Thursday

TT 34: SC: Iron-Based Superconductors - 122

Time: Thursday 14:00-17:30

TT 34.1 Thu 14:00 H20
Photoemission in Ferropnictides — eKraus KOEPERNIK and
Hevmut EscHriG — IFW Dresden, Germany

High resolution angle resolved photoemission spectroscopy yields the
most direct and most detailed information on the electronic structure
of solids. This opens the opertunity to really compare theoretical band
structures with experiment. However, the method is surface sensitive.
For the ferro-pnictides highly resolved data are available, which are
re-evaluated on the basis of density functional calculations.

TT 34.2 Thu 14:15 H20
Superconductivity induced anomalies in the dielectric re-
sponse of Bag ssKo.32FexAss identified by spectral ellipsom-
etry. — oALiaksEl CHARNUKHA, PAuL PorovicH, YuLiA MATIKS,
OLEG DoLGov, ALEXANDER YARESKO, DUNLU SUN, CHENGTIAN LIN,
BeErRNHARD KEIMER, and ALEXANDER BoRis — Max-Planck-Institut
fir Festkorperforschung, Heisenbergstr. 1, Stuttgart, 70569 Deutsch-
land

Spectroscopic ellipsometry was used to study the dielectric function of
a hole-doped Bag.sKo.32FeaAsa, with a sharp (AT < 0.6 K) tran-
sition to the SC state below T. = 38.5 K, in the spectral range
0.012 — 6.5 €V at temperatures 7 — 300 K. The optical conductiv-
ity spectra are dominated by a series of interband transitions, which
all agree well with the predictions of LDA calculations. Our results
provide clear evidence of SC gap formation in the far-infrared optical
conductivity spectra, 2Agc &~ 5.5—6.5 kgT.. We find the penetration
depth to be 1600 A in close agreement with the values determined by
other techniques. The data also provide detailed information about
the evolution of the optical self-energy in the normal and SC states.
The frequency and temperature dependencies of the SC gap forma-
tion speak for the extended s+—wave pairing symmetry with strong
coupling to the intermediate boson mode centered at ~ 25meV. Ex-
amination of the conductivity in the optical spectral range uncovered
superconductivity-induced suppression of interband transitions at en-
ergies more than 200Agc.

TT 34.3 Thu 14:30 H20
Band and momentum dependent electron dynamics in su-

perconducting Ba(Fe;_xCox)2Ass — eBERNHARD MUSCHLER!,

WoLrrcane PresteL!, Rupr HackL!, THomas P. DEVEREAUXZ,
Jiun-Haw Cuu®, James G. Anarytis3, and IaNn R. Fisugr3 —
IWalther Meissner Institute, Bavarian Academy of Sciences and Hu-
manities, 85748 Garching — 2SIMES, SLAC, Menlo Park, CA 94025,

USA — 3GLAM, Stanford University, CA 94304, USA

We report results of electronic Raman scattering (ERS) experiments
on high quality single crystals of Ba(Fei_;Coz)2As2 in the normal
and superconducting states. With a light penetration depth of ap-
proximately 30nm ERS is bulk sensitive. ERS highlights different
regions in the Brillouin zone (BZ) for different combinations of the
incoming and outgoing photon polarizations. Since the bands of the
iron pnictides lie at high symmetry points in the BZ we can predom-
inantly project out the hole (o) and electron (3) bands in A4 and
B1g4 symmetry, respectively. We find a strong polarization dependence
of the spectra which indicates band dependent carrier dynamics. In
the superconducting state the presence of spectral weight down to the
lowest accessible Raman shifts supports very small gaps. While true
nodes with a sign change of the gap are unlikely, the spectra are com-
patible with accidental nodes, which may be lifted by doping and/or
disorder. In the normal state we find Raman relaxation rates being
almost constant and strongly temperature dependent on the a and 3
bands, respectively. This work is supported by the DFG under Grant
No. Ha2071/3-4 in the Research Unit FOR538.

