Ce;Pd20Sis, as exhibiting a field-induced
quantum phase transition accompanied by a very similar abrupt change of Fermi surface [3]. This finding
is intriguing since the Kondo breakdown scenario explicitly evokes two-dimensional (2D) spin
fluctuations that are unlikely to be relevant in a cubic material. However, there is an important difference
between both cases. The suggested Kondo destruction QCP in CesPd10Sis occurs as the lower of two
consecutive phase transitions is suppressed to zero. Thus, this QCP separates two different ordered —
presumably antiferromagnetically ordered — phases. Between these, Kondo breakdown could occur even
in dimensions higher than 2D [4]. From these results we have proposed a materials-based global phase
diagram [3] that points to the importance of dimensionality — and may serve as guide in the search for a

unified theoretical description .

Work done in collaboration with: J Custers, J. Larrea J., K. - A. Lorenzer, M. Miiller, A. Prokofiev, A.

Sidorenko, H. Winkler, A. M. Strydom, Y. Shimura, T. Sakakibara, R. Yu and Q. Si.

We acknowledge financial support from the European Research Council (ERC Advanced Grant No

227378).

[1] Q. Si et al. Nature 413, 804 (2001). P. Coleman et al., J. Phys. Condens. Matter 13, R723 (2001). T. Senthil et al.,
Phys. Rev. B 69, 035111 (2004).

[2] S. Paschen et al., Nature 432, 881 (2004). S. Friedemann et al., Proc. Natl. Acad. Sci. 107, 14547 (2010).

[3]17J. Custers et al., Nature Materials 11, 189 (2012).

[4] Q. Si, Physica B 378-380, 23 (2006). Q. Si, Phys. Status Solidi B 247, 476 (2010).
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[image: image29.png]Hastatic Order in URuySiy

Rebecca Flint

July 5, 2012

The hidden order developing below 17.5K in the heavy fermion material
URu3Sis has eluded identification for over twenty five years. Recently, a num-
ber of new experiments have shed new light on the nature of this phase. Most
intriguingly, de Haas-van Alphen has observed nearly perfectly Ising quasipar-
ticles deep in the hidden order phase. In this talk, I will show how these Ising
quasiparticles suggest a novel two-component order parameter capturing the
hybridization between S = 1/2 Kramers conduction electrons and the non-
Kramers Ising 5f2 local moments. This “hastatic order” differs from conven-
tional magnetism as it is a spinor order that breaks both single and double
time-reversal symmetry by mixing states of different Kramers parity. The bro-
ken time-reversal symmetry simply explains both the pseudo-Goldstone model
between the hidden order and antiferromagnetic phases and the nematic order
seen in torque magnetometry. The spinorial nature of the hybridization also ex-
plains how the Kondo effect can lead to a phase transition, with the hybridiza-
tion gap turning on at the hidden order transition as seen in STM. Hastatic
order also has a number of new predictions: a basal-plane magnetic moment of
order .0lup, a gap to longitudinal spin fluctuations that vanishes continuously
at the first order antiferromagnetic transition and a narrow resonant nematic
feature in the scanning tunneling spectra.

Funding for this work provided by the Simons Foundation and NSF Grant
DMR-0907179.




[image: image30.png]A Nanoscopic Approach to Heavy Fermions:
from Kondo droplets to Kondo Holes

Dirk K. Morr
University of Illinois at Chicago

Heavy fermion materials exhibit a plethora of unconventional phenomena, ranging
from a hidden order state to quantum criticality. The key to understanding the micro-
scopic origin of these phenomena lies in elucidating the complex electronic and magnetic
structure of these materials, a task that has long been proven elusive. Recently, two
groundbreaking, complementary approaches to this problem have been pioneered using
scanning tunneling spectroscopy. While nanoscopic replicas of heavy-fermion materials,
so-called Kondo droplets, have provided unprecedented control in manipulating Kondo
screening at the nanoscale, defects in heavy fermion materials have been utilized to ex-
plore the nature of the strong correlations in real space.

In this talk, I will present a theoretical discussion of these new approaches and demon-
strate that they allow us to gain exceptional insight into the correlated electronic and
magnetic structure of heavy fermion materials. In particular, I will show that Kondo
droplets provide a unique opportunity to locally study the competition between Kondo
screening and magnetic ordering which are at the heart of the heavy fermion problem.
Moreover, 1 will demonstrate that defects induce perturbations in the electronic and
magnetic structures that possess characteristically different spatial patterns and directly
reflect the strength of correlations. As a result, it is possible to disentangle electronic and
magnetic correlations in real space.
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[image: image31.png]Fermiology and order parameter of
iron-based superconductors from ARPES

Sergey Borisenko
Institut fuer Festkoerper - und Werkstofforschung

We use angle-resolved photoemission spectroscopy at very low
temperatures to study many families of iron-based
superconducting materials. The electron dynamics at low energies
is described by band structure calculations only on a very
qualitative level. Fermi surface seen in ARPES strongly deviates
from the convenient simple model with nested circular double
sheets of different topology in the center and corners of the
Brillouin zone. In spite of clear signatures of coupling to the
magnetic resonant mode in some of the compounds, the structure
and symmetry of the order parameter in some of the members of
the family cannot be easily explained by the conventional spin-

fluctuations.
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One of the most challenging puzzles that has emerged within the phenomenology of the high-
temperature superconductors (HTSC) is to understand the occurrence and role of the normal-state
“pseudogap" phase in underdoped cuprates. This phase exhibits anomalous behavior of many
properties including magnetic, transport, thermodynamic, and optical properties below a
temperature, T*, large compared to the superconducting (SC) transition temperature, Tc. To date,
not only do we not know the origin of the pseudogap state, there is also no consistent experimental
picture of its relation to superconductivity. While in one class of theories, T* represents a crossover
into a state with preformed pairs with a d-wave gap symmetry, in other, T* marks a true transition
into a phase with broken symmetry which ends at a quantum critical point. While at low-doping this
phase may compete with superconductvity, it might provide fluctuations that are responsible for the
enhanced Tc near its quantum critical point.

In this talk we will we present high-resolution linear-birefringence and magneto-optical (MO) [1]
data on several HTSC systems. While the birefringence measurements accurately locate structural
phase transitions and/or transitions into a charge-ordered phase, while an onset of a MO-Kerr
effect indicates that time-reversal-symmetry (TRS) is broken below that temperature. The above

effects exhibit a markedly stronger signal in the case of La2xBaxCuOs (LBCO) with x=1/8 [2]. For
this system a first-order structural transition from an orthorhombic to tetragonal phase is
accompanied by an onset of a Kerr signal. The signal then exhibits a weak inflection at the charge
order transition, rises to a maximum around the spin-order transition, and decreases to a finite
value when superconducting correlations are substantial. However, despite the sharp onset of the
Kerr signal, hysteretic training effects are observed, indicating that TRS has been broken at much
higher temperatures. Such an effect was previously observed in YBCO, especially close to x=1/8
doping [3] on single-layer BSCO [4], and has recently reported on similar LBCO crystals [5] These
results, together with detailed magnetic studies on similar crystals [2] may point to a unique
magnetic structure in the material that is strongly altered when charge-ordering takes place so as
to allow the Kerr effect to be visible.

[1] Jing Xia, Peter T. Beyersdorf, Martin M. Fejer, Aharon Kapitulnik, Appl. Phys. Lett. 89, 062508 (2006).

[2] Jing Xia, Elizabeth R. Schemm, G. Deutscher, S.A. Kivelson, D.A. Bonn, W.N. Hardy R. Liang, W.
Siemons, G. Koster, M.M. Fejer, and A. Kapitulnik Phys. Rev. Lett. 100, 127002 (2008).

[3] M. Hucker, G. D. Gu, and J. M. Tranquada, Phys. Rev. B 78, 214507 (2008).

[4] Lu Li, N. Alidoust, J. M. Tranquada, G. D. Gu, and N. P. Ong, Phys. Rev. Lett. 107, 277001 (2011).

[5] Rui-Hua He, M. Hashimoto, H. Karapetyan, J. D. Koralek, J. P. 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, T. P. Devereaux, S. A. Kivelson, J. Orenstein, A. Kapitulnik, and Z.-X. Shen, Science 331,
1579 (2011).




CaMn2Sb2 with buckled hexagonal Mn plane structure:  Removal of Hund's spin blockade
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SmB6 is a canonical example of an f-electron system in
which resistivity increases with decreasing temperature. The most
puzzling property of this materials, which remains unexplained to
date, is that resistivity saturates below 5K and remains essentially
independent on the sample’s quality. I will argue that this
anomalous behavior can be explained by an existence of
topologically protected metallic surface states at the sample’s
boundaries. These states emerge as a result of hybridization
between conduction and f-electrons due to specific momentum
dependence of the hybridization amplitudes, which are
determined by the symmetry of the lowest lying crystalline field
multiplet. In addition, I will review recent theoretical efforts
towards the possibility of realizing topologically protected metallic

states in Ce-based heavy-fermion semiconductors.
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Electronic properties of bilayer graphene are qualitatively
different from properties of two separate graphene single layers.
The difference stems partly from the fact that the dispersion is no
longer described by two isotropic Dirac cones near K and K'
points. Rather, over wide energy range, the dispersion can be
accurately described by two parabolically touching bands. As a
result, at the "neutrality point" the many-body effects are expected
to lead to broken symmetry ground states. I will review current
theoretical approach to electron-electron interaction driven many-
body instabilities within the framework of Wilson RG. The role of
competing interactions and the dependence of different ordering
tendencies on the range of the interaction will be examined. In
particular, I will argue that for longer range interaction giving
predominantly forward scattering, the leading ordering tendency
is towards a gapless electronic nematic state. For shorter range
interactions, such as in the Hubbard model, additional back
scattering becomes comparable to the forward scattering and the
leading ordering tendency is towards a gapped Neel
antiferromagnet. These results will be discussed in the context of
recent experiments reporting signatures of broken symmetry states
in suspended bilayer graphene.
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The time-evolution of one-dimensional bosons after a simultaneous interaction and com-
mensurate lattice quench is studied using a renormalization group (RG) approach. As a con-
sequence of the quench, the effective scaling dimension of the lattice potential is found to be
time-dependent which has a crucial effect on the time-evolution of the system. For certain
quench protocols a critical time is found at which the lattice potential goes from being irrele-
vant to relevant in the RG sense indicating a dynamical phase transition. Explicit results are
presented for the time-evolution of various parameters when the lattice potential is irrelevant
at all times. When the lattice potential becomes relevant, results are presented for the time-
evolution of the gap which may be tested experimentally via quantities such as the optical
conductivity. It addition to the above effects, it is shown via RG that a quench can lead to
the generation of new terms such as dissipation and noise even though the system is closed.
The physical origin of this dissipation is explained. It is also shown how a dissipation may be
generated in closed fermionic systems after a quantum quench.
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We obtain an exact expression for the time evolution of the
interacting Bose gas following a quench from a generic initial state
using the Yudson representation for integrable systems. We study
the time evolution of the density and noise correlation for a small
number of bosons and their asymptotic behavior for any number.
We show that for any value of the coupling, as long as it is
repulsive, the system asymptotes towards a strongly repulsive gas,
while for any value of an attractive coupling the long time
behavior is dominated by the maximal bound state. This occurs
independently of the initial state and can be viewed as an

emerging “dynamic universality”.
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Molecular conductors and the search for high-Tc¢ superconductivity
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A widespread belief considers electron-phonon superconductors -explained by
Bardeen-Cooper-Schrieffer theory- and exotic superconductors -dominated by
electron-electron correlations- two independent families with strikingly different
properties, starting from the critical temperature.

We show that molecular crystals based on large organic molecules challenge this
distinction, and we have now convincing evidence that electron-phonon
superconductivity and the Mott physics due to strong correlations can actually coexist
and cooperate. This can be the case of organic superconductors like alkali-metal doped
fullerides and in particular Cs;Cgq [1]

In the first part of the talk we remind how a phonon-driven superconductor emerges
when pressure is applied onto an antiferromagnetic Mott insulators in Cs3;Cgo, and we
discuss the general framework to understand the properties of these materials [2].

In the second part of the talk we move to aromatic molecular solids, a new field opened
in 2010 with the discovery of superconductivity with T;=18K in potassium-doped
picene [3]. We now have at least four superconductors in this family with critical
temperature up to 33K. We discuss the role of electron-electron correlation [4] and
electron-phonon interactions in these materials and we argue that the same mechanism
we identified in fullerides is likely at work.

