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We describe a technique for manipulating quantum information stored in collective states of meso-
scopic ensembles. Quantum processing is accomplished by optical excitation into states with strong
dipole-dipole interactions. The resulting “dipole blockade” can be used to inhibit transitions into all but
singly excited collective states. This can be employed for a controlled generation of collective atomic
spin states as well as nonclassical photonic states and for scalable quantum logic gates. An example
involving a cold Rydberg gas is analyzed.
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Recent advances in quantum information science have
opened a door for a number of fascinating potential appli-
cations ranging from the factorization of large numbers and
secure communication to spectroscopic techniques with
enhanced sensitivity. But the practical implementation of
quantum processing protocols such as quantum computa-
tion requires coherent manipulation of a large number of
coupled quantum systems which is an extremely difficult
task [1]. Challenges ranging from a long-time storage of
quantum information to scalable quantum logic gates are
by now well known. It is generally believed that precise
manipulation of microscopic quantum objects is essential
to implement quantum protocols. For example, in most
of the potentially viable candidates for quantum comput-
ers an exceptional degree of control over submicron sys-
tems is essential for performing single-bit operations and
the two-bit coupling is accomplished by interactions be-
tween nearest neighbors [2]. Related techniques are also
being explored that involve photons to connect qubits [3],
and to construct potentially scalable quantum networks [4].
However, since the single-atom absorption cross section is
very small, reliable coupling to light requires high-finesse
microcavities [5].

In the present Letter we describe a technique for the
coherent manipulation of quantum information stored
in collective excitations of mesoscopic many-atom en-
sembles. This is accomplished by optically exciting the
ensemble into states with a strong atom-atom interaction.
Specifically, we consider the case involving dipole-dipole
interactions in an ensemble of cold atoms excited into
Rydberg states. Under certain conditions the level shifts
associated with these interactions can be used to block
the transitions into states with more than a single ex-
citation. The resulting “dipole blockade” phenomenon
closely resembles similar mesoscopic effects in nanoscale
solid-state devices [6]. In the present context it can take
place in an ensemble with a size that can exceed many

optical wavelengths. Combined with the exceptional
degree of control that is typical for quantum optical
systems and long coherence times, this allows one to
considerably alleviate many stringent requirements for
the experimental implementation of various quantum
processing protocols. In particular, we show that this
technique can be used to (i) generate superpositions
of collective spin states (or Dicke states [7]) in an
ensemble; (ii) coherently convert these states into corre-
sponding states of photon wave packets of prescribed di-
rection, duration, and pulse shapes and vice versa using the
collectively enhanced coupling to light [8]; and (iii) per-
form quantum gate operations between distant qubits.
Corresponding applications including (i) subshot noise
spectroscopy and atom interferometry [9], (ii) secure
cryptography protocols [10], and (iii) scalable quantum
logic devices can be foreseen. In general, no strongly
coupling microcavities and no single particle control are
required to implement computation and communication
protocols. We further anticipate that the approach can
be applied to a variety of interacting many-body systems
ranging from trapped ions to specifically designed semi-
conductor structures.

The basic element of the present scheme is an ensemble
of N identical multistate atoms (Fig. 1) contained in a
volume V . Using well-developed techniques all atoms
can be trapped and prepared in a specific sublevel (gi ,
i � 1, . . . , N) of the ground state manifold. Relevant states
of each atom include a pair of metastable sublevels of
the ground state manifold qi that are used for long-time
storage of qubits (storage states) and long-lived Rydberg
states ri , p

0
i , p

00
i . Additional Rydberg sublevels as well as

lower electronic excited states can be used for specific
applications. We assume modest atomic densities, such
that interactions between atoms can safely be neglected
whenever they are in the sublevels of the ground state.
This also implies long coherence lifetimes — up to a few
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secure communication to spectroscopic techniques with
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quantum processing protocols such as quantum computa-
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coupled quantum systems which is an extremely difficult
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the two-bit coupling is accomplished by interactions be-
tween nearest neighbors [2]. Related techniques are also
being explored that involve photons to connect qubits [3],
and to construct potentially scalable quantum networks [4].
However, since the single-atom absorption cross section is
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Corresponding applications including (i) subshot noise
spectroscopy and atom interferometry [9], (ii) secure
cryptography protocols [10], and (iii) scalable quantum
logic devices can be foreseen. In general, no strongly
coupling microcavities and no single particle control are
required to implement computation and communication
protocols. We further anticipate that the approach can
be applied to a variety of interacting many-body systems
ranging from trapped ions to specifically designed semi-
conductor structures.

