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Weakly interacting Bose gases : 1D versus 3D behavior

1D Physics 3D Physics
n P
p n
No BEC BEC phenomena : p)\zB =2.612...

Weakly interacting gas :
Smooth transition
towards quasi-bec

driven by interactions
Special case of correlated systems :

exact solutions \/

dimensional crossover




Density fluctuation measurements

Realisation of very anisotropic traps on an atom chip

Magnetic confinement by micro-wires

87R}, atoms in F=2,m=2 H-shape trap
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Density fluctuation meas ents

Experimental apparatus and sequence

J chip mount

CCD came

e Presice atomic profile measurement

o $7Rb atoms loaded from a (absolute calibration)

. . 2 0.69
-0.077

e Radio-frequency evaporative
cooling in a magnetic trap T ~ 400 — 15nK

@ Cycletime: 15s ~3.0-0.1hw,
N ~ 5000 — 1000.




Density fluctuation meas ents

Density fluctuation measurements

e Statistical analysis over hundreds of images

. < AL |_Contribution of

— Local Density
Approximation valid

AN binned according to
(N)

(6N?) versus n = (N)/A

atomic fluctuations

——{ Mean curve
__Optical shot noise

100 150 200
z/A

— Two-body correlation function integral

(6N2) = (N) + (N} / de(2(2) — 1)

— Thermodynamic quantity (6N?) = kpT—




Transition towards quasi-bec in pure 1D gases

Ideal Bose gas regime

e Bosonic bunching
g22 lL-:)\dBI‘,lJz|>>T
l.~Wn/(mT): |y <T

1 (6N2) = (N) + (N)n / dz(ga(2) — 1)
0 -z le

2
@ Non degenerate gas : n\;p < 1 (ON°)

(6N*) = (N) + (N)nlc
~ (N)
o Degenerate gas : nA\gp > 1
(6N*) = (N) + (N)nl,
~ (NV21,)A (N)




Transition towards quasi-bec in pure 1D gases

Crossover towards quasi-condensate

e Repulsive Interactions — Density fluctuations require energy

Him‘ = %fdzpz = 6H[nt >0
Reduction of density fluctuations at low
temperature/high density

Cross-over : %Him x gn ~ |pl

weakly interacting :
v =mg/h*n < 1

2.2
:>Tc Nh”ﬁ

0. — Im

Ne.o. X T2/3

e For T <« T, ,. : quasi-bec regime, i.e. reduction of density
fluctuations
e Transition occurs for degenerate gas (v < 1)



Transition towards

Quasibec regime

e Bunching effect killed : g»(z) close to 1

e Chemical potential : y ~ gn
(ON?)

(0N?) = AT/g




Transition towards

Quasibec regime

e Bunching effect killed : g»(z) close to 1

e Chemical potential : y ~ gn
(ON?)

(0N?) = AT/g




Transition towards quasi-bec in pure 1D gases

Effect of finite spatial resolution

e Absorption of an atom spreads on several pixels
— blurring of the image

. 5
Decrease of fluctuations : A |

(ON?) = K2 (SN?)ue ‘

A
— Correlation between pixels
0.8
061 i . 6 deduced from measured
= 04 —=eelletoroepsesss  correlations between
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Transition towards quasi-bec in pure 1D gases

Experimental results

T
I

(ON?)

= 15 nK~ hw, /10

~ 30 nK~ 0.2 hw,

% ___ shotnoise

0 1 Ideal Bose gas

25t 1. Quasi—bec
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@ Strong bunching effect in the transition region

@ Quasi-bec both in the thermal and quantum regime



1D-3D Crossover in the quasi-bec regime

1< hw, (na < 1) — Pure 1D quasi-bec
i = hwy : 1D— 3D behavior

Transverse breathing associated with a longitudinal phonon has to be
taken into account.

Thermodynamic argument : Var(N) = kgT ?T]l)

T =96nK ~ 0.5/w

.. . 160 T
Heuristic equation : ol ;b I
/J/:hCUJ_Vl‘i—‘l-na 120 {—}} ’
i 100 [ 1
;‘Ua ta ki Wl * Quasi-bec prediction
= " NI /
= Z ool |
= - 40 - : . 1 P
Modified Yang-Yang|prediction
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Modified Yang-Yang model

Modified Yang-Yang model :
o Transverse ground state : Yang-Yang thermodynamic

e Excited transverse states : ideal 1D Bose gases

T =490 nK ~ 3.2/w 25T:18nK:0.12wa
T T T T T T T T T T T T T T T
1600 i
- 4 20 - I 4
NA1200: . sk B |
Z 800 F i —~ | 3 |
S 1 = 10
w
400 - i < 50 |
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0 100 200 300 400 500 600 700 800 0 5 10 15 20 25 30 35 40 45 50
(V) V)

Surprisingly good agreement



Modified Yang-Yang model

Modified Yang-Yang model :
o Transverse ground state : Yang-Yang thermodynamic

e Excited transverse states : ideal 1D Bose gases

T =490 nK ~ 3.2hw, 25T= 18 nK ~ 0.12/w .
T T T T T I T T T T T T T T T
1600 - N g
L i 20 N, % 4
NAlzoo i 1 sk B |
Z 800 | . T 10k 8
< B i ‘% 10 N, %
400 - P N ~ 5 m
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(V) (N)
Surprisingly good agreement
Ni(resp.Ny) :

deviation from the ideal gas (resp. quasi-bec) model by 20%
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Conclusion

Summary
o Investigation of the quasi-bec cross-over
@ Highly 1D regime and crossover towards 3D
@ 1D quasi-bec in the quatum fluctuations regime (subshotnoise)
@ Non gaussian atom number distribution measured
e Evidence for three-body effect (strong cooling in the strongly 1D
regime)
Prospect
@ Study of correlation length of density fluctuations in 1D gases.
o 1D strongly interacting regime
o Localisation in strongly interacting 1D gases

@ Momentum distribution/correlations
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