[1]Y. Takabayashi et al., Science 323, 1585 (2009); A.Y. Ganin et al. Nature Materials 7 367 (2008)
[2] M. Capone, M. Fabrizio, C. Castellani and E. Tosatti, Rev. Mod. Phys. 81, Rev. Mod. Phys.
81, 943 (2009); Science 296, 2364 (2002)

[3] R. Mitsuhashi et al. Nature 464. 76 (2010)

[4] G. Giovannetti and M. Capone, Phys. Rev. B 83, 134508 (2011)
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Recently, Gross et al. formulated a new scheme based on density functional theory for
superconductors (SCDFT) [1]. There, by solving the gap equation derived from the
Kohn-Sham Bogoliubov-de Gennes equation, we can estimate the superconducting
transition temperature (7.) without introducing any adjustable parameters. It has been
shown that SCDFT reproduces successfully the experimental 7, of various conventional
superconductors, such as simple metals[1], MgB;[2], and CaC¢[3].

In this talk, I will first review SCDFT and discuss how the retardation effect and the
mass renormalization effect in the standard Migdal-Eliashberg (ME) theory are taken
into account. Since SCDFT gives essentially the same result as that of the ME theory,
we can use SCDFT to determine whether the pairing mechanism is the conventional ME
type or not. In the second part of my talk, I will introduce our recent SCDFT study for
nitride superconductors [4], and demonstrate how SCDFT can be used for this purpose.

In late 90°s, Yamanaka et al. discovered high 7. superconductivity in layered nitrides
B-MNCI (M=Zr, Hf) [5]. The parent compound is a band insulator with a band gap of a
few eV, and it becomes a superconductor upon doping electrons. The maximum 7 is
~26K for the HfNCl-based system, which had been the second highest record among
transition-metal compounds until the recent discovery of superconductivity in the iron-
based superconductors. Although the pairing mechanism of the nitride superconductors
is of great interest, it is yet to be fully understood. While several experiments suggest
that the pairing gap function is a fully-gapped s-wave, there are also many experimental
indications suggesting unconventional pairing mechanism.

In this talk, I will show that 7, estimated by SCDFT is at maximum half of the
experimental 7. and its doping dependence is opposite to the experiments. These results

suggest that we need to go beyond the ME theory to clarify the pairing mechanism of 3-
MNCI [4].
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When classical systems fail to explore their entire configurational space, intriguing macro-
scopic phenomena like aging and glass formation may emerge. Also closed quanto-mechanical
systems may stop wandering freely around the whole Hilbert space, even if they are initially
prepared into a macroscopically large combination of eigenstates. Here, we report numer-
ical evidences that the dynamics of strongly interacting lattice bosons driven sufficiently
far from equilibrium can be trapped into extremely long-lived inhomogeneous metastable
states. The slowing down of incoherent density excitations above a threshold energy, much
reminiscent of a dynamical arrest on the verge of a glass transition, is identified as the key
feature of this phenomenon. We argue that the resulting long-lived inhomogeneous pattern
is in turn responsible for the lack of thermalization observed in large finite size systems.
Such a rich phenomenology could be experimentally uncovered upon probing the out-of-
equilibrium dynamics of conveniently prepared quantum states of trapped cold atoms which
we hereby suggest.[1]

* In collaboration with G. Carleo, M. Schiro, and M. Fabrizio

[1] G. Carleo, F. Becca, M. Schiro, and M. Fabrizio, Scientific Reports 2, 243 (2012).
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Abstract: The effect of induced ChernSimons mass term in 2+1 field theory is known, and
studied extensively. We look at the generated mass spectrum to interpret the
possibility of a boundstate just below the twoparticle threshold, which gives rise
to interesting boundary physics in finite systems.
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We study the nonequilibrium dynamics of multiband BCS superconductors subjected to ultra-
short pump pulses. Using density-matrix theory, the time evolution of the Bogoliubov quasiparticle
densities and the superconducting order parameters is computed as a function of pump pulse fre-
quency, duration, and intensity. Focusing on two-band superconductors, we consider two different
model systems. The first one, relevant for MgBs, describes two-band superconductors with domi-
nant intraband interactions and an attractive but weak interband pair scattering Vi2. The second
model, relevant for iron-based superconductors, deals with the opposite limit where the interband
interaction Vis is repulsive and much larger than the intraband pairing terms. For ultrashort pump
pulses, both of these models exhibit a nonadiabatic behavior which is characterized by oscillations of
the superconducting order parameters. We find that for nonvanishing Vi2, the superconducting gap
on each band exhibits two oscillatory frequencies which are determined by the long-time asymptotic
values of the gaps. The relative strength of these two frequency components depends sensitively
on the magnitude of the interband interaction Vi2. Hence, pump-probe experiments on two-band
superconductors can give valuable information on the strength of the interband pair scattering Vis,
and thereby shed light on the microscopic pairing mechanism.
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ABSTRACT

The recent angle resolved photoemission spectroscopic (ARPES) measurements have
proved to be the most reliable and powerful probe to analyse the electronic band structure of
layered Graphene system. It is observed that the inclusion of next-nearest-neighbor hopping (t)
breaks the electron-hole symmetry and the m (bonding) and T (ant-bonding) band become
asymmetric and there is shifting of Fermi energy by an amount of the order of t away from
band crossing points (Dirac points). Further, it is also revealed that in bilayer graphene a
splitting in the electronic spectra in the form of bonding and antibonding bands (0.4 eV splitting
of the m-state). It is pointed out that energy gap, dispersion relation and density of states in
multilayer Graphene depend on stacking sequence, number of layers, and Intra and interlayer
interactions. It has been predicted that in AA-stacking, the interlayer interaction destroies the
degeneracy of constituent graphite sheets, while in ABC-stacking the interlayer interaction play
prominent role and breaks both the symmetry properties as well as the degeneracy of the system.
Motivated from these facts, we present the theoretical modeling and numerical Computation of
the electronic spectral function and Density of States (DOS) of monolayer and bilayer (AB- and
AA-stacked) correlated graphene . We have employed the tight binding Hamiltonian approach
containing nearest-neighbour and next-nearest neighbor hopping within the two triangular
sublattice in monolayer graphene alongwith the interlayer coupling parameter for the case of
bilayer graphene. In order to study the influence of moderate Coulomb correlations on spectral
properties, we have also taken into account on-site Coulomb repulsion within the each sublattice
in Graphene plane. The theoretical expressions of single particle spectral functions A(kw), and
hence DOS for monolayer and bilayer Graphene have been obtained using Green’s function
equations of motion approach. On the basis of numerical computation we have compared our
theoretical results with existing ARPES and tunneling measurements.
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Layered Nitrides B-Li$ x$MNCI1 (M = Ti, Zr, Hf):
Insights from Density-functional Theory for Superconductors
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Layered-metallonitride-halide superconductors have been attracting much interest due
to its superconductivity induced by electron doping with high critical temperature (7¢)
up to 26 K. The pairing mechanism is yet to be clear; an s-wave gap is indicated from
STM/STS, NMR, and specific-heat measurements, while the isotope-effect coefficient
of nitrogen is small. Electron-phonon coupling is suggested to be small, whereas they
seem to belong to strong-coupling regime. Clarification of the microscopic mechanism
is highly desired.

We present an ab initio analysis with density functional theory for superconductors
(SCDFT) to understand the superconducting mechanism of the doped layered nitrides
¥beta-Li$ x$MNCI1 (M=T1, Zr, and Hf). The current version of SCDFT is based on the
Migdal-Eliashberg theory and has been shown to reproduce accurately experimental 7c
of a wide range of phonon-mediated superconductors. In the present case, however, our
calculated Tc$¥leq$4.3 K (M=Zr) and $¥leq$10.5 K (M=Hf) are found to be less than a
half of the experimental 7c. In addition, 7c obtained in the present calculation increases
with the doping concentration x, opposite to that observed in the experiment. Our results
indicate that we need to consider some elements missing in the present SCDFT based
on the Migdal-Eliashberg theory.
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The Ising-like dynamic Hubbard model uses a pseudo-spin degree of freedom to modify the on-
site Coulomb potential depending on the double occupancy. Using the perturbation theory, the
optical conductivity is calculated analytically for this model with only two sites. The
redistribution of optical spectral weight at different frequencies for different filling numbers
confirms the key point of the dynamic Hubbard model that holes are heavier than electrons. The
optical sum rule is also checked for various electron sectors, which supports for the idea of “the
kinetic energy-driven superconductivity”.
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Abstract

We analyze signatures of the quantum interference showing up in the nano-junctions containing
the double quantum dots. In particular, we consider influence of the induced superconducting
order on Fano-type interference patterns in the metal-double quantum dot-superconductor device.
The entangled particle and hole excitations of these quantum dots manifest themselves by the
Fano-type resonance and antiresonance appearing at tes level (where €5 denotes energy level of
the side-attached quantum dot). Although the charge transport through nanodevices is usually
dominated by the coherent electron tunneling in real systems the decoherence effects originating
from an environment cannot be completely disregarded. We study here in some detail decoherence
effects indiced by the fermion and/or boson degrees of freedom. In particular, we show that
phonons can multiply the Fano features in the interfacial quantum dot spectrum. These Fano-type
structures appear at energies corresponding to a multiplicity of the phonon energy with respect
to the side-attached quantum dot level. The other fermion type (electron) decoherence can be
eventually induced by additional floating lead (or generally speaking, the electron states of a given
substrate material). We find that even a relatively weak coupling strength between the floating
lead and the nanodevice is capable to suppress all the quantum interference features. Furthermore,
we also show that the Kondo effect appearing on the side-attached quantum dot may produce

another tiny Fano structure and it can be visible in the low temperature differential conductance.
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The Mott insulating state formed from bosons is ubiquitous in solid *He, cold
atom systems, Josephson junction networks and perhaps underdoped high-T
superconductors. We predict that close to the quantum phase transition to
the superconducting state the Mott insulator is not at all as featureless as is
commonly believed. In three dimensions there is a phase transition to a low tem-
perature state where, under influence of an external current, a superconducting
state consisting of a regular array of ‘wires’ that each carry a quantized flux of
supercurrent is realized. This prediction of the “type-II Mott insulator” follows
from a field theoretical weak—strong duality, showing that this ‘current lattice’
is the dual of the famous Abrikosov lattice of magnetic fluxes in normal super-
conductors. We argue that this can be exploited to investigate experimentally
whether preformed Cooper pairs exist in high-T, superconductors.

Reference: arXiv:1207.0286

______________ UV-cutoff

Topology of the phase diagram of type-II Bose-Mott insulators in three space dimensions.
The horizontal axis represents strength of quantum phase fluctuations that tune from super-
conducting (SC) to Bose-Mott insulating (BMI) order via a quantum phase transition. As
function of temperature (vertical axis) the “wedge” of quantum critical fluid (QC) emerges
from the quantum critical point, while on either side thermal phase transitions occur: to a
superconducting state, but we also predict a thermal transition on the insulating side. An
external magnetic field is first expelled by the superconductor (Meissner), while above Hc; it
penetrates as an Abrikosov lattice of quantized flux lines. Near the quantum phase transition a
similar response is observed in the Mott insulator, now as function of applied electric current.
Upon increasing the local repulsions one eventually enters the regime of nearly completely lo-
calized bosons. Here the type-II Mott insulator disappears because the relevant length scales
have shrunk beyond the lattice constant: the reason the type-II phase has hitherto been
overlooked.
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Abstract

Discussed are available possibilities for determining effective mass M; of charged
clusters in cryogenic electrolytes. It is emphasized that the usual relaxation effect of
finite M; on the frequency dispersion of 3D conductivity o3(w) of weak electrolytes
becomes noticeable in the range of rather high frequencies where other absorption
mechanisms also become important, e.g. Debye relaxation at w ~ wp. We propose
an approach based on a special differential technique and allowing to extract data
on M; in the low-frequency domain w < wp. The procedure employs measurements
of both planar o (w) and vertical o (w) low-frequency conductivities in the 2D ion
system formed at the surface of a cryogenic electrolyte in the presence of vertical
field £, followed by calculation of their difference do(w) = oj(w) — o (w). This
difference can be used to extract the values of M;.

