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Dipolar coupling in fluids

Ferrofluids

Application:
rotary seals in disk drives
dampers for audio speakers



Dipolar coupling in gases?
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solid n ~1023/cm3 T~ 1K (Te*,~ 100-1000K)
air n~10"%%cm?  T.~0.1 mK ‘
ultracold gas n~10"%cm®* T_~1nK

magnetic dipoles
3 __—"n<<10?"/cm3
127th*

Weak interaction: N <<

2
wp M T electric dipoles

n <<10%cm?3



Contact and Long Range Interaction

Contact interaction
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nonlinear matter wave optics
strong correlations: Bose
Hubbard...

Dipolar interaction
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stability and ground state of BEC
magnetism: Heisenberg, Ising,
frustrated lattices...



How strong is the dipolar

compare to
contact interaction:

atoms
B

Cr  £,=0.1..0.3
Rb  &,,=0.007
Na  £,=0.003

magnetic dipoles

interaction?

dipole strength (tunable)

scattering length (tunable)

heteronuclear molecules Rydberg atoms
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e.g.: CaH, NH;, CrRb e.g.. Rb (n=40)
egq~100 £qq~108

electric dipoles



Rydberg Excitation of Rubidium Atoms

480 nm Laser Rb Stark map
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Rydberg excitation of cold atoms
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Results: Stark maps
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Stability of dipolar condensates

Here: Cr atoms; o,=2n 150 Hz 1

Weak DD

stable
11T
€pp
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K. Géral, K. Rzazewski, T.P.;
Phys. Rev. A, 61, 051601 (R) (2000)

unstable Strong DD

1 2 3 4
number of atoms [10°]




Stabilization?

: t
polarized sample z 4 ,
m’ , | '
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:
anisotropic
tunable interaction

spinning polarization trap shape
. mm =l =l =

T

S. Giovanazzi, A. Gorlitz, T.P. K. Géral, K. Rzazewski, T.P.;
Phys. Rev. Lett. 89, 130401 PRA, 61, 051601 (R) (2000)
(2002) L. Santos, et al.; PRL 85, 1791(2000)




How to tame Chromium

— gl 51.9% |,

4 stable isotopes:
Bosons Fermion

S2Cr S0Cr S4Cr >3Cr
83.8%  4.3% 2.4% 9.5%



Magneto-optical Trap
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N ~ 10 atoms
T=70 uK

A. S. Bell, J. Stuhler, S.Locher, S. Hensler, J. Mlynek, T. Pfau, Europhys. Lett. 45, 156 (1999)



Preparation of an ultracold Cr sample:

repumping
and
dipole trap
Lasers
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Dipole trap Coils

and

optical pumping

Loseis

 Continously loaded loffe Pritchard trap

(CLIP-trap)
J. Stuhler, et al., Phys. Rev. A 64, 031405 (2001)

P. O. Schmidt, et al., J. Opt. B 5, S170 (2003)
» Compress |IP-trap

» Doppler cooling in the IP-trap at high
offset field

P. O. Schmidt, et al., J. Opt. Soc. Am. B 20, 5 (2003)

2x108 atoms in the ground state
phase space density p~10-*

« Temperature is adjusted by evaporation



Collisions

Short range
P. O. Schmidt, S. Hensler,

Long range

elastic dipolar o
Collision  Relaxation — %f
GOOD BAD &



Dipole-dipole scattering in magnetic fields
4 K _l;f

m=3
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m=2

T e(t)

2
no spin flip o — 1bz.g4 ﬂo(gsﬂs)
(elastic): o 4rh’

/ 2
single spin flip: 0y =%£8§° #o (9s )
gle sp p: 1775 At
\
2 /Jo(gslus)zm
double spin flip: o0, =%S .
Arch

Calculation by Stefano Giovanazzi: Appl. Phys. B 77, 765-772 Hensler et al. (2003)



Measuring the cross sections

Experiment 1:

