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GENERAL INFORMATION 

The Second international workshop on "Recent advances in broad-band solid-state 
NMR of correlated electronic systems" is scheduled for  4-9 September 2011, in Trogir, 
Croatia. The first workshop took place in September 2010, as part of the SOLeNeMaR 
project (FP7 #229390) of the European Commission and will mark the foundation of the 
first solid-state NMR facility in Zagreb, established with the support of the SOLeNeMaR 
project and the Croatian Government. 

The conference site and housing are again within the walls of the historic town of 
Trogir, one of the UNESCO World Heritage Sites, situated close (6 km) to the 
international airport of Split (SPU). 

The second workshop is meant to build on the strong point of the first, namely, a 
particular focus on the abilities of NMR to provide pertinent insight into the outstanding 
physical problems of our day. It will cover topical results on: high-Tc superconductors, 
fullerides and pnictides, quantum magnetism, spin liquids, heavy fermion conductors, 
actinides and skutterudites, as well as advances in broad-band NMR techniques. The 
target audience is both experimental and theoretical researchers in the field, as well as 
post-doctoral students specializing in broad-band NMR. The workshop is open to 
exploring relations between NMR and other methods, as well as introducing physical 
problems to which NMR investigations may contribute in the future, so it may be 
interesting to researchers in other fields as well. 

A specific ambition of the workshop is to foster the development of NMR expertise 
among young researchers, which is one of the formal goals of the above-mentioned 
SOLeNeMaR project. To this purpose ten grants will be made available from the 
project to cover all the expenses at the conference for selected young researchers. 

VENUE 

The ancient town of Trogir on the Croatian coast is closer to Split international airport 
than Split itself. It is one of only two towns on the Eastern Adriatic to have preserved 
intact a street plan dating before the Mongol invasion of 1242. The town hall in the 
main square will host the conference sessions, while coffee breaks will be held at the 
nearby open-air loggia, which served for solemn civic occasions during the Middle 
Ages. Both can be seen at http://whc.unesco.org/en/list/810/gallery. All conference 
hotels are impeccably restored 16th and 17th century town houses within the walls, 
with modern amenities. Most are appointed with similarly restored late 19th and early 
20th century furniture. The total capacity of hotels in the old town is around 150 guests, 
so that most have been booked full for the purpose of the conference. 

  



RECENT ADVANCES IN BROAD BAND SOLID-STATE NMR OF CORRELATED ELECTRONIC SYSTEMS, TROGIR 2011 4 

  



RECENT ADVANCES IN BROAD BAND SOLID-STATE NMR OF CORRELATED ELECTRONIC SYSTEMS, TROGIR 2011 5 

PROGRAMME 

 Monday Tuesday Wednesday Thursday Friday 

8:45-9:00 opening     

9:00-9:50 M. Takigawa  V. Kataev      M.-H. Julien  M. Takigawa     D. Arčon  

9:50-10:40 W. Halperin Y. Furukawa M. Poggio F. Bert N. J. Curro       

10:40-11:10 Coffee Coffee Coffee Coffee Coffee 

11:10-12:00 A. Keren P. Prelovšek A. Smontara M.Horvatić    De Renzi 

12:00-12:30 F. Hammerath L. Bossoni A. Zorko E. Kermarrec Closing 

12:30-13:30 

Lunch Lunch 

Excursion 

Lunch 

Board 

meeting 

13:30-16:00 Lunch 

16:00-16:50 H. Mukuda I. Eremin F. Mila  

 

16:50-17:20 M. Klanjšek G. Koutrolakis I. Heinmaa 

17:20-17:50 Coffee Coffee Coffee 

17:50-18:40 K. Ishida H. H. Klauss 

Poster session 18:40-19:10 T. Shiroka B. Perić 

19:10-20:00   

20:00    Banquet  
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ORAL SESSIONS 

 

Place:  The town hall in the main square (Knežev dvor, Trg Ivana Pavla II, Trogir) will 
host the conference sessions, while coffee breaks will be held at the nearby open-air 
loggia. 