Assuming the effective quasiparticle radius R; to be known from the dc-measure-
ments and taking the viscous Stokes force as the main source of dissipation, one can
estimate the typical frequency scale w;, through the solvent viscosity n and the ion
radius R;. The the real part of the difference do(w) as a function of w/w, for
different values of the ratio w;/w, < 1 is plotted in the Figure (the frequency w;
depends on the ion mass M;, w? Mi_l). It is clearly seen from the Figure that
the difference do(w) is sensitive to the parameter w;/wy, < 1.
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We have studied theoretically the behavior of irreversible type-II superconductor slabs under the
action of an in-plane rotating magnetic field. The study was made applying the elliptic [1] and
extended-elliptic [2,3] critical-state models to explain experiments on a PbBIi rotating disk in a fixed
magnetic field H,, parallel to the flat surfaces [4]. Specifically, effects produced by varying the
rotation angle, of the applied magnetic field at different values of its magnitude, H,, are studied.
When H, is smaller than the penetration field Hp, the magnetization components, parallel and
perpendicular to H,, oscillate with increasing the rotation angle. On the other hand, if the magnitude
of the applied field, H,, is larger than Hp, both magnetization components become constant

functions of ¢ at large rotation angles. We also present the results of a slab superconductor that is

first fully magnetized and then exposed to a magnetic field in the perpendicular direction. The
elliptic and extended-elliptic critical-state models were applied and the results compared to each
other and to that of physical experiment on a PbBi disk. The collapse of the magnetic moment is
investigated by varying the magnitude of the perpendicular magnetic field for paramagnetic initial
state.

[1] C. P. Bean, Phys. Rev. Lett. 8, 250 (1962).

[2] C. P. Bean, J. Appl. Phys. 41, 2482 (1970).

[3] J. R. Clem, Phys. Rev. B 26, 2463 (1982).

[4] A. Pérez-Gonzalez and J. R. Clem, J. Appl. Phys. 58, 4326 (1985).

[5] C. Romero-Salazar and F. Pérez-Rodriguez, Appl. Phys. Lett. 83, 5256 (2003).

[6] J.R. Clem, M. Weigand, J.H. Durrell, and A.M. Campbell, Supercond. Sci. Technol. 24, 6 (2011)
[7]1 J.R. Clem, Phys. Rev. B 83, 214511 (2011)
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Single crystals of CeMgs; and its non-magnetic analogue LaMgs; have been grown using
Bridgman method. CeMg; crystalizes in cubic structure with space group Fm3m (#63). The
magnetic properties have been studied on well-oriented single crystal by measuring magnetic
susceptibility, isothermal magnetization, electrical transport, and heat capacity. It is found that
CeMgs orders antiferromagnetically with a Neel temperature Ty of 2.6 K. The specific heat of
CeMg; exhibits an enhanced value of Sommerfeld coefficient 370 mJ/ mol K? at low
temperature, indicating the heavy-fermion nature of CeMg;. The magnetization value reaches
only 0.5 ug/Ce at 1.8 K at a field of 12 T, while the saturation magnetization of free Ce
moment is 2.14 ug/Ce. The reduced value of magnetic moment below the ordering
temperature, together with the reduced value of entropy at the ordering temperature, and the
enhanced low temperature heat capacity indicates that Kondo effect plays a significant role in
this system. An estimation of Kondo temperature (Tx) was made and was found that it is of the
order of Ty. The magnetic part of electrical resistivity shown in Fig. 1(a) exhibits a double-
peaked structure, which is often observed in Kondo lattice compounds, having magnetically
ordered ground-state.
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Fig. 1: (a) Resistivity vs. temperature plot, (b) magnetic part of heat capacity, solid line shows
Schottky fitting, (c) CEF fitting to the inverse susceptibility data.

The magnetic part of heat capacity (Cy,q4) is obtained by subtracting the heat capacity of
nonmagnetic isostructural LaMgs from that of CeMg;. g shows a broad hump around 85 K,

which is because of the Schottky effect [Fig. 1(b)]. We have performed a crystal electric field
(CEF) analysis on heat capacity and magnetic susceptibility data, and found that the ground
state is a doublet and first excited state is a quartet separated by an overall splitting of 191 K.

Ref: Pranab Kumar Das et. al., Phys. Rev. B 83 134416 (2011).
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Interacting electrons in dispersionless bands tend to exhibit ferromagnetism, but
location and nature of the para-ferro transition remain largely unknown. We address
these questions for the Hubbard model on the Tasaki lattice where ferromagnetism
can be analyzed as a classical, geometric site-percolation problem. Due to the
degeneracy of independent ferromagnetic clusters different electron configurations
appear with non-trivial quantum statistical weights: this we call Pauli-correlated
percolation. We provide a complete exact solution for the corresponding one-
dimensional case and develop a numeric algorithm for the two-dimensional case. In
two-dimensional case the paramagnetic phase persists to beyond the uncorrelated
percolation point, and the grand-canonical transition is via a first order jump to
unsaturated ferromagnetic phase. The presentation is based on the paper
M.Maksymenko, = A.Honecker, = R.Moessner, J.Richter, and O.Derzhko,

arXiv:1204.2110.
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The concept of localized magnons was introduced some time ago [J.Schulenburg et.
al., Phys. Rev. Lett. 88, 167207 (2002)] and then it has been successfully used to
examine the ground-state and low-temperature properties of a wide class of spin
models [for a review see O.Derzhko et. al., Low Temp. Phys. 33, 745 (2007)]. Most
of the calculations up till now refer to the so-called ideal lattice geometry which
implies a completely dispersionless lowest-energy one-magnon band. However, one
cannot expect that such conditions occur in real-life materials and therefore one has
to go beyond the case of ideal geometry dealing with a slightly dispersive lowest-
energy one-magnon band, and thus with almost localized magnons. In the present
study, we consider the antiferromagnetic Heisenberg model on a distorted diamond
chain and use the localized-magnon picture adopted to a distorted geometry to
discuss some of its high-field low-temperature properties. We also discuss the
relevance of such a description for azurite [H.Kikuchi et. al., Phys. Rev. Lett. 94,
227201 (2005); H.Kikuchi et. al., Prog. Theor. Phys. Suppl. 159, 1 (2005)]. The
presentation is based on the paper O.Derzhko, J.Richter, and O.Krupnitska,

arXiv:1206.1441.
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All the families of pnictides display several hole and electron pockets at the Fermi level, as
predicted by density-functional-theory calculations and confirmed by Fermi-surface sensitive
experiments, as de Haas van Alphen and photoemission spectroscopy. A much more indirect
probe of such a multiband character comes from transport experiments, where the contribution of
carriers having hole and electron character is unavoidably mixed. A typical example is provided
by Hall effect measurements: indeed, in a (almost) compensated semimetal one would expect an
almost perfect cancellation between the hole and electron bands. Instead, several measurements
in both undoped and hole and electron doped systems [1,2] show a very large absoulte value
of the Hall coefficient with a marked temperature dependence and a predominant electron/hole
character of the transport in e/h-doped materials. In this work [3] we investigate the role of
the momentum dependence of the spin fluctuation spectrum, which introduces vertex corrections
to the quasiparticle current. We calculate the Hall transport in a multiband systems with a
dominant interband interaction between carriers having electron and hole character. We show that
this situation gives rise to an unconventional scenario, beyond the Boltzmann theory, where the
quasiparticle currents dressed by vertex corrections acquire the character of the majority carriers.
This leads to a larger (positive or negative) Hall coefficient than what expected on the basis of
the carrier balance, with a marked temperature dependence. Our results explain the puzzling
measurements in pnictides and they provide a more general framework for transport properties in
multiband materials.

[1] F. Rullier-Albenque, D. Colson, A. Forget, and H. Alloul, Phys. Rev. Lett. 103, 057001 (2009).
[2] L. Fang, H. Luo, P. Cheng, Z. Wang, Y. Jial, G. Mu, B. Shen, LI. Mazin, L. Shan, C. Ren, and
H-H. Wen, Phys. Rev. B 80, 140508(R) (2009).

[3] L. Fanfarillo, E. Cappelluti, C. Castellani, L. Benfatto, arXiv:1205.2242 (2012).
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Spins in Las_,Sr,CuO4 for 0.02 < x < 0.05 are frustrated and non-
collinear. The relevant order parameter is a rotation matrix O € SO(3).
We argue that due to the interaction of spins with dipole moments lo-
calised on holes, the order parameter might be reduced from SO(3) to
S52. It means that Skyrmions can exist in the system. We worked within
the framework of non-linear o-model coupled to to massive vector fields
representing holes.
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More than a century ago, the use of alternating currents (ac) sparked a revolution that changed our
modern world. Today, the use of ac fields has reached the nanoscale. Here, the interplay between the
guantum coherence of the electrons, inelastic effects and dynamical symmetry breaking offers
fascinating opportunities for basic research and applications. The interest on time-dependent
excitations by electromagnetic fields or gate voltages has been steadily growing [1] and many
captivating phenomena such as photon-assisted tunneling, coherent destruction of tunneling [2] and
guantum charge pumping [3] have been unveiled.

Graphene and carbon nanotubes offer an outstanding ground for these studies [4,5,6]. Here we give a
brief overview of our recent research on driven electronic transport in these materials with a focus on
the effects of radiation on electronic transport properties in graphene [6], notably the emergence of
dynamical band gaps, and how defects in carbon-based devices could help to generate a dc current in
the presence of ac fields [7]. More specifically, we will try to shed light on questions such as: Is it
possible to use ac fields to control the electric response (current and noise)? Could we achieve tunable
band gaps in graphene through illumination with a laser of suitable wavelength and polarization ?

A brief overview of other facets of the wealth of phenomena that could be awaiting us, such as the
possibility of using the laser fields to generate the so called Floquet Topological Insulators [8,9,10], will
also be presented.
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Abstract

A theory describing the coexistence between d-wave superconductivity and S-wave charge-
density-waves (CDWs) is presented. The CDW (dielectric) gapping is identified with
pseudogapping observed in high- 7¢ oxides. The analysis is carried out for the two-dimensional

geometry of Fermi surface (FS). The phase
diagrams in the - plane (here, ¢is the ratio
between the energy gaps in the parent pure
CDW and superconducting states and the
quantity 2 is connected with the degree of FS
dielectric gapping) were obtained for various
possible mutual orientations (@¥-y and @x) of
superconducting  and  dielectric  order
parameters in the momentum space (see Fig. 1
for the dr-p geometry). Relevant tunnel and
photoemission experimental data for high- /¢
oxides are compared with theoretical
predictions. The dc Josephson tunnel current /,
between a 0Ox-y-wave superconductor with
CDWs and a conventional isotropic
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Fig. 1. Phase diagram of the CDW d-wave
superconductors. CDWs have a checker-
board configuration. The mismatch angle 3
between the bisectrices of a CDW sector and
a superconducting lobe is equal to zero
superconductor was considered theoretically.
A directionality of tunneling was taken into
account. It was found that the dependence of /.
on the angle between the superconducting lobe
direction and the normal to the junction plane
is significantly altered by CDWs. For certain
doping levels it may be even non-monotonic
(see Fig. 2), which can be readily found
experimentally. For the sake of comparison,
the corresponding results obtained for the
tunnel junction between a CDW &
superconductor and a conventional isotropic
superconductor are also presented.
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Iron pnictides are layered compounds that upon doping become superconductor. A structural tran-
sition follows the magnetic one in the phase diagram pointing to a rich interplay between the lattice
and the magnetic degrees of freedom. The magnetism presents columnar ordering i.e antiferromagnetic
in the x-direction and ferromagnetic in the y-direction and it has anti-intuitive anisotropic transport
properties. Iron is placed in a pnictogen tetrahedral environment and magnetism seems to depend on
the Fe-Pn-Fe angle, indicating again coupling between the magnetic and lattice degrees of freedom. Re-
cent Raman experiments [1] show an anomalous behavior of the B2g As-phonon when going through
the magneto-structural transition. There is a strong enhancement in the B2g As-phonon intensity of the
Raman response in the magnetic phase unveiling a significant coupling in the magnetic phase between
the phonon and the electronic continuum. Moreover, the symmetPor ciertory dependence of the arsenide
phonon intensity indicates a strong in-plane anisotropy of the magnetism. In this work [2] we calculate
the Raman response of the coupling of the B2g As-phonon in the paramagnetic and magnetic phases
using a five orbital tight-binding Hamiltonian [3] with an explicit dependence on the Fe-As-Fe angle. We
analyze the symmetry dependence in the Raman response of the B2g As-phonon mode and compare with
Raman experiments.

