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CAN WE MAKE SCIENCE EVOLUTION TANGIBLE

?
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How to represent knowledge spaces ?

[...] to gather in the smallest possible space and to place, so to
speak, the Philosopher above this vast labyrinth in a very high
view point from where he can see both the Sciences and the main
Arts; see at a glance the objects of his speculations, the operations he
can do on these objects; distinguish the general branches of human
knowledge, the points that separate or unite them; sometimes even
glimpse the secret roads that bring them together. It’s a kind of
mappemonde that must show the main countries, their position
& their mutual dependence, the straight path there is from one to
the other; path often cut by a thousand obstacles, which can only
be known in each country by its inhabitants & which could only be
shown in very detailed particular maps. These particular cards will
be the different items in our Encyclopedia, the tree or abstract plan
will be the mappemonde.

D’Alembert (1751) L’Encyclopédie / Introduction to the 1st edition of
the French Encyclopedia
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How to represent knowledge spaces ?

“Knowledge is impossible to
draw as a whole in a truthful man-
ner, but only through the choice of
a point of view that is both ar-
bitrary and inevitable [...] One
can create as many different sys-
tems of human knowledge as there
are world maps having different
projections, and each one of these
systems might even have some par-
ticular advantage possessed by none
of the others.”

D’Alembert (1751)
L’Encyclopédie/1ère
édition/Discours préliminaire
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Develop transversal methods
that makes it possible to
understand the socio-semantic
dynamics through their digital
traces.
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STIMERGY
CATALYST OF

COLLECTIVE INTELLIGENCE
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Multi-partite structures
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Multi-level structures
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The knowledge
labyrinths

In any case,
the one of all en-
cyclopedic trees
that would offer the
greatest number of
connections between
the Sciences would
undoubtedly deserve
to be preferred.
D’Alembert (1751)
L’Encyclopédie/1ère
édition/Discours
préliminaire

Quoi qu’il en soit, celui de tous les
arbres encyclopédiques qui
offrirait le plus grand nombre de
liaisons & de rapports entre les
Sciences mériterait sans doute
d’être préféré.
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ADDRESSING D’ALEMBERT’S CHALLENGE:
TACKLING THE LABYRINTHS

I Build new interfaces with knowledge labyrinths,
I Shed light on the way they is evolving locally,
I Shed light on the way in which their different parts are

articulated,
I Shed light on their global dynamics.
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Multi-scale structure of scientific fields
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Phylomemies of science

Chavalarias, D., Cointet, J.-P., 2013. Phylomemetic patterns in science
evolution—the rise and fall of scientific fields. PloS one 8, e54847.
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QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

qubit,  quantum information
stimulated scattering 

QUANTUM CONTROL
QUANTUM CRYPTOGRAPHY (1994)

quantum information theory

quantum state reconstruction
quantum tomography,  qubit

twin-photon source
optical lattices
quantum entanglement
ultracold atoms
quantum channels
high harmonics

matter waves,  decoherence
light fields ,  quantum optics
orbital angular momentum

 

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1994)

quantum state reconstruction
quantum tomography
quantum entanglement
matter waves 

INVERSIONLESS GAIN
QUANTUM REGISTERS (1994)

inversionless gain
quantum registersqubit

molecular optics
quantum channels
high harmonics,  matter waves
geometric phases  

EAP - QUANTUM INFORMATION PROCESSING (1994)

quantum information theory,  cryptographic protocols
geometric phases  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

spin coherence
quantum information
quantum coherence  

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1994)

quantum state reconstruction
quantum tomography
quantum entanglement
quantum information
quantum coherence  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

qubit,  spin coherence
high harmonics 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1994)

qubit,  trapped ions  

QUANTUM STATE RECONSTRUCTION
TWIN-PHOTON SOURCE (1994)

quantum state reconstruction
twin-photon source
optical lattices
ultracold atoms  

QUANTUM CRYPTOGRAPHY
QUANTUM INFORMATION PROCESSING (1994)

quantum memory,  qubit,  quantum computation 

QUANTUM STATE RECONSTRUCTION - QUBIT (1994)

quantum state reconstruction
twin-photon source
quantum entanglement

matter waves,  quantum optics  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum state reconstruction
quantum tomography
quantum information
quantum coherence  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum cryptography

quantum information theory
quantum state reconstruction
qubit,  quantum computation

spin coherence
high harmonics
matter waves,  decoherence  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum cryptography

quantum state reconstruction
quantum tomography
quantum information

light interaction 

EAP - QUANTUM INFORMATION PROCESSING (1994)

quantum information theory,  qubit
quantum entanglement
quantum channels,  high harmonics
geometric phases  

EAP - QUANTUM INFORMATION PROCESSING (1994)

quantum information theory,  qubit
quantum computation
quantum entanglement 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum control
quantum state reconstruction
quantum tomography
quantum information

light interaction
matter waves 

EAP - QUANTUM CRYPTOGRAPHY (1994)

quantum information processing
quantum information theory
qubit,  quantum entanglement
geometric phases  

MESOSCOPIC STATES - OPTICAL LATTICES (1995)

mesoscopic states,  optical lattices
qubit,  decoherence  

QUANTUM ALGORITHMS - QUANTUM CIRCUITS (1995)

quantum algorithms
quantum circuits quantum information theory

qubit,  quantum gate,  quantum computation
quantum entanglement,  quantum physics
atomic interactions 

OPTICAL LATTICES
QUANTUM STATE RECONSTRUCTION (1995)

quantum tomography,  qubit,  twin-photon source
matter waves,  quantum channels
ultracold atoms ,  quantum control

geometric phases
high harmonics,  light fields  

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithmsqubit

quantum entanglement
decoherence  

QUANTUM INFORMATION THEORY
QUANTUM STATE RECONSTRUCTION (1995)

quantum tomography,  twin-photon source
matter waves,  quantum entanglement
quantum channels 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

quantum entanglement,  quantum cryptography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
quantum information theory
qubit,  quantum entanglement 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

matter waves,  quantum entanglement
quantum channels

local refinement
photon source 

MOLECULAR OPTICS - QUANTUM REGISTERS (1995)

qubit,  inversionless gain ,  high harmonics 

QUANTUM STATE RECONSTRUCTION
QUANTUM COMMUNICATION (1995)

quantum cryptography,  quantum coherence  

MESOSCOPIC STATES
QUANTUM COMMUNICATION (1995)

mesoscopic states
quantum information
quantum coherence  

QUANTUM INFORMATION THEORY
QUANTUM COMMUNICATION (1995)

quantum cryptography,  quantum coherence  

QUANTUM INFORMATION THEORY
QUANTUM ENTANGLEMENT (1995)

quantum cryptography,  quantum coherence  

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION SCIENCE (1995)

quantum information science
quantum information theory
qubit,  quantum computation,  quantum cryptography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
quantum information theory
qubit,  quantum computation 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION SCIENCE (1995)

quantum information science
quantum cryptography

entanglement 

QUANTUM INFORMATION PROCESSING
QUANTUM MEMORY (1995)

qubit,  quantum computation,  quantum cryptography 

QUANTUM INFORMATION PROCESSING
WEAK MEASUREMENT (1995)

weak measurement
quantum cryptography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
weak measurement
quantum computation 

OPTICAL LATTICES
QUANTUM STATE RECONSTRUCTION (1995)

optical lattices quantum tomography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
quantum information processing
quantum information science
qubit,  decoherence  

