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Introduction Experiment
|Vortex state in a mesoscopic superconductor|
Sample size ~ coherence length & Al disk/square on GaAs/AlGaAs 2-dimensional electron gas (2DEG)

--- Interaction between vortex and boundary is important. o .
Ty P Fabrication : Electron beam lithography

Bulk superconductor Mesoscopic superconductor _
--- Abrikosov lattice --- affected by sample geometry __ GaAs
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Anti-vortex Property
Hall magnetometry | superconductor .ZDE,\iob%é,'e K 64 \Vs/m?
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« Density n ~ 3.5%10!5 m2

Hall resistance Ry, =V /I « Mean free path | ~ 6.5 um
--- depends on B at cross-section. G) <Al
Change of vortex state « Thickness d ~ 200 nm
=> Change of local magnetic field T, ~12K
=> Change of Ry, *&~230nm

Multi probe Hall cross e ~300nm

=>Distribution of magnetic field

Major loo|
Measurement . = winorloop
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Set up 5 et 5 Conversion H \

Current : 1-9, 2-8, 3-7

1. Ry > local magnetic field By,

Voltage : 4-12, 5-11, 6-10 U 7 or 7 Ballistic system (size <)

Lock-in amplifier : l,= 1 uA , Freq. =23 Hz ~ _ | o1em I sy ) Te<T

3He cryostat : T,;,~ 350 mK, AT <1 mK e e >Ry 1S NO.T proportlon_al to B g B
o ' &5 - &5 - (collimation effect, miss-alignment, etc.) Bioca local

Assume “Ry, depends only on By,,”

- => Dependence is given by Ry(T.< T). A8 |
Minor loop 10 4 a0k A\ i P g YRy(T<T)
Large hysteresis & measurement of minor-loop TesT Te<T 2. By > Contribution of vortices without vortex
Repeat of “Go start point - up/down sweep” L s e A AB = Byycq — Bjocar(L = 0) --- L : Vorticity
Different curves = Different vortex states 6 4 2 0 4 4 2 0 2 4 6 (Increment of By, due to the presence of vortices)
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RLU“ Square @ 675 mK Kinks were observed at same B.
: Contact #1 did not work. => Rearrangement of vortices
Disk @ 675 mK - I:2-80r 3-7, V : 4-12, 5-11, 6-10
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Discussion
Detected area Disk Square
« The entrance/exit/rearrangement of vortices were observed. Vortex configuration for L < 3 could be extracted. The differences between L = 0 and L = 1 were symmetric.
« The differences at the center of the Hall cross were always small. => The first vortex would enter at the center.
=> The detected area was large? @ / o
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center side \ / / f
corner L=1 L=2 L=1 L=2
The rearrangement were not reproducible.
The entrance of vortex causes the decrease of B, at the edge. =>Vortex states were not stable?

=> The increase of By, near the vortex was cancelled.




