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TT 38.1 Tue 9:30 EB 407

A DFT and Monte Carlo approach to simulating the magne-
tocaloric effect in magnetovolume-coupled materials — eNuno
ForrunaTol2, JoAo AMARALZ, GERCsI ZsoLT3, JoAo GONGALVESZ,
ViTorR AMARALZ, HONGBIN ZHANG!, OLIVER GUTFLEISCH', VITALLI
PecHARSKY?, KARL SANDEMAN®, and LEsLEY Conen® — 'TU Darm-
stadt, Germany — 2CICECO, Universidade de Aveiro, Portugal —
3Physics, Trinity College Dublin, Ireland — 4 Ames Laboratory, United
States — °Department of Physics, Imperial College London, United
Kingdom
Magnetic refrigeration is an emergent technology promising for eco-
friendly and more energy efficient refrigeration applications, using the
magnetocaloric effect (MCE). Magnetovolume effects contribute sig-
nificantly to the MCE, however the estimation of MCE with magne-
tovolume effects remains a challenge. In this work, we simulate the
MCE using a microscopic model solved by Monte Carlo methods that
evaluate the thermodynamic density of states. The magnetic inter-
action (J;;) between local moments is considered a function of vol-
ume (v), together with external field (H) and lattice volume terms:
H= f%EJij (v)S;.S; + %K’L}Q — HM, where K is compressibility.

Simulation results are compared with the experimental data of Gd,
the typical benchmark material for room-temperature magnetic cool-
ing applications. We show that such a simple model quantitatively
reproduces experimental data for the MCE and the magnetostriction.
This work paves the way to a ’ground-up’, fast computational approach
to optimize and search for magnetic refrigerant materials.

TT 38.2 Tue 9:45 EB 407
Spin dynamics of magnetocaloric compounds under magnetic
field investigated with inelastic neutron scattering measure-
ments — eNikoLAaos Biniskos!?, KARIN ScHMALzZL', STEPHANE
RaymonDp?, and THomAs BRrUCKEL? — !Forschungszentrum Jiilich
GmbH, Jiilich Centre for Neutron Science at ILL, 71 avenue des Mar-
tyrs, 38000 Grenoble, France — 2Univ. Grenoble Alpes, CEA, INAC,
MEM, 38000 Grenoble, France — 3Forschungszentrum Jiilich GmbH,
Jilich Centre for Neutron Science (JCNS-2) and Peter Griinberg In-
stitut (PGI-4), JARA-FIT, 52425 Jiilich, Germany

The magnetocaloric effect (MCE) is a temperature or entropy change
of a material subject to a variation of magnetic field and is the ba-
sic principle of magnetic refrigeration. This technique is considered
as promising for a more environmentally friendly and efficient use of
energy. However, the microscopic mechanisms at play are to be re-
vealed and the key ingredients are to be identified in order to design
new materials. In order to understand the fundamental driving force
of the MCE, a microscopic study of magnetism with inelastic neutron
scattering (INS) measurements is necessary. To this aim, the spin dy-
namics of MnFe4Si3 and Mn5Si3, that exhibit the direct and inverse
MCE, respectively, have been investigated with INS measurements un-
der different magnetic fields and temperatures. It is evidenced that
the inverse MCE of Mn5Si3, the cooling by adiabatic magnetization,
is associated with field induced spin-fluctuations, contrary to the usual
suppression of fluctuations by a magnetic field that is observed in the
direct MCE of MnFe4Si3 [1]. [1|N. Biniskos et al., Phys. Rev. B 96
104407 (2017).

