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Abstract
A magneto-optical imaging (MOI) system capable to resolve single vortices is combined with a focused laser beam to reorganize vortex matter in dense
vortex clusters. The local heating of the superconductor with the laser produces a temperature profile which induces an attraction of the vortices towards the
center of the laser spot. We analyze the collective vortex dynamics under high-power laser irradiation. The formation of vortex clusters is described with a
model very similar to the one describing the first vortex entry into a type-II superconductor.

Experimental Setup

Creation of dense vortex clusters

Magneto-optical imaging system capable to resolve single vortex on a
Niobium film 450 nm thick and focused laser beam with λ=575 nm :

By focusing a laser beam with high power
on the surface of the superconductor, we
locally destroy superconductivity.
We can thus observe the vortex entry in
superconductors during cooling down.

• Closed cycle cryogen
free cryostat, Tmin~4 K
• Single lens N.A. = 0.5
• Two Glan polarizers
(ε~10-6)

1. Initial distribution of vortices
created by the magnetic field
H=Hext at T=T0.
2. Laser is focused on the sample.
Region with radius R0 becomes
normal.
3. After switching the laser off,
temperature decreases. Vortices
stay in the N region because of
the BL barrier. Average
magnetic field increases.
4. Vortices start to penetrate when
the radius of the N region
becomes less than :

Rotation of the polarization by Faraday effect
through a material with Verdet constant V :

θ F = 2VBz d
MO contrast after analyzer with angle π/2±Φ :
C=

−4Vd (Φ − θ F )

(Φ − θ F )

2

+ε
At low temperature, we have extinction ratio
ε=1.4 10-3. MO contrast : C=0.52 with SNR=10.

Faraday rotation : 0.05 deg/mT µm for
2,5 µm thick Bi-LuIG layer

H BL

R* = R0 H ext / H BL
Hc
Φ0
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Study of the Bean-Livingston barrier
Sample is cooled down at T=4.7 K under external magnetic field and heated by
the focused laser beam with power P=1.5 mW.
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K and E are complete elliptic integrals of the
first and second kinds.
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Simulation with Biot-Savart’s law for a
current loop gives a good approximation of
the magnetic field profile during heating :
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Ratio of the two radius plotted as a function of the applied magnetic field.
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Averaged magnetic field
profiles during and after
heating :

Estimation of HBL is given by the ratio between
the radius of normal spot during heating R0 and
the radius of the cluster after penetration of
vortices in the sample R.

Fit : HBL=8.6 Oe
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Saturation of R/R0 with respect to Hext : HBL~8 Oe
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Conclusion & perspectives
We use the temperature gradient induced by a laser beam focused on a superconductor cooled down under external magnetic field to structure the
vortex matter into dense clusters. In a high pinning Niobium sample, we evidence the Bean-Livingston barrier preventing the vortex entry into the
superconductor. We also observe the screening currents circulating around the heated area. The measured magnetic field profiles obtained during
laser heating can be qualitatively reproduced by using a Dirac radial current distribution in the calculation of the magnetic field. A quantitative study
will require a more realistic superconducting current radial distribution. The model used to calculate the Bean-Livingston critical field will also be
extended to low pinning samples by considering the repulsion of vortices during the creation of the cluster.
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