MESOSCOPIC STATES - QUBIT (1995)

mesoscopic states
quantum computation
quantum information 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

eap,  quantum entanglement,  quantum channels 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

eap,  quantum entanglement,  optical cavity 

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1995)

quantum control,  light interaction 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

qubit,  eap,  geometric phases  

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

qubit,  eap,  quantum entanglement
quantum cryptography 

QUANTUM COMMUNICATION COMPLEXITY
QUANTUM INFORMATION PROCESSING (1996)

quantum communication complexity
quantum information science
quantum information theory

quantum registers,  qubit
weak measurement

quantum feedback
quantum cryptography,  entanglement 

QUANTUM REGISTERS - TRAP ARRAYS (1995)

trap arrays
microscopic systems
ion traps,  trapped ions  

QUANTUM ALGORITHMS - QUANTUM GATE (1996)

quantum algorithms ,  quantum gate
quantum information theory
quantum registers ,  trap arrays
microscopic systems ,  ion traps
trapped ions  

QUANTUM ALGORITHMS - QUANTUM CHANNELS (1996)

quantum gate,  quantum information processing

qubit,  quantum feedback 

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum circuits
quantum entanglement

quantum feedback 

QUANTUM ALGORITHMS - QUANTUM GATE (1997)

quantum circuits

quantum key distribution
weak measurement 

QUANTUM ALGORITHMS
IDENTITY VERIFICATION (1997)

identity verification
quantum information theory

microtraps,  quantum physics 

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1996)

twin-photon source ,  optical lattices
ultracold atoms  

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1996)

quantum entanglement

quantum feedback
quantum coherence  

ATOMIC ENSEMBLES
QUANTUM INFORMATION THEORY (1996)

atomic ensembles
semiconductor microlasers
quantum key distribution
quantum cryptography 

HIGH-DIMENSIONAL PARAMETER SPACE
QUANTUM ALGORITHMS (1996)

high-dimensional parameter space
quantum information processing
quantum information theory

quantum registers
quantum thermodynamics,  qubit

weak measurement ,  mesoscopic states

ion traps,  decoherence ,  quantum coherence

entanglement 

EAP - NITROGEN-VACANCY CENTER (1996)

nitrogen-vacancy center
quantum channels
quantum gate
quantum information processing
quantum information theory

quantum registers
twin-photon source
quantum entanglement

quantum key distribution
geometric phases  

QUANTUM COMMUNICATION COMPLEXITY
OPTICAL LATTICES (1996)

quantum communication complexity
quantum feedback 

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum information processing
qubit, quantum entanglement

quantum feedback 

ATOMIC ENSEMBLES - QUBIT (1996)

atomic ensembles
semiconductor microlasers
ion traps 

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum feedback,  decoherence  

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum information processing

qubit,  quantum feedback 

ATOMIC ENSEMBLES
QUANTUM INFORMATION THEORY (1996)

atomic ensembles
light interaction 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1996)

twin-photon source,  quantum coherence  

QUANTUM INFORMATION THEORY
QUANTUM REGISTERS (1996)

quantum registers
quantum key distribution
quantum cryptography 

QUANTUM COMMUNICATION COMPLEXITY
QUANTUM INFORMATION PROCESSING (1996)

quantum communication complexity
quantum entanglement
quantum cryptography 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1996)

twin-photon source 

EAP - QUANTUM INFORMATION PROCESSING (1996)

qubit,  quantum entanglement 

EAP - QUANTUM INFORMATION PROCESSING (1996)

quantum information theory,  quantum entanglement
quantum cryptography 

QUANTUM ALGORITHMS - QUANTUM CHANNELS (1997)

quantum gate,  quantum information processing

slow-light,  quantum information theory 

QUANTUM ALGORITHMS - QUANTUM CHANNELS (1997)

quantum algorithms quantum gate

identity verification
quantum information theory

ultrafast modulation,  microtraps
quantum key distribution 

FREQUENCY COMBS
OPTICAL FREQUENCY COMBS (1997)

frequency combs
optical frequency combs
ion traps,  trapped ions  

QUANTUM REGISTERS - TRAP ARRAYS (1997)

ion traps,  trapped ions  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum engineering
quantum information processing

bio-sensors 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum thermodynamics
quantum information theory

 

ATOM CHIPS - QUANTUM COMMUNICATION (1997)

atom chipsquantum feedback

quantum information processing

qubit manipulation
slow-light,  quantum information theory

photon source  

QUANTUM INFORMATION PROCESSING
QUANTUM METROLOGY (1997)

quantum metrology
quantum information theory
quantum entanglement 

ATOM CHIPS - QUANTUM FEEDBACK (1997)

atom chips
quantum information processing
quantum information theory,  entanglement 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum engineering
twin-photon source
optical lattices

ultracold atoms 

QUANTUM STATE RECONSTRUCTION
TWIN-PHOTON SOURCE (1997)

quantum tomography,  optical lattices
ultracold atoms  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

twin-photon source
quantum information theory

 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum information processing
atomic ensembles
semiconductor microlasers
quantum cryptography 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum information processing
quantum information science

bio-sensors,  quantum cryptography 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum communication complexity
quantum feedback
quantum information processing
quantum information theory
quantum cryptography 

TWIN-PHOTON SOURCE - QUANTUM FEEDBACK (1998)

atomic ensembles
quantum information processing
quantum information theory,  quantum cryptography 

FREQUENCY COMBS
OPTICAL FREQUENCY COMBS (1998)

ion traps,  trapped ions  

EUV - QUBIT MANIPULATION (2005)

scalable quantum information processing
trap arrays,  microtraps
trapped ions,  ion trap 

QUANTUM REGISTERS - SLOW-LIGHT (1998)

quantum registers
quantum algorithms
quantum information theory

quantum key distribution
quantum gate,  quantum channels 

IDENTITY VERIFICATION - MICROTRAPS (1998)

quantum algorithms,  quantum information theory
quantum physics 

ATOM CHIPS - MICROTRAPS (1998)

atom chips quantum algorithms
quantum information theory
quantum gate 

SLOW-LIGHT - OPTICAL LATTICES (1998)

quantum simulations  

QUANTUM ENGINEERING - ATOM TRAPPING (1999)

atom trapping ultracold atoms
optical lattices  

MESOSCOPIC STATES
QUANTUM INFORMATION SCIENCE (1998)

mesoscopic states
quantum feedback
quantum information processing
quantum information theory

entanglement 

QUANTUM THERMODYNAMICS
QUANTUM INFORMATION THEORY (1998)

 

EUV - QUBIT MANIPULATION (2001)

euvquantum registers

quantum state reconstruction
lasing without population inversion

quantum key distribution
quantum cryptography 

QUANTUM COMMUNICATION COMPLEXITY
QUANTUM FEEDBACK (1998)

quantum cryptography,  entanglement 

ULTRAFAST MODULATION
IDENTITY VERIFICATION (1998)

microtraps,  quantum algorithms
quantum information theory
quantum key distribution,  quantum gate
quantum channels 

QUANTUM COMMUNICATION COMPLEXITY
LASING WITHOUT POPULATION INVERSION (1999)

lasing without population inversion
localization of light
quantum correlation 

MEMBRANE COMPUTING
NATURAL COMPUTING (1999)

membrane computing
natural computing
quantum communication complexity
quantum information theory 

EUV - QUBIT MANIPULATION (2003)

euv,  qubit manipulation
ion traps,  trapped ions  

QUBIT MANIPULATION - ATOM CHIPS (2003)

qubit manipulation
quantum information science

quantum thermodynamics
superconducting nanocircuits
microtraps,  trap arrays,  quantum gate 

