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Probing atom surface interactions using solitons 
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Study classical & quantum reflection as a function of velocity, barrier height and position. 

Distance  (nm) 

P
o

te
n

ti
a

l 
e

n
e

rg
y
 /
 k

B
 (
n

K
) 

Atom-surface distance, z 
ɚopt ɚ T 

3z1 4z1 3z1

P=500mW, w=200ɛm 

 ɚ=532nm, Incident angle=45Á 

Combined potential 

barrier height 250 nK 

Evanescent wave 

Surface potential 

Casimir-Polder 

Thermal regime 

van der Waals 

ˊ/ɚz 2opt<

()
3

3

z

C
zU -=

Topt 2 ɚzˊ/ɚ <<

()
4

4

z

C
zU -=

ɛmT  7.6º>ɚz

()
1

1

4 0

0

3

0

+

-
-=

Ů

Ů

z

TŬk
zU B

Tufnol 

mount 

Ion pump port Shift coils 

Stainless 

steel mount 
Macor 

mount 

Glass 

prism 

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

P
R

O
D

U
C

E
D

B
Y

A
N

A
U

T
O

D
E

S
K

E
D

U
C

A
T

IO
N

A
L

P
R

O
D

U
C

T

P
R

O
D

U
C

E
D

B
Y

A
N

A
U

T
O

D
E

S
K

E
D

U
C

A
T

IO
N

A
L

P
R

O
D

U
C

T

Ion pump 40 l/s 

Ion pump 55 l/s 

Up to air 

valve 

Dispenser source 

Glass 

cell 

Optical pumping 

port 

MOT 

coils Science  

cell Shift 

coils 

Gate valve 

MOT 

chamber 
Viewport 

All metal 

valve 

NEG pump 

Shift port 

Acknowledgments: 

European Science Foundation within the EUROCORES 

Programme EuroQUASAR (EPSRC grant EP/G026602/1) 

UK Engineering and Physical Sciences Research Council 

(EPSRC grant EP/F002068/1) 

[1] A. L. Marchant et al., Phys. Rev. A. 85, 053647 (2012). 

[2] S. L. Cornish et al., Phys. Rev. Lett. 96, 170401 (2006). 

[3] K. E. Strecker et al., Nature (London) 417, 150 (2002). 

[4] L. Khaykovich et al., Science 296, 1290 (2002). 

[5] S. L. Cornish et al., Physica D 238, 1299 (2009). 

 

 

References: 
[6] T. Ernst et al., PRA 81, 033614 (2010).  

[7] J. L. Helm et al., PRA 85, 053621 (2012). 

[8] S. Händel et al., Rev. Sci. Instrum. 83, 013105 (2012). 

[9] A. L. Marchant et al., New J. Phys. 13, 125003 (2011). 

[10] S. L. Cornish et al., Phys. Rev. Lett. 96, 170401 (2006). 

 

[11] N. G. Parker et al., J. Phys. B 41, 045303 (2008).  

[12] B. J. DŃbrowska-Wüster et al., New J. Phys. 11, 053017 (2009).  

[13] J. Denschlag et al., Science 287, 97 (2000). 

 

Independent tuning of magnetic field and trap frequencies 

Along beams 

Vertical 

Action N T PSD 

Load QT 3.5 x 108 300 µK 5 x 10-8 

RF in QT 3.5 x 107 42 µK 5 x 10-5 

Load crossed DT 5.5 x 106 14 µK 2 x 10-3 

BEC ~ 5 x 104 ~ 15 nK > 2.61 
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Magnetic transport over an obstacle 

70% transported from MOT chamber to science cell 
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Guided transport of atoms towards a surface[9] 

Radial confinement: Optical (2  ́x 600 Hz) 

87Rb in the vicinity of a dielectric surface 

ůh = 390(10) ɛm 

Axial confinement: Magnetic (2  ́x 10 Hz) 

Increased bias field 

0 G 2.7 G 5.4 G 8.1 G 9.5 G 

-5 0 5 10 15 

RF in QT Hybrid DT Levitated DT 

Bright soliton dynamics 

 vi = 0.025 mms-1 

(crosses) 

   = 0.05 mms-1 

(circles) 

   = 0.1 mms-1 

(dots) 

