All Optical Bose-Einstein condensation of chromium
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Why ischromium interesting ? ) ) ) ) )
Study of the dipole - dipole interactions in quantum gazes
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large magnetic moment 6m, Cr has a fermionic (53Cr) and abosonic (52Cr) isotope

large dipole - dipole interactions with a large abundance (resp. 10% and 84 %)

physics of Spinor condensates (multi component BEC) . . . .
Possibility to reach a Fermi sea by sympathetic cooling attractive

Possibility to study a degenerate mixture BEC- Fermi sea

The dipole - dipole interactions are ‘long range’ (1/r%) and anisotropic

Chromium specificitiesfor trapping

L oading efficiently a 1D chromium optical trap |

« difficult to obtain an atomic beam: high melting point (1700°)
« chromium MOTsare small and have arelatively small number of atoms|

(large light assisted inelastic |osses) = —
o =] ks ifficulties but solut ol We accumulated atomsin the D statesinside - -
* presence of metastable states: ifficulties but solutions aswell ! a1D optical trap directly from the MOT RF sweeps can average out magnetic forces Using accumulation towards another

« largeinelastic collisionsin the ground state (spin exchange/dipolar) metastable state via depumping
makes the condensation in Magnetic Trapsimpossible 1D Optical trap characteristics

- weuse of a50 Watt multimode fiber laser (1075 nm) RF Sweep « A weak 427 nm beam isdepumping atoms
— >
m>0

- horizontal trap made by a35 Wait retro reflected beam towards S, (and the D Sates)
- laser focused on the atoms with a40 um waist <+— N\ S :
- trap depth =500 pK

Chromium atomic levels * A «dark spot » 633 nm repumper cancels

the depumping beam in the MOT trapping

m<0

Tota! potential : RF freguency sweeps must be: region but doesn’'t excite atomsin the OT
amixed trap « Largeenough (freq. ramps from 05 to 10 MHz)
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C Results: ) i
About onemillion ing -
. " . At the end of the loading :
atomsin low field vgjbtztjast::gqu gelatxrrgerérdap ndalbeln - we switch off the MOT gradient
seeking states are D! - we rqump the atoms towardsthe ground state
trapped in 200 ms - ¢ - we optically pump them to the high field seeking
m, =-3 absolute ground state
* Cooling transition (425 nm) : Ti:Salaser doubled R. Chicireanuet al., Euro PhysJD 45, 189 (2007) - ===
* Metastable states repumping: commercial laser diodes Moo Do ot to reach degeneracy by evaporaive cooiing | 5million atoms at T=80 K and adensity ~3.10** at/cm®
+ main limiting process. inelagtic collisions

* Optical pumping (427 nm) : commer cial diode doubled —p theiiitial number of atoms has to be increased

Q. Beaufilset d, arXiv:0711.0663 (2007)

Description of our experiment

After the 1D OT loading we form acrossed optical trap
(useof al /2 + pby
* Welower the IR laser power from 35 W to 500 mW in 10 s

* Commercial high temp oven (1500 °C and more)

* Onemeter long Zeeman Slower BEC specs:

* Experimental chamber with P=5.1011 mBarr
O A PRIy SNy, gt Weobtainonaregular
2’?' 3 jj: -2 :;. basis 20 000 atomsin
el a) %f. it e D RN an amost pure BEC
. . 52, 53, . T=200nK B . T=150nK
Our first results (2005) : a double MOT >°Cr />*Cr | ‘ii ﬁt 5 Density : 6.1013 at.cm-3
Atom numbers 5Cr:4.105  52Cr; 410 Temperature: 110 pK Lt — = = P Chemical potential : 800 Hz
0.0+ Mc * "0 b 0.0 . .
Accumulation is possiblein the D statesinaMT... 0.2] 2 02 M«ﬁ."‘: Trap frequencies :
- . » t=98s R
...but we chose to try to |oad directly an optical trap 2: c) . e8e 724 d) '. 90, 110 and 150Hz
R. Chicireanu et d., Phys. Rev. A 73, 053406 (2006) ] ‘s *zz ‘,
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¢ Useof large RF fields to change
coherently theinternal state

In presence of strong RF field theeigenstatesare RF dressed states

* Useof large RF fields to modify the Landé g,factor depolarization rate e Formation of molecules in the BEC
10 * Study of the collective
when the RF frequency ?is larger e - it ot ¢ Loading of the BEC in an optical lattice
than the Lamor frequency 2, - 9,(Q) =gsD modes of excitations
* Study of the thermalization of fermionic
withrf ) 084 The dynamical eigenfrequencies v
without rf 0y e of the BEC are changed dueto the poliiazs
+ } ramp 50/100/50 ps " " .
- 4 pulse100ps dipolar interactions
Atomic cloud at 100pK 064 —» small effect (5%range)
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Longitudinal potential 0.1
for mJ=3 substates 0 ’ Obtaining a degenerate Fermi gas
aroundB=0 ° By sympathetic cooling and studying
» . DEDOOQR PO, adegenerate boson-fermion mix in
S w m @ aw T T T Repower % an optical lattice
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