[1] S. Sugai et al., arXiv:1010. 6151; L. Chauviére et al., Physical Review B 84, 104508 (2011)
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We consider the excitonic insulator state (often associated with electronic ferroelectricity), which
arises on the phase diagram of an extended spinless Falicov-Kimball model (FKM) at half-filling.
Within the Hartree—Fock approach, we calculate the spectrum of low-energy collective excitations
in this state up to second order in the narrow-band hopping and/or hybridisation. This allows to
probe the mean-field stability of the excitonic insulator. The latter is found to be unstable when the
case of the pure FKM (no hybridisation with a fully localised band) is approached. The instability is
due to the presence of another, lower-lying ground state and not to the degeneracy of the excitonic
phase in the pure FKM. The excitonic phase, however, may be stabilised further away from the
pure FKM limit. In this case, the low-energy excitation spectrum contains new information about
the properties of the excitonic condensate (including the strongly suppressed critical temperature).

PACS numbers: 71.10.Fd, 71.28.4+d, 71.35.-y, 71.10.Hf

The spinless Falicov—Kimball model proper involves
fermions d; and ¢; in the localised and itinerant bands,
interacting via a Coulomb repulsion U on-site:

H = —%Z( ;fcj —&-c;-ci) +Edzd1di+UZCIdIdiCiv

(i7)

1)
where E, is the bare energy of the localised band. We
choose the units where the hopping amplitude ¢ and the
period a of the (d-dimensional hypercubic) lattice are
equal to unity. We consider the half-filled (n = 1) case
at zero temperature.
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FIG. 1: Effect of different perturbations on the excitation
spectrum of the 2D FKM, Eq.(1) with U = 2, E4 = 0.4.
Solid, dashed, and dotted lines correspond respectively to the
effects of ¢’ (bottom to top: t' = —0.04, —0.0565, —0.07), V
(Vo = —0.06, —0.074, —0.09), and V2 (V2 = 0.115, 0.249, 0.35).

The extended Falicov—Kimball model is obtained once
Eq. (1) is supplemented by any of the following terms:
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where t' is the d-band hopping and Vj, bare hybridisa-
tion on-site. V4 (V2) is the spatially-even (odd) nearest-
neighbour hybridisation, as appropriate for the case
where the two original bands have the same (oppo-
site) parity. R; is the radius-vector of a site i, and
aZ = Zizl X, sum of Cartesian unit vectors.

We calculate[1] the spectrum of low-energy collective
excitations in a uniform excitonic insulator phase of the
extended Falicov—Kimball model. This spectrum van-
ishes identically in the case of pure Falicov—Kimball
model, Eq. (1). The effect of different terms in Eq. (2)
on the excitation energies is exemplified by Fig.1. For
weaker perturbations, the excitation energy is imaginary
within a certain range of values of momentum ¢, imply-
ing an instability of the excitonic insulator. For pertur-
bations larger than a certain critical value t,. or V; .,
the spectrum may become real and the stability of the
uniform excitonic phase may be restored.

* Electronic address: Denis.Golosov@biu.ac.il
[1] D. I. Golosov, preprint arXiv:1204.6499, submitted to
Phys. Rev. Lett. (2012).
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Abstract

We study spin ice system on kagome, a two-dimensional lattice of
corner-sharing triangles. We introduce lattice deformations, which imply
phononic degrees of freedom in the adiabatic limit. We use analytical and
MonteCarlo calculations to see how these new degrees of freedom affect
the short and long range spin interactions. We also use Monte Carlo
simulations to obtain the magnetization curves, explore the phases and
the ground states of this system in the presence of magnetic field.
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Topological crystalline insulators are new states of matter in which the topological nature of electronic structures
arises from crystal symmetries. Here we predict the first material realization of topological crystalline insulator in the
semiconductor SnTe, by identifying its nonzero topological index. We predict that as a manifestation of this nontrivial
topology, SnTe has metallic surface states with an even number of Dirac cones on high-symmetry crystal surfaces
such as {001}, {110} and {111}. These surface states form a new type of high-mobility chiral electron gas, which is
robust against disorder and topologically protected by reflection symmetry of the crystal with respect to {110} mirror
plane. Breaking this mirror symmetry via elastic strain engineering or applying an in-plane magnetic field can open
up a continuously tunable band gap on the surface, which may lead to wide-ranging applications in thermoelectrics,
infrared detection, and tunable electronics. Closely related semiconductors PbTe and PbSe also become topological
crystalline insulators after band inversion by pressure, strain and alloying.
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It was recently discovered that the strongly correlated electron compound YbNisP; is one of
the few heavy-fermion systems exhibiting a ferromagnetic phase transition at very low
temperature (T¢=0.17 K) due to strong Kondo screening [1]. It is thus a very promising
candidate to study a Kondo system close to ferromagnetic quantum criticality. While nickel is
nonmagnetic in YbNisP,, the ytterbium moments are located on chains so that the magnetic
interaction is mainly one-dimensional. Together with geometrical frustration, YbNisP, is
therefore prone for enhanced quantum fluctuations.

We present here measurements of time-of-flight neutron spectroscopy of polycrystalline
YbNisP; in the paramagnetic phase. Two magnetic excitations in the crystalline electric field
are observed as well as a clear quasi-elastic signal, whose development towards lower
temperatures gives insight into the Kondo physics of the compound.

[1] C. Krellner, S. Lausberg, A. Steppke, M. Brando, L. Pedrero, H. Pfau, S. Tencé, H.
Rosner, F. Steglich and C. Geibel, New Journal of Physics 13 (2011), 103014
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We use series expansion techniques[1,2] for analyzing properties of the quantum phase transition
between the Mott insulating and superfluid phase for bosons on the kagome lattice, and the
multicritical point in the ground-state phase diagram for unit-filling is calculated. It is seen, within a
bond-expansion, that of the clusters that contribute with non-zero weights to the ground state
energy, many contain rings. The exponential decay coefficients of ground state correlations are also
obtained within the Mott phase. For excited properties, quasiparticle dispersion and effective
masses for particles and holes are computed. Furthermore at 8th order, the coherence-length critical
exponent v is found to be comparably close to that of the 3D XY model.

A series expansion technique that uses exact diagonalization instead of perturbation theory[3] is
currently being used for various spin-like systems and compared with some exact results. Some of
these preliminary results along with some tangentially related work on lattice green's functions is
presented.

[1] M. P. Gelfand, R. R. P. Singh, D. A. Huse, Journal of Statistical Physics 59 (5), 1093-1142
(1987)

[2] N. Elstner and H. Monien, Phys. Rev. B 59, 1218412187 (1999)

[3] M. Rigol, T. Bryant, R. R. P. Singh, Phys. Rev. E 75, 061118 (2007)
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We present the results of the symmetry classification of the energy bands in graphene in the
framework of the group theory algebra. In addition, we analyze the splitting of the merging bands
due to spin—orbit interaction.
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We show that interacting ?, electrons on a triangular lattice can give rise to quantum-liquid
states with fractionally quantized Hall conductivity, i.e. fractional Chern insulator (FCI) states.
Around certain fillings of a realistic three-orbital Hubbard model, itinerant electrons organize
themselves into an effective localized-spin subsystem, strongly coupled via Hund’s rule to an
itinerant electron subsystem. Due to the geometry of the lattice, the effective spins form a chiral
pattern, [1] while simultaneously the itinerant-electron bands become very flat, are separated
from the rest of the energy spectrum by large gaps and have non-trivial topology, manifested
in an integer-quantized Hall conductivity. [2] We incorporate the magnetic texture due to the
chiral spin pattern, as well as nearest-neighbor Coulomb interaction, into an effective spinless-
fermion model describing the itinerant electrons and treat it numerically in small clusters using
exact diagonalization. Doping away from half-filling of the spinless-fermion bands yields FCI
states at several filling fractions. [3] The nature of these states is verified by their eigenvalue
properties, as well as their Chern number, which is precisely quantized. We study the impact
of interaction strength and band dispersion on these states and conclude that they are the
ground states for an extended range of values, despite the competition with charge-ordered and
metallic states. We furthermore show explicitly that FCI states are robust against disorder
in the magnetic texture, which may occur due to doping or temperature. Finally, we obtain
indications of the fractional statistics of quasiholes in FCI states.
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RESEARCH ABSTRACT

We present a detailed description of the evolution of the superconducting and magnetic order
with field direction in the superconducting ferromagnet UCoGe at 40 mK and 0.2 K to fields of
18 T in a single crystal sample with a residual resistivity ratio RRR=5. A ferro-to-ferrimagnetic
transition near 9 T that depends only on the field component along the uniaxial magnetic ¢ axis is
observed at 40 mK in both transport and susceptibility. The kink structure is also observed in the
magnetoresistance data at 0.2 K. In contrast, there is a peak in the total Hall effect at
approximately the same magnetic field value. Hall data confirm the ferro-to ferrimagnetic
transition in UCoGe which is angle dependent. Hall measurements show that in UCoGe the
anomalous Hall effect (AHE) is dominant over the ordinary Hall (OHE) as the field is tilted from
¢ axis to the ab plane. Most strikingly, both Hall effects show same angular dependence (~8 °).
The same angular dependence is also observed for the kink field of magnetoresistance and the
peak field of the total Hall effect. Another important aspect is the existence of a distinct OHE at
low fields tilted away from the magnetic ¢ axis which is most likely attributed to the flux-flow
resistivity. Another possible reason is the inclusion of a small mis-oriented crystal in the
measured sample and the small mis-orientation for the field direction.

Reverse hysteresis observed in the magnetoresistance in the critical field region at 40 mK
indicates a coupling of the superconductivity to the magnetization for fields aligned closely to
the ab plane. Some of the more remarkable aspects of the present work is the scaling of the MR
and By with the field component Bcos@ parallel to the ¢ axis, and the evidence for a change in
magnetic order at BA seen in ac susceptibility.

These results show that some of the important aspects of this superconducting ferromagnetic
system are robust against variation in sample quality. They also corroborate and advance
previous findings on higher residual resistivity ratio samples.
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The interplay of disorder and interactions in strongly correlated electronic systems is a
subject of perennial interest. In this work, we have investigated the effect of Kondo-hole type
disorder on the dynamics and transport properties of heavy fermion systems. We employ
the periodic Anderson model within the framework of coherent potential approximation and
dynamical mean field theory. The crossover from lattice coherent behaviour to an incoher-
ent single-impurity behaviour is reflected in all aspects: a highly frequency (w)-dependent
hybridization becomes almost flat, the coherence peak in resistivity (per impurity) gives way
to a Hammann form that saturates at low temperature (7); the Drude peak and the mid-
infrared peak in the optical conductivity vanish almost completely. The zero temperature
resistivity can be captured in a closed form expression, and we show how the Nordheim’s
rule gets strongly modified in these systems. The thermopower exhibits a characteristic
peak, which changes sign with increasing disorder, and its location is shown to correspond
to the low energy scale of the system (wy). In fact, the thermopower appears to be much
more sensitive to disorder variations than the resistivity. We argue that the phenomenolog-
ical two-fluid scenario that has been proposed recently is inconsistent with our results and
experiments. The spectral and transport quantities exhibit universal behaviour at strong
coupling as a function of (w/wp;T/wy). A comparison to experiments yields quantitative

agreement.
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The local magnetism induced by vacancies in the presence of the spin-orbit interaction is inves-
tigated based on the half-filled Kane-Mele-Hubbard model on the honeycomb lattice. Using the
mean-field theory, we found that the spin-orbit coupling enhances the local magnetic moments and
their localization near a single vacancy. We further study the magnetic structures along the zigzag
edges formed by a chain of vacancies. In the case of the balance number of sublattices, the spin-orbit
coupling will suppress strongly the opposite orientating ferrimagnetic order along the edges. For
the imbalance case, it induces a new ferrimagnetic order along the otherwise nonmagnetic edge and
leads to an increase of the total magnetic moments.
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Superconductivity in LaRu3Si2 with the Kagome lattice of Ru has been investigated. It is found that the normal-state specific heat C/7 exhibits a deviation from the Debye
model down to the lowest temperature. This may be induced by the existence of some high-frequency phonon modes or by the electron correlation effect. A relation C/7T=1y,+
BT?— ATIn T which concerns the electron correlations can fit the data very well. Contrasting behaviors of suppression to superconductivity are discovered between the Fe and
the Co dopants. Systematic magnetization measurements indicate that the doped Fe impurities lead to spin-polarized electrons yielding magnetic moments with a magnitude of
1.5 pg Fe, while the electrons given by the Co dopants have the same density of states for spin up and spin down, leading to much weaker magnetic moments. It is the strong

local magnetic moments given by the Fe dopants that suppress the superconductivity.
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Specific heat coefficient C/T deviates clearly from the Debye model. This deviation
can be explained as the effect of electron correlations.
The superconducting transitions measured by both resistivity and specific heat self-
consistently present the evidence of strong superconducting fluctuations, resembling

that in the cuprates.

