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Chromium atoms have a large magnetic moment of 6 Bohr magneton : dipole-dipole interactions (DDIs) are much larger than in alkaline atoms.
As a consequence, these strong DDIs offer the possibility to investigate the physics of a BEC with free magnetization.
When the external magnetic field is lowered to the mGauss range, we observe a spontaneous demagnetization of the BEC : all Zeeman substates become populated.

Our work is described in B. Pasquiou et al., Phys. Rev. Lett. 106 , 255303 (2011) and Phys. Rev. Lett. 108 , 045307 (2012)

Quantum phase diagram of the chromium BEC (S=3) at low magnetic field

Contact interactions dominate, atoms interact through 4 molecular potentials, corresponding to S, ,,4, = 6, 4, 2and 0

Measured : ag= 103 ag,;,, a,= 64 agyp,

deduced : a,= -7 agyp,

unknown : a,

As &g Is not the smallest, the ground state is not anymore ferromagnetic at low B field
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Ref Diener et Ho, PRL 96, 190405 : Santos et Pfau, PRL 96, 190404

Value of the critical field B, :
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for n =3.10* cm3, B,= 0,25 mG

B, Is reachable even in a non magnetic
shielded environment !

That i1s not the case with alkaline
Example : B, = 10 uG for Rb (a,-a, small)

When lowering the magnetic field below B,
a quantum phase transition is expected

Thermodynamics properties above B,

Single component Bose thermodynamics
S=3 spinor gas: the non interacting picture
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T, is the critical temperature

Summary of our results
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Thermodynamics properties below B,

Almost constant magnetization
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for B < B, magnetization remains constant
after the demagnetization process
independent of T
This reveals the non-ferromagnetic
nature of the BEC below B,
Due to contact
interactions, below
Bc we have a
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for condensation of the spinor gas
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Other results :
Other work: we use Bragg scattering to measure the excitation spectrum of the BEC =
* at "high B fields": due to DDlIs, the speed of sound depends on the orientation of B with respect to the one 0.2+
of the momentum transfer - see the poster of Olivier Gorceix on Thursday
* below Bc, we have just measured a dramatic change in the excitation spectrum at low g, in the lattice
(preliminary results) 0.0
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Current work: resonant dipolar relaxation in 3D optical lattices 0.0 05 10

see the poster of Amodsen Chotia on Thursday

Magnetization
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multicomponent
BEC, with free
magnetization due to
DDls, behaving
almost like a non-
interacting BEC with
fixed magnetization

l.ﬂl—
..uL‘

Reduction of the condensed fraction
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All components remain Bose condensed
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