Presentation time: 

50 min. (40 min talk + 10 min Q/A) 

30 min. (25 min talk + 5 min Q/A) 

Speakers should bring their presentation as a single stand-alone file on CD or USB 
flash drive. The session room is provided with one laptop with LCD projector, and 
standard presentation software. 

Speakers can use their own laptops, but we strongly recommend using the one in the 
session room, unless a stand-alone presentation file is for some reason impractical. 
Speakers are welcome to check their presentations well ahead of time. 
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POSTER SESSION 

 

Place:  Cate Dujšin-Ribar gallery 

Poster Set-Up: Thursday morning (Sep 08) 

Poster Session:  Thursday (Sep 08)   17:50-20:00 

Poster Removal: Thursday evening  (Sep 08)  

Poster Size (max):  H 120 x W 90 cm 
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Unconventional superconductivity in
alkali-doped fullerides close to the Mott

boundary
Denis Arčon1

1Faculty of mathematics and physics, University of Ljubljana and Institute

The superconductivity in A3C60 has been for many years explained by the pho-
non driven BCS theory with the s-wave pairing symmetry. Recent discovery that
Cs3C60 has an antiferromagnetic Mott-insulating (AFI) ground state and that the
superconductivity appears only after Cs3C60 was exposed to hydrostatic pressu-
re [1,2] implied that the electron correlations are very important in this class of
materials.

These findings open an exciting opportunity for understanding the interactions
producing superconductivity in correlated electron systems, as it allow us the is-
olation of the influence of only electronic factors (including orbital degeneracy)
without introducing any disorder or causing structural deformations. In this contri-
bution we report on the comprehensive temperature and pressure study of the 13C,
and 133Cs NMR in Cs3C60 close to the Mott insulating phase. We show that in this
part of the phase diagram 1/T1T shows clear deviations from the simple Korrin-
ga relation. In addition, 1/T1 below the critical temperature will be analysed and
discussed. These results complement our previous measurements under ambient
pressure conditions, where NMR was the key experimental technique to reveal the
insulating ground state and the antiferromagnetic ordering at low temperatures.

[1] Y. Takabayashi et al., Science 323, (2009) 1585.

[2] A. Y. Ganin et al., Nature 466, (2010) 221.
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Quantum Kagome Antiferromagnets :
Herbertsmithite vs Vesignieite

F. Bert1, J.A. Quilliam1, P. Mendels1, E. Kermarrec1, M. Jeong1

1Laboratoire de Physique des Solides, Université Paris-Sud, UMR CNRS 8502,
91405 Orsay, France

The frustration of antiferromagnetic interactions on the loosely connected ka-
gome lattice associated to the enhancement of quantum fluctuations for S=1/2 spins
was acknowledged long ago as a key combination to stabilize novel ground states
of magnetic matter of the spin-liquid type [1]. Only in 2005, a model compound,
the Herbersmithite ZnCu3(OH)6Cl2, could be synthesized and has triggered since
then a remarkable activity[2]. Among the salient achievements in the study of this
material are the absence of any kind of spin freezing down to at leat 50 mK through
µSR experiments and a gapless susceptibility evidenced through 17O NMR.

Vesignieite [3], BaCu3V2O8(OH)2, is one of the very few new recent candidate
materials for this physics. In high quality powder samples[4], neutron diffraction
measurements evidence that the kagome lattice is close to the perfect and indeed
the susceptibility measured through 51V NMR closely resemble that of Herbert-
smithite [5]. However the low T behaviour of Vesignieite surprisingly contrasts
with the one of Herbertsmithite. A kink in the susceptibility below T = 9 K is
matched to a slowing of the spin dynamics observed by µSR and NMR. Our resul-
ts point to an exotic quantum ground state with small frozen moments coexisting
with slowly fluctuating ones. While Dzyaloshinskii-Moriya interaction is relevant
in both compounds, we propose that it is large enough in Vesignieite to drive the
system through a quantum critical point and towards a magnetic phase.