The basic element of the present scheme is an ensemble
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can be trapped and prepared in a specific sublevel (gi ,
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We discuss the application of dipole blockade techniques for the preparation of single-atom and single-
photon sources. A deterministic protocol is given for loading a single atom in an optical trap, as well as ejecting
a controlled number of atoms in a desired direction. A single-photon source with an optically controlled
beamlike emission pattern is described.

DOI: 10.1103/PhysRevA.66.065403 PACS number�s�: 32.80.Qk, 03.67.Dd

Quantum-information science builds on the laws of quan-
tum mechanics to transmit, store, and process information in
varied and powerful ways. Advances in this field rely on our
ability to manipulate coherently isolated quantum objects
while eliminating incoherent interactions with the surround-
ing environment. It was proposed two decades ago that the
availability of single-photon sources would enable secure
transmission of information without risk of eavesdropping
�1�. Single-photon sources have since been proposed and re-
alized using a number of different approaches �2�, and dem-
onstrated for information transmission �3�. Another example
of a physical embodiment of quantum information is pro-
vided by a single neutral atom, the internal states of which
can be used to represent a quantum bit or ‘‘qubit.’’ Placing
individual atoms on a lattice defined by optical beams and
allowing them to interact is one of the approaches currently
being explored for constructing a quantum computer �4�.

In this Brief Report we describe some approaches for cre-
ating single-atom and single-photon sources for use in quan-
tum information science. These ideas build on the availabil-
ity of an entangled mesoscopic atomic ensemble that is
prepared using dipole-dipole interactions of highly excited
Rydberg atoms as described by Lukin et al. �5�. While Lukin
et al. emphasized the application of mesoscopic many-atom
qubits for quantum logic we discuss here how to combine
many-atom entanglement with laser cooling and trapping
techniques for loading a single-atom into an optical trap, as
well as creating single-atom and single-photon sources. We
show that both atoms and photons can be extracted with
well-defined propagation directions.

Consider a collection of N atoms at positions rj each with
nondegenerate ground states �a�, �b�, intermediate states
�e�, and highly excited Rydberg states �r� as shown in the
inset of Fig. 1. We envision that the atoms have been laser
cooled to �K temperatures, and confined to a volume of a
few �m3 defined by an optical trap created by far off-
resonance optical beams �FORT trap� using standard tech-
niques �6�. Following Ref. �5� we define the following col-
lective atomic states: the ground state �g��� j�b j���b1b2•
••bN�, the singly excited state �r j���b1•••r j•••bN� , and
the doubly excited state �r jrk���b1•••r j•••rk•••bN�. The
interaction Hamiltonian governing the coupling of levels �b�
and �r� assuming zero atom-field detuning is taken to be V̂
�V̂d�V̂dd where 2Vd /��� j� j�r j��g��� j ,k� j�k�r jrk�
��r j��H.c. describes the electric-dipole atom-field coupling

in the rotating wave approximation, and Vdd /�
�� j ,k� j� jk�r jrk��r jrk� describes the dipole-dipole interac-
tion of two excited atoms. Here � j���r j�d̂�b j�E(rj)/� ,
where d̂ is the dipole moment operator, and the position
dependent optical field is E(rj)��E(rj)/2�e�ı�t�c.c. The
dipole-dipole shift in the case of dipole moments aligned
parallel to the vector separating the atoms is given by � jk
�� f (n)e2a0

2/�rj�rk�3 with e the electronic charge and a0
the Bohr radius. The numerical factor f (n)�n6 for a level
with principal quantum number n �7�.

