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Figure 5: Contours of constant normalised loss rate �/�c at
quarter filling n̄ = 0.5 in an optical lattice. In the shaded region
� > �c. Red (yellow) region denotes the fully (partially) polarized
ferromagnetic phase. Inset: Normalised loss rates �/�c for
as = {0.12, 0.14, 0.16} at di↵erent lattice depths. The dotted line
is �c. From simulations at di↵erent fillings bellow n̄ = 1.0, we
checked that the physics remains qualitatively the same.

taken into account the quantum Zeno e↵ect [38] which
will further suppress three body recombination.

In summary, we have shown that although larger as-
pect ratios in harmonic confinement can significantly re-
duce the total recombination rate, the gas remains un-
stable. However, in an optical lattice the ferromagnetic
phase extends down to small enough scattering lengths
where three-body recombination is below the critical
value. Experimental verification of our results will be
solid confirmation of the Stoner model of itinerant ferro-
magnetism.

We thank S. Pilati, W. Ketterle, A. Volosniev and
L. Tarruell for discussions. Simulations were performed
on the Swiss Center for Scientific Computing (CSCS)
cluster Monte Rosa in Lugano, Switzerland and the Bru-
tus cluster at ETH Zurich. This work was supported
by ERC Advanced Grant SIMCOFE, the Swiss National
Competence Center in Research QSIT, and the Aspen
Center for Physics under grant number NSF 1066293.
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FIG. 4: Energy vs entropy of a harmonically trapped gas at
unitarity N = 500. Notice that under scaling it does not
dependent on shape of potential and number of particle. The
EOS was compared to MIT [9] and Duke [21] experiment.
Same plot was reported in [22–25].

FIG. 5: Breathing motion of fermions in harmonic trap at T =
0.3EF . UFG shows undamped breathing mode. Breathing
motion of hard-sphere fermi gas [26] with scattering length
a = 0.2 and 0.5 are shown for comparison. It is damped and
its frequency shift towards larger value for a > 0.

experiments. This shows that TFA is rather good for
UFG in normal phase.

Finally we carry out TDDFT [27] calculation (with
adiabatic LDA) for breathing mode of UFG in isotropic
trap. We first solve thermal static state with trapping
frequency !, then modify it to 1.1! for short duration
0.1h̄/! and tune it back to ! [28]. This perturbation
excites breathing motion of the system. We follow time
evolution of the system [? ] and measure mean square
cloud radius hr2(t)i =

R
d r⇢(r, t)r2. Breathing mode is

undamped independent of number of particle, tempera-
ture and amplitude of perturbation for UFG. In addition,
its frequency is fixed at 2!. This is due to that bulk vis-
cosity of UFG vanishes [29]. In Fig.5, this is compared
to weakly interacting fermi gas [30, 31] where frequency
shift towards larger value for repulsive interactions and
the mode is damped.
ALDA satisfies exact condition Eqn.8. Use equation of

motion for hr2i twice, we have [16]

1

2

d
2

dt2
hr2i = 2KS �

Z
d r⇢(r, t)r ·rvS(r, t) (15)

Thus

1

2

d
2

dt2
hr2i = 2K�

Z
d r⇢(r, t)r ·rvext(r, t) = 2K�!

2hr2i
(16)

And equation of motion for H gives [16]

K̇ = �
Z

d r⇢̇(r, t)vext(r, t) = �1

2
!
2 ˙hr2i (17)

We have

...
hr2i = �4!2 ˙hr2i (18)

One physical solution of Eqn.18 is undamped oscilla-
tion with frequency 2!. This is independent of tempera-
ture and number of particles.
Summary To sum up, we have got a new energy func-

tional of unitary fermi gas in normal phase. With it we
carried out finite-temperature Kohn-Sham LDA calcula-
tion in external harmonic trap. We conclude that com-
monly used Thomas-Fermi approximation is within 0.1%
accurate for normal phase of UFG in typical experimen-
tal conditions.
We also discussed virial theorem in finite temperature