[1] Introduction to frustrated magnetism. C. Lacroix, P. Mendels and F. Mila, Springer
(2011)

[2] For a review see : P. Mendels and F.Bert, J. Phys. Soc. Jpn 1, 011001 (2010)

[3] Y. Okamoto and H. Yoshida and Z. Hiroi, J. Phys. Soc. Jpn 78, 033701 (2009)

[4] R. Colman, F. Bert, D. Boldrin, A.D. Hillier, P. Mendels, and A.S. Wills, Phys. Rev. B
83, 180416 (2011)

[5] J. A. Quilliam, F. Bert, R. H. Colman, D. Boldrin, A. S. Wills and P. Mendels, arXiv:1105.4338
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Nuclear Magnetic Resonance Studies of Domain
Walls in Antiferromagnetic CaFe2As2

N. Curro1

1University of California, Department of Physics,One Shields Ave Address, Davis
95616, CA, USA

Resistivity, magnetization and microscopic 75As nuclear magnetic resonance
(NMR) measurements in the antiferromagnetically ordered state of the iron-based
superconductor parent material CaFe2As2 exhibit anomalous features that are con-
sistent with the collective freezing of domain walls. Below T ∗ ≈ 10 K, the re-
sistivity exhibits a peak and downturn, the bulk magnetization exhibits a sharp
increase, and 75As NMR measurements reveal the presence of slow fluctuations of
the hyperfine field. These features in both the charge and spin response are stron-
gly field dependent, are fully suppressed by H∗ ≈ 15 T, and suggest the presence
of filamentary superconductivity nucleated at the antiphase domain walls in this
material.
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Co NMR in Ca3Co2O8: an intriguing frustrated
Ising chain system

Roberto De Renzi1, Giuseppe Allodi1

1Department of Physics and Unità CNISM, Università degli Studi di Parma, Viale
G. Usberti 7A, I-43100 Parma, Italy

Ca3Co2O6 is a geometrically frustrated, Ising-spin-chain system, with alternate
stacking of a high-spin (S = 2) Co3+ trigonal (T) site and a non-magnetic Co2+

octahedral (O) site along the c axis, arranged in a triangular lattice. Exchange
coupling is ferromagnetic (FM) and stronger between neighboring T ions along
the chains, whereas it is antiferromagnetic (AF) and much weaker between chains.

For 5K < T < Tc ≈ 25 K. a long wavelength incommensurate spin density
wave correctly describes the magnetic structure, whose average local justifies the
name of modulated partially disordered antiferromagnet (MPDA). Magnetic field
along ĉ leads to successive transitions to a ferrimagnetic (FI), and a FM phase. The
mean field picture of these three phases is however questioned by the appearance of
magnetization steps, hysteretic behaviour and metastability at lower tempertures.

In a single crystal the quadrupole split spectra of O 59Co from FM chains, at
high field, are distinguished from the minority FI chains and majority FI chains, at
lower fields.[1] The thermally activated nuclear spin-lattice relaxation of T 59Co in
the three distinct local configurations provide slightly different energy gaps that fit
the Glauber model for the spin susceptibility of an Ising spin system. The intra-
and inter-chain exchange constants J1, J2 +J3 are the variational parameters, whose
best-fit values yield the correct critical temperature Tc and the magnetic wavevector
at T = 0. This simple mean field model and its pitfalls will be discussed in relation
with the stability of the zero-field ground state, which has been recently identified
by neutron scattering [2] as the commensurate antiferromagnetic structure, sur-
prisingly taking over the incommensurate spin-density wave at low temperature
(below 5K).

[1] G. Allodi et al.,Phys. Rev. B 83, 104408 (2011).

[2] S. Agrestini et al., Phys. Rev. Lett. 106, 197204 (2011).
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Itinerant magnetic excitations in iron-based
superconductors: from SDW metal to the

superconductor
Ilya Eremin1, Johannes Knolle2, Andrey V Chubukov3, Roderich

Moessner2

1Institute for Theoretical Physics III, Ruhr-University Bochum, D-44801 Bochum,
Germany

2Max-Planck Institut für Physik komplexer Systeme, D-01187 Dresden, Germany
3Department of Physics, University of Wisconsin-Madison, WI 53706-1390, USA