QUANTUM THERMODYNAMICS
QUANTUM INFORMATION THEORY (1999)

quantum cryptography,  entanglement 

QUANTUM REGISTERS
QUANTUM INFORMATION THEORY (1999)

quantum channels 

MICROTRAPS - QUANTUM ALGORITHMS (1999)

quantum information theory
ultrafast modulation
identity verification
quantum channels 

MICROTRAPS - QUANTUM ALGORITHMS (1999)

quantum key distribution
identity verification
quantum channels,  quantum gate 

ATOMIC ENSEMBLES - TWIN-PHOTON SOURCE (1999)

quantum cryptography 

QUANTUM REGISTERS
QUANTUM INFORMATION THEORY (1999)

quantum registers
twin-photon source
quantum cryptography 

MICROTRAPS - ATOM TRAPPING (2000)

microtraps ultracold atoms
optical lattices  

QUANTUM ENGINEERING
MESOSCOPIC STATES (2000)

quantum engineering
mesoscopic states
twin-photon source
quantum registers
quantum channels
quantum information theory
entanglement 

LASING WITHOUT POPULATION INVERSION
QUANTUM COMMUNICATION COMPLEXITY (2000)

quantum registers

quantum state reconstruction
localization of light,  ion traps
quantum cryptography 

QUANTUM MATTER - EUV (2001)

quantum matter,  euv
microtraps

qubit manipulation
ultracold atoms

matter waves,  optical lattices  

QUANTUM MEMORY CHANNELS - EUV (2002)

quantum memory channels
qubit manipulation

quantum gases,  quantum matter
microtraps,  ultracold atoms
optical lattices

quantum simulations
matter waves 

DEGENERATE QUANTUM GASES
HYPERENTANGLEMENT (2004)

degenerate quantum gases
multiphoton entanglement
atom chips,  microtraps,  ultracold atoms
optical lattices  

EUV - QUANTUM KEY DISTRIBUTION (2002)

quantum cryptography 

LASING WITHOUT POPULATION INVERSION
QUANTUM REGISTERS (2002)

quantum state reconstruction,  quantum cryptography 

TOPOLOGICAL QUANTUM COMPUTING
QUANTUM REGISTERS (2002)

topological quantum computing
quantum key distribution 

MAGNETODIELECTRICS
QUANTUM REGISTERS (2002)

magnetodielectrics
quantum key distribution
quantum cryptography 

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
pulse engineering
weak measurement
light interaction
quantum memory,  quantum circuits

atomic ensembles
quantum algorithms

cluster states,  geometric phases

anyons,  quantum key distribution
quantum cryptography 

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
quantum key distribution
quantum cryptography 

TOPOLOGICAL QUANTUM COMPUTING
LASING WITHOUT POPULATION INVERSION (2003)

quantum registers ,  quantum state reconstruction
quantum key distribution 

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
pulse engineering
quantum matter,  microtraps
ultracold atoms ,  quantum gases
matter waves,  optical lattices  

QUANTUM MEMORY CHANNELS
QUANTUM MATTER (2003)

ultracold atoms ,  quantum gases

matter waves,  optical lattices  

STRONGLY CORRELATED QUANTUM SYSTEMS
CORRELATED QUANTUM SYSTEMS (2006)

strongly correlated quantum systems
correlated quantum systems euv
quantum matter,  quantum simulations 

EUV - ONE-WAY QUANTUM COMPUTING (2004)

pulse engineering ,  atomic ensembles
quantum gases,  quantum memory
geometric phases
cluster states

homodyne detection
quantum cryptography 

EUV - TOPOLOGICAL QUANTUM COMPUTING (2004)

atomic ensembles ,  quantum key distribution 

EUV - ONE-WAY QUANTUM COMPUTING (2004)

atomic ensembles ,  quantum key distribution
quantum cryptography 

LASING WITHOUT POPULATION INVERSION
QUANTUM KEY DISTRIBUTION (2004)

quantum cryptography 

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
ATOMIC ENSEMBLES (2004)

quantum information processing and communication
atomic ensembles quantum key distribution 

CIRCUIT QUANTUM ELECTRODYNAMICS - EUV (2004)

circuit quantum electrodynamics
topological quantum computing

 

EUV - QUBIT MANIPULATION (2004)

qubit manipulation
quantum matter,  microtraps
matter waves 

EUV - QUANTUM MATTER (2004)

microtraps,  quantum gases,  ultracold atoms
matter waves,  optical lattices  

PHOTON NUMBER RESOLVING
QUANTUM MANIPULATION (2003)

photon number resolving
atom chips ,  quantum engineering

past presence 

PHOTON NUMBER RESOLVING
PAST PRESENCE (2005)

past presence
quantum manipulation
quantum engineering

atomic ensembles
stimulated scattering 

MULTIPHOTON ENTANGLEMENT
ONE-WAY QUANTUM COMPUTING (2004)

multiphoton entanglement
quantum key distribution

 

ONE-WAY QUANTUM COMPUTING
QUANTUM COMMUNICATION COMPLEXITY (2004)

quantum communication complexity
atomic ensembles 

QUANTUM MEMORY CHANNELS
QUANTUM MATTER (2004)

quantum gases,  ultracold atoms ,  matter waves
optical lattices  

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
pulse engineering
quantum memory,  atomic ensembles
quantum gases

EUV - MICROTRAPS (2004)

microtraps atomic ensembles
quantum gases

matter waves 

MULTIPHOTON ENTANGLEMENT - ATOM CHIPS (2005)

hyperentanglement,  degenerate quantum gases ,  microtraps
ultracold atoms ,  optical lattices

high fidelity 

EUV - QUANTUM MEMORY CHANNELS (2005)

atomic ensembles,  quantum gases
ultracold atoms ,  matter waves
optical lattices  

MULTIPHOTON ENTANGLEMENT
ONE-WAY QUANTUM COMPUTING (2005)

quantum dynamical systems
quantum channels
quantum key distribution

 

EUV - ONE-WAY QUANTUM COMPUTING (2005)

pulse engineering ,  atomic ensembles
cluster states ,  quantum memory
geometric phases
quantum cryptography 

EUV - ONE-WAY QUANTUM COMPUTING (2005)

quantum communication complexity
atomic ensembles

quantum memory
quantum key distribution

 

MAGNETODIELECTRICS
PHOTON NUMBER RESOLVING (2004)

quantum engineering,  atomic ensembles
single-photon sources
quantum cryptography 

PHOTON NUMBER RESOLVING
QUANTUM ENGINEERING (2005)

single-photon sources ,  atomic ensembles  

HYPERENTANGLEMENT - MESOSCOPIC STATES (2004)

one-way quantum computing,  quantum tomography
quantum feedback ,  quantum memory 

ONE-WAY QUANTUM COMPUTING
HYPERENTANGLEMENT (2005)

quantum memory 

CIRCUIT QUANTUM ELECTRODYNAMICS
QUANTUM STATE RECONSTRUCTION (2005)

quantum state reconstruction
quantum technologies 

EUV - MICROTRAPS (2005)

quantum matter,  quantum gases
ultracold atoms  

EUV - MICROTRAPS (2005)

quantum gases,  ultracold atoms ,  matter waves
optical lattices  

EUV - ONE-WAY QUANTUM COMPUTING (2005)

atomic ensembles ,  quantum key distribution
quantum cryptography 

PULSE ENGINEERING - EUV (2006)

one-way quantum computing
atomic ensembles
ultracold atoms  

QUANTUM COMB
QUANTUM MEMORY CHANNELS (2006)

quantum comb
multiphoton entanglement
atom chips ,  degenerate quantum gases
microtraps,  matter waves
ultracold atoms
optical lattices  