TT 34.4 Thu 14:45 H20
Direct observation of superconducting energy gap in the
conductivity spectra of iron-pnictide films — eDan Wul,
Boris Gorsuunov!b2, PuiLipp KALLINA', MARTIN DRrEsseL!, A-
Voronkov?, Kazumasa Ima3, Suvia Hamnon3, Fritz KurteS,
Lupwic Scuurrz®, and BERNHARD Horzaprer? — !1. Physikalis-
ches Institut, Universidt Stuttgart, Germany — 2Prokhorov Institute
of General Physics, Russian Academy of Sciences, Russia — SIFW
Dresden, Germany

Location: H20

The optical reflection, transmission and phase shift of a
Ba(Fep.9Cop.1)2As2 thin film with a superconducting transition
temperature 7. = 20 K was measured over a wide frequency
range. The evaluated optical conductivity and permittivity show
a clear evidence of the complete opening of superconducting gap
2A/(27hc) = 30 cm~!. The behavior agrees very well with the BCS
prediction for an s-wave superconductor with no nodes in the order
parameter or additional state in the gap. The normal state conduc-
tivity shows a incoherent-like background up to mid-infrared range,
which is very similar to the spectra obtained from single crystals,
confirming the intrinsic property of this broad contribution in 122
pnictide systems.

TT 34.5 Thu 15:00 H20
Optical studies on iron pnictides under pressure — ¢ JOHANNES
FErBER, HunPYOo LEE, Yu-ZHONG ZHANG, HArRALD O. JESCHKE,
and RoseEr VALENTI — Institut fiir Theoretische Physik, Goethe-
Universitat Frankfurt

The recent discovery of superconductivity in the iron pnictides draws
high attention to the investigation of their properties. In particular,
the measurement of the optical response provides experimental access
to the electronic structure and the presumably important correlation
effects. We examine the optical properties of different iron-based pnic-
tides under pressure. Various 1111 and 122 systems are analyzed and
compared using DFT and DMFT techniques.

15 min. break

TT 34.6 Thu 15:30 H20
Lattice dynamics of 122 pnictides from first principles —
eRoLr HEID and Kraus-PETER BoOHNEN — Karlsruher Institut fiir
Technologie, Institut fiir Festkérperphysik

The pnictide superconductors exhibit a complex interplay of structural
and magnetic degrees of freedom, which also has a significant impact
on the lattice dynamics properties. Here, we present a first-principles
study of the phonon dispersion of 122 pnictides using linear-response
theory within a mixed-basis pseudopotential approach. We focus on
the dependence of the phonon spectra on structural parameters and
magnetic order, and also consider the impact of pressure and dop-
ing. The accuracy and potential shortcoming of this first-principles
approach are discussed in the light of experimental phonon measure-
ments on CaFeaAsy (both at ambient pressure and in the collapsed
phase [1,2]) and on BaFegAss (both pure and doped [3]).

[1] Mittal et al., Phys. Rev. Lett. 102, 217001 (2009)

[2] Mittal et al., arXiv0911.1665 (2009)

[3] Reznik et al., arXiv0908.4359 (2009)

TT 34.7 Thu 15:45 H20
Phonon anomalies in pure and doped Ri_,K,;FexAsy (R=Ba,
Sr) investigated by Raman light scattering — eMARTIN
RaHLENBECK!, MarHiEu LE Tacon!, Guort Sun!, DunLu Sunt,
CHENGTIAN LIN', BERNHARD KEIMER', and CLEMENS ULricu!:2:3
— IMax-Planck-Institut fiir Festkorperforschung, Heisenbergstrafie 1,
D-70569 Stuttgart, Germany — 2School of Physics, University of New
South Wales, Sydney, New South Wales 2052, Australia — 3The Bragg
Institute, Australian Nuclear Science and Technology Organization,
Lucas Heights, New South Wales 2234, Australia

We present a detailed temperature dependent Raman light scattering
study of optical phonons in superconducting and non-superconducting
Ri_zKzFezsAss (R=Ba, Sr) single crystals. In all samples we ob-
serve a strong continuous narrowing of the Raman-active Fe and As
vibrations upon cooling below the spin-density-wave transition 7s. We
attribute this effect to the opening of the spin-density-wave gap. The
electron-phonon linewidths inferred from these data greatly exceed the
predictions of ab-initio density functional calculations without spin po-
larization, which may imply that local magnetic moments survive well
above Ts. A first-order structural transition accompanying the spin-
density-wave transition induces discontinuous jumps in the phonon
frequencies. These anomalies are increasingly suppressed for higher
potassium concentrations. We also observe a pronounced splitting of
the £y modes at this transition temperature. At the superconducting
transition temperature T, we observe subtle phonon anomalies with a
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behavior qualitatively similar to that in the cuprate superconductors.

