Wednesday

TT 25: FS: Iron-Based Superconductors

Time: Wednesday 14:00-18:00

Invited Talk TT 25.1 Wed 14:00 H20
Fermiology of Fe-Pnictide Superconductors Revealed by
Quantum Oscillations — eJAMEs ANALYTIs — Stanford Linear Ac-
celerator Center

The iron-pnictide superconductors are a new class of materials with
unique superconducting and magnetic properties. Many theoretical
frameworks describing these materials rely heavily on the nature of
the size and topology of the Fermi surface. The classic method of
determining the Fermi surface is by looking at oscillations in the mag-
netization as a function of field. These oscillations, known as the de
Haas-van Alphen effect, are extremely powerful in determining the full
three-dimensional topology of the F'S, in addition to the quasiparticle
renormalization to the effective mass. In the present study we mea-
sure the Fermi surface of the superconducting P-doped BaFe2As2 using
this technique and describe the consequences for theories of pnictide
superconductivity.

Topical Talk TT 25.2 Wed 14:30 H20
Magnetic degeneracy and hidden metallicity of the spin den-
sity wave state in Fe-based superconductors — elLya EREMIN
— MPI fuer Physik komplexer Systeme, 01187 Dresden, Germany

In my talk, I will analyze spin density wave (SDW) order in iron-based
superconductors and electronic structure in the SDW phase. We con-
sider an itinerant model for F'e—pnictides with two hole bands centered
at (0,0) and two electron bands centered at (0, 7) and (m,0) in the un-
folded BZ. A SDW order in such a model is generally a combination
of two components with momenta (0,7) and (7, 0), both yield (,n)
order in the folded zone. Neutron experiments, however, indicate that
only one component is present. We show that (0,7) or (,0) order is
selected if we assume that only one hole band is involved in the SDW
mixing with electron bands. A SDW order in such 3-band model is
highly degenerate for a perfect nesting and hole-electron interaction
only, but we show that ellipticity of electron pockets and interactions
between electron bands break the degeneracy and favor the desired
(0,7) or (m,0) order. We further show that stripe-ordered system re-
mains a metal for arbitrary coupling. We analyze electronic structure
for parameters relevant to the pnictides and argue that the resulting
electronic structure is in good agreement with ARPES experiments.
We discuss the differences between our model and J; — J2 model of
localized spins.

Topical Talk TT 25.3 Wed 15:00 H20
Muon spin relaxation and Moessbauer studies of iron pnic-
tide superconductors — eHans-HeENNING Krauss!, H. MAETER!,
T. DeLLMaNN!, H. Luetkens?, R. KHasanovZ, A. Amaro?, Y.
Pasukevicu®, C. Hess?, R. KLINGELER?, B. BUCHNER?, A. LEITHE-
JaspErR®, H. RosNErR®, C. GEIBEL®?, W. ScHNELLE®, M. BRADENS,
and J. LitrTeERsT’ — !Technische Universitit Dresden, Germany —
2PSI Villigen, Switzerland — 3Donetsk Phystech NASU, Ukraine
— 4IFW Dresden, Germany — SMPI-CPfS, Dresden, Germany —
SUniversitéit Koln, Germany — ” Technische Universitit Braunschweig,

Germany

We have determined the electronic phase diagrams and order param-
eters of ReO1_5F;FeAs and (Sr,Eu)Fes_,CozAss superconductors.
The results prove an important role of the structural distortion for the
SDW magnetism [1-3] and reveal two gap multiband superconductiv-
ity. We examined the interplay of iron and rare earth magnetic order
in ReO1_;FzFeAs. The undoped compounds show different magnetic
coupling strength of the rare earth ion to the antiferromagnetic iron
layers ranging from independent order to strong polarization of the rare
earth moments by the ordered iron [4]. Finally, we present recent stud-
ies on (Ca,Sr,Ba,Eu)FezAss [5] and (FeaAsz)(SraT20¢)based pnictide
superconductors.

