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One basic fcature of optical lattices is that they hardly interact at all with the environment. 
Iherefore, they have rccently been suggcsted as a platform for implementing quantum logic 
gates. An additional attraction comes fram the fact that by modifying thc light iield. a large 
ensemble of atoms can be manipulaled in parallcl. 

The basis of these suggestions is that two different slates should be trapped in two lattices 
with the same spatial Crequency. By appropriately manipulating the lattices so as to control 
the interaction between lhenj one can perform coherent evolutions of the atomic slate. In 
order to build a general purpose quantum computer, one has to have the possibility to 
manipulate and to detect the state of individual atoms in the lattice. Since the lattice spacing is 
typically in the order of an optical wavelength this is a non-trivial task. Furthermore, it is 
desirable with a high filling factor (close to one) and that the atoms are cooled to the quantum 
mechanical ground state of their respective potential wells. This severely complicates an 
experimental realization ofthe suggestions. 

A recent report [l] shows that even without ability to address individual atoms, and wilh 
relaxed requirements on filling rate and tempcralure, well controlled overlapping optical 
lattices still offer interesting applications. In particular condensed matter physics phenomena 
can be simulated and spin yueezing can bo generated. 

We suggest a novel approach, based on Talbot lattices, to implement the suggestions. A 
Talbot lattice can be created by a single laser beam that is transmitted through a periodic 
mask, According to the Talbot effcct, real images of the mask will be produccd along the beam 
in periodically spaced planes. This means that a 3D-lattice can be constructed with il single 
beam [2]. As a consequence, the spatial frequencies along all directions in the Talbot lanice 
can be chosen at will, by carefully designing and manufacturing lhe mask. The spatial period 
ofthese lattices will typically be larger than awavelength. Apart from the fact that this means 
a higher filling factor, it also carrier an extra advantage. It will be easier to image the atomic 
localization optically. Thereby, the spatial phase of the lattices can be monitored and 
controlled. Furthermore, it becomes potenlially possible to address single atoms. 
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The ConveolionaL atm-manipulsh? kchniquer wiul PrOwgaUng hght arc limited m spatial xcurasy hy 
LITmnnion cffcfcct- of light m v i s  In order tn nvcrcnm thc dtffrrrrion limit and ~ncrcaw Ihr mmi?datmn 
accumcy, we cm UY Ihc opliul new field I o d i z e d  in 8 nanometer ie@w Such sn optical near field 1s 
pmduscd by a Rbbn p m k  with a n a n o m ~ i s  apm~uure ' We c o n ~ i e r  manipulating *oms by mvdnI d t h s  dip& 
f m c  hom the Iodized o a d  nur tield In lhls papcr. we report uic cxpctimcn(a1 prsuwr brad thc 
rralilstion ofslam manipulrtion with ulenmometic f i k r p m k  

Them arc huo principal Iacbn forthe cxpc6mmenl One is lo fab6-h a Rher pmhi svilahls ior the atom used 
and estimate lk dipolcfora wtential which depcn& on light mfcnsity, fiequrncy detunmg, atomic natural 
linewidth. and zo on In fwt uc made r Rbrr p m k  with r small r p c m e  and mururrd Ihc near-kld light 
infowily distribution pmdmed by the fiber ~ m k  The ather is to piepare cold atoms S m a  (ha intsractlon redan 
is  very m o w .  the a l m i c  vcloeirv has 10 be r u m m t l y  rmrll In rdditian. the h!gh l m i c  dcnsgty is rcquircd 
for the slclml ddCnlon in Ihe exp"anta1 demonstration Far this purpme, P cold atomic bcam is rumble To 
create Lo cold 

The mmulrment of Ihc ncardrld lighi inteniiry pmfile in the dose vicinity of the apcmvc i s  carried out in 
B pmk-to-probc contgpumtion Eonfmlled h i  the shear-fore bhnique wfh an opliwl feedback system In this 
%hem+ anoUrr Rbcrpmk with a small" apcrmrc i s  approaching Ihc Rbcr p m k  Dlaced facc IO facc and packs 
up the scaUrred light sip01 Figw I shows the "/piu1 result ploltrd a L fundion or the dirbnss r fmm the 
a- Eurfacc Tho inset pholagruph IS B SEM imgc  ofLs 6ber pro& with a 2W-nm a m r e  uscd here The 
intensity change cm be Rfted by the YuLnwr-tw fundion I(") - cxp(sr1a)lr.l whew U 19 L e  mluo of thc 
ipmure and c has Lc vduI *an 0 32 and 2 I O  depmding on the distance Fmm lhir rrrull. we 4 m r b d  the 
kap patmtial made up of La replriuc dipole.fmcc and attractivr van dcr W a l a  potentials' For crample. Kb 
s l o m ~ c o o l s d d ~ n ~ l O p K c a n b e w p p c d n e a r t h ~ f i p o f a f l b e r p m h e i f I h c a p e r t u r c ~ ~ l c ~ r r ~ d u ~ r d s Z O n m  

beam. we U% m xiom funnel compsed of an opfiul ~ C O C  Add ' 

Figure 1 shows the ncrr-field o$iwl funnel which mlloc18 mld atoms rcliaed fmm n MOT In this funncl. 
the am" arc rrflcicd by the optrcal m m  Rcld p m k d  by Ihr b w i n s m s l  refledion of a hlucdetuled 
doughnul-ahapcd light bcam shonc upward In addition, the atoms are r~coolcd thmugh thc Siiyphtrs coding 
induccd by a weak pumping liphi b m  shone downward As shown in F g  2, we UY an invens triangular- 
pyramid hollow ptinm to wuple the light beams for Ule MOT with the funnel The mllacted a i m 8  go ouI aflhe 
small EXII hole st thr banom h the experiment Rh stom are trappod by #he MOT and coolcd d a m  10 abaut 5 
pK by POC inride Lr pr im Ths funndd atom8 8- detected by a lime of fli8ht method Thc cieaied cold 
atomic beam can k used far dcflmion and trap expimen& vlth ule fiber pmbe 
I M O h m  (cd), Nemqeidnondarom optics o ~ a c h n o l o g y l S p n n g ~ , T ~ ~ ~ ,  1998) 
2 H 1b.K Sakak8.W J1le.M 0Mm.Phys Rev A56,712(1997) 

0-7803-631&3/00/$10.0~000 IEEE 

Authorized licensed use limited to: RAMAN RESEARCH INSTITUTE (RRI). Downloaded on December 04,2020 at 06:37:03 UTC from IEEE Xplore.  Restrictions apply. 