TT 34.8 Thu 16:00 H20
Self-energy effects, el-ph coupling and non FL behavior in Fe-
As superconductors — ePETER LEMMENs!, Kwanca-Yona CHorl,
Dirk WULFERDING!, VLADIMIR GNEzDILOV?, ILya ErReEMINS, HEL-
MUTH BERGER?, CHENGTIAN LIN®, SHIGERU KasaHARAS®, and Yuur
Marsupa® — 'IPKM, TU-BS, Braunschweig — 2ILTP, Kharkov,
Ukraine — 3ITP, Univ. Bochum — 4EPFL, Lausanne — °MPI-FKF
Stuttgart — 6GSS, Univ. Kyoto, Japan

Raman scattering experiments of the undoped Sr-122 and the doped,
superconducting pnictides show anomalies of a B14 phonon induced
by SC and SDW transitions. We give estimates of the electron-phonon
coupling related to this renormalization. We follow the cross over
from Fermi to non-Fermi liquid behavior with P-doping. In addition,
we observe a pronounced quasi-elastic Raman response and a weak
renormalization of an electronic continuum. Work supported by DFG.

TT 34.9 Thu 16:15 H20
Calorimetric studies of hole-doped Bag sKo.320Fes Aso multi-
band superconductor — eP. PorovicH, A. V. Boris, O. V. DoL-
cgov, D. L. Sun, C. T Lin, R. K. KrREMER, and B. KEIMER —
Max-Planck-Institut fiir Festkorperforschung, Stuttgart, Germany

We report on the determination of the low temperature specific heat of
hole-doped Bag.6sKo.32Fe2Ass single crystals with a sharp ( < 0.6 K)
anomaly at T ~ 38.5 K. The jump at T, is AC/T = 120 mJ/molK?.
The low residual electronic specific heat ( < 2 mJ/molK?2) shows that
the amount of the non-superconducting impurities in our single-phase
samples is less than 3%. In order to investigate the electronic part
of the specific heat we subtracted a phonon background. As a back-
ground we used either our experimental specific heat data on a non-
superconducting non-magnetic isostructural substance or a set of Ein-
stein modes. Both models give qualitatively the same result. The
a-model with two superconducting gaps fits well to the SC-induced
electronic specific heat. Our findings imply that the superconducting
properties of Bag sKo.32Fe2Ass can be well described in a framework
of the strong-coupling model.

TT 34.10 Thu 16:30 H20
Magnetic fluctuations and superconductivity in Fe pnic-
tides probed by Electron Spin Resonance — eNIikoLA
PascHER!, JoacHiM DE1sENHOFER!, HANs-ALBRECHT KRUG VON
Nmpal, H. S. Jeevan?, P. GeEcGENwART?, and Arois Lomr! —
IExperimentalphysik V, Center for Electronic Correlations and Mag-
netism, Institute for Physics, Augsburg University, D-86135 Augsburg,
Germany — 2I. Physik. Institut, Georg-August-Universitaet Goettin-

gen, D-37077 Goettingen, Germany

The electron spin resonance absorption spectrum of Eu?* ions serves as
a probe of the normal and superconducting state in Eug.5Kq.5FeaAsa.
The spin-lattice relaxation rate I/TiESR obtained from the ESR
linewidth exhibits a Korringa-like linear increase with temperature
above T¢ evidencing a normal Fermi-liquid behavior. Below 45 K de-
viations from the Korringa-law occur which are ascribed to enhanced
magnetic fluctuations upon approaching the superconducting transi-
tion. Below T the spin lattice relaxation rate 1/TFSR follows a T1-5-
behavior without the appearance of a coherence peak.