Recent discovery of superconductivity in the iron-based layered pnictides with
Tc ranging between 26 and 56 K generated enormous interest in the physics of
these materials. In my talk I will analyze current experimental and theoretical evi-
dences in favor of extended s-wave superconductivity. I will further discuss the
selection of the stripe magnetic order in the unfolded BZ within itinerant descripti-
on. Selecting one hole and two electron pockets we find that SDW order is highly
degenerate if electron pockets are circular and interactions involved are between
holes and electrons only. Repulsive charge interactions between two electrons as
well as ellipticity of the electron pockets break the degeneracy and select metal-
lic (0,π) [(π,0)] SDW state in the unfolded BZ — the same order as seen in the
experiments. Next we analyze the evolution of the spin excitations from the parent
antiferromagnetic phase to the superconducting phase and address in particular
the coexistence phase of antiferromagnetism and superconductivity. Finally, we
address the salient experimental features of the magnetic excitations in the spin-
density-wave phase of iron-based superconductors. We show that ellipticity of the
electron bands accounts for the anisotropy of the spin waves along different crys-
tallographic directions and the spectral gap at the momentum conjugated to the
ordering one.

[1] A. Akbari, J. Knolle, I. Eremin, and R. Moessner, Phys. Rev. B 82 (2010) 224506;
Phys. Rev. Lett. 104 (2010) 257001.

[2] A.V. Chubukov, and I. Eremin, Phys. Rev. B 82, (2010) 060504(R)

[3] I. Eremin and A.V. Chubukov, Phys. Rev. B 81, (2010) 024511

[4] A.V. Chubukov, D. Efremov, and I. Eremin, Phys. Rev. B 78, (2008) 134512
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NMR studies of nanoscale molecular magnets
Yuji Furukawa1, Ferdinando Borsa2, Alessandro Lascialfari3

1Ames Laboratory and Dept. of Phys. and Astronomy, Iowa State University,
Ames, IA 50011, USA

2Department of Physics ”A. Volta”, University of Pavia, and CNR-INFM, Via
Bassi 6, I27100 Pavia, Italy

3Istituto di Fisiologia Generale e Chimica Biologica, University of Milano,
I-20134, Milano and Department of Physics ”A. Volta”, University of Pavia, and

CNR-INFM, Via Bassi 6, I27100 Pavia, Italy

Recently there have been intense experimental and theoretical efforts in synt-
hesis and investigation of nanoscale molecular magnetic systems which are com-
posed of a controllable number of transition-metal ions with spins. A shell of or-
ganic ligands shields the individual molecular magnets from each other so that the
magnetic interaction between neighboring molecular magnets is very small and the
observed magnetic properties of the bulk samples are considered to originate from
intramolecular magnetic properties only. The discovery of quantum phenomena
like quantum tunneling of the magnetization (QTM) observed in single molecular
magnets such as Mn12 and Fe8 has triggered further interest in the investigation
of magnetic properties of other nanoscale molecular magnets which have different
structures such as coplanar ring, triangular, spherical shapes and so on. We have
been carried out NMR and magnetization measurements to investigate the mag-
netic properties of these nanoscale molecular magnets. In this presentation, I will
review our efforts on these nanoscale molecular magnets.

This work was done in collaboration with K. Kumagai, P. Kogerler, G. A. Tim-
co, R. E. P. Winpenny, and D. Gatteshci.
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Vortex Induced Spin-Density Wave and Core
Charge in Bi2Sr2CaCu2O8+y

William Halperin1

1Northwestern University

Competition with magnetism is at the heart of high temperature superconduc-
tivity, intensely felt near a vortex core. To investigate vortex magnetism we use
a spatially resolved probe based upon NMR spin-lattice-relaxation spectroscopy
in Bi2Sr2CaCu2O8+y. These experiments indicate a spin-density wave associated
with a vortex,1 consistent with results from elastic neutron scattering in other cu-
prates. In magnetic fields up to H = 30 T, we have determined the spin-modulation
amplitude, found the decay length from the vortex core to be twice the coherence
length, and that the period is ∼ 8a0.

