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Focus fields (beginning of 2020)

1. Quantum optics and photonics based quantum 
technologies

2. Fundamental interactions, new experimental 
technologies                      GPU Day

3. Structural study of new materials at the atomic scale

4. Artificial intelligence, deep learning and big data 
                                             GPU Day

5. Environmental studies and technologies



Wigner RCP: All colours of physics

Quantum physics

Elementary 
particles 

large-scale structure 
 of Universe 

Quantum
information



Quantum information

   kvantumbit  (Qubit)bit

| i = ↵|0i+ �|1i
<latexit sha1_base64="THL3TL3Bel8JRGWOjvFuE6rfNgU=">AAACGXicbZBNSwMxEIaz9avWr6pHL8EiCELZFUEvQtGLxwr2A7qlzKbTNjSbXZKsUNr+DS/+FS8eFPGoJ/+NabuCtr4QeHlmhsm8QSy4Nq775WSWlldW17LruY3Nre2d/O5eVUeJYlhhkYhUPQCNgkusGG4E1mOFEAYCa0H/elKv3aPSPJJ3ZhBjM4Su5B3OwFjUyrsjP9bcVyC7Aukl9UHEPaAj9wed+AEaC7wUtPIFt+hORReNl5oCSVVu5T/8dsSSEKVhArRueG5smkNQhjOB45yfaIyB9aGLDWslhKibw+llY3pkSZt2ImWfNHRKf08MIdR6EAa2MwTT0/O1Cfyv1khM56I55DJODEo2W9RJBDURncRE21whM2JgDTDF7V8p64ECZmyYORuCN3/yoqmeFj236N2eFUpXaRxZckAOyTHxyDkpkRtSJhXCyAN5Ii/k1Xl0np03533WmnHSmX3yR87nN2uin+k=</latexit><latexit sha1_base64="THL3TL3Bel8JRGWOjvFuE6rfNgU=">AAACGXicbZBNSwMxEIaz9avWr6pHL8EiCELZFUEvQtGLxwr2A7qlzKbTNjSbXZKsUNr+DS/+FS8eFPGoJ/+NabuCtr4QeHlmhsm8QSy4Nq775WSWlldW17LruY3Nre2d/O5eVUeJYlhhkYhUPQCNgkusGG4E1mOFEAYCa0H/elKv3aPSPJJ3ZhBjM4Su5B3OwFjUyrsjP9bcVyC7Aukl9UHEPaAj9wed+AEaC7wUtPIFt+hORReNl5oCSVVu5T/8dsSSEKVhArRueG5smkNQhjOB45yfaIyB9aGLDWslhKibw+llY3pkSZt2ImWfNHRKf08MIdR6EAa2MwTT0/O1Cfyv1khM56I55DJODEo2W9RJBDURncRE21whM2JgDTDF7V8p64ECZmyYORuCN3/yoqmeFj236N2eFUpXaRxZckAOyTHxyDkpkRtSJhXCyAN5Ii/k1Xl0np03533WmnHSmX3yR87nN2uin+k=</latexit><latexit sha1_base64="THL3TL3Bel8JRGWOjvFuE6rfNgU=">AAACGXicbZBNSwMxEIaz9avWr6pHL8EiCELZFUEvQtGLxwr2A7qlzKbTNjSbXZKsUNr+DS/+FS8eFPGoJ/+NabuCtr4QeHlmhsm8QSy4Nq775WSWlldW17LruY3Nre2d/O5eVUeJYlhhkYhUPQCNgkusGG4E1mOFEAYCa0H/elKv3aPSPJJ3ZhBjM4Su5B3OwFjUyrsjP9bcVyC7Aukl9UHEPaAj9wed+AEaC7wUtPIFt+hORReNl5oCSVVu5T/8dsSSEKVhArRueG5smkNQhjOB45yfaIyB9aGLDWslhKibw+llY3pkSZt2ImWfNHRKf08MIdR6EAa2MwTT0/O1Cfyv1khM56I55DJODEo2W9RJBDURncRE21whM2JgDTDF7V8p64ECZmyYORuCN3/yoqmeFj236N2eFUpXaRxZckAOyTHxyDkpkRtSJhXCyAN5Ii/k1Xl0np03533WmnHSmX3yR87nN2uin+k=</latexit><latexit sha1_base64="THL3TL3Bel8JRGWOjvFuE6rfNgU=">AAACGXicbZBNSwMxEIaz9avWr6pHL8EiCELZFUEvQtGLxwr2A7qlzKbTNjSbXZKsUNr+DS/+FS8eFPGoJ/+NabuCtr4QeHlmhsm8QSy4Nq775WSWlldW17LruY3Nre2d/O5eVUeJYlhhkYhUPQCNgkusGG4E1mOFEAYCa0H/elKv3aPSPJJ3ZhBjM4Su5B3OwFjUyrsjP9bcVyC7Aukl9UHEPaAj9wed+AEaC7wUtPIFt+hORReNl5oCSVVu5T/8dsSSEKVhArRueG5smkNQhjOB45yfaIyB9aGLDWslhKibw+llY3pkSZt2ImWfNHRKf08MIdR6EAa2MwTT0/O1Cfyv1khM56I55DJODEo2W9RJBDURncRE21whM2JgDTDF7V8p64ECZmyYORuCN3/yoqmeFj236N2eFUpXaRxZckAOyTHxyDkpkRtSJhXCyAN5Ii/k1Xl0np03533WmnHSmX3yR87nN2uin+k=</latexit>