The field induced quasiparticle density of states show a non-linear magnetic field

dependence, which is argued as a gap anisotropy.

The Wilson ratio determined is about 2.88.

Contrasting suppression effect to superconductivity by doping Fe and Co.
Combining the novelties found both in the normal state and the superconducting
state, we argue that the electron correlations may play an important role in the
occurrence of superconductivity.

Sheng Li et al., Phys. Rev. B84, 214517 (2011).
Sheng Li et al., to be published.
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The phenomenon of metal-insulator phase transitions (MIT) in strongly correlated electron systems is one of the focus areas of research in condensed matter physics.  The interest is partly motivated by the potential of the materials exhibiting a MIT to be used in novel electronics and electro-optic applications as switches or memory elements.


Vanadium sesquioxide, V2O3 is considered as the prototype compound, that undergoes a Mott transition in its purest form [1].  Indeed, the high-temperature MIT upon chemical substitution, (V1-xCrx)2O3, is isostructural and no magnetic order is acquired.  Despite its importance  for  research  and  applications,  the  spatial  scale on which the MIT develops in (V1-xCrx)2O3, has never been know until last year [2], when the transition was unveiled with submicron lateral resolution by using scanning photoemission microscopy (SPEM):  with decreasing temperature microscopic domains become metallic and coexist with an insulating background, thus explaining the poor metallic behaviour (revealed by infrared spectroscopy) of the compound.  The electronic phase separation in the temperature induced metallic phase, associated with a thermodynamic instability near the transition, is a common fascinating phenomenon between correlated oxides [3].


We used a bulk sensitive technique - nuclear magnetic resonance - to explore the evolution of the phase separation in 1.1% chromium doped V2O3 across the temperature induced Mott transition.  Instead, being NMR a bulk sensitive technique, the acquired data are representative of the entire volume of the sample.  While SPEM measurements find evidences, at the sample surface, of a metallic/insulating phase separation in all the temperature range from the Néel temperature to the Mott transition temperature, NMR data show a limited phase coexistence in the bulk around TMIT and a homogeneous metallic phase in the rest of the interval.


The difference between the two results can be accounted to the different probing depths of the spectroscopic techniques, being photoemission sensitive to some tenths of angstroms from the sample surface.  Therefore, a unifying interpretation could be the following:  electronic phase separation is an intrinsic phenomenon in the Mott-Hubbard (V0.989Cr0.011)2O3 material, however the shape and the thermal stability of metallic and insulating domains in the bulk with respect to the sample surface, due to a different defect distribution acting like nucleation centres for the phase separation, are different.  In the crystal bulk the only nucleation centres come from the structural strains introduced by chromium substitution.  This strain is probably not sufficient to stabilize at any T the phase coexistence and for decreasing T the metallic phase extends on the whole volume.  On the surface instead the phase coexistence is thermally stable due to the presence of many surface defects which pin at any T insulating and metallic domains avoiding the extension of the metallic phase in the whole sample surface.  Thus electronic phase separation is an intrinsic property of vanadium sesquioxide, caused by the interplay of different energy contributions, but the thermal stability of the phase coexistence depends on the distance from the surface.

[1]  D.B. McWhan, T.M. Rice, J.P. Remeika, Phys.Rev.Lett. 23, 1384 (1969).

[2]  S. Lupi et al., Nature communications, 105, 1 (2010).

[3]  V.B. Shenoy et al., ChemPhysChem 2006, 7 (2006).
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For many years metal-insulator transition (MIT) in d- or f -elements compounds [1] is
one of the most investigated phenomenon in condensed matter physics. Recently, a
number of pressure-driven transitions from a wide gap Mott insulator to metallic state in
transition metal oxides have been investigated. In oxide MnO [2] and Fe,0; [3] compounds
a metal-insulator transition is accompanied by the high-spin to low-spin transition,
resulting in a magnetic moment collapse from magnetic moment of more than 4 p; to
about 1 ps. On the other hand, in FeO no magnetic collapse was found [4], while the
compound becomes a metal under applied pressure. In LaFeO; pressure leads to a
transition from the high-spin to low-spin state, and an insulating gap is closed in the
pressure range of 32-50 GPa in a good agreement with experimental x-ray and resistivity
measurements data. MITs in these materials were successfully described by the LDA+DMFT
approach [5] which combines local density approximation (LDA) with dynamical mean-field
theory (DMFT). In general, the LDA+DMFT scheme comprises the self-consistent LDA
results and, on top of that, solves the equations of DMFT accounting for dynamical electron
correlations in partially filled shells of transition metal that is substantial to reproduce such
a many electron phenomenon.

This work was supported by grant MK-3376.2011.2.
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The phase diagram of the strongly correlated Hubbard model with intrinsic spin- orbit coupling
on the honeycomb lattice will be presented in this poster. In half-filling the spin degree of
freedom will be explored, since the charge degree of freedom is frozen due to large on-site
coulomb repulsion.

In this work, we are going to address the issue of the possibility of observing the spin liquid
phase in the phase diagram of the Kane-Mele-Hubbard model. Spin liquids may occur when the
charge degree of freedom is gapped and as a result frozen due to the interaction (Mott insulator),
though the spin degree of freedom can be either gapless or gapped. Consequently, we can
integrate out the charge degree of freedom as it is gapped with a gap of the order of onsite
repulsion in the strong correlation regime. The resulting model describes the spin degree of
freedom only.

FIG 1. Kane-Mele model for the topological Insulators. The phase for the

spin downs is opposite to that of spin-up electrons. Assigning a phase @_
to the hopping of spin 0" , an electron induces a 3(00, magnetic flux for spin

O electrons moving around the depicted triangles.

This low-energy effective model is then studied by the Schwinger boson and Schwinger fermion
approaches. The Schwinger boson method elucidates the boundary between the spin liquid phase
and the magnetically ordered phases, Neel order, and incommensurate Neel order. Increasing the
strength of the spin-orbit coupling is shown to narrow the width of the spin liquid region. The
Schwinger fermion approach sheds further light on the nature of the spin liquid phase. We
obtained three different candidates for the spin liquid phase within the mean-field approximation,
namely, the gapless spin liquid, topological Mott insulator (fractionalized topological insulator),
and chiral spin liquid phases. However, we argue that the gauge fluctuations and the instanton
effect may suppress the first two spin liquids, while the chiral spin liquid is stable against gauge
fluctuations due to its nontrivial topology.
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Abstract

The electron-hole symmetry characteristic of graphene nanoribbon (GNR) give rise to the

electron (hole) tunneling through valence (conduction) band states. By employing this
property we have numerically investigated GNR field effect transistors with p*-type source

and drain in the presence of the gate voltage-induced r-type channel using the non-

equilibrium Green’s function formalism.

Whereas the long channels are concerned the traditional FET-like I-V behavior is achieved
but at the short channel, the subthreshold current opens up an oscillatory dependence on the
gate voltage with considerable amount of the current of over 107 A. This is the characteristic
current behavior of resonant tunneling transistors that exhibits regions of negative differential
resistance. The calculated discrete density of states in the channel, attribute this behavior to
the constructed n-type channel island between p-type source and drain with thin barriers

formed by the energy gap.
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Ternary ferro-pnictides with chemical formula XFe,As, (X = Ca, Sr, Eu, Ba) have attracted considerable
interest in recent years because of their exotic magnetic and superconducting properties. The compound
CaFe,As; has been found to exhibit first order spin density wave antiferromagnetic transition at 170 K
along with concomitant tetragonal-orthorhombic structural transformation. Applying the gamma-ray
perturbed angular distribution technique we have measured the magnetic hyperfine field and spin
relaxation time of recoil implanted **Fe in single and polycrystalline CaFe,As, over the temperature range
20 — 360 K, encompassing both tetragonal and orthorhombic structural phases of the material. The
magnetic response of Fe in the high temperature tetragonal phase (T>180 K), show Curie-Weiss type
local susceptibility and Korringa like spin relaxation, reflecting the presence of localized moment on Fe.
In the orthorhombic phase, the spin rotation spectra of **Fe show two magnetic hyperfine components,
both exhibiting quasi two dimensional magnetic ordering and first order transition with Ty~ 170 K. Our
data supports the spin density wave antiferromagntism (AF) in CaFe,As,, where commensurate and
incommensurate AF ordering probably coexists. The experimentally measured hyperfine field and Fe
moment show good agreement with results obtained from ab-initio calculations performed within the
frame work of local spin density approximation (LSDA).
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Fig: (Left) Inverse of Local susceptibility as a function of temperature. Circles and triangles are data obtained for
polly- and single crystalline samples. Filled and open symbols represent majority and minority component. Inset
shows nuclear spin relaxation time. (Right): Normalized hyperfine field as a function of normalized temperature.
Symbols represents in both panels have same meaning.
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Abstract

The possibility of inducing topological superconductivity with cuprate high-temperature supercon-
ductors (HTSC) is studied for various heterostructures. We first consider a ballistic planar junction
between a HT'SC and a metallic ferromagnet. We assume that inversion symmetry breaking at the
tunnel barrier gives rise to Rashba spin-orbit coupling in the barrier and allows equal-spin triplet
superconductivity to exist in the ferromagnet. Bogoliubov-de Gennes equations are obtained by
explicitly modeling the barrier, and taking account of the transport anisotropy in the HTSC. By
making use of the self-consistent boundary conditions and solutions for the barrier and HTSC re-
gions, an effective equation of motion for the ferromagnet is obtained where Andreev scattering at
the barrier is incorporated as a boundary condition for the ferromagnetic region. For a ferromag-
net layer deposited on a (100) facet of the HTSC, triplet p-wave superconductivity is induced. For
the layer deposited on a (110) facet, the induced gap does not have the p-wave orbital character,
but has an even orbital symmetry and an odd dependence on energy. For the layer on the (001)
facet, an exotic f-wave superconductivity is induced. We also consider the induced triplet gap in a
one-dimensional half-metallic nanowire deposited on a (001) facet of a HT'SC. We find that for a
wire axis along the a-axis, a robust triplet p-wave gap is induced. For a wire oriented 45 degrees
away from the a-axis the induced triplet p-wave gap vanishes. For the appropriately oriented wire,
the induced p-wave gap should give rise to Majorana fermions at the ends of the half-metallic
wire. Based on our result, topological superconductivity in a semi-conductor nanowire may also be
possible given that it is oriented along the a-axis of the HTSC.

ref. arXiv:1206.3226v1 [cond-mat.supr-con]
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Hubbard exciton revealed by time-domain optical spectroscopy

ABSTRACT

We use broadband ultra-fast pump-probe spectroscopy in the visible range to study the lowest
excitations across the Mott-Hubbard gap in the orbitally ordered insulator YVOs. Separating
thermal and non-thermal contributions to the optical transients, we show that the total spectral
weight of the two lowest peaks is conserved, demonstrating that both excitations correspond to
the same multiplet. The pump-induced transfer of spectral weight between the two peaks reveals
that the low-energy one is a Hubbard exciton, i.e. a resonance or bound state between a doublon
and a holon. Finally, we speculate that the pump-driven spin-disorder can be used to quantify the
kinetic energy gain of the excitons in the ferromagnetic phase.

Fabio Novelli, Ph.D. student, T-ReX group at Elettra synchrotron, University of Trieste (IT)
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Strongly correlated quantum dots out of equilibrium:

Steady-state and quench dynamics

The theoretical understanding of the non-equilibrium behavior of strongly correlated quantum many
body systems is a long standing challenge, which has become increasingly relevant with the progress
made in the fields of molecular- and nano- electronics, spintronics or quantum optics and simulation.
Besides seeding the fundamental concepts for promising future applications, developing a sound
understanding of the plethora of previously unrecognized effects, arising in a non-equilibrium
situation, is currently at the forefront of theoretical research.

We report on the development of non-equilibrium cluster perturbation theory [1], and its variational
improvement, the non-equilibrium variational cluster approach [2]. The non-equilibrium extensions
of the well-established cluster perturbation theory and the variational cluster approach are based on
the Keldysh Green’s function method which allows, in this case, accessing single particle dynamic
quantities on the whole complex plane. These flexible and versatile techniques can in principle be
applied to any lattice Hamiltonian with local interactions, including multi-band and multi-impurity
systems. Within this framework it is possible to work in the thermodynamic limit and therefore
exchange particles with a bath and/or dissipate energy. We will highlight the importance of the self-
consistently determined variational parameters, introduced in the non-equilibrium variational cluster
approach.