TOPOLOGICAL QUANTUM COMPUTING
CORRELATED QUANTUM SYSTEMS (2006)

euv,  many-body quantum systems

quantum state reconstruction
quantum imaging ,  quantum tomography
anyons,  atomic ensembles
single-photon sources
spin systems  

HYPERENTANGLEMENT - MESOSCOPIC STATES (2006)

mesoscopic states one-way quantum computing

quantum feedback,  quantum memory 

QUANTUM ENGINEERING
QUANTUM MANIPULATION (2006)

past presence ,  atom chips
stimulated scattering 

QUANTUM ENGINEERING
PHOTON NUMBER RESOLVING (2006)

past presence ,  twin-photon source
quantum tomography 

CIRCUIT QUANTUM ELECTRODYNAMICS
QUANTUM ENGINEERING (2006)

quantum engineering
scalable quantum information processing

 

CIRCUIT QUANTUM ELECTRODYNAMICS - EUV (2006)

quantum state reconstruction,  quantum technologies  

ONE-WAY QUANTUM COMPUTING
QUANTUM COMMUNICATION COMPLEXITY (2006)

quantum channels  

HYPERENTANGLEMENT
DEGENERATE QUANTUM GASES (2007)

hyperentanglement microtraps
cold atoms ,  optical lattices  

EUV - INVERSIONLESS GAIN (2007)

euv,  inversionless gain
quantum state reconstruction
quantum gases,  ultracold atoms
optical lattices  

DEGENERATE QUANTUM GASES - MICROTRAPS (2007)

ultracold atoms ,  optical lattices  

QUANTUM COMB - PHOTONIC CAVITIES (2007)

scalable quantum information processing
quantum memory channels
multiphoton entanglement

trapped ions,  ion trap 

EUV - QUANTUM STATE RECONSTRUCTION (2007)

atomic ensembles ,  quantum channels  

EUV - PULSE ENGINEERING (2007)

one-way quantum computing
atomic ensembles

quantum key distribution
 

QUANTUM COMMUNICATION COMPLEXITY
ONE-WAY QUANTUM COMPUTING (2007)

atomic ensembles
quantum key distribution 

PAST PRESENCE - QUANTUM ENGINEERING (2007)

photon number resolving ,  quantum manipulation
stimulated scattering 

EUV - PULSE ENGINEERING (2007)

pulse engineering
twin-photon source 

PHOTONIC CAVITIES
QUANTUM INFORMATION PROCESSING AND COMMUNICATION (2006)

photonic cavitiesquantum memory channels

multiphoton entanglement
scalable quantum information processing
comb generator  

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
PHOTONIC CAVITIES (2007)

scalable quantum information processing ,  quantum memory channels

far infrared 

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
PHOTONIC CAVITIES (2007)

scalable quantum information processing ,  quantum memory channels
multiphoton entanglement ,  comb generator  

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
CIRCUIT QUANTUM ELECTRODYNAMICS (2007)

photonic cavities ,  optomechanics ,  scalable quantum information processing
quantum memory channels,  multiphoton entanglement
quantum imaging,  quantum feedback  

OPTOMECHANICS - PHOTONIC CAVITIES (2006)

photonic cavities
quantum information processing and communication
quantum memory channels
multiphoton entanglement
quantum imaging 

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
PHOTONIC CAVITIES (2007)

quantum memory channels,  quantum imaging,  saturable absorption 

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2007)

multiphoton entanglement ,  quantum imaging

quantum entanglement  

TOPOLOGICAL QUANTUM COMPUTING
INVERSIONLESS GAIN (2007)

optomechanics ,  multiphoton entanglement
quantum imaging

random lasers
quantum feedback 

PHOTONIC CAVITIES - OPTOMECHANICS (2007)

quantum memory channels
multiphoton entanglement
quantum imaging

optical cavity 

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2007)

multiphoton entanglement ,  quantum imaging
quantum feedback

quantum control 

OPTOMECHANICS - PHOTONIC CAVITIES (2006)

photonic cavities
quantum information processing and communication
quantum memory channels
circuit quantum electrodynamics
quantum feedback  

OPTOMECHANICS - PHOTONIC CAVITIES (2006)

photonic cavities
quantum information processing and communication
quantum memory channels
circuit quantum electrodynamics
multiphoton entanglement
scalable quantum information processing

 

QUANTUM COMMUNICATION COMPLEXITY
ONE-WAY QUANTUM COMPUTING (2008)

atomic ensembles ,  quantum key distribution 

DEGENERATE QUANTUM GASES
HYPERENTANGLEMENT (2008)

microtraps,  cold atoms ,  optical lattices  

INVERSIONLESS GAIN - EUV (2008)

quantum state reconstruction
quantum gases,  ultracold atoms
optical lattices  

DEGENERATE QUANTUM GASES - MICROTRAPS (2008)

ultracold atoms ,  optical lattices  

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2008)

quantum information processing and communication
quantum imaging,  saturable absorption  

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2008)

scalable quantum information processing
quantum information processing and communication
far infrared 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum comb,  quantum memory channels
scalable quantum information processing
trapped ions ,  ion trap 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum memory channels,  quantum imaging
quantum entanglement 

PULSE ENGINEERING - EUV (2008)

twin-photon source  

EUV - QUANTUM STATE RECONSTRUCTION (2008)

atomic ensembles ,  quantum channels 

MULTIPHOTON ENTANGLEMENT
OPTOMECHANICS (2008)

topological quantum computing
inversionless gain
quantum imaging
quantum feedback
random lasers  

QUANTUM ENGINEERING - PAST PRESENCE (2008)

quantum manipulation,  stimulated scattering
photon number resolving  

PULSE ENGINEERING - EUV (2008)

one-way quantum computing
atomic ensembles
quantum key distribution

 

MULTIPHOTON ENTANGLEMENT
OPTOMECHANICS (2008)

photonic cavities ,  quantum memory channels
quantum imaging
optical cavity 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum memory channels,  quantum imaging
quantum feedback
quantum control 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum memory channels
scalable quantum information processing
quantum information processing and communication
comb generator  

CIRCUIT QUANTUM ELECTRODYNAMICS
MULTIPHOTON ENTANGLEMENT (2008)

optomechanics ,  photonic cavities
quantum memory channels
scalable quantum information processing
quantum information processing and communication
quantum imaging,  quantum feedback  

1994  - Peter Shor algorithm to factorize 
            large integers  
1995 -  First schemes for quantum error correction.
         - First realization of a quantum logic gate 

1996 - First quantum database search algorithm.
         - First public call for research proposals in      
           quantum information processing 
           (US Gov. & Army).

1998  - First experimental demonstration of a quantum  
            algorithm.
          - First working 3-qubit NMR computer

2001 Negative result 
           Demontration by Noah Linden and             
           Sandu Popescu that entanglement (so far absent   
           from experiments) is a necessary condition for a
           large class of quantum protocols.
           - First execution of Shor's algorithm 
2002   Quantum computation roadmap.