At low fields H < 10 T, but still at magnetic fields much greater than that of the
decoupling transition, we have observed a narrowing in the distribution of local fi-
elds with increasing applied field,2 and interpret this observation as a vortex lattice
structural instability associated with charge trapped on the core. Our calculation
of the latter, to be consistent with the experiment, requires a charge of magnitude
∼ 2x10−3e per vortex pancake, decreasing with increased doping.

This work was performed with A.M. Mounce, S. Oh, S. Mukhopadhyay, A.P.
Reyes, P.L. Kuhns, K. Fujita, M. Ishikado, and S. Uchida, supported by the Depart-
ment of Energy, contract DE-FG02-05ER46248 and the National High Magnetic
Field Laboratory, the National Science Foundation, and the State of Florida.

[1] A.M. Mounce, et al. Phys. Rev. Lett. 106, 057003 (2011).

[2] A.M. Mounce,et al. Nature Physics 7, 125 (2011)
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NMR studies of BEC-type quantum spin systems
close to quantum critical points

M. Horvatić1, M. Klanjšek2, S. Mukhopadhyay1, R. Blinder1, M. S.
Grbić3, S. Krämer1, C. Berthier1

1Laboratoire National des Champs Magnétiques Intenses, LNCMI - CNRS, BP
166, 38042 Grenoble, France

2J. Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
3Department of Physics, Faculty of Science, University of Zagreb, PP 331,

HR-10002 Zagreb, Croatia

In antiferromagnetic quantum spin systems a magnetic field can induce a pha-
se transition from a gapped into a gapless state, which at low temperature tur-
ns into a 3D ordered state that can be described as Bose-Einstein condensation
(BEC). However, the true nature of real compounds is often more complicated
and/or incompatible with the canonical BEC. NMR T−1

1 measurements, reflec-
ting the low-energy excitations, are particularly suitable to monitor the critical
behaviour around the corresponding critical field Hc, and to reveal whether the
expected gapless behaviour is perturbed by some residual gap. Along these lines,
we present results in two quasi-1D model systems, the spin-1/2 ladder compound
CuBr4(C5H12N)2 (BPCB) [1] and the compound NiCl2–4SC(NH2)2 (DTN) con-
taining chains of S = 1 spins subject to a single-ion anisotropy. Both compounds
exhibit the same scalable critical behaviour, not yet described theoretically [2]. In
DTN we discuss the relevance of the observed residual gap. We also briefly report
the latest results from the 2D dimer compound BaCuSi2O6 (Han purple), in which
a special, layered BEC state is observed [3].

[1] M. Klanjšek et al., Phys. Rev. Lett. 101 (2008) 137207

[2] S. Mukhopadhyay et al., unpublished

[3] N. Laflorencie, F. Mila, Phys. Rev. Lett. 102 (2009) 060602; arXiv:1009.5978
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NMR Studies on Iron-Based Superconductors
Kenji Ishida1

1Department of Physics,Graduate School of Science, Kyoto University, Kyoto
606-8502, Japan

2TRIP, JST, Sanban-cho, Chiyoda, Tokyo 102-0075, 102-0075, Japan

In my presentation, we review NMR results obtained in various Fe-based su-
perconductors, mainly focus on the relationship between antiferromagnetic (AFM)
fluctuations with the stripe correlations and superconductivity.

First, we introduce our NMR results on BaFe2(As1−xPx)2 with the “122” struc-
ture. BaFe2(As1−xPx)2 is one of the best systems in the Fe-based superconductors,
since high-quality single crystals are available and isovalent P-substitution does
not change carrier content essentially. 1/T1T in BaFe2(As0.67P0.33)2 with a maxi-
mum Tc ∼ 31 K in BaFe2(As1−xPx)2 continues to increase down to Tc, indicating
the development of the AFM fluctuations, and sharply decreases below Tc due to
opening of the SC gap. The AFM fluctuations are suppressed and Tc also decreases
systematically with increasing P content. From the analyses of 1/T1T in the nor-
mal state, it is shown that the maximum Tc sample is located in the vicinity of the
quantum critical point of the AFM instability, and that the AFM fluctuations are
intimately related to the superconductivity[1]. The similar results have also repor-
ted in Ba(Fe1−xCox)2As2 with the same “122” structure[2].These NMR results are
compared with those obtained in other Fe-based systems such as “1111”, “111”
and “11” compounds.