We will discuss the performance, open issues and limitations as well as the advantages of the non-
equilibrium variational cluster approach on the basis of a single impurity system. Based on the good
performance of the variational cluster approach for the single Impurity Anderson model in the
equilibrium situation [3], results obtained for the steady state current density as well as the non-
equilibrium density of states of a strongly correlated single quantum dot will be presented [4]. These
will be benchmarked against data for the quasi stationary state from a real time evolution using
matrix product states.

[1] M. Knap, W. von der Linden and E. Arrigoni, Phys. Rev. B 84, 115145 (2011)
[2] M. Balzer and M. Potthoff, Phys. Rev. B 83, 195132 (2011)
[3] M. Nuss, E. Arrigoni, M. Aichhorn and W. von der Linden, arXiv:1110.4533 (2011)

[4] M. Nuss, E. Arrigoni and W. von der Linden, to appear in: AIP Conf. Proc. XVI TCPSCS (2012)
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We report Hall effect measurements of B-YbAIB, in the temperature range
2<T<370 K. B-YbAIB, is a heavy fermion that shows superconductivity [1],
quantum criticality under ambient conditions [2] and strong valence
fluctuations [3]. Our results show that the development of the Kondo
resonance at T7<200 K produces a two component magnetic field
dependence of the Hall resistivity.

At high temperatures we find the Hall effect is dominated by skew scattering
that indicates the presence of incoherent local moments down to the Kondo
lattice coherence temperature (7°=8 K) below which quantum critical
scaling emerges. However, a minimum in the Hall coefficient at 40 K
indicates changes in the c-f hybridization, we relate these changes and the
2 component Hall effect to anisotropic hybridization and the behavior of the
conduction electron Landé g value as measured by electron spin
resonance.

[1] S. Nakatsuiji, K. Kuga, Y. Machida, T. Tayama, T. Sakakibara, Y. Karaki,
H. Ishimoto, S. Yonezawa, Y. Maeno, E. Pearson, G. G. Lonzarich, L.
Balicas, H. Lee, Z. Fisk. Nature Phys. 4, 603-607 (2008).

[2] Y.Matsumoto, S. Nakatsuji, K. Kuga, Y. Karaki, N. Horie, Y. Shimura, T.
Sakakibara, A.H. Nevidomskyy, P. Coleman. Science 331, 316 (2011).

[3] M.Okawa, M. Matsunami, K. Ishizaka, R. Eguchi, M. Taguchi, A.
Chainani, Y. Takata, M. Yabashi, K. Tamasaku, Y. Nishino, T. Ishikawa, K.
Kuga, N. Horie, S. Nakatsuiji, S. Shin. Phys. Rev. Lett. 104, 247201 (2010).
[4] L. M. Holanda, J. M. Vargas, W. Iwamoto, C. Rettori,1, S. Nakatsuji, K.
Kuga, Z. Fisk, S. B. Oseroff and P. G. Pagliuso. Phys. Rev. Lett. 107,
026402 (2011).
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ABSTRACT

A method of constructing the wave function for
interacting electrons in the ground state of the one
dimensional Hubbard model is proposed.This method
make use of the symmetry of the Hamiltonian by
projecting into symmetry invariant subspaces. It is
shown that one can construct a variational wave
function for the ground state without first doing an
exact calculation.

' Ambrose Alli University Ekpoma, Nigeria
? Crawford University , Igbesa Nigeria
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BY
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ABSTRACT
Persistent currents in the one dimensional mesoscopic rings threaded by
magnetic flux is calculated using exact diagonalization methods .We find
that both disorder and interaction always decrease current by localizing
the electrons .We have also shown that impurity suppression of the
persistent current is counteracted very effectively by coulomb interaction,

and with reasonable parameters a return of ideal-ring value is possible.

! Department of Physics Ambrose Alli University, Ekpoma , Nigeria.
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We consider a magnetic impurity deposited on the surface of a strong topological insulator. The
spin degree of freedom of the impurity interacts with the electrons occupying the surface modes of
the topological insulator by an exchange interaction. We assume that the two dimensional Fermi
surface of these electrons presents a non-negligible hexagonal warping. We derive a mapping of the
resulting two-dimensional model on an effective one-dimensional model and calculate the Kondo
temperature. We also present a calculation of the Friedel oscillations of the electron density that
result from the presence of the Kondo screening cloud around the impurity.
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Abstract
Nuclear quadrupole resonance and SQUID-magnetomertic studies of bismuth oxy
compounds comprising neither d- or f-elements revealed that the magnetic properties, not
conventionally expected in the Main Group element substances, were found to exist in many of
bismuth oxide based compounds: the existence of local ordered magnetic fields ranging from 30
to 250 G [1, 2], the presence of magnetoelectric effect linear in magnetic field and the
paramagnetism depending on the magnetic prehistory of the a-Bi,O; single crystal [3]. Unusual
magnetic properties along with the calculated peaks of the electron density states near the Fermi
surface [1] give grounds to believe that strong electron correlations may exist in substances with
valence s- and p-electrons.
Anomalies were also observed in NQR spin-lattice and spin-spin relaxations in BisGes;O;
single crystal [4-7].
The questions concerning the origin of unusual magnetic and electric properties of the bismuth
oxy compounds are discussed.
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Abstract. As the novel electronic materials attract a remarkable attention of the scientific com-
munity, the development of realistic models that would account for the interactions on the molecular
scale is of crucial importance. When it comes to treat the electron transport processes in junctions
involving single molecules, one has to consider very subtle parts of the electronic interactions in
the molecule itself, that do not play significant role in the mesoscopic or macroscopic systems. In
this work we present results for a single-molecule current-voltage (I-V') characteristics, involving
electron correlations. The I-V curves are obtained by including sequential tunneling, pair tunneling
and co-tunneling current, using realistic molecular parameters for phenylene ethynylene oligomers
(OPE). The electronic transport process in the OPE is treated by a model representing a two-site
system coupled to electrodes. Rate equations calculations are applied to develop the I-V curves,
while the on-site and inter-site Coulomb repulsion interactions are estimated from molecular or-
bital coefficients from DFT population analyses. For the DFT electronic structure calculations a
combination of the Becke’s three parameter adiabatic connection exchange functional (B3) with the
Lee-Yang-Parr correlation one (LYP) was used. The Kohn-Sham SCF equations were iteratively
solved using the LANL2DZ basis set, for orbital expansion, on an ”ultrafine” (99, 590) grid for
numerical integration (99 radial and 590 angular integration points). Our calculations, obtained
from a rather simple two-site model for a complex 7 conjugated electronic system, that involves
realistically estimated electron correlation parameters, lead to reasonable trends if compared to the
OPE [-V curves published in some of the recent research works. At low bias voltages co-tunneling
is predominant over sequential transport, as expected, while at higher biases they have comparable
contribution. Pair tunneling has negligible contribution to the total current, which is expected at
high temperatures.

Keywords: OPE molecules, coulomb repulsion, DFT, rate equations, sequential tunneling, co-
tunneling, pair-tunneling, I-V curves.
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The unoccupied part of the band structure of topological insulators BizTe,Ses—, (z = 0,2,3) is
studied by angle-resolved two-photon photoemission and density functional theory. In case of Bi2Ses
and BizTesSe a linearly-dispersing surface state is found at the energy of 1.32eV and 1.12eV above
the Fermi level, respectively. On BixTes this state is absent. Theoretical analysis shows that this
feature appears in a spin-orbit-interaction induced and inverted local energy gap which is associated
with the central Se layer sandwiched between the Bi layers. Circular dichroism measurements
confirm the expected spin texture. From these findings we assign the observed cone to an unoccupied
topological surface state.

PACS numbers: 73.20.-r, 79.60.Bm
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Abstract. We present the theory of interlayer exciton in coupled p- and n-doped Mott insulating layers. Motion of such an interlayer
exciton leads to frustration in the antiferromagnetic order. This frustration, which can be detected in optical absorption experiments,
will lead to complex ordering phenomena at finite exciton densities.

Due to their bosonic nature excitons may form a Bose condensate at low temperatures. This effect is limited though
by the exciton lifetime, which can be greatly enhanced in layered materials where the electrons and holes are confined
in separate layers. Such a bilayer exciton condensate has been unambiguously detected in a system of two coupled
2DEGS in a perpendicular magnetic field, the so-called quantum Hall bilayers. Ever since there has been a pursuit to
find an interlayer exciton condensate in other materials in the absence of a magnetic field. Amongst possible candidate
materials are semiconductor quantum wells, graphene or topological insulators. We will address a novel candidate
material: the set of strongly correlated electron systems.

Strongly correlated electron systems are materials that have properties that cannot be accounted for using the
standard electronic band theory. A prime example of correlated materials are the high-temperature superconducting
cuprates, which consist of layers of copper-oxygen planes. At half-filling a Mott insulating state is present, where the
electrons are localized on the copper sites and their spins are antiferromagnetically ordered. Using chemical substitution
it is possible to dope the Mott insulating state with either electrons or holes. In such a way it is possible to construct a
heterostructure of p- and n-doped Mott insulators, where interlayer excitons may form.

Here we will present a theory of interlayer excitons in such bilayer Mott insulators. Unlike in semiconductors or
semimetals the excitons in Mott insulators consist of the bound state of an empty and a double occupied lattice site: a
doublon-holon pair. The motion of a single doublon-holon pair leads to a frustration in the antiferromagnetic
background. The resulting exciton spectral function, which can be detected using c-axis optical absorption experiments,
will reflect this frustration by showing multiple ladder states' (see Figure 1).
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Fig. 1. Left: A Mott insulator bilayer seen from the side. The red arrows denote the spin of the localized electrons. The motion of the
exciton (or doublon-holon pair) leads to frustration in the magnetic order. Right: The resulting ladder spectrum which is the
signature of exciton frustration can be seen in optical absorption experiments.”

At finite exciton densities the aforementioned frustration will lead to interesting ordering effects. Pending
parameters a ‘dark’ exciton condensate may form which does not interact with light and is therefore extremely stable.
However, for most realistic parameters we expect complex ordering phenomena such as stripes and other kinds of
exciton density waves strongly interacting with the magnetic order of the system. Studying these ordering patterns in a
bosonic setting may also create new insights on the topic of the usual doped Mott insulators, for which no good theory
currently exists.

We will also address the possible signatures of an interlayer exciton condensate that will truly show the existence of
interlayer coherence. Transport experiments do not show coherence unambiguously. Phase sensitive effects such as an
exciton Josephson effect or a quantization rule should be used to detect coherence. We have shown that in a cylindrical
sample the magnetic flux threading in between the layers should be quantized, due to coupling of the magnetic field to
the electric dipole of the interlayer exciton.
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Based on a recent experimental realization of a classical magnet with a two-
dimensional Cairo pentagonal geometry, the low-temperature phase diagram of
a XXZ spin-1/2 quantum magnet is studied. I show how such corner shar-
ing frustrating unit lattice with complex connectivity enhances the frustration
and leads, under a magnetic field, to unconventional phases such as a 1/3-
ferrimagnetic plateau stabilized by quantum fluctuations and ferrimagnetic su-
perfluids. More particularly, I focus on a 5/12-topological phase induced by
a specific local "ice-rule” constraint, for which only quantum winding moves
are available at zero temperature. Finally, I discuss the Kosterlitz-Thouless
transition as well as the role of the sign of the spin coupling (frustration).

Ref: A. Ralko, Phys. Rev. B 84, 184434 (2011).
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B8 — YDAIBy is the first Yb based heavy fermion superconductor and has a non Fermi Liquid behavior in the
normal state that develops without external tuning by pressure or doping, making it intrinsically quantum critical [1].
Application of a magnetic field is found to drive the development of a Fermi Liquid in which the Fermi temperature
is determined by the Zeeman energy [2]. Here we present a theory for the intrinsic quantum criticality in which the
main ingredient is an anisotropic hybridization matrix with line nodes in momentum space that carry a vorticity
and resemble topological defects. Our theory predicts that the application of a field induces a novel kind of Lifshitz
transition, in which a quasi-two dimensional Fermi Liquid with density of states N*(B) o« 1/ VB nucleates around
the line node in momentum space. This picture can also account for the ESR anomalies recently observed in this

system [3].