We will be interested in the limit where � jk��� j� so that
we can safely neglect triply excited states and higher. An
arbitrary N atom state vector can be written in this limit as
��(t)��cg(t)�g��� j c̃ j(t)�r j��� j ,k� jc̃ jk(t)�r jrk�. We can
obtain analytical estimates of the dynamics by considering
the atomic evolution due to a field that is pulsed on to excite
a transition to a Rydberg state and has a spatially uniform
intensity such that � j��e ı� j. We neglect the atomic motion
during a pulse so that � j is taken as constant. Incorporating
the phases � j�k•rj for a traveling wave with wave vector k
into the amplitudes c j� c̃ je�ı� j and c jk� c̃ jke�ı(� j��k), as-
suming all coefficients c j equal, and adiabatically eliminat-
ing the doubly excited state, the normalized singly excited
symmetric state can be written as

�s��
1

�N �
j

e ı� j�r j� �1�

FIG. 1. Numerical calculation of the probability of nonexcited
and doubly excited states after a Rydberg pulse as a function of the
number of atoms. The inset shows the atomic level scheme.
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Recent advances in quantum information science have
opened a door for a number of fascinating potential appli-
cations ranging from the factorization of large numbers and
secure communication to spectroscopic techniques with
enhanced sensitivity. But the practical implementation of
quantum processing protocols such as quantum computa-
tion requires coherent manipulation of a large number of
coupled quantum systems which is an extremely difficult
task [1]. Challenges ranging from a long-time storage of
quantum information to scalable quantum logic gates are
by now well known. It is generally believed that precise
manipulation of microscopic quantum objects is essential
to implement quantum protocols. For example, in most
of the potentially viable candidates for quantum comput-
ers an exceptional degree of control over submicron sys-
tems is essential for performing single-bit operations and
the two-bit coupling is accomplished by interactions be-
tween nearest neighbors [2]. Related techniques are also
being explored that involve photons to connect qubits [3],
and to construct potentially scalable quantum networks [4].
However, since the single-atom absorption cross section is
very small, reliable coupling to light requires high-finesse
microcavities [5].

In the present Letter we describe a technique for the
coherent manipulation of quantum information stored
in collective excitations of mesoscopic many-atom en-
sembles. This is accomplished by optically exciting the
ensemble into states with a strong atom-atom interaction.
Specifically, we consider the case involving dipole-dipole
interactions in an ensemble of cold atoms excited into
Rydberg states. Under certain conditions the level shifts
associated with these interactions can be used to block
the transitions into states with more than a single ex-
citation. The resulting “dipole blockade” phenomenon
closely resembles similar mesoscopic effects in nanoscale
solid-state devices [6]. In the present context it can take
place in an ensemble with a size that can exceed many

optical wavelengths. Combined with the exceptional
degree of control that is typical for quantum optical
systems and long coherence times, this allows one to
considerably alleviate many stringent requirements for
the experimental implementation of various quantum
processing protocols. In particular, we show that this
technique can be used to (i) generate superpositions
of collective spin states (or Dicke states [7]) in an
ensemble; (ii) coherently convert these states into corre-
sponding states of photon wave packets of prescribed di-
rection, duration, and pulse shapes and vice versa using the
collectively enhanced coupling to light [8]; and (iii) per-
form quantum gate operations between distant qubits.
Corresponding applications including (i) subshot noise
spectroscopy and atom interferometry [9], (ii) secure
cryptography protocols [10], and (iii) scalable quantum
logic devices can be foreseen. In general, no strongly
coupling microcavities and no single particle control are
required to implement computation and communication
protocols. We further anticipate that the approach can
be applied to a variety of interacting many-body systems
ranging from trapped ions to specifically designed semi-
conductor structures.

The basic element of the present scheme is an ensemble
of N identical multistate atoms (Fig. 1) contained in a
volume V . Using well-developed techniques all atoms
can be trapped and prepared in a specific sublevel (gi ,
i � 1, . . . , N) of the ground state manifold. Relevant states
of each atom include a pair of metastable sublevels of
the ground state manifold qi that are used for long-time
storage of qubits (storage states) and long-lived Rydberg
states ri , p
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i . Additional Rydberg sublevels as well as

lower electronic excited states can be used for specific
applications. We assume modest atomic densities, such
that interactions between atoms can safely be neglected
whenever they are in the sublevels of the ground state.
This also implies long coherence lifetimes — up to a few
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We discuss the application of dipole blockade techniques for the preparation of single-atom and single-
photon sources. A deterministic protocol is given for loading a single atom in an optical trap, as well as ejecting
a controlled number of atoms in a desired direction. A single-photon source with an optically controlled
beamlike emission pattern is described.
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Quantum-information science builds on the laws of quan-
tum mechanics to transmit, store, and process information in
varied and powerful ways. Advances in this field rely on our
ability to manipulate coherently isolated quantum objects
while eliminating incoherent interactions with the surround-
ing environment. It was proposed two decades ago that the
availability of single-photon sources would enable secure
transmission of information without risk of eavesdropping
�1�. Single-photon sources have since been proposed and re-
alized using a number of different approaches �2�, and dem-
onstrated for information transmission �3�. Another example
of a physical embodiment of quantum information is pro-
vided by a single neutral atom, the internal states of which
can be used to represent a quantum bit or ‘‘qubit.’’ Placing
individual atoms on a lattice defined by optical beams and
allowing them to interact is one of the approaches currently
being explored for constructing a quantum computer �4�.

