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スピン自由度を持つフェルミ縮退混合気体を用いたクロスオーバー領域の研究

Motivation
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New type of crossover
(change of pair partner)
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homo-particles is

dominant
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hetero-particles is 

dominant

Attractive case
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172Yb (abg=‐32 nm, Γ = 57 MHz)

(KPA<10-11 cm3/s @ -Δη/k ∼ Δa ∼ 30 nm )

Optical Feshbach resonance

How to change interaction

Magnetic Feshbach resonance

6Li-6Li

Alkali (6Li, 40K)      : Large atom loss
Alkaline earth & Yb: Small atom loss

Alkali (6Li, 40K)      :  Possible
Alkaline earth & Yb:  Impossible

Only One parameter (Mag. Field) Many parameters (multi-color is possible!)

Good Candidates : 6Li + 171Yb, 6Li+173Yb

[K. Enomoto et al, PRL 101, 203201 (2008)]

e.g. [C. A. Regal et al.,
PRL 92, 040403 (2004)] 

Magneto-Optical Trapping (MOT) 
of 6Li and 174Yb atoms

Simultaneous Magneto-Optical Trap
Zeeman slower coils with 
increasing magnetic field 

(maximum magnetic field 260 G)

Zeeman Slower

MOT beams

for Li (λ=671 nm, P~60 
mW)

and Yb (λ=399nm, 
P~40mW)

Zeeman slowing beams

for Li (λ=671 nm, 
P~3.7 mW per beam) 

and 
Yb (1S0-3P1 : λ=556 

nm, 
P~25 mW per beam)

6Li enriched (≧95%)
atoms (~6g) and 
Yb atoms (~50g) 
in the same oven, 
heated to 400℃

Dual Atomic 
Oven

Li Yb

Absorption Images (atom density profiles) 
of the Li and Yb MOT

anti-helmholtz coils
with axial (radial) 

magnetic field 
gradients 

~15 G/cm (7.5 G/cm)

MOT coils 200 μm 200 μm

Li Yb

The atom number and
the temperature of 

6Li MOT are
N=7×103 and  T=640 μK

The atom number and 
the temperature of 

174Yb MOT are 
N=7×104 and  T=60 μK

TOF=0 msTOF=0 ms

6Li+171Yb
6Li+173Yb

Energy Levels and Transitions of 6Li and Yb

2s(2S1/2)-2p(2P3/2) transitions (D2 line) of 6Li 6s2(1S0)-6s6p(1P1,3P1) transitions of Yb
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[M. Okano et al., Appl. Phys. B]

・Optimization of simultaneous MOT

・Optical Trap (FORT)   CO2 laser (λ=10.6μm)
or a high-power fiber laser

・Evaporative cooling to Fermi degeneracy

・Estimation of scattering length

Current work:

Too short lifetime in MOT (<500ms) due to bad vacuum pressure (~10-9 Torr)

Replace of vacuum chamber, and successfully obtained good vacuum (~10-11 Torr)