• COMMUNICATION
• COMPUTING

Examples 
• photon + polarization
• atom ground- and 

 excited state
• atom hypefine states
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National Laboratory for Quantum Information
Strategic goals

1. Creation of a quantum information network  
                     forming the ability to join the European Quantum Internet

2. Development of atom and artificial atom based hardware components  
to quantum information processing  
                     forming and maintaining the necessary laboratory  
                     background at a high international level

3. Quantum computation theory  
                     forming the expertise to use large infrastructures



Quantum experiments @

Atom-photon interface

cavity QED system, Rb87 atoms

Optically Detected 
Magnetic Resonance 

NV centers in diamond
SiC nanocrystals



The atom is a ‘lab’5 DATA TABLES 23
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Figure 2: 87Rb D2 transition hyperfine structure, with frequency splittings between the hyperfine energy levels.
The excited-state values are taken from [6], and the ground-state values are from [16]. The approximate Landé
gF -factors for each level are also given, with the corresponding Zeeman splittings between adjacent magnetic
sublevels.
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Figure 1. Schematic diagram of the energy levels of the 87Rb D2 line used
for single-photon production. The atomic states |ei, |xi, |gi are involved in the
STIRAP process and |0i, |1i denote the intra-cavity photon number.

the photonic qubit onto the source where it can be stored for later use [2]. Due to its deterministic
nature and the controllable coupling of a static qubit to a flying qubit, we have chosen to use
an atom–cavity system based on a vacuum stimulated Raman process (V-STIRAP) to produce
single photons. For an overview of the entire field please see [3] and the references therein.
Other approaches include ions and quantum dots in cavities [4, 5], electromagnetically induced
transparency (EIT) [6], and heralded down-conversion sources [7].

In order to perfect neutral atom–cavity sources many techniques have been developed.
These range from intra-cavity dipole traps [8] to the feedback control of the motion of
single atoms [9]. While enormous strides have been made, this has come at the cost of
great experimental complexity. In addition to this complexity, the electric and magnetic fields
used to create long term traps for single atoms distort the atomic levels, reducing the photon
emission probability and introducing additional dephasing. With precision spectroscopy of the
atom–cavity system and complete control of the atom’s position using blue ‘anti-trapping’
dipole traps, it should be possible to overcome these distortions, although at the cost of yet
further experimental complexity. We have taken a different approach and use un-trapped atoms
to circumvent these difficulties, and have demonstrated high efficiency photon production with
an atom–cavity interaction time which is ‘long enough’ for all practical purposes.

Photons are produced using a V-STIRAP process [10, 11]. Figure 1 illustrates the level
scheme for the 87Rb D2 line (52

S1/2 ! 52
P3/2). A single atom, located in a high finesse optical

cavity with photon number |ni = |0i, is prepared in the F = 2 hyperfine ground state denoted
by |ei. The cavity is resonant with the transition F = 1 ! F

0 = 1, |gi ! |xi, and the cavity
vacuum state causes an electric dipole interaction with strength g. The atom is driven with a
laser on the F = 2 ! F

0 = 1, |ei ! |xi transition with time-dependent Rabi frequency �(t).

