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Outline HEIDELBERG

Engineering a 3-component Fermi gas with ultracold atoms

 How can it be realized?

* How does it compare to QCD?

 How far are we?
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Our Fermions: the °Li system HEIDELBERG

Use lowest 3 hyperfine states of ultracold 6Li
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The SLi system (2): Interactions

 Ultracold gases: contact interaction,

S-wave scattering

 Scattering length a

* Tunable via Feshbach resonance
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Resonances overlap
=> Can tune all a; into
strongly interacting limit
at the same time!
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The challenge: 3-body recombination HEIDELBERG

3-body recombination:
Dimer and free atom
are lost from trap

= Sample is unstable!

= Solution: put Fermi gas into an optical lattice!
2D for optimum diagnostics

T. Ottenstein et al., PRL 101, 203202 (2008)
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3-component Fermi Hubbard Hamiltonian HEIDELBERG

- _ T
H FH — Z JJ(CI,JCj Ne) +H 'C') + ZU 0,0, ni,a1 ni,02
({,)),0 1,(0,,05)
Tunneling Onsite interaction
(1, ]) : neighboring sites | lattice site
0 : spin state (01,02) . all spin state combinations

A. Kantian et al. PRL 103, 240401 (2009)
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Introduce Loss Blocking HEIDELBERG

« [dea: project H,, onto subspace where 3 spin states per site are forbidden

Hpg=PHP

P= I_l R = |_| (=14 o0 )

A. Kantian et al. PRL 103, 240401 (2009)
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Phase diagram
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0

Offdgte trimers\

U/J

UNIVERSITAT
HEIDELBERG

0.5 1.0) an

Charge density wave

&

&

2D, U, for SLi:

Martin Ries

EMMI Workshop, 30.08.12 INSTITUT?

Color superfluid

Qualitatively similar

A. Kantian et al. PRL 103, 240401 (2009)
A. Privitera et al. PRA 84, 021601 (2011)
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QCD phase diagram

Temperature T [MeV]

Nuclei Net Baryon Density
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Experimental Approach HEIDELBERG

1. Magneto-optical trap (MOT),
laser cooling

2. 3D dipole trap,
evaporative cooling

3. 2D potential 9

4. 2D optical lattice
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1st stage: MOT HEIDELBERG

« Loading rate:

~5.108 atoms/s

 Vacuum lifetime:
~ 23 min
(p = 1012 mbar)

o Temperature limit:

T, = 140 pK

Martin Ries EMMI Workshop, 30.08.12 INSTITU T UK



. UNIVERSITAT
2nd stage: 3D dipole trap HEIDELBERG

e 200W @ 1064 nm

« Elliptical beams

 Forced Evaporation by
lowering trap depth:
T =100 nK
T/T-=0,3
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BEC of molecules in 3D trap HEIDELBERG

YT trap deptn 15V,
BEC fraction 10%
8k

« Evaporation:

Li, molecules form BEC

position [um:

W 20 A
T T

0 0 10 200 300
]
T T T T

wl
trap depth 02V _

. BEC fraction 19% BEC fraction ~80-100%
L 18 |

-100 0 100
position [pm]

100 0 10
position [pm]

Martin Ries EMMI Workshop, 30.08.12 fP;JYSéH%MfI?cgEIS“ m -



: UNIVERSITAT
3rd stage: 2D confinement HEIDELBERG

* Interfere 2 beams under an angle

* Interference fringes: pancake shaped dipole potentials
diameter = 1,2 mm

spacing =4 um
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First atoms In 2D trap HEIDELBERG

» Transfer BEC from 3D dipole trap into 2D confinement

» Only horizontal expansion
=> sign for 2D trap, but single pancakes cannot be resolved
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Kapitza-Dirac scattering on 2D trap HEIDELBERG

» Release BEC slowly from 3D dipole trap, let molecules fly

* Quick (~=100pus) pulse with 2D trap
=> Molecules are diffracted on light potential
different diffraction orders can be observed
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4th stage: optical lattice HEIDELBERG | W@ ¥
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Experimental approach HEIDELBERG | ¥& ¥

1. Magneto-optical trap (MOT) . J

",

3. 2D potential 9 ( ”J)

2. Ultracold Fermi gas in 3D potential

4. 2D optical lattice % in progress
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Conclusion HEIDELBERG
. a
« Th F : 12
re.e cc.)mpohent ermi gas 1)@= @)
Realization with alé\‘i)a23

ultracold atoms possible

e Challenge: 3-body losses

= lattice potential

 Apparatus almost ready

to provide first results!
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The team HEIDELBERG
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