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Abstract: 
Implementation of trapping neutral atoms in the evanescent fields generated by a nano-structure, such as a nanofiber or a microfabricated nano-waveguide, will naturally 
enable strong atom-photon interactions, which serve the key mechanisms for different type of quantum controls. At Sandia National Labs, we are aiming to develop a platform 
based on this concept to eventually trap cesium atoms with a microfabricated waveguide. Although, neutral atom traps using optical nanofiber has been demonstrated, there 
are several key issues that need to be resolved to realize trapping atoms with microfabricated structure. The subjects include the material for making the waveguide, optical 
power handling capability, surface adsorption of alkali-metal atoms, surface roughness of the nano-structure, cold-atom source for loading the atoms into the evanescent-field 
traps, etc. On this poster, we report our latest progress.  

Microfabricated suspended waveguides and detection of thermal Cs atom signals: 
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Transmission Suspended waveguide devices 

Reflection Suspended Photonic crystal structure 
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Suspended waveguide 

~ 40% maximum free-
space coupling efficiency 
with NA=0.5 

Mask design of test SiN waveguides Picture of fabricated waveguides: 
125-μm long WG 
0.4 NA objective 
50 μW probe laser power  
@ 852 nm Cs D2 transition 

Incoming laser spot 

Light leaks out from the  
other end of the WG 

Wafer of waveguides 

D1 beam spot on WGs 

D2 light at  
coupler 

D2 light leaks  
out at the end 

500-μm long WG 
0.26 NA objective 

Free-space light coupling into waveguides: 

Suspended SiNx waveguide 
Photonic-
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Photonic-
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Microscope 
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Laser probe 
@ 852 nm 

Laser pump 
@ 894 nm 

Glass window 

Polarized Cs atoms can move into the probe beam 

The probe beam is tuned on a Cs resonance. The pump laser is used to polarize Cs atoms by doing hyperfine 
optical pumping. The polarized atoms do not attenuate the probe light. Ideally, the probe laser is guided by the 
waveguide and its evanescent field can be used to detect the polarized atoms. However, both the evanescent 
fields from the waveguide and the probe beam propagating through free space can see polarized atoms. 

Length of free-space 
beam 

Length of the waveguide is much shorter than the free-space beam 

Inside vacuum 
chamber 

Outside vacuum 
chamber 

Experimental setup for atom signal detection: 
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 Vapor cell reference by 

sweeping D1 laser frequency

Vapor-cell reference 

Free-space atom signal  
from the D2 probe laser 

Free-space atom signal: 
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 D1 pump pulse

 Atom signal detected by the waveguide 

         (Difference of the two signals)

Early arrival atom signal from the waveguide 

Simulation Results 

0.0 20.0µ 40.0µ 60.0µ 80.0µ 100.0µ

0.00

0.05

0.10

0.15

0.20

A
m

p
lit

u
d
e
 (

a
.u

.)

Time (s)

 D1 pump pulse

 Waveguide decoupled

 Waveguide coupled

Atom signal detected by the waveguide! 

Transit signal with improved SNR 

DC offset is subtracted 

Experimental Data 

1-us pump pulse with 100-um spot size, 1-mm free-space path 
length, 500-um waveguide length, 20% coupling efficiency 
(measured), 18% waveguide detection ratio (calculated). 

Detection of atom signal from waveguides: 

Broadband optical coupling to waveguides  
via adiabatic transfer coupling: 

852 nm 685 nm 

are the lower-bound experimental data points for 685 nm, 852 nm, and 937 
nm from the preliminary experimental characterization. 

MOT in 750-um gap 

New SiN membrane 

The 400-µm hole has a 3 µm x 125 nm 
dummy waveguide 
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Signal from a MOT inside a 400-um SiN hole

We have demonstrated more than 10000 cold 
atoms inside a 400-um SiN membrane hole.  

MOT clouds inside fabricated 
structures: 

Si needle structure Old SiN membrane 
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