New Journal of Physics 13 (2011) 103036 (http://www.njp.org/)

Quantum nonlinear optics

Vacuum StiRAP
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a high principal quantum number of n ≈ 100 (Rydberg state) onto 
which a photon is mapped46, then the strong long-range interaction 
between two Rydberg atoms can mediate a strong e#ective photon–
photon interaction. In the simplest case of resonant Rydberg EIT 
(both lasers resonant with their respective transitions, Fig. 4), the 
strong interaction between two Rydberg atoms tunes the two-pho-
ton transition out of resonance, thereby destroying the transparency 
and leading to absorption22,58,59,62–64 for two or more photons. $e 
quantum nonlinearity in this case arises from the Rydberg excita-
tion blockade61, which precludes the simultaneous excitation of two 
Rydberg atoms that are separated by less than the blockade radius 
rb (Fig. 4). In essence, such an excited Rydberg system behaves as a 
‘superatom’ consisting of Nb atoms within the blockade radius, with 
an e#ective cross-section enhanced by a factor Nb, and a correspond-
ing collectively enhanced cooperativity ηcoll ≈ Nbλ2/d2. Because the 
blockade prevents multiple excitations, such a superatom behaves 
as a two-level system, thus resulting in strong optical nonlinearity at 
the two-photon level when ηcoll » 1.

$is idea, %rst demonstrated in a pioneering experiment by 
Pritchard and co-workers65,66, has recently been used to create a non-
linear optical medium that transmits only one photon, but absorbs 
two or more photons. As shown by Peyronel and co-workers67, such 
a medium converts incident coherent states of light, consisting of a 
Poisson distribution in photon number, into outgoing single-photon 

pulses by absorptive %ltering of photon-number states. Related 
techniques allow the implementation of a deterministic single-
photon source68, the switching of light with light69, atom–photon 
entanglement70 and the control of light using Rydberg polaritons71.

Instead of creating an e#ective dissipative nonlinearity (that is, 
a large absorption probability for two photons when they are close 
to each other), it is also possible to create an e#ective dispersive 
nonlinearity — an index of refraction that depends on the distance 
between the photons. $e index of refraction can be viewed as a 
potential energy because the wavelength in the medium depends 
on the index of refraction. $is implies that two photons can 
experience an e#ective distance-dependent potential and force. 
Firstenberg and co-workers recently implemented such a situation 
by means of detuned EIT72, whereby the control laser is detuned 
from resonance with the intermediate state, but the two-photon 
resonance with probe and control laser to the Rydberg state is 
maintained. In this case, the photons not only travel slowly, but 
also acquire an e#ective mass owing to group-velocity dispersion. 
$e attractive interaction between photons in a one-dimensional 
system then supports a bound state of two photons that mani-
fests itself in the form of photon bunching at the system exit72 
(Fig. 5). Extensions of this technique should allow for the creation 
of bound states of three or more photons, which can be viewed as 
quantum solitons73,74.
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Figure 2 | Quantum networks. a, Schematic of a quantum optical network in which atomic memory nodes can store several quantum bits and process 
quantum information locally. These nodes are connected via optical fibres that can carry quantum information encoded in photons. Qubits can be mapped 
from light to atoms mediated, for example, by optical transitions in cavities. b–d, Operation of a two-node quantum network. First, a qubit is stored in 
a coherent superposition of two Zeeman sublevels of a single atom. It is then mapped to a polarization state of a propagating light field (b). Finally, the 
photonic qubit is mapped back to an atomic state in a separate node by coherently absorbing the photon (c). The results of this single-qubit transfer are 
reflected in the elements of the process matrix χmn (d). This matrix relates the initial and final density matrices, ρf = Σ3

m,n=0 χmnσmρiσn, where σ0 is the identity 
matrix and the other σi are Pauli matrices. Perfect state transfer is achieved when χ00 = 1. Figure reproduced from ref. 75, Nature Publishing Group.
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a high principal quantum number of n ≈ 100 (Rydberg state) onto 
which a photon is mapped46, then the strong long-range interaction 
between two Rydberg atoms can mediate a strong e#ective photon–
photon interaction. In the simplest case of resonant Rydberg EIT 
(both lasers resonant with their respective transitions, Fig. 4), the 
strong interaction between two Rydberg atoms tunes the two-pho-
ton transition out of resonance, thereby destroying the transparency 
and leading to absorption22,58,59,62–64 for two or more photons. $e 
quantum nonlinearity in this case arises from the Rydberg excita-
tion blockade61, which precludes the simultaneous excitation of two 
Rydberg atoms that are separated by less than the blockade radius 
rb (Fig. 4). In essence, such an excited Rydberg system behaves as a 
‘superatom’ consisting of Nb atoms within the blockade radius, with 
an e#ective cross-section enhanced by a factor Nb, and a correspond-
ing collectively enhanced cooperativity ηcoll ≈ Nbλ2/d2. Because the 
blockade prevents multiple excitations, such a superatom behaves 
as a two-level system, thus resulting in strong optical nonlinearity at 
the two-photon level when ηcoll » 1.