In this Brief Report we describe some approaches for cre-
ating single-atom and single-photon sources for use in quan-
tum information science. These ideas build on the availabil-
ity of an entangled mesoscopic atomic ensemble that is
prepared using dipole-dipole interactions of highly excited
Rydberg atoms as described by Lukin et al. �5�. While Lukin
et al. emphasized the application of mesoscopic many-atom
qubits for quantum logic we discuss here how to combine
many-atom entanglement with laser cooling and trapping
techniques for loading a single-atom into an optical trap, as
well as creating single-atom and single-photon sources. We
show that both atoms and photons can be extracted with
well-defined propagation directions.

Consider a collection of N atoms at positions rj each with
nondegenerate ground states �a�, �b�, intermediate states
�e�, and highly excited Rydberg states �r� as shown in the
inset of Fig. 1. We envision that the atoms have been laser
cooled to �K temperatures, and confined to a volume of a
few �m3 defined by an optical trap created by far off-
resonance optical beams �FORT trap� using standard tech-
niques �6�. Following Ref. �5� we define the following col-
lective atomic states: the ground state �g��� j�b j���b1b2•
••bN�, the singly excited state �r j���b1•••r j•••bN� , and
the doubly excited state �r jrk���b1•••r j•••rk•••bN�. The
interaction Hamiltonian governing the coupling of levels �b�
and �r� assuming zero atom-field detuning is taken to be V̂
�V̂d�V̂dd where 2Vd /��� j� j�r j��g��� j ,k� j�k�r jrk�
��r j��H.c. describes the electric-dipole atom-field coupling

in the rotating wave approximation, and Vdd /�
�� j ,k� j� jk�r jrk��r jrk� describes the dipole-dipole interac-
tion of two excited atoms. Here � j���r j�d̂�b j�E(rj)/� ,
where d̂ is the dipole moment operator, and the position
dependent optical field is E(rj)��E(rj)/2�e�ı�t�c.c. The
dipole-dipole shift in the case of dipole moments aligned
parallel to the vector separating the atoms is given by � jk
�� f (n)e2a0

2/�rj�rk�3 with e the electronic charge and a0
the Bohr radius. The numerical factor f (n)�n6 for a level
with principal quantum number n �7�.

We will be interested in the limit where � jk��� j� so that
we can safely neglect triply excited states and higher. An
arbitrary N atom state vector can be written in this limit as
��(t)��cg(t)�g��� j c̃ j(t)�r j��� j ,k� jc̃ jk(t)�r jrk�. We can
obtain analytical estimates of the dynamics by considering
the atomic evolution due to a field that is pulsed on to excite
a transition to a Rydberg state and has a spatially uniform
intensity such that � j��e ı� j. We neglect the atomic motion
during a pulse so that � j is taken as constant. Incorporating
the phases � j�k•rj for a traveling wave with wave vector k
into the amplitudes c j� c̃ je�ı� j and c jk� c̃ jke�ı(� j��k), as-
suming all coefficients c j equal, and adiabatically eliminat-
ing the doubly excited state, the normalized singly excited
symmetric state can be written as