2003   - Quantum controlled-not gates using only linear 
             optical elements
           - DARPA Quantum Network operational

2004   - First working pure state NMR quantum computer

2005   - First quantum byte, or qubyte
           - First transfer of quantum information between            
             "quantum memories"

2006 - 2007 
          acceleration of discoverires. 
             Cf. https://en.wikipedia.org/wiki/Timeline_of_quantum_computing

1994

1995

1996

1997

1998

1999 1999 Membrane computiong, natural 

2001 EUV, Quantum matter

2002 Quantum memory channel, topological 
quantum computing,  magnetodielectric

2003 One-way quantum computing, 
superconducting nanocircuits,
pulse engineering, cluster states

Nombre de documents du WoS pour la requête
("quantum communication" OR "quantum information" OR 
"quantum computing" OR "quantum computer" OR 
"quantum processing"
 OR "quantum algorithm")

Première apparition du terme dans 
la phylomémie

LEGENDE
ORDINATEURS QUANTIQUES

2000

2001

2002

2003

2004

2005

2006

2007

2008

Science phylomemy
Chavalarias, D., 2016 (HDR) https://hal.archives-ouvertes.fr/tel-01394843v1



5

14

23

36

96

107

241

298

380

425

376

450

415

490

483

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

qubit,  quantum information
stimulated scattering 

QUANTUM CONTROL
QUANTUM CRYPTOGRAPHY (1994)

quantum information theory

quantum state reconstruction
quantum tomography,  qubit

twin-photon source
optical lattices
quantum entanglement
ultracold atoms
quantum channels
high harmonics

matter waves,  decoherence
light fields ,  quantum optics
orbital angular momentum

 

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1994)

quantum state reconstruction
quantum tomography
quantum entanglement
matter waves 

INVERSIONLESS GAIN
QUANTUM REGISTERS (1994)

inversionless gain
quantum registersqubit

molecular optics
quantum channels
high harmonics,  matter waves
geometric phases  

EAP - QUANTUM INFORMATION PROCESSING (1994)

quantum information theory,  cryptographic protocols
geometric phases  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

spin coherence
quantum information
quantum coherence  

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1994)

quantum state reconstruction
quantum tomography
quantum entanglement
quantum information
quantum coherence  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

qubit,  spin coherence
high harmonics 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1994)

qubit, trapped ions

QUANTUM STATE RECONSTRUCTION
TWIN-PHOTON SOURCE (1994)

quantum state reconstruction
twin-photon source
optical lattices
ultracold atoms  

QUANTUM CRYPTOGRAPHY
QUANTUM INFORMATION PROCESSING (1994)

quantum memory,  qubit,  quantum computation 

QUANTUM STATE RECONSTRUCTION - QUBIT (1994)

quantum state reconstruction
twin-photon source
quantum entanglement

matter waves,  quantum optics  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum state reconstruction
quantum tomography
quantum information
quantum coherence  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum cryptography

quantum information theory
quantum state reconstruction
qubit,  quantum computation

spin coherence
high harmonics
matter waves,  decoherence  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum cryptography

quantum state reconstruction
quantum tomography
quantum information

light interaction 

EAP - QUANTUM INFORMATION PROCESSING (1994)

quantum information theory,  qubit
quantum entanglement
quantum channels,  high harmonics
geometric phases  

EAP - QUANTUM INFORMATION PROCESSING (1994)

quantum information theory,  qubit
quantum computation
quantum entanglement 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1994)

quantum control
quantum state reconstruction
quantum tomography
quantum information

light interaction
matter waves 

EAP - QUANTUM CRYPTOGRAPHY (1994)

quantum information processing
quantum information theory
qubit,  quantum entanglement
geometric phases  

MESOSCOPIC STATES - OPTICAL LATTICES (1995)

mesoscopic states,  optical lattices
qubit,  decoherence  

QUANTUM ALGORITHMS - QUANTUM CIRCUITS (1995)

quantum algorithms
quantum circuits quantum information theory

qubit,  quantum gate,  quantum computation
quantum entanglement,  quantum physics
atomic interactions 

OPTICAL LATTICES
QUANTUM STATE RECONSTRUCTION (1995)

quantum tomography,  qubit,  twin-photon source
matter waves,  quantum channels
ultracold atoms ,  quantum control

geometric phases
high harmonics,  light fields  

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithmsqubit

quantum entanglement
decoherence  

QUANTUM INFORMATION THEORY
QUANTUM STATE RECONSTRUCTION (1995)

quantum tomography,  twin-photon source
matter waves,  quantum entanglement
quantum channels 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

quantum entanglement,  quantum cryptography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
quantum information theory
qubit,  quantum entanglement 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

matter waves,  quantum entanglement
quantum channels

local refinement
photon source 

MOLECULAR OPTICS - QUANTUM REGISTERS (1995)

qubit,  inversionless gain ,  high harmonics 

QUANTUM STATE RECONSTRUCTION
QUANTUM COMMUNICATION (1995)

quantum cryptography,  quantum coherence  

MESOSCOPIC STATES
QUANTUM COMMUNICATION (1995)

mesoscopic states
quantum information
quantum coherence  

QUANTUM INFORMATION THEORY
QUANTUM COMMUNICATION (1995)

quantum cryptography,  quantum coherence  

QUANTUM INFORMATION THEORY
QUANTUM ENTANGLEMENT (1995)

quantum cryptography,  quantum coherence  

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION SCIENCE (1995)

quantum information science
quantum information theory
qubit,  quantum computation,  quantum cryptography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
quantum information theory
qubit,  quantum computation 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION SCIENCE (1995)

quantum information science
quantum cryptography

entanglement 

QUANTUM INFORMATION PROCESSING
QUANTUM MEMORY (1995)

qubit,  quantum computation,  quantum cryptography 

QUANTUM INFORMATION PROCESSING
WEAK MEASUREMENT (1995)

weak measurement
quantum cryptography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
weak measurement
quantum computation 

OPTICAL LATTICES
QUANTUM STATE RECONSTRUCTION (1995)

optical lattices quantum tomography 

QUANTUM ALGORITHMS
QUANTUM INFORMATION PROCESSING (1995)

quantum algorithms
quantum information processing
quantum information science
qubit,  decoherence  

MESOSCOPIC STATES - QUBIT (1995)

mesoscopic states
quantum computation
quantum information 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

eap,  quantum entanglement,  quantum channels 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

eap,  quantum entanglement,  optical cavity 

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1995)

quantum control,  light interaction 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

qubit,  eap,  geometric phases  

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1995)

qubit,  eap,  quantum entanglement
quantum cryptography 

QUANTUM COMMUNICATION COMPLEXITY
QUANTUM INFORMATION PROCESSING (1996)

quantum communication complexity
quantum information science
quantum information theory

quantum registers,  qubit
weak measurement

quantum feedback
quantum cryptography,  entanglement 

QUANTUM REGISTERS - TRAP ARRAYS (1995)

trap arrays
microscopic systems
ion traps,  trapped ions  

QUANTUM ALGORITHMS - QUANTUM GATE (1996)

quantum algorithms ,  quantum gate
quantum information theory
quantum registers ,  trap arrays
microscopic systems ,  ion traps
trapped ions  

QUANTUM ALGORITHMS - QUANTUM CHANNELS (1996)

quantum gate,  quantum information processing

qubit,  quantum feedback 

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum circuits
quantum entanglement

quantum feedback 

QUANTUM ALGORITHMS - QUANTUM GATE (1997)

quantum circuits

quantum key distribution
weak measurement 

QUANTUM ALGORITHMS
IDENTITY VERIFICATION (1997)

identity verification
quantum information theory

microtraps,  quantum physics 

QUANTUM STATE RECONSTRUCTION
QUANTUM TOMOGRAPHY (1996)

twin-photon source ,  optical lattices
ultracold atoms  

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1996)

quantum entanglement

quantum feedback
quantum coherence  

ATOMIC ENSEMBLES
QUANTUM INFORMATION THEORY (1996)

atomic ensembles
semiconductor microlasers
quantum key distribution
quantum cryptography 