DFT context. It pose an exact condition for exchange-
correlation functionals. We also show that for functionals
fulfills this condition, one can restore conventional virial
theorem for UFG [12–14].
Acknowledgment The work is supported by XXX. We

thank authors of Ref.[8] and [9] for providing their data
and for helpful discussions. Simulations were run on Bru-
tus cluster at ETH Zurich.
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Figure 5: Contours of constant normalised loss rate �/�c at
quarter filling n̄ = 0.5 in an optical lattice. In the shaded region
� > �c. Red (yellow) region denotes the fully (partially) polarized
ferromagnetic phase. Inset: Normalised loss rates �/�c for
as = {0.12, 0.14, 0.16} at di↵erent lattice depths. The dotted line
is �c. From simulations at di↵erent fillings bellow n̄ = 1.0, we
checked that the physics remains qualitatively the same.

taken into account the quantum Zeno e↵ect [38] which
will further suppress three body recombination.

In summary, we have shown that although larger as-
pect ratios in harmonic confinement can significantly re-
duce the total recombination rate, the gas remains un-
stable. However, in an optical lattice the ferromagnetic
phase extends down to small enough scattering lengths
where three-body recombination is below the critical
value. Experimental verification of our results will be
solid confirmation of the Stoner model of itinerant ferro-
magnetism.
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L. Tarruell for discussions. Simulations were performed
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cluster Monte Rosa in Lugano, Switzerland and the Bru-
tus cluster at ETH Zurich. This work was supported
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Competence Center in Research QSIT, and the Aspen
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FIG. 4: Energy vs entropy of a harmonically trapped gas at
unitarity N = 500. Notice that under scaling it does not
dependent on shape of potential and number of particle. The
EOS was compared to MIT [9] and Duke [21] experiment.
Same plot was reported in [22–25].

FIG. 5: Breathing motion of fermions in harmonic trap at T =
0.3EF . UFG shows undamped breathing mode. Breathing
motion of hard-sphere fermi gas [26] with scattering length
a = 0.2 and 0.5 are shown for comparison. It is damped and
its frequency shift towards larger value for a > 0.

experiments. This shows that TFA is rather good for
UFG in normal phase.

Finally we carry out TDDFT [27] calculation (with
adiabatic LDA) for breathing mode of UFG in isotropic
trap. We first solve thermal static state with trapping
frequency !, then modify it to 1.1! for short duration
0.1h̄/! and tune it back to ! [28]. This perturbation
excites breathing motion of the system. We follow time
evolution of the system [? ] and measure mean square
cloud radius hr2(t)i =

R
d r⇢(r, t)r2. Breathing mode is

undamped independent of number of particle, tempera-
ture and amplitude of perturbation for UFG. In addition,
its frequency is fixed at 2!. This is due to that bulk vis-
cosity of UFG vanishes [29]. In Fig.5, this is compared
to weakly interacting fermi gas [30, 31] where frequency
shift towards larger value for repulsive interactions and
the mode is damped.
ALDA satisfies exact condition Eqn.8. Use equation of

motion for hr2i twice, we have [16]
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We have

...
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One physical solution of Eqn.18 is undamped oscilla-
tion with frequency 2!. This is independent of tempera-
ture and number of particles.
Summary To sum up, we have got a new energy func-

tional of unitary fermi gas in normal phase. With it we
carried out finite-temperature Kohn-Sham LDA calcula-
tion in external harmonic trap. We conclude that com-
monly used Thomas-Fermi approximation is within 0.1%
accurate for normal phase of UFG in typical experimen-
tal conditions.
We also discussed virial theorem in finite temperature

DFT context. It pose an exact condition for exchange-
correlation functionals. We also show that for functionals
fulfills this condition, one can restore conventional virial
theorem for UFG [12–14].
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“Wannier charge center of ultracold atoms!”

Lesson1: Opportunity lies in the interface
Lesson2: Talk to your boss/colleagues
Lesson3: There is no waste of time 

“How about build a topological pump 
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Year 4: More QMC

“I have a nice trick to  
make it linear scaling!”  

“My CT-QMC code is slow…”  

LCT-QMC

sign problemfidelity susceptibility 

“Any other advantage of LCT-QMC?” “De-sign principle?”

Lesson6: Faith and persistent



Thank all of you and 
goodbye!