Ÿ Engineer relative phase  

Ÿ Population transfer  

Ÿ Soliton interferometry 

kint=0.4, vi=0.05mms-1, Df=p/2 kint=0.4 
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Investigating binary soliton collisions: 

Adjustable optical trapping potential to control 

the soliton velocity  

Phase imprinting[13] to alter the relative phase 

TOF expansion 
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Previously[10] multiple solitons were created in a cylindrical trap. These were observed to 

persist for up to 3s, colliding as many as 40 times. In the GPE model, the stability of 

solitons undergoing collisions can only be explained by a p relative phase between 

them. Intermediate phases show asymmetric density distributions and population 

transfer between solitons that depends sensitively on the relative phase and velocity[11]. 

However, more recent theoretical work suggests that the inclusion of quantum 

fluctuations leads to predominantly repulsive soliton collisions independent  of phase[12].  
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We report a simple method for the creation of Bose-Einstein condensates (BECs) of 85Rb by direct evaporation in a crossed optical dipole trap[1]. The independent control of the trap 

frequencies and magnetic bias field afforded by the trapping scheme permits full control of the trapped atomic sample, enabling the collision parameters to be easily manipulated to 

achieve efficient evaporation in the vicinity of the 155 G Feshbach resonance. We produce nearly pure condensates of up to 4 Ĭ 104 atoms and demonstrate the tunable nature of the 

atomic interactions. Following the creation of the BEC, we transfer the atoms into an optical waveguide producing a quasi 1D geometry. By again exploiting the Feshbach resonance 

to tune the atomic interactions we are able to produce bright matter wave solitons[2-4] which propagate along the waveguide. We observe a single soliton travelling a distance of over 

1mm in around 150ms. We then introduce a blue detuned Gaussian barrier and demonstrate soliton reflection from a repulsive potential. As solitons are self-stabilizing wave packets, 

well localized due to attractive atom-atom interactions, they show great potential as surface probes for the study of short-range atom-surface interactions[5]. There is also much scope 

for study of binary soliton collisions and scattering of solitons from both attractive and repulsive barriers[6-7]. 

 

The Gross-Pitaevskii equation (GPE) which accurately describes BECs has exact 

soliton solutions in 1D. Bright solitons can be realised for attractive interactions. 

Experiments to date on the formation of multiple solitons suggest that relative phase 

plays a key role in soliton dynamics. We plan to explore this in detail, testing the validity 

of the GPE treatment, with a view to utilising solitons to probe short-range forces. 
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Magnetic field, B (G) 

Bright soliton solution for a < 0 in 1D: 
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Motivation: Understanding bright solitons Bright soliton formation 
Quasi 1D geometry required for soliton 

formation Ą Transfer atoms from crossed 

dipole trap into waveguide 

ü Produce BEC in crossed trap 

ü Ramp scattering length close to a = 0 

ü Switch waveguide on, cross trap off, increase QT  

    gradient and jump scattering length to a < 0 

Expansion rate Reflection from a repulsive Gaussian barrier 
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A BEC expands as it propagates 

along the waveguide. For a soliton, 

this expansion reduces to zero 
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Waveguide 

Original cross-beams TOF expansion 

Expansion time (ms) 

H
o

ri
z
o

n
ta

l 
p

o
s
it
io

n
 (

m
m

) 

1.75 W 

Barrier power (W) 

H
o

ri
z
o

n
ta

l 
p

o
s
it
io

n
 (

m
m

) 

150ms H
o

ri
z
o

n
ta

l 
w

id
th

 (
m

m
) 

Expansion time (ms) 

Creating a 85Rb Bose-Einstein condensate[1] 

Experimental apparatus[8] 

Optimisation of bias field 

Elastic and inelastic 

collisions vary strongly 

with B around the 

Feshbach resonance. 

Explore efficiency of 

evaporation. 

Final sequence and performance 

ůh = 400(20) ɛm, 140(20) ɛm, 400(20) ɛm 

T = 7.0 ɛK, 1.4 ɛK, 0.3 ɛK 

N in BEC: 4 Ĭ 104, Tc: 60 nK, ɤx,y,z: 2  ́Ĭ (31,27,25) Hz  
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