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How do you get a condensate with

fermions? |

. \ /

1. BEC of composite bosons \\ /l
1. BInd fermions together. \ /

2. BEC \a g"‘“‘*g r{’
2. Superconductivity l ,
Also, superfluidity of liquid *He

BCS theory: Cooper pairs
gquantum degenerate Fermi gas,
weak attractive interactions

3. Something in between?

Cooper pairs with stronger attraction, higher Tc



BCS-BEC landscape

M. Holland er al.,
PRL 87, 120406 (2001)
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Cooling a gas of K atoms

1. Laser cooling and trapping z

300 K to 1 mK, ~10° atoms .2890

*

2. Magnetic trapping & evaporative cooling

1 mKtol pK, ~10° . 10% atoms 6
B spin 1

3. Optical trapping & evaporative cooling

1 pK to 50 nK, 10% . 10° atoms

¥ can confine any spin-state

» can apply arbitrary B-field *



Probing the ultracold gas

Time-of-flight absorption imaging




Quantum degeneracy
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Controlling interactions

» |Interactions are characterized by the
s-wave scattering length, a

» a depends sensitively on the depth of the potential

V(R) ;
a>0, repulsive

a<0, attractive

.
L]
.
.
:
[
-
.
H
L]
- -
x :
‘ -
+* . .
"' ¥ # [QusssEssEEsEEEEEEEEEEE
»* % -
4 L el
*
.®
-
L

‘-““ R‘f:: R_‘_
large |a| —
strong interactions ™.\




Magnetic-field Feshbach resonance

V(R) |
YR T
a>0, repulsive a<0, aftractive
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Magnetic-field Feshbach resonance
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Controlling interactions

» spectroscopic measurement of the mean-field energy shift
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Turning atoms mnto molecules

repulsive

free atoms

; attractive

/
QD molecules
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Turning atoms into molecules

1.5x10°
Ramp across Feshbach
resonance from high to low B § 1.0x10°;
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and D. &. Jin, Nature 424, 47
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Timescale
Creating molecules
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Molecule binding energy

» 1f photodissociation spectroscopy
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» We observe that the molecules can survive many collisions!



Turning a Fermi gas into a molecular BEC
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Turning a Fermi gas into a molecular BEC
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Cubizolles et al., PRL 91, 240401 (2003); L. Carr ef al., cond-mat/0308306



Molecular Condensate

initial T/T.:  0.19

Time of flight
absorption image

204

=
(4]

optical density
o

0.5 i

0.0 N T N (T SO R B PR T R S S Bl el
M. Greiner, C.A. Regal, 200 -100 0 100 200 -200 '100.‘ 0 100 200
and D.S. Jin, Nature 426, position (um) position (um)

537 (2003).



Timescales /I
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Creating molecular BEC
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Timescales
Creating molecules
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» two orders of magnitude difference in timescales!

Creating molecular BEC



Observing a Fermu condensate
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Observing a Fermu condensate
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Condensates w/0 a two-body bound state gy
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Dissociation of molecules
at low density
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Fermionic condensate

0.15 - —
*s”
os _
010l o % I T/T=0.08
= ®
e ¢ . .
< 005 =
| | ¢
- 6
Ot. . N ®0s08e
-0.5 0 0.5 1.0
¢ molecules 5 (gauss) atoms —

» Clearly see condensation on the "atom-side” of the resonancel



Phase diagram
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» consistent with larger T, closer to resonance



BCS-BEC crossover
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BCS-BEC Crossover
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Conclusion

» We have created condensates of fermionic
atom pairs in the BCS-BEC crossover regime!

» “Cooper pairs” with strong interactions
» “BEC” with extremely weakly bound molecules

Next...

Many opportunities for experimental and
theoretical work ...
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