HIGH-DIMENSIONAL PARAMETER SPACE
QUANTUM ALGORITHMS (1996)

high-dimensional parameter space
quantum information processing
quantum information theory

quantum registers
quantum thermodynamics,  qubit

weak measurement ,  mesoscopic states

ion traps,  decoherence ,  quantum coherence

entanglement 

EAP - NITROGEN-VACANCY CENTER (1996)

nitrogen-vacancy center
quantum channels
quantum gate
quantum information processing
quantum information theory

quantum registers
twin-photon source
quantum entanglement

quantum key distribution
geometric phases  

QUANTUM COMMUNICATION COMPLEXITY
OPTICAL LATTICES (1996)

quantum communication complexity
quantum feedback 

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum information processing
qubit, quantum entanglement

quantum feedback 

ATOMIC ENSEMBLES - QUBIT (1996)

atomic ensembles
semiconductor microlasers
ion traps 

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum feedback,  decoherence  

QUANTUM ALGORITHMS
QUANTUM COMMUNICATION COMPLEXITY (1996)

quantum communication complexity
quantum information processing

qubit,  quantum feedback 

ATOMIC ENSEMBLES
QUANTUM INFORMATION THEORY (1996)

atomic ensembles
light interaction 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1996)

twin-photon source,  quantum coherence  

QUANTUM INFORMATION THEORY
QUANTUM REGISTERS (1996)

quantum registers
quantum key distribution
quantum cryptography 

QUANTUM COMMUNICATION COMPLEXITY
QUANTUM INFORMATION PROCESSING (1996)

quantum communication complexity
quantum entanglement
quantum cryptography 

QUANTUM INFORMATION PROCESSING
QUANTUM INFORMATION THEORY (1996)

twin-photon source 

EAP - QUANTUM INFORMATION PROCESSING (1996)

qubit,  quantum entanglement 

EAP - QUANTUM INFORMATION PROCESSING (1996)

quantum information theory,  quantum entanglement
quantum cryptography 

QUANTUM ALGORITHMS - QUANTUM CHANNELS (1997)

quantum gate,  quantum information processing

slow-light,  quantum information theory 

QUANTUM ALGORITHMS - QUANTUM CHANNELS (1997)

quantum algorithms quantum gate

identity verification
quantum information theory

ultrafast modulation,  microtraps
quantum key distribution 

FREQUENCY COMBS
OPTICAL FREQUENCY COMBS (1997)

frequency combs
optical frequency combs
ion traps,  trapped ions  

QUANTUM REGISTERS - TRAP ARRAYS (1997)

ion traps,  trapped ions  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum engineering
quantum information processing

bio-sensors 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum thermodynamics
quantum information theory

 

ATOM CHIPS - QUANTUM COMMUNICATION (1997)

atom chipsquantum feedback

quantum information processing

qubit manipulation
slow-light,  quantum information theory

photon source  

QUANTUM INFORMATION PROCESSING
QUANTUM METROLOGY (1997)

quantum metrology
quantum information theory
quantum entanglement 

ATOM CHIPS - QUANTUM FEEDBACK (1997)

atom chips
quantum information processing
quantum information theory,  entanglement 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum engineering
twin-photon source
optical lattices

ultracold atoms 

QUANTUM STATE RECONSTRUCTION
TWIN-PHOTON SOURCE (1997)

quantum tomography,  optical lattices
ultracold atoms  

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

twin-photon source
quantum information theory

 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum information processing
atomic ensembles
semiconductor microlasers
quantum cryptography 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum information processing
quantum information science

bio-sensors,  quantum cryptography 

QUANTUM COMMUNICATION
QUANTUM COMMUNICATION (1997)

quantum communication complexity
quantum feedback
quantum information processing
quantum information theory
quantum cryptography 

TWIN-PHOTON SOURCE - QUANTUM FEEDBACK (1998)

atomic ensembles
quantum information processing
quantum information theory,  quantum cryptography 

FREQUENCY COMBS
OPTICAL FREQUENCY COMBS (1998)

ion traps,  trapped ions  

EUV - QUBIT MANIPULATION (2005)

scalable quantum information processing
trap arrays,  microtraps
trapped ions,  ion trap 

QUANTUM REGISTERS - SLOW-LIGHT (1998)

quantum registers
quantum algorithms
quantum information theory

quantum key distribution
quantum gate,  quantum channels 

IDENTITY VERIFICATION - MICROTRAPS (1998)

quantum algorithms,  quantum information theory
quantum physics 

ATOM CHIPS - MICROTRAPS (1998)

atom chips quantum algorithms
quantum information theory
quantum gate 

SLOW-LIGHT - OPTICAL LATTICES (1998)

quantum simulations  

QUANTUM ENGINEERING - ATOM TRAPPING (1999)

atom trapping ultracold atoms
optical lattices  

MESOSCOPIC STATES
QUANTUM INFORMATION SCIENCE (1998)

mesoscopic states
quantum feedback
quantum information processing
quantum information theory

entanglement 

QUANTUM THERMODYNAMICS
QUANTUM INFORMATION THEORY (1998)

 

EUV - QUBIT MANIPULATION (2001)

euvquantum registers

quantum state reconstruction
lasing without population inversion

quantum key distribution
quantum cryptography 

QUANTUM COMMUNICATION COMPLEXITY
QUANTUM FEEDBACK (1998)

quantum cryptography,  entanglement 

ULTRAFAST MODULATION
IDENTITY VERIFICATION (1998)

microtraps,  quantum algorithms
quantum information theory
quantum key distribution,  quantum gate
quantum channels 

QUANTUM COMMUNICATION COMPLEXITY
LASING WITHOUT POPULATION INVERSION (1999)

lasing without population inversion
localization of light
quantum correlation 

MEMBRANE COMPUTING
NATURAL COMPUTING (1999)

membrane computing
natural computing
quantum communication complexity
quantum information theory 

EUV - QUBIT MANIPULATION (2003)

euv,  qubit manipulation
ion traps,  trapped ions  

QUBIT MANIPULATION - ATOM CHIPS (2003)

qubit manipulation
quantum information science

quantum thermodynamics
superconducting nanocircuits
microtraps,  trap arrays,  quantum gate 

QUANTUM THERMODYNAMICS
QUANTUM INFORMATION THEORY (1999)

quantum cryptography,  entanglement 

QUANTUM REGISTERS
QUANTUM INFORMATION THEORY (1999)

quantum channels 

MICROTRAPS - QUANTUM ALGORITHMS (1999)

quantum information theory
ultrafast modulation
identity verification
quantum channels 

MICROTRAPS - QUANTUM ALGORITHMS (1999)

quantum key distribution
identity verification
quantum channels,  quantum gate 

ATOMIC ENSEMBLES - TWIN-PHOTON SOURCE (1999)

quantum cryptography 

QUANTUM REGISTERS
QUANTUM INFORMATION THEORY (1999)

quantum registers
twin-photon source
quantum cryptography 

MICROTRAPS - ATOM TRAPPING (2000)

microtraps ultracold atoms
optical lattices  

QUANTUM ENGINEERING
MESOSCOPIC STATES (2000)

quantum engineering
mesoscopic states
twin-photon source
quantum registers
quantum channels
quantum information theory
entanglement 

LASING WITHOUT POPULATION INVERSION
QUANTUM COMMUNICATION COMPLEXITY (2000)

quantum registers

quantum state reconstruction
localization of light,  ion traps
quantum cryptography 