TT 38.3 Tue 10:00 EB 407
Element-specific view on La(FeSi)135 — eKaTHARINA OLLEFs!,
Markus E. GRUNER!, FaBricE WiLHELM?, ANDREI ROGALEVZ,
Iya RabpuLov3, ALEXANDRA TERWEY!, BENEDIKT EGGERT!,
Maria KrauTz?, KoNsTANTIN Skokov3, WERNER KEUNE!, OLIVER
GurrLEiscH®, and Heiko WENDE! — lFaculty of Physics and
CENIDE, University of Duisburg- Essen, Germany — 2European Syn-
chrotron Radiation Facility, Grenoble, France — S3Functional Ma-
terials, Technical University Darmstadt, Darmstadt, Germany —
4Institute for Complex Materials, IFW Dresden, Dresden, Germany

Due to its large magneto-caloric effect, the itinerant electron metamag-
net La(FeSi)13 is of great interest for its potential use in solid state re-
frigeration. In order to better understand the magnetic interactions in
this material and how they change at the transition, we have performed
x-ray absorption measurements. X-ray magnetic circular dichroism
measurements in the low temperature phase at the Fe K-edge and La
L2 3-edges reveal not only a magnetic moment on Fe but also a sizable
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magnetic moment in the 5d states of La. Magneto-optical sum-rule
analysis and DFT calculations indicate an anti-parallel alignement of
the Fe and La spin moment and a small orbital moment on La also anti-
parallel to spin moment. Disentangling the different magnetic moment
contributions in La(FeSi)13 may reveal additional sources for hystere-
sis and might shed light on the thermodynamic role of the particular
magnetic degrees of freedom.
Funding by the DFG (SPP1599) is acknowledged.

TT 38.4 Tue 10:15 EB 407
Dynamic effects of the magneto-elastic phase transition in a
FeoP-type magnetocaloric alloy — eMaxiMiLIAN Fries!, PFEUF-
FER Lukas!, Tino GorrscHALL!?, FrRANzISKA ScHEIBELD3, KON-
STANTIN SKOKOV!, YOURI SKOURSKI?, MEHMET ACET®, MICHAEL
FARLE?, JocHEN WosNITzA®, and OLIVER GUTFLEISCH! — lInstitut
fiir Materialwissenschaft, Technische Universitdt Darmstadt, 64287
Darmstadt — 2Hochfeldlabor Dresden (HLD-EMFL), Helmholtz-
Zentrum Dresden-Rossendorf, 01328 Dresden — 3Fakultat fiir Physik
und CENIDE, Universitat Duisburg-Essen, 47057 Duisburg

Magnetic refrigeration could be an efficient alternative refrigeration
technology if operated at high cycling frequencies [1]. In order to
investigate if the magnetocaloric materials are applicable in a high-
frequency cooling device we measured the adiabatic temperature
change AT, 4 of a FeaP-type alloy [2] under different field-change rates
ranging from 0.93 Ts—! in a permanent-magnet-based Halbach setup to
2700 Ts~! in pulsed fields. We observed that a field-rate independent
second-order like phase transition always overlaps with the first-order
phase transition leading to a non-saturating behavior of AT, 4 even in
fields up to 20 T. By measurements under different field pulse rates we
show that the first-order phase transition cannot follow the fast field
changes, resulting in a distinct field-dependent hysteresis of AT, 4.

[1] O. Gutfleisch et al., Philosophical Transactions of the Royal So-
ciety A 374 (2016) 20150308. [2] M. Fries et al., Acta Materialia 132
(2017) 222

TT 38.5 Tue 10:30 EB 407

Decoupling of the magnetostructural transition in mag-

ntocaloric La-Fe-Si alloys — eYaNvaN Suao'?, KONSTANTIN
Skokov?, Francors GuiLLou®, DMiTRIY YU KARPENKOVZ, MINGX-
140 Zuanc!, OrLiver GurrLeisca?, and Jian Liu! — !Ningbo In-

stitute of Material Technology and Engineering, CAS, 315201 Ningbo,
China — 2Material Science, TU Darmstadt, 64287 Darmstadt, Ger-
many — SEuropean Synchrotron Radiation Facility, 38000 Grenoble,
France