[1] S. Nakatsuji et al., Nature Phys. 4, 603 (2008).
[2] Y. Matsumoto et al., Science 21, 316 (2011).
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Abstract

Many of the electronic properties of metals at low temperatures are
oscillating functions of an applied external magnetic field. The periodic
variation of the electric resistivity is known as the Schubinkow-de Hass
effect. On the other hand, the de Hass-Van Alphen (dHVA) effect refers
to the periodic variation of the magnetic susceptibility and provides one
of the best experimental methods to study Fermi surfaces. The dHVA
effect is usually employed to determine the volume and shape of the Fermi
surface, as well as the effective masses of quasi-particle excitations®.

The theory of dHVA oscillations is based on a one-particle approx-
imation, i. e. , independent conducting electrons moving in a periodic
potential. Weak interaction many body effects and Fermi liquid correc-
tions were computed? showing that, while the amplitude of the oscillations
are modified, there is no renormalization of the frequencies since, these
type of interactions do not modify the shape and volume of the Fermi
surface.

However, the situation is very different near a quantum critical point
in which the shape of the Fermi surface changes and, most dramatically,
quasi-particles tend to get away form the spectrum. Actually, there is
a great experimental activity essentially related with the study of heavy
fermion compounds like SroRu0.3.

In this work we focus on a specific quantum critical point given by the
Pomeranchuk instability with angular momentum ¢ = 2. This is known
as the electronic isotropic-nematic transition?. We derive an expression
for the dHVA effect in terms of the Landau parameter F» and study its
behavior near the quantum phase transition.
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Abstract

Intricate interplay between the periodicity of the lattice structure and that of the cyclotron
motion gives rise to a well-known self-similar fractal structure of the energy eigenvalue, called the
Hofstadter butterfly, for an electron moving in lattice under magnetic field. Evolving from the
n = 0 Landau level, the central band of the Hofstadter butterfly is especially interesting since it
holds a key to the mysteries of the fractional quantum Hall effect observed in graphene. While
the Hofstadter butterfly can be in principle obtained straightforwardly by numerically solving the
Harper’s equations, the weak-field limit, which is most relevant for experiment, is intractable due
to the fact that the size of the matrix, that needs to be diagonalized, diverges. In this paper, we
develop an effective Hamiltonian method that can be used to provide an accurate description of
the central Hofstadter band in the weak-field limit. By using such effective Hamiltonian method,
we carefully analyze the recursive pattern of the central Hofstadter band, which is then combined
with some analytic as well as numerical results for the zero energy mode to show that there are
always 2¢q Dirac cones in the magnetic Brillouin zone (MBZ) for magnetic flux per unit cell in
units of magnetic flux quantum, ¢/¢9 = p/q, with arbitrary strength. Also, to make contact with
experiment, we predict the upper bound for the width of the central Hofstadter band as a function

of magnetic field in the weak-field limit.
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We show that, under rather general assumptions, the phase diagram of a quasi-one-
dimensional repulsive Fermi system consists of two ordered phases: the density wave,
spin or charge, and the superconductivity. It is demonstrated that the symmetry of the
superconducting order parameter is a non-universal property sensitive to microscopic
details of the model. Three potentially stable superconducting states are identified: they
are triplet f-wave, singlet d_x"2-y*2-wave, and d_xy-wave. Presence of multiple competing
superconducting states implies that for a real material this symmetry is difficult to predict
theoretically and hard to probe experimentally, since artifacts of theoretical approximations
or variations in experimental conditions could tip the balance between the superconducting
phases.
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Ionic crystals that consist of alternating layers of oppositely charged ions are
susceptible to polar catastrophe that makes the structure energetically highly unstable.
However nature favors these structures to be stabilized either by charge compensation
at the surface/interface or a structural transformation. SrCuO,(SCO) is believed to have
polarized planar structure which consists of an alternating stacking of positively charged
Sr** and negatively charged CuO,” layers. Recent theoretical study of ultra-thin SCO
thin films on nonpolar SrTiO3(STO) substrates predicts a structural transformation
from the bulk planar like to a chain like structure below a threshold thickness of five
unit cell. In the present work, we have undertaken a systematic structural study on
SCO/STO superlattices as a test to verify the aforesaid prediction and shed further
light in this direction. Our experimental observation based on X-ray diffraction,
transmission electron microscopy and X-ray photoelectron diffraction is in accord to a
greater extent with the theoretical prediction. We believe that the present experimental
findings will provide new insight to design novel Cuprate hybrid systems, with an aim
to increase the superconducting transition temperature to higher value than that is
possible with bulk material.

Reference: Zhicheng Zhong, G. Koster, and Paul J. Kelly Phys. Rev B 85, 121411(R)
(2012)
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Abstract

We study decoherence, relaxation, and possible thermalization in a model for fermions in a chain.
The non-interacting fermionic model can be solved analytically and the average particle number in
the chain goes to a constant in the long-time limit due to decoherence in the distribution function.
The distribution function itself, on the other hand, continues to oscillate with the magnitude of the
oscillations being set by the initial conditions. Here we wish to model the effects of a bath on a non-
interacting system by coupling a simple chain to a possible source of relaxation. To what extent
the simple bath we consider can cause thermalization, and the nature of the thermalized state,
are the main topics addressed. Finally, we discuss how far the stationary distribution obtained in
the long time limit can be described as a thermal average in an appropriately chosen ensemble.
Additionally we have looked at relaxation when the coupling to the bath is non-Hermitian, as for

example may be found when trying to inject particles into a chain.
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ABSTRACT

The effect of Fe doping in LagesCagssMniFeyOs (where 0< x<0.10)
compound on the Mn site in the ferromagnetic phase has been studied in detail. The XRD
results showed that all compounds crystallized in a tetragonal phase and no appreciable
change is observed in the lattice parameters with increasing Fe concentration. Resistivity
measurements of the compound from ambient temperature down to 77 K exhibit a peak at
temperature T,, which decreases with increasing Fe content. Substantial rise in resistivity
corresponding to the T, and increase spin disorder are also observed with increasing
doping. Two models, variable range hopping (VRH), and polaronic have been used to
explain the DC transport mechanism in the insulating region above Tp. The VRH model
shows better fit to the resistivity data as compared to the polaronic model. The
localization length is found to decrease by increasing Fe concentration. The activation
barrier, W, has been calculated and found to increase with the increase of Fe content. In
the metallic region (T<T,) a linear decrease of W with temperature has been observed. It
is observed that near to the metal-insulator transition temperature, transport in these
compounds may be described in terms of carrier hoping between states, which are
localized as a result of magnetic and non-magnetic disorder. The variations in the critical
temperature T, T., confinement length, magnetic moment and magnetoresistance show a
rapid change at about 4-5% Fé. Colossal magnetoresistance has been shifted to lower
temperature, and enhanced by Fe doping. The maximum magnetoresistance is seen to
increase consistently with the addition of F€ and increases upto 400% for 8% Fe
concentration. However, conduction and ferromagnetism have consistently suppressed by
Fe doping. The effect of Féis seen to be consistent with the disruption of the Mn-Mn
exchange possibly due to the formation of magnetic clusters. The formation of
ferromagnetic and antiferromagnetic clusters and the competition between them with the
introduction of Fe*" ions, which do not participate in the double exchange (DE) process,
have been suggested to explain the low value of magnetization at higher Fe
concentration.
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We study the system consists of an electron gas interacting with a two level system (charge qubit). The system
displays the physics of the Fermi edge singularity. We confine our attention to the equilibrium situation but consider
a setup in which the spectral function has interesting features at energies away from the singularity. The quantity
of interest in our study is the qubit tunneling rate, which can be calculated analytically. There are also several
numerical algorithms to study one dimensional strongly correlated system such as non-perturbative treatments via
density matrix renormalization group (DMRG). DMRG is a tool that we use to study the statics of our system with
high accuracy. Parameters such as ground state energy, ground state wave function and electron density in each level
of the qubit can be calculated by DMRG. The DMRG studies have lead to results that agree with analytics.
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The method of nuclear spin-echo amplitude calculation based on the density matrix technique
is improved. Spin echo model was supplemented with stochastic consideration of the magnetic
moment relaxation provided by interaction of nuclear spin with fluctuating magnetic field. The
theory of reducible systems was applied to solve stochastic differential equations. This
mathematical approach was adapted to find the solution of the Liouville-von Neumann equation
for the density matrix which describes behavior of a nuclear spin in the presence of
radiofrequency magnetic field and fluctuating magnetic field. NMR spin echo is considered as
the simplest illustration of the method. More accurate formulae for spin-lattice relaxation time 77,

spin-spin relaxation time 75 and the nuclear spin echo amplitude were obtained.
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The normal and superconducting properties of single-layer cuprates are investigated in
the LDA+GTB scheme (Local Density Approximation + Generalized Tight Binding Method).
This method is designed to study band structure of materials with strong electron correlations [1]
and may be considered as the straightforward generalization of the Hubbard perturbation theory
in the atomic limit and the realistic multiband p — @ Hamiltonian with the parameters calculated
within LDA.

Application of the LDA+GTB method for La, , Sr, CuO, compound reveals two critical
points in the doping dependence of its band structure. The first one is related to the change of the
Fermi surface connectivity and logarithmic divergences of density of states and of electronic heat
capacity parameter y at the optimal doping p,, =0.15. The logarithmic enhancement of density

of states leads to the maximum in the doping dependence of superconducting critical temperature

T

c
critical point is associated with the collapse of the electron-like Fermi surface pocket at
p— p*=0.24 and results in the step singularities in density of states and in Somerfield

and minimum of isotope exponent a( ,0) at the same critical point p,, =0.15. The second

parameter y. The depletion of the hole’s kinetic energy below p* can be ascribed to the
pseudogap formation at p< p*. Thus the two energy scales in cuprates measured by 7, and 7*
are both related to the quantum phase transitions and to the changes of the cuprate’s electronic
structure with doping. The underlying physics is tightly connected with the scattering on the spin
fluctuations.

In the superconducting state also competitions of different pairing interaction is
considered. It occurs that non-Heisenberg four-spin ring exchange as well as the three-site
correlated hoppings suppresses the superconducting pairing induced by the Heisenberg
exchange.

1. S.G. Ovchinnikov, V.A. Gavrichkov, M.M. Korshunov, E.I. Shneyder, LDA+GTB method for
band structure calculations in the strongly correlated materials, in 7heoretical Methods for
strongly Correlated systems, Ed. A. Avella, F. Mancini. Springer Series in Solid-State Sciences
171, Springer-Verlag, 2012, p.143-171.

2. Shneyder E.I., Ovchinnikov S.G., Shnurenko A.V., Contribution of the Non-Heisenberg Ring
Exchange to the Magnetic Mechanism of High-T, Superconductivity. JETP Lett. 95, 193 (2012).
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Background: Superconductivity is a phenomenon of vanishing of electrical resistance and ap-
pearance of diamegnetism in some metals and alloys at very low temperature. It is a second order
temperature phase transition in which macroscopic number of electrons condense by forming Cooper-
pairs. Bardeen-Cooper-Schrieffer (BCS) theory—weak electron-electron attraction via exchange of
phonons—in one fell swoop turned the most mysterious phenomenon into a well understood low tem-
perature effect in metals (the path to this great triumph was also littered by people like Einstein,
Heisenberg, Feynman etc but eventually, some guys in Illinois got it right in 1957 ! (Prof. Bardeen
and his students)). It is now a touchstone of condensed matter physics. However, this very successful
theory cannot be applied to Cuprates superconductors (called high temperature superconductors)
as the pairing mechanisms in these new compounds are not due to phonons. Understanding the
physics of Cuprates represent a long-standing and challenging problem in condensed matter physics.
These materials are very poor conductors of electricity in their normal state but become supercon-
ducting at very high temperatures in comparison to conventional superconductors. Despite over 2
decades of research on the Cuprates, a comprehensive microscopic theory does not exist and there
is no consensus on their underlying pairing mechanism.

Abstract: Recently, K. Y. Yang, T. M. Rice, and F. C. Zhang (YRZ) have proposed an ansatz for
electron Green’s function in the pseudogap and superconducting states of Cuprate high temperature
superconductors based upon their previous study of Renormalized Mean Field Theory (RMFT) of
Cuprates. This RMFT captures the essence of Phil Anderson’s Resonance Valence Bond (RVB)
model of Cuprates that is based on the strong electron-electron correlation effects.

