Spontaneous Hall effect in superconducting materials
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Spontaneous Hall effect The inhomogeneities explanation: our starting point

The standard Hall effect consists in the appearance
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of a transverse voltage in a conducting material sl The origin of the spontaneous Hall effect in superconductors is still strongly debated and many

when a longitudinal electrical current is combined . exotic explanation have been proposed during the years.

with a perpendicular magnetic field, as result of the Standard AV | | The appearance of a transverse voltage at zero magnetic field has been explained within the

Lorentz force acting on the charge carriers. H " ff T ! 0] ‘lL» — framework of Abrikosov vortices and anti-vortices motion [1]; an alternative interpretation to
all errec It justify the spontaneous Hall effect has been suggested in the context of the breaking of time-
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The spontaneous Hall effect consists in the | reversal symmetry in two-dimensional high-temperature superconductors [2]. However, both
appearance of a finite transverse voltage, even in 05 i }| I explanations cannot justify the appearance of this effect in a very wide range of superconductors,
the absence of an applied magnetic field, when in ; “ l' spacing between type | and type Il superconductors, BCS and unconventional superconductors,
principle there should not be any transverse force | B but also between thin films and bulk samples.
acting on the charge carriers. Spontaneous L i L In this context a very interesting explanation has been proposed in [3]: the anomalous transverse
P AVy " s 3 voltage can be justified by the presence of an asymmetric spatial inhomogeneity in the material.
In a superconducting material the spontaneous Hall Hall effect | Indeed, a distribution of inhomogeneities inside a sample, could prevent the current from
effect appears in the form of a peak across the | "l moving in the longitudinal direction as expected, but force it to find percolative paths deviating in
superconducting transition. The origin of this peak e | | ~ different directions. Therefore, the presence of local transverse current component leads to the
is still strongly debated 81 . "\ appearing of a transverse voltage. Segal, Karpovski and Gerber [3], performed numerical
v, ACIIZIT8 v 3 s calculations of current flow in inhomogeneous sample, depicted as a resistor grid in which a
o . .17 = quarter of the resistors represent a quarter of a superconducting sample, which passes to the
-:::: . superconducting state with a small delay in temperature AT, with respect to the other three-
\ . . . .
i :::: Lt el o Quarters of the material, thus representing an inhomogeneous portion of the sample.
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To obtain the spontaneous Hall effect peak, we = 5 i
simultaneously measured the longitudinal resistance E¥l e 1118 G =2
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Rxx(T) and the transverse resistance Rxy(T), by means o 2f ISEES b F il
of contact pads placed over the surface. 10} ,,-" F11 0 . D21 Yoy /|
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To study the in-field behaviour of the spontaneous :‘r:: -
Hall effect, we also performed the same B =
measurements in an applied magnetic field up to 9T. % 02} };—":”_;
In this case Rxy(T) is the magnetic field-symmetric B o, FeSeosTeos
component of the Hall signal. 16 18 20 22
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The sign and the shape of the peak vary a lot. -
. T T - Could it maybe depend on the contact pads
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Simulations Conclusions
In order.t.o test if tiespontaneoi’s Hills.ealfbappsarance ]San bedas.crlbled. to mh.orr]nc;genefltles in the sarlnple 1 COMSOL ‘,\ Compa rison We performed a comparative study of the appearance of the
) TIPHUYSICS® @2 . . . .
composition even if they are randomly distributed we performed simulations with the software Comso MULTIPHYSIC : - Spontaneous Hall effect in a wide range of materials, spacing between
= Faenia very different families of superconductors, which manifests itself as a
B d diti Results 20 [pned - i | P | | |
oun ary conaitions Pattem 22 /\ pronounced peak in the transverse resistance in correspondence with the
g ° < ' superconducting transition. Considering that this effect is transversal over
o £20l d different families of superconductors, we invoke the presence of
The sample has been split into a Bt — " : ; : o - inhomogeneities inside the material as explanation for the phenomenon,
Thath201)=35 K volume: Material settings . - =4 - . L.
10x10 grid, and to each part a s os} 2 - 2 oT as already suggested in [3]. In addition, we found out that the
' different p(T) has been assigned. ‘_;‘“ s 3 = : 86 87 88 89 90 91 92 Spontaneous Hall effect appears even in presence of a random
20 different p(T) have been E 2 =1 . S Z - L . distribution of inhomogeneities in the sample. Our hypothesis is
. q o} > o ———— A — | 7 ¥ : ; ' . . . o
created, differing from each oA — o , N ~7 —9 o > corroborated by our Comsol simulations, thanks to which we
other for their different Tc. | ) Y ool 1 1-02 demonstrated that the sign and the shape of the peak depend on the
) -20 b\ b 1- :
S N = 150 ' UOPSRRN o - contact pads location over the sample, and therefore on the local
Two different simulation | : ; 1 320 o glo T B o) ' o8 e distribution of inhomogeneities.
2 onc ) 8.0 8.5 9.0 9.5 10.0 . . . : ‘ . .
€ conditions: T TIK] el 1190 In conclusion we believe that the Spontaneous Hall effect measurement
0 ¥ Zero Field :j can be a sensitive probe to evaluate the level of inhomogeneity inside a
e 50 —— 1.6 superconducting material.
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