The giant magnetocaloric effect occurs when a magnetic material un-
dergoes a first-order magnetic transition, which usually involves the
coupling of magnetic and lattice contributions [1]. In order to inves-
tigate in detail the evolution of the magnetostructural phase transi-
tion, both magnetocaloric (dT(H)) and magnetovolume (dV(H)) ef-
fects in Lal.7Fell.6Si1.4 alloy were measured simultaneously. We ob-
served that under isothermal conditions, only heat transfer occurs first,
whereas the structural transition takes place in higher fields, where the
heat transfer is already in progress or almost completed. The shift be-
tween the magnetic and structural transitions is 0.27 T, which clearly
indicates a decoupling effect. The decoupling effect was also confirmed
by X-ray absorption (lattice contribution) and by magnetic circular
dichroism (change in magnetic system). We will discuss different rea-
sons for the decoupling effect. [1]V. K. Pecharsky et al., Physical
Review Letters. 91 (2003) 197204.

TT 38.6 Tue 10:45 EB 407
Correlation of microstructural and magnetic properties of
Mn-Fe-P-Si magnetocaloric compounds — eLukas PFEUFFER!,
MaxmmiLiaN Fries!, Enrico BRuper!, Tino GoTTscHALL?, SEMIH
ENERr!, LEoroLD Diop!, THORSTEN GROB!, KONSTANTIN SKOKOV!,
and OLIVER GuTFLEISCH! — 1Fachbereich Materialwissenschaft, TU
Darmstadt, 64287, Darmstadt, Germany — 2Dresden High Magnetic
Field Laboratory, Helmholtz-Zentrum Dresden-Rossendorf, 01328,

Dresden, Germany

Mn-Fe-P-Si alloys of Fe2P-type are very promising candidates for
magnetocaloric applications. Extensive studies dealing with the op-
timization of the chemical composition have been published in recent
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years. However, the microstructure and its effect on the thermomag-
netic properties are rarely discussed in literature. For this reason, we
processed Mn-Fe-P-Si samples using a powder-metallurgical approach
and characterized their microstructure and magnetocaloric behaviour.
SEM, EDX, EBSD and XRD studies display small amounts of a cubic
secondary phase showing a distinct phosphorous depletion and a char-
acteristic arrangement at the triple junctions of the Fe2P grains. A
shift in saturation magnetization, transition temperature and isother-
mal entropy change as a function of the secondary phase fraction can
be observed. A significant influence of the metal/non-metal ratio on
the above mentioned properties could be investigated. Additionally, all
the prepared samples reveal a virgin effect shown thermomagnetically
and with temperature dependent optical microscopy.

TT 38.7 Tue 11:00 EB 407
Influence of substitutions, hydrostatic pressure and mag-
netic field on the MnNiGe system — e ANDREAS TAUBEL, TINO
GorTscHALL, MaxiMmiLIAN FRries, Tom Faske, KonstanTIN P.
Skokov, and OLIVER GUTFLEISCH — TU Darmstadt, Institute of Ma-
terial Science, Alarich-Weiss-Str. 16, 64287 Darmstadt, Germany

An enhancement in the energy efficiency of cooling devices for house-
hold refrigeration and air conditioning can provide worldwide savings
in energy and CO2 emissions. An alternative to conventional gas com-
pression refrigerators is solid state based magnetocaloric cooling with
the potential of increased energy efficiency. The MM’X materials fam-
ily provides promising magnetocaloric effects with sharp phase transi-
tions for the MnNiGe and MnCoGe systems.

We studied the isostructural substitutions of Fe for Mn and Si for
Ge, which enhance the ferromagnetic character of the low temperature
phase, allow for a precise tuning of the transition temperature and re-
duce the amount of expensive Ge in the compounds. Since a magnetic
field shifts the transition temperature by 1 K T, the phase transition
cannot be induced completely in small fields. We directly measured a
maximum adiabatic temperature change of 1.3 K for the first magnetic
field application of 1.93 T [1]. Therefore, the large sensitivity towards
hydrostatic pressure (72 K GPa~!) enables an additional stimulus to
induce the phase transition more efficiently for Fe- and Si-substituted
(Mn,Fe)Ni(Ge,Si) compounds.