I also discuss relationship between magnetic ordering and superconductivity
observed in compounds located near the boundary between magnetic and super-
conducting phases.

Our NMR studies have been done in collaboration with Y. Nakai, S. Kitagawa,
T. Iye for NMR measurements, S. Kasahara, T. Shibauchi, Y. Matsuda, and T.
Terashima for BaFe2(As1−xPx)2 samples, and Y. Kamihara, M. Hirano, and H.
Hosono for LaFeAs(O1−xFx) samples.

[1] Y. Nakai, T. Iye, S. Kitagawa, K. Ishida, S. Kasahara, T. Shibauchi, Y. Matsuda, and T.
Terashima, Phys. Rev. Lett. 105, 107003 (2010).

[2] F. L. Ning, K. Ahilan, T. Imai, A. S. Sefat, M. A. McGuire, B. C. Sales, D. Mandrus,
P.Cheng, B. Shen and H.-H Wen, Phys. Rev. Lett. 104, 037001 (2010).
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Magnetic-field-induced charge-stripe order in
YBa2Cu3Oy

Marc-Henri Julien1, Tao Wu1, Hadrien Mayaffre1, Steffen Krämer1,
Mladen Horvatić1, Claude Berthier1, Walter Hardy2, Ruixing Liang2,

Doug Bonn2

1Laboratoire National des Champs Magnétiques Intenses, CNRS, Grenoble,
France

2University of British Columbia, Vancouver, Canada

In the search of the broken-symmetry state inferred from quantum oscillati-
on and other transport measurements [1], we undertook high magnetic field NMR
experiments in ultra clean, oxygen-ordered, untwined single crystals of YBa2Cu3Oy.
We find that the translational symmetry breaking does not arise from the magnetic
order anticipated by most of us, but from a unidirectional charge-ordered state. Be-
cause it occurs only in strong magnetic fields oriented along the crystalline c-axis,
this charge order appears to compete with superconductivity. While two (ortho-
gonal) ordered patterns are compatible with the NMR spectra, we argue that the
charge ordered state is most likely the 4a-periodic stripe phase “à la Tranquada”.
Nevertheless, we provide evidence that the stripe order remains partly fluctuating
down to low temperatures. While the charge order is visibly pinned here by CuO
chains, its occurrence at doping levels near 1/8 hole/Cu in a noticeably cleaner
cuprate than e.g. La2-xBaxCuO4, strengthens the idea that charges have an intrin-
sic, and most likely generic, propensity to order in the CuO2 planes of hole-doped
cuprates.

Key words : stripes, NMR, high fields, quantum oscillations, competing order

[1] Mike Norman, Fermi-surface reconstruction and the origin of high-temperature super-
conductivity, Physics 3, 86 (2010)
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High magnetic field ESR spectroscopy on
FeAs-based superconductors

Vladislav Kataev1

1Leibniz Institute for Solid State and Materials Research IFW Dresden,
Helmholtzstr. 20, D – 01069, Dresden, Germany

In the introductory part of the talk possibilities and challenges of the sub-THz
tunable ESR spectroscopy in strong magnetic fields for studies of strongly correla-
ted electron spin systems will be briefly discussed.

Further in the talk, we will specifically address an intensively discussed issue of
a possible interplay between magnetism and superconductivity in the iron pnictide
high temperature superconductors. Recent systematic high field ESR studies at the
IFW Dresden of the GdO1� xFxFeAs and (Eu,Ba)[Fe1� xCox]2As2 compounds will
be presented. Interplay between the rare-earth and the Fe magnetic subsystems as
revealed by Gd3+ and Eu2+ ESR will be discussed. The ESR data give evidence
that though the long range magnetic order in the FeAs planes is suppressed upon
doping, short range static on the ESR time scale magnetic correlations between
Fe spins remain even up to the doping level optimal for superconductivity. This
suggests that the studied compounds may feature coexistence of quasi-static mag-
netism and superconductivity on a large doping range which emerges as a generic
property of iron pnictide superconductors.