$is idea, %rst demonstrated in a pioneering experiment by 
Pritchard and co-workers65,66, has recently been used to create a non-
linear optical medium that transmits only one photon, but absorbs 
two or more photons. As shown by Peyronel and co-workers67, such 
a medium converts incident coherent states of light, consisting of a 
Poisson distribution in photon number, into outgoing single-photon 

pulses by absorptive %ltering of photon-number states. Related 
techniques allow the implementation of a deterministic single-
photon source68, the switching of light with light69, atom–photon 
entanglement70 and the control of light using Rydberg polaritons71.

Instead of creating an e#ective dissipative nonlinearity (that is, 
a large absorption probability for two photons when they are close 
to each other), it is also possible to create an e#ective dispersive 
nonlinearity — an index of refraction that depends on the distance 
between the photons. $e index of refraction can be viewed as a 
potential energy because the wavelength in the medium depends 
on the index of refraction. $is implies that two photons can 
experience an e#ective distance-dependent potential and force. 
Firstenberg and co-workers recently implemented such a situation 
by means of detuned EIT72, whereby the control laser is detuned 
from resonance with the intermediate state, but the two-photon 
resonance with probe and control laser to the Rydberg state is 
maintained. In this case, the photons not only travel slowly, but 
also acquire an e#ective mass owing to group-velocity dispersion. 
$e attractive interaction between photons in a one-dimensional 
system then supports a bound state of two photons that mani-
fests itself in the form of photon bunching at the system exit72 
(Fig. 5). Extensions of this technique should allow for the creation 
of bound states of three or more photons, which can be viewed as 
quantum solitons73,74.
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Figure 2 | Quantum networks. a, Schematic of a quantum optical network in which atomic memory nodes can store several quantum bits and process 
quantum information locally. These nodes are connected via optical fibres that can carry quantum information encoded in photons. Qubits can be mapped 
from light to atoms mediated, for example, by optical transitions in cavities. b–d, Operation of a two-node quantum network. First, a qubit is stored in 
a coherent superposition of two Zeeman sublevels of a single atom. It is then mapped to a polarization state of a propagating light field (b). Finally, the 
photonic qubit is mapped back to an atomic state in a separate node by coherently absorbing the photon (c). The results of this single-qubit transfer are 
reflected in the elements of the process matrix χmn (d). This matrix relates the initial and final density matrices, ρf = Σ3