[1] H. Luetkens, et al., Phys. Rev. Lett.,101, 2008

[2] H.-H. Klauss, et al., Phys. Rev. Lett., 101, 2008

[3] H. Luetkens, et al., Nature Materials, 8, 2009

[4] H. Maeter et al., Phys. Rev. B., 80, 2009

[5] R. Khasanov et al., Phys. Rev. Lett., 102, 2009

15 min. break

Topical Talk TT 25.4 Wed 15:45 H20

Location: H20

Interplay among lattice, orbital and spin degrees of freedom
in iron pnictides — eRoseErR VALENTI — Institute of Theoretical
Physics, Goethe University, Frankfurt am Main, Germany

By means of ab initio molecular dynamics calculations as well as dy-
namical mean field theory considerations, we investigate the role of
lattice, orbital and spin degrees of freedom in iron pnictides. We an-
alyze the nature of magnetism as well as the origin of structural and
magnetic phase transitions under pressure in the 1111 and 122 families
and discuss their implications on the superconductor behavior of these
materials.

Topical Talk TT 25.5 Wed 16:15 H20
Lattice dynamics and magnetism in layered iron based su-
perconductors — eTHoMAs BrRUCKELYZ, Yix1 Su2, Yincuo Xiaol,
and RanjaN MittaL? — !Forschungszentrum Jiilich, Institut fiir Fes-
tkorperforschung IFF, 52425 Jiilich, Germany — 2Forschungszentrum
Jiilich, Jiilich Centre for Neutron Science JCNS, Outstation at FRM
II, 85747 Garching, Germany

The discovery of superconductivity in layered iron based compounds at
critical temperatures of up to some 56 K has attracted much attention
by the solid state physics community. Scattering methods, in particu-
lar neutron scattering and resonant x-ray scattering, prove crucial to
access microscopic information about these new classes of compounds.
We have employed inelastic neutron scattering to study the phonon
density of states as well as full phonon dispersion relations [1]. The
proximity to magnetism suggests that magnetic order and spin fluctu-
ations play an important role in these compounds [2]. We will review
our experimental findings on ordering phenomena and spin- and lattice
excitations and discuss their possible relevance for superconductivity.

[1] R. Mittal et al., Phys. Rev. B 78 (2008), 104514; R. Mittal et
al., Phys. Rev. B 78 (2008), 224518 (R); R. Mittal et al., PRL 102
(2009), 217001; R. Mittal et al., Phys. Rev. B 79 (2009), 144516; R.
Mittal et al., Phys. Rev. B 79 (2009), 214514

[2] Y. Su et al., Phys. Rev. B 79 (2009), 064504; Y. Xiao et al.,
Phys. Rev. B79, 060504 (R)

15 min. break

TT 25.6 Wed 17:00 H20
ARPES studies on FeAs-based superconductors and their
parent compounds — eJorc Fink!:2, S. TuiruPATHAIAH!, R.
Ovsvannikov!, H.A. Durr!, S. pe Jong3, Y. Huanc3, R.
Huisman3, M.S. GoLpen3, A. Groskovskil?, Y.Z. Zuanc®, H.O.
Jescuke®, R. VaLenti®, H.S. JEevan®, P. GeceENnwaRrT®, and A.
ERrRB7 — 1HZ Berlin — 2IFW Dresden — 3U Amsterdam — U Mainz
— 5U Frankfurt — 6U Géttingen — “WMI Garching

We report high-resolution ARPES studies of the electronic structure
of BaFea_,CogAsz, Baj_zKyFeaAsy, FeTe(Se), and EuFeaAsa. The
results are compared with DFT band structure calculations. From
photon energy dependent measurements, information on the band dis-
persion perpendicular to the Fe layers could be derived. with increas-
ing Co doping in BaFez_,Co,Asg, the dimensionality increases and,
due to the filling of the hole pockets, the nesting condition decreases.
In the AFM phase of EuFezAsy back-folded bands strongly hybridize
with the non-folded bands leading to the opening of gaps around both
high-symmetry points. This transforms the large Fermi surface of the
PM phase into droplet Fermi surfaces in the AFM low-T phase.

