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An atom-sorting machine
Laser-trapped atoms in strings can be deftly rearranged and the spacing between them precisely adjusted.

Laser cooling and trapping techniques allow
us to control and manipulate neutral atoms1.
Here we rearrange, with submicrometre preci-
sion, the positions and ordering of laser-
trapped atoms within strings by manipulating
individual atoms with optical tweezers2.
Strings of equidistant atoms created in this
way could serve as a scalable memory for
quantum information3.

Atoms and molecules on surfaces have pre-
viously been rearranged at the nanometre-
scale using scanning tunnelling microscopy4,5,
and the first steps have been taken towards
rearranging strings of trapped ions6. To realize
a related technique in the context of cold-atom
physics, we first trapped and cooled caesium
atoms to sub-millikelvin temperatures inside a
vacuum chamber using a magneto-optical
trap1. These atoms were then transferred into
a horizontal standing-wave optical dipole trap
(HDT)1, formed by two counterpropagating
laser beams. 

The dipole-trap lasers are far detuned from
all caesium transitions. They polarize the
atoms and pull them into the intensity max-
ima, located at the antinodes and separated by
about 0.5 �m. The trapped atoms (storage
time of up to 1 min) are then randomly dis-
tributed over the antinodes, forming a string
along the axis of the trap. We determined the
position of each atom from a fluorescence
image, recorded using an intensified charge-
coupled device (ICCD) camera7,8.

By varying the relative phase of the trapping
beams, the HDT can be moved along the x
direction (Fig. 1a), shifting the string of atoms
but leaving the interatomic separations
unchanged8,9. To control these separations, we
used a second, vertical standing-wave dipole
trap (VDT) produced by retro-reflecting a
focused laser beam (Fig. 1a). 

In both dipole traps, the confining forces
along the trap axis are much larger than in the
radial direction. Accordingly, an atom stored
in the overlap region of both traps will always
follow the axial motion of the traps. This
allowed us selectively to extract an atom from
the HDT: after transporting it along the x
direction into the overlap region of both traps,
the atom is shifted upwards by axially moving
the standing-wave pattern of the VDT (step 1
in Fig. 1a). The string of atoms left in the HDT
can be moved to any position along the HDT
with respect to the VDT (step 2, Fig. 1a). By
reinserting the extracted atom into the HDT, it

can then be placed at any target distance dt
from the remaining atoms (step 3, Fig. 1a).

Through sequential application of this dis-
tance-control operation (duration, 400 ms;
success rate, 98(�5/�2)%; see below), atoms
can be arranged in equidistant strings. A
detailed sequence of ICCD images illustrates
this procedure for three atoms (see supple-
mentary information); Fig. 1b, c shows ICCD
images of a string of seven atoms before and
after rearrangement, respectively. The initially
random separations have been equalized
(dt�15 �m). 

The results shown in Fig. 1d characterize the
performance of the distance-control opera-
tion: for initial distances of more than 10 �m,
we obtain a final distance of 15.27 �m, with a
standard deviation of 0.78�0.05 �m. If the
initial separation between atoms is less than
10 µm, extracting one of them leads to uncon-
trolled effects on the other atom (extraction,
ejection and so on) owing to the 10-�m radius
of the VDT.

Laser-trapped atoms are efficiently isolated
from the environment and show little de-
coherence3,10. The equidistant strings of atoms
produced by our method could therefore serve
as a scalable, neutral-atom quantum register for
storing and manipulating quantum informa-

tion in the context of cavity quantum electro-
dynamics11 or controlled cold collisions12,13.
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Figure 1 | Sorting atoms using optical tweezers. a, Two crossed standing-wave dipole traps are used 
to rearrange strings of trapped neutral atoms. (For methods, see supplementary information.)
b, Fluorescence image of an initial string of seven randomly separated atoms. c, The same atoms after
rearranging six of them using the distance-control operation. Scale bar, 15 �m. d, Relation between the
final and the initial distance between simultaneously trapped atoms recorded for about 190 atom pairs.
For initial distances greater than 10 �m, our distance-control operation successfully rearranges the
atoms, resulting in a narrow distribution of final distances around the target distance dt�15 �m. 

13.7 brief comms MH  6/7/06  5:13 PM  Page 151

Nature  Publishing Group ©2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