m,n=0 χmnσmρiσn, where σ0 is the identity 
matrix and the other σi are Pauli matrices. Perfect state transfer is achieved when χ00 = 1. Figure reproduced from ref. 75, Nature Publishing Group.
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| i
<latexit sha1_base64="SQIFbgIbRikjiCGUGCcJgjQOdvo=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjEIVuFOBC2DNpYRTCLkjrC3mUuW7O0du3NCOIONf8XGQhFbf4Wd/8bNR6GJDwYe780wMy9MpTDout9OYWl5ZXWtuF7a2Nza3inv7jVNkmkODZ7IRN+FzIAUChooUMJdqoHFoYRWOLga+6170EYk6haHKQQx6ykRCc7QSp3ygS8hwgfq142gvha9PvqaqZ6ETrniVt0J6CLxZqRCZqh3yl9+N+FZDAq5ZMa0PTfFIGcaBZcwKvmZgZTxAetB21LFYjBBPnlhRI+t0qVRom0ppBP190TOYmOGcWg7Y4Z9M++Nxf+8dobRRZALlWYIik8XRZmkmNBxHrQrNHCUQ0sY18LeSnmfacbRplayIXjzLy+S5mnVc6vezVmldjmLo0gOyRE5IR45JzVyTeqkQTh5JM/klbw5T86L8+58TFsLzmxmn/yB8/kDIDGXPw==</latexit><latexit sha1_base64="SQIFbgIbRikjiCGUGCcJgjQOdvo=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjEIVuFOBC2DNpYRTCLkjrC3mUuW7O0du3NCOIONf8XGQhFbf4Wd/8bNR6GJDwYe780wMy9MpTDout9OYWl5ZXWtuF7a2Nza3inv7jVNkmkODZ7IRN+FzIAUChooUMJdqoHFoYRWOLga+6170EYk6haHKQQx6ykRCc7QSp3ygS8hwgfq142gvha9PvqaqZ6ETrniVt0J6CLxZqRCZqh3yl9+N+FZDAq5ZMa0PTfFIGcaBZcwKvmZgZTxAetB21LFYjBBPnlhRI+t0qVRom0ppBP190TOYmOGcWg7Y4Z9M++Nxf+8dobRRZALlWYIik8XRZmkmNBxHrQrNHCUQ0sY18LeSnmfacbRplayIXjzLy+S5mnVc6vezVmldjmLo0gOyRE5IR45JzVyTeqkQTh5JM/klbw5T86L8+58TFsLzmxmn/yB8/kDIDGXPw==</latexit><latexit sha1_base64="SQIFbgIbRikjiCGUGCcJgjQOdvo=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjEIVuFOBC2DNpYRTCLkjrC3mUuW7O0du3NCOIONf8XGQhFbf4Wd/8bNR6GJDwYe780wMy9MpTDout9OYWl5ZXWtuF7a2Nza3inv7jVNkmkODZ7IRN+FzIAUChooUMJdqoHFoYRWOLga+6170EYk6haHKQQx6ykRCc7QSp3ygS8hwgfq142gvha9PvqaqZ6ETrniVt0J6CLxZqRCZqh3yl9+N+FZDAq5ZMa0PTfFIGcaBZcwKvmZgZTxAetB21LFYjBBPnlhRI+t0qVRom0ppBP190TOYmOGcWg7Y4Z9M++Nxf+8dobRRZALlWYIik8XRZmkmNBxHrQrNHCUQ0sY18LeSnmfacbRplayIXjzLy+S5mnVc6vezVmldjmLo0gOyRE5IR45JzVyTeqkQTh5JM/klbw5T86L8+58TFsLzmxmn/yB8/kDIDGXPw==</latexit><latexit sha1_base64="SQIFbgIbRikjiCGUGCcJgjQOdvo=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjEIVuFOBC2DNpYRTCLkjrC3mUuW7O0du3NCOIONf8XGQhFbf4Wd/8bNR6GJDwYe780wMy9MpTDout9OYWl5ZXWtuF7a2Nza3inv7jVNkmkODZ7IRN+FzIAUChooUMJdqoHFoYRWOLga+6170EYk6haHKQQx6ykRCc7QSp3ygS8hwgfq142gvha9PvqaqZ6ETrniVt0J6CLxZqRCZqh3yl9+N+FZDAq5ZMa0PTfFIGcaBZcwKvmZgZTxAetB21LFYjBBPnlhRI+t0qVRom0ppBP190TOYmOGcWg7Y4Z9M++Nxf+8dobRRZALlWYIik8XRZmkmNBxHrQrNHCUQ0sY18LeSnmfacbRplayIXjzLy+S5mnVc6vezVmldjmLo0gOyRE5IR45JzVyTeqkQTh5JM/klbw5T86L8+58TFsLzmxmn/yB8/kDIDGXPw==</latexit>