Stern-Gerlach experiment:

>
total number

* Very good agreement between
theory and experiment




Dipolar relaxation: theory vs exp.
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S. Hensler, J. Werner, A. Griesmaier, P.O. Schmidt, Loss independent of molecular potentials
Born approximation confirmed

A. Gorlitz, T. Pfau, S. Giovanazzi, K. Rzazewski




Optimization of Rf-Ramp
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Taming Part Il:

Transfer atoms into an optical trap
 Optical Dipole trap: 20W fibre Laser @ A=1064 nm

“Dimple”-beam
" 1stbeam: -U__.~210pK

w0-30,u,m150,u,m

2nd beam: -U__ ~7.5..16pK

Advantage:

« all magnetic substates trapable
* use ,dimple trick®

*Problem : Sample still mainly polarized in m,=+3



Polarize by optical pumping

 Optically pump atoms to
magnetic ground state:

733 T
mJ:-3 mJ=+3
Jhigh field seeker” low field
,dark® state seeker”



Evaporation in crossed trap

crossed trap
-

forced evaporation

best value
11000 atoms
@ 250nK

== evaporation in crossed trap

RF evaporation

doppler
cooling

Y cup
,..t rap




Collisions

Short range

Long range

elastic dipolar o
Collision  Relaxation — %f
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Feshbach resonances |

Quantum numbers - notation

atomic
electrons closed

bound state channel T B

kinetic energy of
molecular incident wave
eIeCtronS m TR IEA YR I NN PRI NS4 RN NN TN N NAT

open channel

molecular
nuclei




Feshbach resonances lI

Possible couplings: _
Selection rules:

2nd order -
Spin - Orbit SRS PH
Spin - Spin  EEEEa #

second order
AS =0,12 AS =0,12,+4

Al =0,42; Am, =0,+1,+2 A/ =0,+2,+4; Am, = 0,+1,+2,+3 +4
Momentum conservation:

Am, +AM; =0

e.g.

S=6,Mg=—4(=2,m, =2

-0.001

-0.002

-0.003

interatomic distance

Cr, from:
Z. Pavlovic, B. O. Roos, R. Cété, and H. R. Sadeghpour
Phys. Rev. A 69, 030701 (2004)



A
®
o
7'
A

A

X X
e
e
e

) 0]
. -1
-2 )
)
-4
-2
)
-4

Am, +AM, =0

first order 3 resonances
second order 8 resonances



S=6 not yet

s—d =2 s—q (=4

assigned

T

379.2G,014G 416,004 G

S01G,013G 1439G,012G

659,009 G 1883G,0.15G £.14 5,008 G

82G,01G

289G, 008G 4999 G,037 G 2866 G,0420G

individual calibration by RF

5891 G, 068G 205.8 &:0.42 G




Comparison exp vs. theory (preliminary)

Experimental positions

?4—

Theory:

A. Simoni
E. Tiesinga
NIST

a;,=+105(4) a,
a,= +54(3) a,
a,= -21(9) a,
Ce=798(25) a.u.
Cg< 6 10° a.u.




Width vs 1/AM

0.6
1AM,




Status of taming

dipolar relaxation (pure
long range)

transfer into an ODT

Optical pumping &
evaporation to p~0.5
@250nK & 10% atoms

14 Feshbach resonances




Outlook

BEC at last

Tune contact interaction using Feshbach resonances (\/)
Tune dipole-dipole interaction using NMR-techniques

Play the dipolar game ( stability, optical lattices, roton, ...)

Cr, molecules (12 pg)
Continuous loading of magnetic wave guide
Trap fermion

Lithography: controlled single atom deposition




The Dragontamers =«

A.Griesmaier

A. Greiner

S. Hensler

Former members
P.O.Schmidt
A. Gorlitz

Theory:

K. RzazewskKi
S. Giovanazzi
A. Simoni

E. Tiesinga
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