We apply YRZ ansatz to compute optical conductivity using Green’s function formulation of
Kubo formula. In the over-doped region, optical properties of the Cuprate superconductors agree,
qualitatively, with BCS form for d-wave pairing. But in the pseudogap regime a number of anomalous
features appear not explainable by BCS form (due to strong electron-electron correlation). We
analyze the development of pseudogap and superconducting gap with the variation of temperature
and doping. Our results qualitatively agree with the measurements. An effort will be made for
pedagogical presentation.
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Theoretical and experimental research of topological insulators — new class of materials
with topological order of electronic states — is rapidly growing in recent years [1]. Three-
dimensional “strong” topological insulators are insulating in the bulk, but have gapless electron
states, confined to the surface, with a number of unusual properties. These surface states are
topologically protected, obey a two-dimensional Dirac equation for massless particles and
demonstrate such unusual phenomena as spin-momentum locking and topological
magnetoelectric effect.

Recent progress in fabricating arbitrarily thin films of three-dimensional topological
insulators (e.g. Bi,Ses) [2] suggest to use surface electron states on opposite surfaces of a film as
strongly-interacting bilayer electron-electron or electron-hole system. We study electron-hole
Cooper pairing mediated by Coulomb interaction occurring in bilayer electron-hole system in
topological insulator thin film (similar to electron-hole pairing in graphene bilayer [3, 4]).

Peculiar properties of topological excitations in a superfluid electron-hole pair condensate
in such systems were predicted in several papers [5-8]. However, only little effort [9, 10] have
been made to estimate quantitatively maximal achievable values of gap and critical temperature
for the pairing in thin films of topological insulators. We perform these estimations with taking
into account all essential factors: screening of electron-hole interaction, hybridization between
electron states on the opposite surfaces and consequent opening of hybridization gap,
suppression of the screening due to gap opening, and influence of impurities and disorder. We
also show that self-consistent suppression of the screening can result in appearance of new
strongly-correlated state [11].

The work was supported by RFBR, by the grant of the President of Russian Federation
MK-5288.2011.2 and by the Dynasty foundation.
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We propose a systematic renormalization group scheme which is suitable
for theories with Fermi surfaces. Based on this approach, we prove that a
class of 241 dimensional chiral non-Fermi Liquid(x-nFL) states where one
patch of Fermi surface is coupled with a gapless boson is stable. We also
suggest a possible experimental realization of a y-nFL state.
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We discuss spin—% one-dimensional (1D) and quasi-1D magnets with competing ferromagnetic

nearest-neighbor J; and antiferromagnetic next-nearest-neighbor J exchange interactions in a strong
magnetic field H. It is well known that due to attraction between magnons quantum phase transi-
tions (QPTs) take place at H = H from the fully polarized phase to nematic ones if J > |Ji|/4.
Such a transition at J > 0.368|J1| is characterized by a softening of the two-magnon bound-state
spectrum. Using a bond operator formalism we propose a bosonic representation of the spin Hamil-
tonian containing, aside from bosons describing one-magnon spin-1 excitations, a boson describing
spin-2 excitations whose spectrum coincides at H > H with the two-magnon bound-state spectrum
obtained before. The presence of the bosonic mode in the theory that softens at H = H, makes
the QPT consideration substantially standard. In the 1D case at H < H,, we find an expression
for the magnetization which describes well existing numerical data. Expressions for spin correlators
are obtained which coincide with those derived before either in the limiting case of J > |Ji| or
using a phenomenological theory. In quasi-1D magnets, we find that the boundary in the H-T
plane between the fully polarized and the nematic phases is given by H,(0) — Ho(T) o< T3/2. Sim-
ple expressions are obtained in the nematic phase for static spin correlators, spectra of magnons
and the soft mode, magnetization and the nematic order parameter. All static two-spin correlation
functions are short ranged with the correlation length proportional to 1/In(1+ |J1|/J). Dynamical
spin susceptibilities are discussed and it is shown that the soft mode can be observed experimentally
in the longitudinal channel.
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We study the conductivity of a 3D disordered metal close to antiferromagnetic instability within
the framework of the spin-fermion model using the diagrammatic technique. We calculate the
interaction correction do(w,T) to the conductivity, assuming that the latter is dominated by the
disorder scattering, and the interaction is weak. Although the fermionic scattering rate shows critical
behaviour on the entire Fermi surface, the interaction correction is dominated by the processes near
the hot spots, narrow regions of the Fermi-surface corresponding to the strongest spin-fermion
scattering. Exactly at the critical point do o [min(w,T)]>/2. At sufficiently large frequencies w
the conductivity is independent of the temperature, and éo o< (17! — iw)™2, 7 being the elastic
scattering time. In a certain intermediate frequency range do(w) o< iw (7" — iw) 2.
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We present a study of Nernst effect in the parent compounds of 122 type iron-based
pnictide superconductors, i.e., BaFe,As, and EuFe,As,. A giant Nernst signal was
found to emerge associated with the occurrence of spin-density-wave (SDW) phase.
Combined with the measurements of resistivity, Seebeck and Hall effect, we conclude
that the charge carrier density decreases sharply and the mobility increases
significantly. This anomalously large value of the Nernst coefficient may be caused by
the reconstruction of Fermi surface (FS) when the system enters into the SDW phase.
A simple analysis based on one-band implies an extremely small Fermi energy (Tr is
67 K for BaFe,As; and 80 K for EuFe,As;), and a very large relaxation time. The
results indicate that there could be a Dirac Cone point in the FS and the Dirac

fermions lead to this kind of giant Nernst signal.
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ABSTRACT

A general research of the properties of Sr,DyRuOs complex perovskite has been tackled. Structural characterization performed by X-
ray diffraction measurements and Rietveld analysis allows establish a distorted monoclinic perovskite-like structure belongs to the P2,/n
(#14) space group. On alternate distribution of Ri*" (2d 0.5, 0, 0) and Dy*" (2¢: 0, 0.5, 0) making up a RuOs and Dy0Os octahedra
alternatively arranged in two interleaving f¢¢ sublattices. Because to mismatch ionic radius the Dy0y and RuO, octahedral are constrained
to tilting around the cubic directions so as to optimize the Sr-0 inter-atomic bond length, tend to rotate the structure in order to fixed the
Rt and Dy* on the M and M’ sites of the complex perovskite. Morphological analysis achieved by Scanning Electron Microscopy
(SEM) permits to determinates a particle size J=37.17 nm and activation energy @=109.8 AJ/mol. Semi-quantitative compositional study
explored through Energy Dispersive X-ray (EDX) experiments corroborates that the pure phase of Sr,DyRuQg consists of Sr, Dy, Ru and
O atoms. Density Functional Theory (DFT) allows establish the optimum electronic structure of Sr,DyRuQg and Density of States (DOS)
study shows that the Ri”" and D)** are responsible of magnetic character of compound, predicting that at 7=0 K the compound is an
insulator for up and down spin orientations. A deeper sight reveals that the material is a possible semiconductor for spin-down polarization
and a conductor tendency in the other one-spin orientation with a possible half-metallic behavior characterized by a conductor channel for
the spin-up polarization and insulator or semiconductor for the spin-down orientation. The spin magnetic moment of the cell is close to 16
1B and the integer number of Bohr magneton obtained is a signature of Half-metallic character. Magnetic properties found from fitting of
the Curie-Weiss law to the curves of magnetic susceptibility as a function of temperature, show that Sr,DyRuOg4 exhibits an
antiferromagnetic-like behavior at low temperatures, as a consequence of a magnetic transition at 38.7 K. Data collected of the field-
dependence of the magnetization, show the existence of a weak ferromagnetic moment relationship with the antiferromagnetic-like
behavior. Evolution of the crystal structure at high-temperature in the range 298 K<7<1273 K, reveals that the super structure of the
Sr,DyRuOg no suffers phase transitions, since the diffraction splitting corresponding to primitive Bragg reflections [/4/], in the whole
temperature range not undergoes changes and the structure is preserved.

PACS numbers: 71.20.-b, 73.20.At, 71.15.-m, 75.10.-b, 75.60.-d
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We investigate the triangular-lattice antiferromagnet from a bosonic spinon perspective based
on the Schwinger spin—% boson theory.! We use a mean field scheme decoupling that reproduces
quantitatively the zero temperature energy spectrum derived previously using series expansions.?
By analyzing the spin-spin and the boson density-density dynamical structure factors we identify
the unphysical spin excitations that come from the relaxation of the local constraint on bosons. This
allows us to reconstruct a free energy based on the physical excitations only, whose predictions for
entropy and uniform susceptibility seem to be reliable within the temperature range 0 < T < 0.3J,
which is difficult to access by other methods. The high values of entropy, also found in high
temperature expansions studies, can be related to the presence of short range antiferromagnetic
collinear fluctuation above the underlying 120° Néel correlations.?
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ABSTRACT:

Since the discovery of high temperature superconductivity in the iron pnictides
and chalcogenides in early 2008, it remains unclear whether there is a glue for
the pairing and what it is. There is a debate at this moment about whether the
pairing is due to a retarded electron-boson interaction, as in the conventional
phonon-mediated superconductors, although here the bosonic excitations may be
the antiferromagnetic spin fluctuations. In this paper, we show the clear evidence
of the bosonic mode with the energy identical to that of the neutron resonance in
a strongly coupled superconductor Bay¢Ky 4Fe;As; based on the measurements of
scanning tunneling spectroscopy. Both the superconducting coherence peak and
the mode vanish simultaneously inside the vortex core or above T, indicating a
close relationship between superconductivity and the bosonic mode. Our data
also indicate an interesting asymmetric feature of the tunneling spectrum, i.e.,
both the superconducting coherence peak and the peak related to the bosonic
mode are stronger on the positive-bias side, which is well explained as the band
edge effect. Simulations adopting two hole and two electron bands based on the
conventional Eliashberg theory can capture the main features of the
experimental results, but the extraordinarily strong peak on the tunneling
spectrum outside the gap energy due to the electron-boson coupling calls for
further theoretical investigations.
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Abstract. The parent materials (undoped) of high temperature superconductors (HTSC) are Mott insulators with static
long-range 3D antiferromagnetic (AF) order below TN. Doping of holes into the CuO2 planes fundamentally changes
the nature of the ground state from a long-range AF insulator to a superconductor (SC) for doping larger than SC critical
doping. The interplay between magnetism and superconductivity and how one phase is transformed to the other by
doping continues to be one of the most prominent questions in the physics of HTSC. Neutron scattering has proven to be
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Abstract:

We investigate the effects of Ti doping on the structural and transport properties of half
metallic Fe;O,4 films grow on varying substrates [SrTiO; (100), Al,O; (0001), Si (111), and
Float Glass (FG)] by pulsed-laser deposition technique (PLD). The structural properties of
Ti doped Fe;O, are investigated through X-ray diffraction (XRD) pattern, which infers that
parent and Ti doped magnetites are grown in single phase with (111) orientation for all the
substrates. The doped films not exhibit a metal-insulator Verwey transition as compared to
that of undoped Fe;O, films. The Verwey transition temperature for Fe;O, thin films are 121
K (Float Glass), 123 K (SrTiO;), 123 K (Al,03) and 120 K (Si). The transport properties of
the doped films are markedly sensitive to the Ti doping concentration. Raman spectra infer
the formation of magnetite phase through out all samples Fe; ,Ti,O4 (x = 0 and 0.0206).
Magnetoresistance (MR) curves show linear magnetic field dependence for the undoped
films, while an increase in MR and departure from linear field dependence is observed for
Ti-doped films. The Magnetoresistance (MR) curves show highest change in MR for doped
and undoped films are in Al,O; (0001) substrate. For parent Fe;O, films MR is of -0.48% at
room temperature which increases below the Verwey transition up to -1.12% at 100 K, while
in Ti doped films MR is of -1.56% at room temperature which increases up to -3 %.
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Theoretical methods for solving quantum many-particle problems can be broadly classified in
three main categories: perturbative analytical expansions, exact analytical solutions and numerical
solutions. All these approaches have their specific advantages and shortcomings. However, many
condensed matter systems that involve strong electron correlations like in high temperature super-
conductors have so far been out of reach, because all these methods are insufficient. It is thus
necessary to develop some new theoretical tools. The so-called flow equation approach introduced
by Wegner [1] in 1994 is a promising nonperturbative approach to quantum many-particle systems.
The flow equation method involves unconventional scaling and retains the full Hilbert space, so
we keep information on all energy scales of our systems. Such process is based on a continuous
diagonalization of the relevant Hamiltonian and is achieved via the set of flow equations [2]. We
have applied this technique to the system of preformed pairs mixed with unpaired single electrons
and we have investigated the linear response to an external electromagnetic field [3]. Our study
indicates that the residual diamagnetic behavior detected by torque magnetometry [4] above the
transition temperature in the high Tc cuprate compounds superconductors can originate from the
noncondensed preformed pairs. This theoretical result might be relevant to similar behavior in other
low-dimensional correlated systems.
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