�s��
1

�N �
j

e ı� j�r j� �1�

FIG. 1. Numerical calculation of the probability of nonexcited
and doubly excited states after a Rydberg pulse as a function of the
number of atoms. The inset shows the atomic level scheme.
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We describe a technique for manipulating quantum information stored in collective states of meso-
scopic ensembles. Quantum processing is accomplished by optical excitation into states with strong
dipole-dipole interactions. The resulting “dipole blockade” can be used to inhibit transitions into all but
singly excited collective states. This can be employed for a controlled generation of collective atomic
spin states as well as nonclassical photonic states and for scalable quantum logic gates. An example
involving a cold Rydberg gas is analyzed.
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Recent advances in quantum information science have
opened a door for a number of fascinating potential appli-
cations ranging from the factorization of large numbers and
secure communication to spectroscopic techniques with
enhanced sensitivity. But the practical implementation of
quantum processing protocols such as quantum computa-
tion requires coherent manipulation of a large number of
coupled quantum systems which is an extremely difficult
task [1]. Challenges ranging from a long-time storage of
quantum information to scalable quantum logic gates are
by now well known. It is generally believed that precise
manipulation of microscopic quantum objects is essential
to implement quantum protocols. For example, in most
of the potentially viable candidates for quantum comput-
ers an exceptional degree of control over submicron sys-
tems is essential for performing single-bit operations and
the two-bit coupling is accomplished by interactions be-
tween nearest neighbors [2]. Related techniques are also
being explored that involve photons to connect qubits [3],
and to construct potentially scalable quantum networks [4].
However, since the single-atom absorption cross section is
very small, reliable coupling to light requires high-finesse
microcavities [5].

In the present Letter we describe a technique for the
coherent manipulation of quantum information stored
in collective excitations of mesoscopic many-atom en-
sembles. This is accomplished by optically exciting the
ensemble into states with a strong atom-atom interaction.
Specifically, we consider the case involving dipole-dipole
interactions in an ensemble of cold atoms excited into
Rydberg states. Under certain conditions the level shifts
associated with these interactions can be used to block
the transitions into states with more than a single ex-
citation. The resulting “dipole blockade” phenomenon
closely resembles similar mesoscopic effects in nanoscale
solid-state devices [6]. In the present context it can take
place in an ensemble with a size that can exceed many

optical wavelengths. Combined with the exceptional
degree of control that is typical for quantum optical
systems and long coherence times, this allows one to
considerably alleviate many stringent requirements for
the experimental implementation of various quantum
processing protocols. In particular, we show that this
technique can be used to (i) generate superpositions
of collective spin states (or Dicke states [7]) in an
ensemble; (ii) coherently convert these states into corre-
sponding states of photon wave packets of prescribed di-
rection, duration, and pulse shapes and vice versa using the
collectively enhanced coupling to light [8]; and (iii) per-
form quantum gate operations between distant qubits.
Corresponding applications including (i) subshot noise
spectroscopy and atom interferometry [9], (ii) secure
cryptography protocols [10], and (iii) scalable quantum
logic devices can be foreseen. In general, no strongly
coupling microcavities and no single particle control are
required to implement computation and communication
protocols. We further anticipate that the approach can
be applied to a variety of interacting many-body systems
ranging from trapped ions to specifically designed semi-
conductor structures.

The basic element of the present scheme is an ensemble
of N identical multistate atoms (Fig. 1) contained in a
volume V . Using well-developed techniques all atoms
can be trapped and prepared in a specific sublevel (gi ,
i � 1, . . . , N) of the ground state manifold. Relevant states
of each atom include a pair of metastable sublevels of
the ground state manifold qi that are used for long-time
storage of qubits (storage states) and long-lived Rydberg
states ri , p

0
i , p

00
i . Additional Rydberg sublevels as well as

lower electronic excited states can be used for specific
applications. We assume modest atomic densities, such
that interactions between atoms can safely be neglected
whenever they are in the sublevels of the ground state.
This also implies long coherence lifetimes — up to a few
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We discuss the application of dipole blockade techniques for the preparation of single-atom and single-
photon sources. A deterministic protocol is given for loading a single atom in an optical trap, as well as ejecting
a controlled number of atoms in a desired direction. A single-photon source with an optically controlled
beamlike emission pattern is described.
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Quantum-information science builds on the laws of quan-
tum mechanics to transmit, store, and process information in
varied and powerful ways. Advances in this field rely on our
ability to manipulate coherently isolated quantum objects
while eliminating incoherent interactions with the surround-
ing environment. It was proposed two decades ago that the
availability of single-photon sources would enable secure
transmission of information without risk of eavesdropping
�1�. Single-photon sources have since been proposed and re-
alized using a number of different approaches �2�, and dem-
onstrated for information transmission �3�. Another example
of a physical embodiment of quantum information is pro-
vided by a single neutral atom, the internal states of which
can be used to represent a quantum bit or ‘‘qubit.’’ Placing
individual atoms on a lattice defined by optical beams and
allowing them to interact is one of the approaches currently
being explored for constructing a quantum computer �4�.