QUANTUM MATTER - EUV (2001)

quantum matter,  euv
microtraps

qubit manipulation
ultracold atoms

matter waves,  optical lattices  

QUANTUM MEMORY CHANNELS - EUV (2002)

quantum memory channels
qubit manipulation

quantum gases,  quantum matter
microtraps,  ultracold atoms
optical lattices

quantum simulations
matter waves 

DEGENERATE QUANTUM GASES
HYPERENTANGLEMENT (2004)

degenerate quantum gases
multiphoton entanglement
atom chips,  microtraps,  ultracold atoms
optical lattices  

EUV - QUANTUM KEY DISTRIBUTION (2002)

quantum cryptography 

LASING WITHOUT POPULATION INVERSION
QUANTUM REGISTERS (2002)

quantum state reconstruction,  quantum cryptography 

TOPOLOGICAL QUANTUM COMPUTING
QUANTUM REGISTERS (2002)

topological quantum computing
quantum key distribution 

MAGNETODIELECTRICS
QUANTUM REGISTERS (2002)

magnetodielectrics
quantum key distribution
quantum cryptography 

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
pulse engineering
weak measurement
light interaction
quantum memory,  quantum circuits

atomic ensembles
quantum algorithms

cluster states,  geometric phases

anyons,  quantum key distribution
quantum cryptography 

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
quantum key distribution
quantum cryptography 

TOPOLOGICAL QUANTUM COMPUTING
LASING WITHOUT POPULATION INVERSION (2003)

quantum registers ,  quantum state reconstruction
quantum key distribution 

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
pulse engineering
quantum matter,  microtraps
ultracold atoms ,  quantum gases
matter waves,  optical lattices  

QUANTUM MEMORY CHANNELS
QUANTUM MATTER (2003)

ultracold atoms ,  quantum gases

matter waves,  optical lattices  

STRONGLY CORRELATED QUANTUM SYSTEMS
CORRELATED QUANTUM SYSTEMS (2006)

strongly correlated quantum systems
correlated quantum systems euv
quantum matter,  quantum simulations 

EUV - ONE-WAY QUANTUM COMPUTING (2004)

pulse engineering ,  atomic ensembles
quantum gases,  quantum memory
geometric phases
cluster states

homodyne detection
quantum cryptography 

EUV - TOPOLOGICAL QUANTUM COMPUTING (2004)

atomic ensembles ,  quantum key distribution 

EUV - ONE-WAY QUANTUM COMPUTING (2004)

atomic ensembles ,  quantum key distribution
quantum cryptography 

LASING WITHOUT POPULATION INVERSION
QUANTUM KEY DISTRIBUTION (2004)

quantum cryptography 

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
ATOMIC ENSEMBLES (2004)

quantum information processing and communication
atomic ensembles quantum key distribution 

CIRCUIT QUANTUM ELECTRODYNAMICS - EUV (2004)

circuit quantum electrodynamics
topological quantum computing

 

EUV - QUBIT MANIPULATION (2004)

qubit manipulation
quantum matter,  microtraps
matter waves 

EUV - QUANTUM MATTER (2004)

microtraps,  quantum gases,  ultracold atoms
matter waves,  optical lattices  

PHOTON NUMBER RESOLVING
QUANTUM MANIPULATION (2003)

photon number resolving
atom chips ,  quantum engineering

past presence 

PHOTON NUMBER RESOLVING
PAST PRESENCE (2005)

past presence
quantum manipulation
quantum engineering

atomic ensembles
stimulated scattering 

MULTIPHOTON ENTANGLEMENT
ONE-WAY QUANTUM COMPUTING (2004)

multiphoton entanglement
quantum key distribution

 

ONE-WAY QUANTUM COMPUTING
QUANTUM COMMUNICATION COMPLEXITY (2004)

quantum communication complexity
atomic ensembles 

QUANTUM MEMORY CHANNELS
QUANTUM MATTER (2004)

quantum gases,  ultracold atoms ,  matter waves
optical lattices  

EUV - ONE-WAY QUANTUM COMPUTING (2003)

one-way quantum computing
pulse engineering
quantum memory,  atomic ensembles
quantum gases 

EUV - MICROTRAPS (2004)

microtraps atomic ensembles
quantum gases

matter waves 

MULTIPHOTON ENTANGLEMENT - ATOM CHIPS (2005)

hyperentanglement,  degenerate quantum gases ,  microtraps
ultracold atoms ,  optical lattices

high fidelity 

EUV - QUANTUM MEMORY CHANNELS (2005)

atomic ensembles,  quantum gases
ultracold atoms ,  matter waves
optical lattices  

MULTIPHOTON ENTANGLEMENT
ONE-WAY QUANTUM COMPUTING (2005)

quantum dynamical systems
quantum channels
quantum key distribution

 

EUV - ONE-WAY QUANTUM COMPUTING (2005)

pulse engineering ,  atomic ensembles
cluster states ,  quantum memory
geometric phases
quantum cryptography 

EUV - ONE-WAY QUANTUM COMPUTING (2005)

quantum communication complexity
atomic ensembles

quantum memory
quantum key distribution

 

MAGNETODIELECTRICS
PHOTON NUMBER RESOLVING (2004)

quantum engineering,  atomic ensembles
single-photon sources
quantum cryptography 

PHOTON NUMBER RESOLVING
QUANTUM ENGINEERING (2005)

single-photon sources ,  atomic ensembles  

HYPERENTANGLEMENT - MESOSCOPIC STATES (2004)

one-way quantum computing,  quantum tomography
quantum feedback ,  quantum memory 

ONE-WAY QUANTUM COMPUTING
HYPERENTANGLEMENT (2005)

quantum memory 

CIRCUIT QUANTUM ELECTRODYNAMICS
QUANTUM STATE RECONSTRUCTION (2005)

quantum state reconstruction
quantum technologies 

EUV - MICROTRAPS (2005)

quantum matter,  quantum gases
ultracold atoms  

EUV - MICROTRAPS (2005)

quantum gases,  ultracold atoms ,  matter waves
optical lattices  

EUV - ONE-WAY QUANTUM COMPUTING (2005)

atomic ensembles ,  quantum key distribution
quantum cryptography 

PULSE ENGINEERING - EUV (2006)

one-way quantum computing
atomic ensembles
ultracold atoms  

QUANTUM COMB
QUANTUM MEMORY CHANNELS (2006)

quantum comb
multiphoton entanglement
atom chips ,  degenerate quantum gases
microtraps,  matter waves
ultracold atoms
optical lattices  

TOPOLOGICAL QUANTUM COMPUTING
CORRELATED QUANTUM SYSTEMS (2006)

euv,  many-body quantum systems

quantum state reconstruction
quantum imaging ,  quantum tomography
anyons,  atomic ensembles
single-photon sources
spin systems  

HYPERENTANGLEMENT - MESOSCOPIC STATES (2006)

mesoscopic states one-way quantum computing

quantum feedback,  quantum memory 

QUANTUM ENGINEERING
QUANTUM MANIPULATION (2006)

past presence ,  atom chips
stimulated scattering 

QUANTUM ENGINEERING
PHOTON NUMBER RESOLVING (2006)

past presence ,  twin-photon source
quantum tomography 

CIRCUIT QUANTUM ELECTRODYNAMICS
QUANTUM ENGINEERING (2006)

quantum engineering
scalable quantum information processing

 

CIRCUIT QUANTUM ELECTRODYNAMICS - EUV (2006)

quantum state reconstruction,  quantum technologies  

ONE-WAY QUANTUM COMPUTING
QUANTUM COMMUNICATION COMPLEXITY (2006)

quantum channels  

HYPERENTANGLEMENT
DEGENERATE QUANTUM GASES (2007)

hyperentanglement microtraps
cold atoms ,  optical lattices  

EUV - INVERSIONLESS GAIN (2007)

euv,  inversionless gain
quantum state reconstruction
quantum gases,  ultracold atoms
optical lattices  

