
 

MAX P
OF QU
 
 
Garching
 
 

Physic
manipula
arbitrary
quantum

Physicis
quantum
Immanue
(Garchin
address 
them in
10.1038/n
line and 
of the a
could se
quantum
In the pre
an artific
superimp
similar to 

Already a
that each
help of a 
the shell-
individual
energy s
diameter 
directed i

The lase
thereby c
spin – i.e
that can 
microwav
addresse
other atom

The scie
series of 
flipped on
lattice sit
addresse
the physi
the neigh
provides 
(see figur

 

PLANCK
UANTU

g, 17.03.20

cists at the
ating atoms
y patterns. 
m computin
ts around 

m compute
el Bloch 
g/Munich) 
and chang

n arbitra
nature0982
could dire
toms. A re
erve for s

m computer
esent expe
ial crystal 

posing seve
marbles in 

a few month
h site of the
microscope

-like structu
lly addressi

state. Using
of about 6
t at individu

r beam slig
changes the
e. an intrins

align in t
ves that are
ed atoms ab
ms in the la

ntists demo
experiment
ne after the
te. After re

ed atoms ar
cists deduc

hbouring sit
the possibi

res).   

K INSTIT
UM OPT

011  

A Quantu
e Max Planc
s individua
These res

ng and for 
the world

r. Now sci
at the M
took a d

ge the spin
ry patter

27). In this 
ctly observ
egister of 
storing an
r.  
riment, the
of light. Th

eral laser b
the hollows

hs ago, the 
e optical lat
e, the scien
ure of this “
ing the atom
g the micro
00 nanome

ual atoms w

ghtly deform
e energy dif
sic angular 
two opposi
e in resona

bsorb a mic
attice remain

onstrated t
ts. For this 
e other, by 
emoving al
re visible as
ced that the 
tes are not 
ility to gene

 

TUTE 
TICS 

 

um Pen fo
ck Institute
ally in a latt
ults are an
the simula

d are searc
ientists of 
Max Plan
decisive s
n of single
rns (Natu

way, the p
ve their tun
hundreds

d process

 scientists 
hese so-ca
eams. The
s of an egg 

team of Ste
tice can be

ntists visuali
“Mott insula
ms in the la
oscope, the
eters, which

with high pre

ms the elec
fference bet
momentum
ite directio
ance with 
rowave pho
n unaffected

he high fid
purpose, th
moving th

l atoms w
s holes, wh
addressing
influenced 

erate arbitra

 

or Single A
e of Quantu
tice of ligh

n important
ation of con
ching for t

the team 
ck Institu

step in th
e atoms wi
ure 471, 
physicists 
nnelling dy
 of addres

sing of qu

load laser-
lled optical
 atoms are
carton. 

efan Kuhr a
e filled with 
ized atom b
ator”. Now t
attice and i
ey focused 
h is just abo
ecision.  

ctron shell o
tween its tw

m – behave
ns. If the 
the modifie

oton, which 
d by the mic

delity of thi
he spins of 
e addressin
ith a flippe
ich can eas

g worked in
by the add

ary distribut

     Pr

Atoms 
um Optics 
ht and in ar
t step towa
ndensed m
the best w
around S

ute of Qu
is directio
th laser lig

p. 319 
strung the

ynamics in 
ssable qua
uantum in

cooled rubi
l lattices a
e kept in th

nd Immanu
exactly one

by atom and
the scientis
in changing

a laser b
ove the latt

of the addr
wo spin stat

like little m
atoms are

ed spin tra
causes the

crowave fie

s addressi
all atoms a

ng laser fro
ed spin fro
sily be coun
95% of the

dressing las
tions of ato

ress Rele

succeeded
ranging the

ards large s
matter syste
way to real
tefan Kuhr
uantum O
on. They c
ght and arr

(2011), 
e atoms alo

a “racing 
antum par
formation 

idium atom
re generate
he lattice o

uel Bloch sh
e atom. Wi
d thereby ve
sts succeed
g their respe
beam down
tice spacing

ressed atom
tes. Atoms w
magnetic ne
e irradiated
nsition, on

eir spin to fl
eld.  

ng scheme
along a line
om lattice s
om the trap
nted. In this
e cases. Ato
ser. The m

oms in the 

ease 

d in 
em in 
scale 
ems. 
lize a 
r and 

Optics 
could 
range 

DOI: 
ong a 
duel” 

rticles 
in a 

s into 
ed by 
f light 

howed 
th the 
erified 
ded in 
ective 

n to a 
g, and 

m and 
with a 

eedles 
d with 
ly the 
lip. All 

e in a 
e were 
site to 
p, the 
s way, 
oms at 

method 
lattice 

 
 

P
D
 
P
+
E
s
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
H
D
 
P
F
 

Press & Public R
Dr. Olivia Meyer

Phone: 
+49(0)8932 905-
E-mail: olivia.me
streng@mpq.mp

Hans-Kopferman
D-85748 Garchin

Phone:+49(0)89
Fax:+49(0)8932 

Relations, 
r-Streng 

-213 
eyer-
pg.de 

nn-Str. 1 
ng 

932 905-0 
905-200 



Starting from an arrangement of 16 atoms that were strung together on neighbouring lattice 
sites like a necklace of beads, the scientists studied what happens when the height of the lattice 
is ramped down so far that the particles are allowed to “tunnel” according to the rules of 
quantum mechanics. They move from one lattice site to the other, even if their energy is not 
sufficient to cross the barrier between the lattice wells. “As soon as the height of the lattice has 
reached the point where tunnelling is possible, the particles start running as if they took part in a 
horse-race”, doctoral candidate Christof Weitenberg describes. “By taking snapshots of the 
atoms in the lattice at different times after the “starting signal”, we could directly observe the 
quantum mechanical tunnelling-effect of single massive particles in an optical lattice for the first 
time”.  

The new addressing technique allows many interesting studies of the dynamics of collective 
quantum states, as they appear in solid state systems. It also opens new perspectives in 
quantum information processing. “A Mott isolator with exactly one atom per lattice site acts as a 
natural quantum register with a few hundred quantum bits, the ideal starting point for scalable 
quantum information processing” as Stefan Kuhr explains. “We have shown that we can 
individually address single atoms. In order for the atom to suit as a quantum bit, we need to 
generate coherent superpositions of its two spin states. A further step is to realize elementary 
logical operations between two selected atoms in the lattice, so-called quantum gates.” [OM/SK] 

 
 

 

 

 

 

 

 

 

 

 

Left: With the help of a laser beam, the scientists could address single atoms in the lattice of light and 
change their spin state. In this way they succeeded in having total control over the single atoms and in 
“writing” arbitrary two-dimensional patterns. Right: With the addressing scheme arbitrary patterns of 
atoms in the lattice can be prepared. The atomic patterns each consist of 10 - 30 single atoms that are 
kept in an artificial crystal of light. (High resolution images available online at www.quantum-
munich.de/media) 

 
Original Publication: 
Christof Weitenberg, Manuel Endres, Jacob F. Sherson, Marc Cheneau, 
Peter Schauß, Takeshi Fukuhara, Immanuel Bloch, and Stefan Kuhr 
Single-Spin Addressing in an Atomic Mott Insulator 
Nature 471, 319 (2011), DOI: 10.1038/nature09827 
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