In this Brief Report we describe some approaches for cre-
ating single-atom and single-photon sources for use in quan-
tum information science. These ideas build on the availabil-
ity of an entangled mesoscopic atomic ensemble that is
prepared using dipole-dipole interactions of highly excited
Rydberg atoms as described by Lukin et al. �5�. While Lukin
et al. emphasized the application of mesoscopic many-atom
qubits for quantum logic we discuss here how to combine
many-atom entanglement with laser cooling and trapping
techniques for loading a single-atom into an optical trap, as
well as creating single-atom and single-photon sources. We
show that both atoms and photons can be extracted with
well-defined propagation directions.

Consider a collection of N atoms at positions rj each with
nondegenerate ground states �a�, �b�, intermediate states
�e�, and highly excited Rydberg states �r� as shown in the
inset of Fig. 1. We envision that the atoms have been laser
cooled to �K temperatures, and confined to a volume of a
few �m3 defined by an optical trap created by far off-
resonance optical beams �FORT trap� using standard tech-
niques �6�. Following Ref. �5� we define the following col-
lective atomic states: the ground state �g��� j�b j���b1b2•
••bN�, the singly excited state �r j���b1•••r j•••bN� , and
the doubly excited state �r jrk���b1•••r j•••rk•••bN�. The
interaction Hamiltonian governing the coupling of levels �b�
and �r� assuming zero atom-field detuning is taken to be V̂
�V̂d�V̂dd where 2Vd /��� j� j�r j��g��� j ,k� j�k�r jrk�
��r j��H.c. describes the electric-dipole atom-field coupling

in the rotating wave approximation, and Vdd /�
�� j ,k� j� jk�r jrk��r jrk� describes the dipole-dipole interac-
tion of two excited atoms. Here � j���r j�d̂�b j�E(rj)/� ,
where d̂ is the dipole moment operator, and the position
dependent optical field is E(rj)��E(rj)/2�e�ı�t�c.c. The
dipole-dipole shift in the case of dipole moments aligned
parallel to the vector separating the atoms is given by � jk
�� f (n)e2a0

2/�rj�rk�3 with e the electronic charge and a0
the Bohr radius. The numerical factor f (n)�n6 for a level
with principal quantum number n �7�.

We will be interested in the limit where � jk��� j� so that
we can safely neglect triply excited states and higher. An
arbitrary N atom state vector can be written in this limit as
��(t)��cg(t)�g��� j c̃ j(t)�r j��� j ,k� jc̃ jk(t)�r jrk�. We can
obtain analytical estimates of the dynamics by considering
the atomic evolution due to a field that is pulsed on to excite
a transition to a Rydberg state and has a spatially uniform
intensity such that � j��e ı� j. We neglect the atomic motion
during a pulse so that � j is taken as constant. Incorporating
the phases � j�k•rj for a traveling wave with wave vector k
into the amplitudes c j� c̃ je�ı� j and c jk� c̃ jke�ı(� j��k), as-
suming all coefficients c j equal, and adiabatically eliminat-
ing the doubly excited state, the normalized singly excited
symmetric state can be written as

�s��
1

�N �
j

e ı� j�r j� �1�

FIG. 1. Numerical calculation of the probability of nonexcited
and doubly excited states after a Rydberg pulse as a function of the
number of atoms. The inset shows the atomic level scheme.
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Introduction

Dipole blockade

Rydberg atoms: n� 1⇒ huge electric dipole matrix element d ∝ n2

Dipole interaction ⇒ shift of energy levels

∆dip > excitation line-width ⇒ blockade regime

Radius of blockade rb
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Experiment setup

Experiment setup
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Superconducting atom chip

Nb wires: superconducting

Gold coated

On chip 3D MOT & IP magnetic trap

Varied position and temperature



Experiment setup

Rydberg excitation & detection
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∆ = 540MHz

780 nm laser: σ+, 200µm diameter, ≈ 100 nW

480 nm laser: σ , 50µm diameter, ≈ 10 mW

Microwave transition to neighbouring Rydberg levels

State selective detection

Compensation for perpendicular residual electric field



Let’s take some data

Stark effect and optical transition
Spatial and temporal fluctuation of stray field due to accumulation of charges on chip surface