TT 25.7 Wed 17:15 H20
Energy and temperature dependence of spin fluctuations in
electron-doped iron arsenide superconductors — eDMYTRO
Inosov!, JitaE Park!, PHiLiPPE Bources?, DunLu Sun!, Yvan
Sipis?, AsTRID ScHNEIDEWIND®?, Kraubpia HrapiL®®, DANIEL
Havc!, CuenceTian Lin!, BernHARD KEeIMER!, and ViaDpIMIR
Hinkov! — IMPI fiir Festkorperforschung, Stuttgart, Germany —
2LLB, CEA-CNRS, CEA Saclay, France — 3Inst. fiir Festkorper-
physik, TU Dresden, Germany — *FRM-II, TU Miinchen, Garching,
Germany — SInstitut fiir Physikalische Chemie, Univ. Géttingen, Ger-
many
Using inelastic neutron scattering we have studied the spin excitations

in optimally doped BaFe1.g5Co0.15As2 (Tc = 25 K) over a wide range
of temperatures and energies. We present the results in absolute units
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and find that the normal state spectrum carries a weight compara-
ble to underdoped cuprates. In contrast to cuprates, however, the
spectrum agrees well with predictions of the theory of nearly antifer-
romagnetic metals, without complications arising from a pseudogap
or competing incommensurate spin-modulated phases. We also show
that the temperature evolution of the resonance energy follows the su-
perconducting energy gap, as expected from conventional Fermi-liquid
approaches. Our observations point to a surprisingly simple theoreti-
cal description of the spin dynamics in the iron arsenides and provide
a solid foundation for models of magnetically mediated superconduc-
tivity.

TT 25.8 Wed 17:30 H20
Doping evolution of the electronic density of states and the
gap symmetry in Co-doped 122 iron pnictides — eFREDERIC

HarpY!, THOMAS WoLF!, PETER ScHWEIss!, PETER ADELMANN!,

RoBerT A. Fisuer?, RoLr Hep!, RoBerr Eper!, HILBERT V.
LOHNEYSEN', and CHRIsTOPH MEINGAST! — Karlsruher Institut fiir
Technologie, Institut fiir Festkorperphysik, 76021 Karlsruhe, Germany

— 2Lawrence Berkeley National Laboratory, Berkeley CA 94720, USA

Iron pnictides represent a new class of multiband superconductors
which offer new possibilities for studying the interplay between mag-
netism and superconductivity. In these materials, solid experimental
evidence for any particular pairing state remains elusive because sev-
eral probes point to different conclusions. Some of these apparent
contradictions may arise from the influence of the magnetic instability,
which is expected to strongly alter the gap topology, from impurity

effects, or from experimental difficulties like sample inhomogeneities.
Here, we present a critical analysis of our own specific-heat and ther-
mal expansion-data, realized on high-quality flux-grown Co-doped 122
single crystals, for doping levels that cover the entire phase diagram.

TT 25.9 Wed 17:45 H20
Mossbauer high pressure and magnetic field studies of
the superconductor FeSe — Vapiv KsenoronTov!, GER-
HARD WORTMANN?2, IvaN TRoJAN®, TarRAs PaALASYUK®, SERGEY
MEDVEDEV?, MicHAIL EREMETS?, TYREL M. McQUEEN?, RICHARD
J. Cava?, and eCrLauDIA FELSER! — !Institute of Inorganic and An-
alytical Chemistry, Johannes Gutenberg - University, Mainz, Germany
— 2Department of Physics,University of Paderborn, Paderborn, Ger-
many — SMax-Planck-Institute for Chemistry, Mainz, Germany —
4Department of Chemistry, Princeton University, Princeton, USA

Superconducting FeSe has been investigated by Maossbauer spec-
troscopy applying high pressure and strong external magnetic fields. It
was found that pressure-induced structural phase transition between
tetragonal and hexagonal modifications is accompanied by increased
distortion of local surrounding of Fe atoms. Appearance of the hexag-
onal phase above 7.2 GPa is accompanied by degradation of supercon-
ducting properties of FeSe. Low-temperature measurements demon-
strated that the ground states in both orthorhombic and hexagonal
phases of FeSe are nonmagnetic. Mdssbauer measurements in the ex-
ternal magnetic field below transition to the superconducting state
revealed zero electron spin density on Fe atoms. Interpretation of
Mossbauer spectra of FeSe in the Shubnikov phase is discussed.