TT 34.11 Thu 16:45 H20

Evidence of Two-Band Superconductivity in K- and Co-
doped 122 Barium Iron Pnictides from Point-Contact Spec-
troscopy — eMicHAEL MaRz!, OLIVER BERG!, SAMUEL Bouvron!,
TrOMAS WoLF2, HILBERT v. LOHNEYSEN!2) and GerNnoT Gorv!
— 1Physikalisches Institut, Karlsruher Institut fiir Technologie, 76131
Karlsruhe — 2Institut fiir Festkorperphysik, Karlsruher Institut fiir

Technologie, 76131 Karlsruhe

Point-contact spectroscopy (PCS) experiments on superconducting
iron pnictides were performed to investigate the structure of the su-
percondutive energy gap. We investigated K- and Co-doped BaFesAso
single crystals in the superconducting state in the temperature range
from T'= 2K to T' = 30 K. We measured the differential conductance
vs. voltage in superconductor/normal-metal point contacts using plat-
inum as a normal-metal counterelectrode. Measurements were carried
out with I L ¢ (’edge-to-edge’ method) and I || ¢ ('needle-anvil’ ge-
ometry) to determine a possible orientation dependence. In all cases
do the obtained spectra reveal signatures which we ascribe to the oc-
currence of two-band superconductivity in this material, in line with a
recent analysis of high-resolution specific-heat measurements [1]. For a
quantitative determination of the gap values, the spectra were analyzed
within a modified BTK theory to describe two-band superconductivity.
[1] F. Hardy et al., archiv cond-mat 0910.5006.

TT 34.12 Thu 17:00 H20
Point-contact spectroscopy on doped and undoped 122
barium iron pnictides in the normal-conducting state —
eOLIVER Berc!, MicHAEL Marz!, THomas WoLr?, HILBERT V.
LoBNEYSEND2, and GERNOT GoLL! — 1Physikalisches Institut, Karl-
sruher Institut fiir Technologie, 76131 Karlsruhe — 2Institut fiir Fes-
tkorperphysik, Karlsruher Institut fiir Technologie, 76131 Karlsruhe

Point-contact spectroscopy (PCS) measurements in the superconduct-
ing state of K- and Co-doped BaFezAsy single crystals exhibit, in ad-
dition to features due to superconductivity, an unexpected, weakly
temperature-dependent voltage-dependence of the differential conduc-
tance dI/dV in both the superconducting and in normal states. To
clarify the origin of this behavior we have investigated PCS of doped
and undoped Ba-122 single crystals up to 7 = 200K. In additon
to this ubiquitous voltage dependence, undoped BaFezAss crystals
reveal a significant zero anomaly (ZBA) of the differential conduc-
tance that is common to antiferromagnetic materials. Our observa-
tion that the ZBA is absent in the doped, i. e., superconducting
samples supports this assignment because doping of BaFegAss with
K or Co is known to suppress the antiferromagnetic ordering. The
spectra can be described with two Lorentzian functions for the the
different contributions. These doped samples (Bag.¢gKo.32Fe2Asa and
Ba(Fep.935C00.065)2As2) exhbit at T' < T, the dI/dV spectra expected
of Andreev reflection for two-band superconductors.

TT 34.13 Thu 17:15 H20
J. anisotropy in 122 and 1111 pnictide thin films — eJENs
HAnNiscH, Kazumasa Iipa, MARTIN KiDszuN, Sivia HAINDL, THOMAS
THERSLEFF, ALEXANDER KAUFFMANN, FRITzZ KURTH, BERNHARD
HorzaprEL, and Lupwic ScHurrz — IFW Dresden, Institute for
Metallic Materials, P.O. Box: 270116, 01171 Dresden, Germany

We have successfully grown epitaxial, superconducting films in
two families of iron pnictides, Ba(Fei—,Coz)2Asy (122) [1] and
LaFeAs(O1—4,Fz) (1111) [2]. Detailed investigations of their criti-
cal current density J. with respect to temperature as well as both the
applied magnetic field magnitude and orientation will be shown in this
contribution. Both films grow very clean and without observable cor-
related defects parallel to the c-axis, as confirmed by TEM. This is
also reflected in the absence of a c-axis peak in J.(#). In contrast to
cuprate high-T,. superconductors such as YBCO or even Bi2223, the
pnictides have very low anisotropies in their J.(0) behaviour as well as
in their characteristic and critical fields, such as Hj., and Hc2. Both
families show the same anisotropy behaviour, 122 having slightly lower
anisotropies.

[1] K. Iida, J. Hanisch, R. Hithne, F. Kruth, M. Kidszun, S. Haindl,
J. Werner, L. Schultz and B. Holzapfel, Appl. Phys. Lett. 95, 192501
(2009).

[2] M. Kidszun, S. Haindl, E. Reich, J. Hanisch, K. Iida, L. Schultz
and B. Holzapfel, Supercond. Sci. and Techn., in print.