J. D. Carter, O. Cherry and J. D. D. Martin, PRA 86, 053401 (2012): gradient of 100 (V/cm2) at 500 µm from the chip
surface + temporal drifts
A. Tauschinsky et al., PRA 81, 063411 (2010): field of 1 V/cm at 200 µm, temporal drift due to slow Rb deposition
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cryogenic environment for Rb deposition
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of the slow Rb deposit (∼ 90 nm layer)



Let’s take some data

Stark effect and optical transition
Spatial and temporal fluctuation of stray field due to accumulation of charges on chip surface

J. D. Carter, O. Cherry and J. D. D. Martin, PRA 86, 053401 (2012): gradient of 100 (V/cm2) at 500 µm from the chip
surface + temporal drifts
A. Tauschinsky et al., PRA 81, 063411 (2010): field of 1 V/cm at 200 µm, temporal drift due to slow Rb deposition

Thanh Long NGUYEN (LKB) Rydberg atom on superconducting atom chip QuantumGDR 2014 7/17

-160 -140 -120 -100 -80 -60 -40 -20 0

0

2

4

6

8

10

12

14

Io
n

 s
ig

na
l (

a.
u.

)

Laser detuning (MHz)

Δν ~ 40 MHz

Before 40 mins

1.7 MHz

Solution in our case

Installation of Rb dispensers inside the
cryogenic environment for Rb deposition
on a large surface of the chip −→ saturation
of the slow Rb deposit (∼ 90 nm layer)



Field measurement

Electric field measurement using microwave
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Precise knowledge of Stark shift
allows to measure the residual

electric field

Ĥψ = Ĥ0 + e ~F · ~r
∆ν = A|~F |2, A ∝ n7

A60s1/2 = −92.2 MHz

A61s1/2 = −102.8 MHz

A60p3/2 = −649.6 MHz

Microwave spectroscopy allows
accurate probe of energy shifts
−→ precise tool to measure

electric field

60S1/2 0 GHz

34.8531 GHz

17.2874 GHz

16.8266 GHz
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Field measurement

Electric field measurement using microwave
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Thermal cloud in a magnetic trap

Taking into account Zeeman
splitting −→ We can deduce the
electric field with certain precision

60s1/2 −→ 60p3/2 transition

60s1/2

60p3/2

mJ = +3/2
mJ = +1/2
mJ = -1/2
mJ = -3/2

mJ = +1/2

mJ = -1/2

@455 µm from the chip surface
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Coherence demonstration

Coherence - Spectrum
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Thermal cloud in a magnetic trap
@450µm from the chip
T ∼ 1µK
∼ 60µm ×30µm ×30µm

60S1/2 0 GHz

34.8531 GHz

17.2874 GHz

16.8266 GHz
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60P3/2



Coherence demonstration

Coherence-Ramsey interference
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Thermal cloud @450 µm from the chip
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Coherence demonstration

Coherence-Spin echo
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Thermal cloud @450 µm from the chip
Rydberg lifetime ∼ 210µs

∆ν = 2 × 35 kHz
T = 100µs T = 600µs
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Conclusion

Conclusion

Rb dispenser inside the cryogenic environment allowed a good
control of residual electric field close to the chip surface

Residual electric field were probed from microwave spectroscopy of
nearby Rydberg transition

Coherence times bigger than the Rydberg lifetime were demonstrated

A step forward deterministic excitation of single Rydberg atoms
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Prospects Boom...

Expansion of a cloud of Rydberg atoms
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Prospects Be patient...

Long term aims

Rx =

15µm

22.5µm

35µm

45µm
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Couple deterministic single Rydberg
atom source and CQED/circuit
QED Experiment

Adiabatic passage:

Excitation on an elongated BEC, depending
on the size of BEC and appropriate detuning
−→ 1D crystal of Rydberg atoms

T. Pohl et al., PRL 104, 043002 (2010)



Team

Thanh Long NGUYEN (LKB) Rydberg atom on superconducting atom chip QuantumGDR 2014 16/17

PhD students

Raul Celistrino Teixeira
Carla Hermann Avigliano
Thanh Long NGUYEN
Tigrane Cantat-Moltrecht

Permanents

Michel Brune
Sébastien Gleyzes
Jean-Michel Raimond
Serge Haroche



Thank you for your attention!
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