DEGENERATE QUANTUM GASES - MICROTRAPS (2007)

ultracold atoms ,  optical lattices  

QUANTUM COMB - PHOTONIC CAVITIES (2007)

scalable quantum information processing
quantum memory channels
multiphoton entanglement

trapped ions,  ion trap 

EUV - QUANTUM STATE RECONSTRUCTION (2007)

atomic ensembles ,  quantum channels  

EUV - PULSE ENGINEERING (2007)

one-way quantum computing
atomic ensembles

quantum key distribution
 

QUANTUM COMMUNICATION COMPLEXITY
ONE-WAY QUANTUM COMPUTING (2007)

atomic ensembles
quantum key distribution 

PAST PRESENCE - QUANTUM ENGINEERING (2007)

photon number resolving ,  quantum manipulation
stimulated scattering 

EUV - PULSE ENGINEERING (2007)

pulse engineering
twin-photon source 

PHOTONIC CAVITIES
QUANTUM INFORMATION PROCESSING AND COMMUNICATION (2006)

photonic cavitiesquantum memory channels

multiphoton entanglement
scalable quantum information processing
comb generator  

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
PHOTONIC CAVITIES (2007)

scalable quantum information processing ,  quantum memory channels

far infrared 

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
PHOTONIC CAVITIES (2007)

scalable quantum information processing ,  quantum memory channels
multiphoton entanglement ,  comb generator  

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
CIRCUIT QUANTUM ELECTRODYNAMICS (2007)

photonic cavities ,  optomechanics ,  scalable quantum information processing
quantum memory channels,  multiphoton entanglement
quantum imaging,  quantum feedback  

OPTOMECHANICS - PHOTONIC CAVITIES (2006)

photonic cavities
quantum information processing and communication
quantum memory channels
multiphoton entanglement
quantum imaging 

QUANTUM INFORMATION PROCESSING AND COMMUNICATION
PHOTONIC CAVITIES (2007)

quantum memory channels,  quantum imaging,  saturable absorption 

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2007)

multiphoton entanglement ,  quantum imaging

quantum entanglement  

TOPOLOGICAL QUANTUM COMPUTING
INVERSIONLESS GAIN (2007)

optomechanics ,  multiphoton entanglement
quantum imaging

random lasers
quantum feedback 

PHOTONIC CAVITIES - OPTOMECHANICS (2007)

quantum memory channels
multiphoton entanglement
quantum imaging

optical cavity 

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2007)

multiphoton entanglement ,  quantum imaging
quantum feedback

quantum control 

OPTOMECHANICS - PHOTONIC CAVITIES (2006)

photonic cavities
quantum information processing and communication
quantum memory channels
circuit quantum electrodynamics
quantum feedback  

OPTOMECHANICS - PHOTONIC CAVITIES (2006)

photonic cavities
quantum information processing and communication
quantum memory channels
circuit quantum electrodynamics
multiphoton entanglement
scalable quantum information processing

 

QUANTUM COMMUNICATION COMPLEXITY
ONE-WAY QUANTUM COMPUTING (2008)

atomic ensembles ,  quantum key distribution 

DEGENERATE QUANTUM GASES
HYPERENTANGLEMENT (2008)

microtraps,  cold atoms ,  optical lattices  

INVERSIONLESS GAIN - EUV (2008)

quantum state reconstruction
quantum gases,  ultracold atoms
optical lattices  

DEGENERATE QUANTUM GASES - MICROTRAPS (2008)

ultracold atoms ,  optical lattices  

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2008)

quantum information processing and communication
quantum imaging,  saturable absorption  

PHOTONIC CAVITIES
QUANTUM MEMORY CHANNELS (2008)

scalable quantum information processing
quantum information processing and communication
far infrared 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum comb,  quantum memory channels
scalable quantum information processing
trapped ions ,  ion trap 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum memory channels,  quantum imaging
quantum entanglement 

PULSE ENGINEERING - EUV (2008)

twin-photon source  

EUV - QUANTUM STATE RECONSTRUCTION (2008)

atomic ensembles ,  quantum channels 

MULTIPHOTON ENTANGLEMENT
OPTOMECHANICS (2008)

topological quantum computing
inversionless gain
quantum imaging
quantum feedback
random lasers  

QUANTUM ENGINEERING - PAST PRESENCE (2008)

quantum manipulation,  stimulated scattering
photon number resolving  

PULSE ENGINEERING - EUV (2008)

one-way quantum computing
atomic ensembles
quantum key distribution

 

MULTIPHOTON ENTANGLEMENT
OPTOMECHANICS (2008)

photonic cavities ,  quantum memory channels
quantum imaging
optical cavity 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum memory channels,  quantum imaging
quantum feedback
quantum control 

MULTIPHOTON ENTANGLEMENT
PHOTONIC CAVITIES (2008)

quantum memory channels
scalable quantum information processing
quantum information processing and communication
comb generator  

CIRCUIT QUANTUM ELECTRODYNAMICS
MULTIPHOTON ENTANGLEMENT (2008)

optomechanics ,  photonic cavities
quantum memory channels
scalable quantum information processing
quantum information processing and communication
quantum imaging,  quantum feedback  

1994  - Peter Shor algorithm to factorize 
            large integers  
1995 -  First schemes for quantum error correction.
         - First realization of a quantum logic gate 

1996 - First quantum database search algorithm.
         - First public call for research proposals in      
           quantum information processing 
           (US Gov. & Army).

1998  - First experimental demonstration of a quantum  
            algorithm.
          - First working 3-qubit NMR computer

2001 Negative result 
           Demontration by Noah Linden and             
           Sandu Popescu that entanglement (so far absent   
           from experiments) is a necessary condition for a
           large class of quantum protocols.
           - First execution of Shor's algorithm 
2002   Quantum computation roadmap.

2003   - Quantum controlled-not gates using only linear 
             optical elements
           - DARPA Quantum Network operational

2004   - First working pure state NMR quantum computer

2005   - First quantum byte, or qubyte
           - First transfer of quantum information between            
             "quantum memories"

2006 - 2007 
          acceleration of discoverires. 
             Cf. https://en.wikipedia.org/wiki/Timeline_of_quantum_computing

1994

1995

1996

1997

1998

1999 1999 Membrane computiong, natural 

2001 EUV, Quantum matter

2002 Quantum memory channel, topological 
quantum computing,  magnetodielectric

2003 One-way quantum computing, 
superconducting nanocircuits,
pulse engineering, cluster states

Nombre de documents du WoS pour la requête
("quantum communication" OR "quantum information" OR 
"quantum computing" OR "quantum computer" OR 
"quantum processing"
 OR "quantum algorithm")

Première apparition du terme dans 
la phylomémie

LEGENDE
ORDINATEURS QUANTIQUES

2000

2001

2002

2003

2004

2005

2006

2007

2008

Science phylomemy
(Chavalarias, D., 2016 (HDR) https://hal.archives-ouvertes.fr/tel-01394843v1



Phylomemies : fields hybridization

David Chavalarias, Institut des Systemes Complexes de Paris Ile-de-France - http://iscpif.fr;



Phylomemies : fields emergence

David Chavalarias, Institut des Systemes Complexes de Paris Ile-de-France - http://iscpif.fr;



I What are the first questions to address ?
I What kind of interdisciplinarity is this ?

David Chavalarias, Institut des Systemes Complexes de Paris Ile-de-France - http://iscpif.fr;


