The Magnetic Vortex Core
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Figure 1. Magnetic field B(r) and order parameter |¢(r)|?
of an isolated flux line calculated from Ginzburg-Landaun

theory for Ginzburg-Landau parameters k = 2, 5, and 20.
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Figure 3. Two profiles of the magnetic field B(z, y) and or-
der parameter |¥(z, y)|* along the x axis (a nearest neighbor
direction) for flux-line lattices with lattice spacings a = 4\
(solid lines) and a = 2\ (thin lines). The dashed line shows
the magnetic field of an isolated flux line from Fig. 1. Cal-
culations from Ginzburg-Landau theory for £ = 5.
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Treat the vortex core as a normal material. Cylinder of radius ¢ with full normal state density of states.

This is justified using the Bogoliuboc equations in: C. Caroli, P. G. De Gennes, and J. Matricon, "Bound Fermion states on a vortex line in a type II
superconductor," Phys Lett 9 (4), 307-309 (1964). See also de Gennes’ book, page 153.

Within GL theory, one can estimate the radius of the vortex core as the region where the superfluid velocity
suppresses the order parameter to zero
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The normal core will create Ohmic dissipation for electrical currents, resulting in Flux Flow Resistivity as magnetic
Vortices move under the influence of an external current:
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FIG. 2. Explicit dI/dV curves from the data set of Fig.
1(a). The normalized value of 1 corresponds to a metallic tun-
neling conductance of 5x10~°. The 563-A curve has been
shifted up by 0.75 and successive ones are each shifted by 0.25
normalized unit of conductance. The bottom trace shows the
spectra at zero magnetic field.
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Magnetic Vortex Core State Imaging
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FIG. 2. Abrikosov flux lattice produced by a 1-T magnetic
field in NbSe; at 1.8 K. The scan range is about 6000 A. The
gray scale corresponds to df/dV ranging from approximately
1x10 % mho (black) to 1.5%10 ~° mho (white).

Density of States near and inside a Fluxoid," Phys Rev Lett 62 (2), 214-216 (1989).

FIG. 4. Perspective image of dI/dV vs tunneling voltage
(horizontal axis) and position along a line that intersects a vor-

tex (vertical axis).
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Magnetic Vortex Core States

Classical (low-T,) superconductors have a quasi-normal core.

Energy of lowest-lying excitation in the core: B2 A2
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Cuprate (high-T,) superconductors have few states in the core. i
Energy of lowest-lying excitation in the core: 5
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FIG. 3. The gap function A(r), in the vicinity of the vortex
core, and the vortex bound quasiparticle energy levels represent-
ed schematically. The lowest excited states are u = + 7 which
occur at energies * E). The dotted vertical arrow represents
the optical quasiparticle pair creation process. The quasiparti-
cle states are confined on the scale of &o.

K. Karrai, et al,, "Optical excitation of quasiparticle pairs in the vortex core of high-T, superconductors,” Phys Rev Lett 69 (1), 152-155 (1992).



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5