This work was supported by DFG (Grant No. SPP1599).

[1] A. Taubel et al., J. Phys. D: Appl. Phys. 50, 464005 (2017)

15 minutes break

TT 38.8 Tue 11:30 EB 407
Exploring three-dimensional temperature gradients in mag-
netic tunnel junctions: Anomalous Nernst effect — UL-
RIKE MARTENs!, TorsTEN HUEBNER?, HENNING ULRIcHS®, OLIVER
RemER?, Timo KuscHEL?, RoNNIE TamMmiNGg?*, Cuia-Lin CHANG?,
RAANAN ToBEY?, ANDYy Tuomas®, Markus MUNzZENBERG!, and
eJAakoB WaLowskI! — Universitit Greifswald, Greifswald, Germany
— 2Bielefeld University, Bielefeld, Germany — 3Universitat Gottin-
gen, Gottingen, Germany — *University of Groningen, Groningen,
The Netherlands — SIFW Dresden, Institute for Metallic Materials,
Dresden, Germany

We measure the anomalous Nernst effect (ANE) generated on a
nanometer length scale by micrometer sized temperature gradients in
magnetic tunnel junctions (MTJs). The ANE is extracted by ana-
lyzing the influence of in-plane temperature gradients on the tunnel
magneto-Seebeck effect (TMS) in in-plane magnetized MTJs based on
CoFeB electrodes with uniaxial magnetic anisotropy and an MgO tun-
nel barrier. The direction controlled temperature gradients are created
by a focused laser spot. The spatial extent of the measured effects is
defined by the MTJ size, while the spatial resolution is given by the
laser spot size and the step size of its lateral translation. The mea-
surement method is highly sensitive to low voltages and yields an ANE
coefficient of K ~ 1.6 - 108 % for CoFeB. At such sensitivity, the
generated ANE effect allows to expand the MTJs’ functionality from
simple memory storage to nonvolatile logic devices and opens new ap-
plication fields e.g. direction dependent temperature sensing.

TT 38.9 Tue 11:45 EB 407
Anomalous Nernst effect in carbon doped Mn;Ges and
Mn;5Sis thin films — eSAsmiTA SRICHANDAN, SiHAO DENG, and
CHRISTOPH SURGERS — Karlsruhe Institute of Technology, Physikalis-
ches Institut, PO Box 6980, 76049 Karlsruhe, Germany

Carbon doped MnsGes shows enhanced magnetic properties compared

to pure MnsGes which makes MnsGesC,, suitable for spintronics appli-
cations. The magnetotransport properties of ferromagnetic MnsGes,
MnsGe3zCp.g and MnsSizCq.g systems have been previously investi-
gated [1]. In this present work, the thermal-magnetotransport prop-
erties, in particular the anomalous Nernst effect (ANE), have been
experimentally investigated in thin films of MnsGe3Cp.g, MnsSi3Co.g
and MnsGes on Ge (111). The ANE coefficients for all the films show
the same positive sign at high temperatures until at about 100 K the
sign changes to negative for MnsGe3Cp.g and MnsGes films but not
for MnsSizCqp.g film. This behavior follows the same change of sign
behavior previously observed in the anisotropic magnetoresistance ra-
tio and ordinary Hall coefficient for these films. The change of sign
of the ANE is the direct consequence of the Mott relation in our fer-
romagnetic films [2] even if the sign of the anomalous Hall coefficient
remains unchanged. In addition, a possible contribution from the spin
Seebeck effect to the transverse thermo-voltage has been addressed.
[1] C. Siirgers et al. Phys. Rev. B 90, 104421(2014)

[2] T. Miyasato et al. Phys. Rev. Lett. 99, 086602(2007)

