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PART 0

Background on QCD research
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QCD research topics

• Bose-Einstein condensation (theory)

– Topological defects (vortices, monopoles, skyrmions)
• Nanoelectronics (theory/experiments)

– Single-charge pumping1

– Geometric phases1

– Phosphorus donors in silicon2

• Quantum information (theory)

1 in close collaboration with Prof. Jukka Pekola, LTL
2 in close collaboration with Centre for Quantum Computer Technology, Sydney
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Single-charge pumping
Cooper pair 
paumping

Quasiparticle
= single-
electron 
pumping
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Phosphorus donors in silicon
The single-atom transistor work

Accepted yesterday!!!
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On general quantum theory

For a 2-level system:
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PART 1

Topological vortex formation 
(TVF)
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This is about creating multiply 
quantized vortices adiabatically 

and deterministically
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Physical picture

• Condensate trapped in the WFSS of a 
Ioffe-Pritchard magnetic trap

• Bias field Bz is reversed adiabatically

Bz

B’
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Results of the field reversal

no inversion 5 ms after 20 ms after second inversion

F=1

F=2

[A. E. Leanhardt et al., PRL 89, 190403 (2002)]
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Geometric phases
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Berry phase
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Local Berry phase in TVF

Ω=-2θ

Dynamical phase is 
independent of the path

Ω=-2θq

2mzq-quantum vortex2mzq-quantum vortex

xqq arises from the 
topology of the field

→ topological VF
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F=1 GP equation
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Weak-field seeking states

F=1

F=2
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Solving the F=1 GP equation
T=1000τ

T=10τ T=1000τ

[Ogawa et. Al, Phys. Rev. 
A 66, 013617 (2002)]
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Coreless vortex formation

[A. E. Leanhardt et al., PRL 90, 140403 (2002)]

β = p/2
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Multi-quantum vortices are 
dynamically unstable

[MM et al., PRA 68, 023611 (2003)]

See also H. Nielsen and E. Lundh, PRA 77, 013604 (2008); PRA 74, 063620 (2006)
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Mesurements on vortex splitting
• TOF absorbtion images from a 30 μm slice in z direction

[Y. Shin et al., PRL 93
160406 (2004)]

[Y. Shin et al., PRL 93, 160406 (2004)] [J. A. M. Huhtamäki et al., PRL 97, 110406 (2006)]
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4-quantum vortex splitting

[Isoshima et al., PRL 99, 200403 (2007), Kyoto group]

Gravity compensation
[Kumakura et al., PRA 73, 063605 (2006]
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PART 2
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Employed magnetic field

Analytical result:

If the spin aligns with the field, 
the vorticity assumes form:

However, we observe no 
monopole in the ground state
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Bringing in the node of the 
magnetic field adiabatically
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Related study with artificial non-
Abelian gauge fields
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PART 3

Cyclic vortex formation
THE VORTEX PUMP
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Pumping vorticity

q=1

q=2

Ω=-2θq

2mzq-quantum vortex

[MM et al., PRL 99, 250406 (2007)]
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Adiabatic pumping
• Using optical plug

along z axis and 
optical harmonic trap
in all directions

• Starting from the 
SFSS
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Pumping with a stronger plug

[P. Kupanportti et al., arXiv:1006.0636 (2010)]
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Fast pumping
• No optical potentials → ”easy” to realize in experiments
• Starting from the WFSS (SFSS escapes the trap)
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How much can we pump?

• Adiabaticity determined by 
the transverse field 
strength (Laudau-Zener
tunneling)

• Can we speed up during 
pumping?
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Giant vortex core size

[P. Kupanportti, E. Lundh et al., PRA 81, 023603 (2010)]
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What happens to a giant vortex?
30 quantum vortex splitting

Κ=20

[P. Kupanportti and MM, PRA 81, 033627 (2010)]
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