TT 38.10 Tue 12:00 EB 407
An experimental design to measure the spin Nernst effect —
eSANDRA GorrwaLs!, TuHierRy Crozes?, and GEorc ScHMmIDT!:3
— Martin-Luther-Universitit Halle-Wittenberg, Institut fiir Physik,
Fachgruppe Nanostrukturierte Materialien, Halle — 2Institut Néel,
CNRS, Grenoble — 3Martin-Luther-Universitit Halle-Wittenberg, In-
terdisziplindres Zentrum fiir Materialwissenschaften, Halle

Like the spin Hall effect to the ordinary Hall effect the spin Nernst
effect compares to the Nernst effect. A thermal gradient in a material
with sufficient spin orbit coupling generates a spin current and spin ac-
cumulation perpendicular to the gradient. We are developing a setup
to measure the resulting spin accumulation and magnetic moment us-
ing micro SQUIDs. The sample design is rather complex because it
needs at least two micro SQUIDs to measure the spin accumulation on
two opposite sides of a Pt layer together with superconducting stripes
to measure the local temperature. On top of these a Pt layer and a
heater with the necessary electrical insulation need to be processed.
We present the results and current status of our development. On all
superconducting structures the critical current needs to be measured
simultaneously.

TT 38.11 Tue 12:15 EB 407
A tool for detecting complex magnetic configurations —
e ALEXANDER FERNANDEZ ScARIONI!, DAVID SCHROETER?, XIUKUN
Hu!, SiByLLE SiEvers!, Dirk MEeNzEL?, STEFAN SOLLOw?, and
Hans W. ScuumacHErR! — !Physikalish-Technische Bundesanstalt
(PTB), Braunschweig, Germany — 2Institut fiir Physik der Konden-

sierten Materie, TU Braunschweig, Germany

The anomalous Nernst effect (ANE) is a simple and powerful tool to
detect the average magnetization in a single nanowire. Using this sim-
ple thermoelectrical measurement one can precisely track the position
and motion of a single Domain Wall in a metallic nanowire with per-
pendicular magnetization anisotropy with a resolution below 20 nm
[1]. This makes the ANE a candidate for detecting the magnetization
in nanowires made of complex materials such as the ones that show a
Dzyaloshinskii-Moriya Interaction (DMI), even also single skyrmions
in nanowires. We are going to show thermoelectric ANE measurements
on a nanowire with DMI were we can identify the different components
of the magnetization.
[1] P. Krzysteczko et al., Phys. Rev. B. 95, 220410(R) (2017)

TT 38.12 Tue 12:30 EB 407
Magneto-Seebeck Tunneling Across a Vacuum Barrier —
eConY FRIESEN and STEFAN KRAUSE — Department of Physics, Uni-
versity of Hamburg, Jungiusstr. 11A, 20355 Hamburg, Germany

The tunneling magneto-Seebeck (TMS) effect has been intensively
studied both for its potential applications in e.g. waste heat recycling
in electronics, and for the insights it can provide into fundamental solid
state phenomena. This effect has been measured in planar junctions
[1] and, as will be described in this talk, can also be measured using
spin-polarized scanning tunneling microscopy (SP-STM).

The experiments were performed at low temperatures (T = 50 K)
and in UHV conditions, on the Fe/W(110) multilayer system [2], us-
ing a laser-heated bulk Cr tip and active bias compensation. The
non-collinear spin structures present in this sample system, and the
atomic-scale lateral resolution of SP-STM, allowed for the imaging of
a continuous range of relative tip-sample magnetization orientations.

Here, as in planar junctions, the measurement of the temperature
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gradient between electrodes is a significant challenge. We have esti-
mated the tip-sample temperature difference using a linear thermal
tip expansion model. To verify this, we have also directly predicted
the Seebeck coefficient S using tunneling bias spectroscopy. We found
these approaches to be in good agreement, suggesting a convenient

spectroscopic approach to determining S on the atomic scale, even in
the absence of a temperature gradient.

[1] M. Walter et al., Nat. Mater. 10, 10 (2011).

[2] S. Meckler et al., Phys. Rev. Lett. 103, 15 (2009).