3⇥ 10
14
Hz

<latexit sha1_base64="6VIJAmDBwEXhLzh15v0Jpo4FKB0=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLRgi6LbrqsYB/QGUsmzbShSWZIMkIdxo2/4saFIm79C3f+jeljoa0HLhzOuZd77wkTzrTxvG9naXlldW29sFHc3Nre2XX39ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcPrsd+6p0qzWN6aUUIDgfuSRYxgY6Wue3juGyaohsi7y1Alh5mvBKw95F235JW9CeAiQTNSAjPUu+6X34tJKqg0hGOtO8hLTJBhZRjhNC/6qaYJJkPcpx1LJbZbg2zyQQ5PrNKDUaxsSQMn6u+JDAutRyK0nQKbgZ73xuJ/Xic10WWQMZmkhkoyXRSlHJoYjuOAPaYoMXxkCSaK2VshGWCFibGhFW0IaP7lRdI8KyOvjG4qperVLI4COALH4BQgcAGqoAbqoAEIeATP4BW8OU/Oi/PufExbl5zZzAH4A+fzB6uKlb0=</latexit><latexit sha1_base64="6VIJAmDBwEXhLzh15v0Jpo4FKB0=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLRgi6LbrqsYB/QGUsmzbShSWZIMkIdxo2/4saFIm79C3f+jeljoa0HLhzOuZd77wkTzrTxvG9naXlldW29sFHc3Nre2XX39ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcPrsd+6p0qzWN6aUUIDgfuSRYxgY6Wue3juGyaohsi7y1Alh5mvBKw95F235JW9CeAiQTNSAjPUu+6X34tJKqg0hGOtO8hLTJBhZRjhNC/6qaYJJkPcpx1LJbZbg2zyQQ5PrNKDUaxsSQMn6u+JDAutRyK0nQKbgZ73xuJ/Xic10WWQMZmkhkoyXRSlHJoYjuOAPaYoMXxkCSaK2VshGWCFibGhFW0IaP7lRdI8KyOvjG4qperVLI4COALH4BQgcAGqoAbqoAEIeATP4BW8OU/Oi/PufExbl5zZzAH4A+fzB6uKlb0=</latexit><latexit sha1_base64="6VIJAmDBwEXhLzh15v0Jpo4FKB0=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLRgi6LbrqsYB/QGUsmzbShSWZIMkIdxo2/4saFIm79C3f+jeljoa0HLhzOuZd77wkTzrTxvG9naXlldW29sFHc3Nre2XX39ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcPrsd+6p0qzWN6aUUIDgfuSRYxgY6Wue3juGyaohsi7y1Alh5mvBKw95F235JW9CeAiQTNSAjPUu+6X34tJKqg0hGOtO8hLTJBhZRjhNC/6qaYJJkPcpx1LJbZbg2zyQQ5PrNKDUaxsSQMn6u+JDAutRyK0nQKbgZ73xuJ/Xic10WWQMZmkhkoyXRSlHJoYjuOAPaYoMXxkCSaK2VshGWCFibGhFW0IaP7lRdI8KyOvjG4qperVLI4COALH4BQgcAGqoAbqoAEIeATP4BW8OU/Oi/PufExbl5zZzAH4A+fzB6uKlb0=</latexit><latexit sha1_base64="6VIJAmDBwEXhLzh15v0Jpo4FKB0=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLRgi6LbrqsYB/QGUsmzbShSWZIMkIdxo2/4saFIm79C3f+jeljoa0HLhzOuZd77wkTzrTxvG9naXlldW29sFHc3Nre2XX39ps6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcPrsd+6p0qzWN6aUUIDgfuSRYxgY6Wue3juGyaohsi7y1Alh5mvBKw95F235JW9CeAiQTNSAjPUu+6X34tJKqg0hGOtO8hLTJBhZRjhNC/6qaYJJkPcpx1LJbZbg2zyQQ5PrNKDUaxsSQMn6u+JDAutRyK0nQKbgZ73xuJ/Xic10WWQMZmkhkoyXRSlHJoYjuOAPaYoMXxkCSaK2VshGWCFibGhFW0IaP7lRdI8KyOvjG4qperVLI4COALH4BQgcAGqoAbqoAEIeATP4BW8OU/Oi/PufExbl5zZzAH4A+fzB6uKlb0=</latexit>

5⇥ 10
9
Hz

<latexit sha1_base64="FFIXbdBIUaE9vC3rAWScNT6hAuk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4Kokoqi7opsuK9gHNLFMppN26EwSZm6EGrLxV9y4UMStn+HOv3H6WGjrgQuHc+7l3nuCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJHrEGcBCsnShGZCBYKxjejP3WA1Oax9EdjBLmS9KPeMgpASN17YNzD7hkGrvOfXaV48xTEtce865ddirOBHiRuDNSRjPUu/aX14tpKlkEVBCtO66TgJ8RBZwKlpe8VLOE0CHps46hETFL/WzyQI6PjdLDYaxMRYAn6u+JjEitRzIwnZLAQM97Y/E/r5NCeOlnPEpSYBGdLgpTgSHG4zRwjytGQYwMIVRxcyumA6IIBZNZyYTgzr+8SJqnFdepuLdn5er1LI4iOkRH6AS56AJVUQ3VUQNRlKNn9IrerCfrxXq3PqatBWs2s4/+wPr8AUDrlYk=</latexit><latexit sha1_base64="FFIXbdBIUaE9vC3rAWScNT6hAuk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4Kokoqi7opsuK9gHNLFMppN26EwSZm6EGrLxV9y4UMStn+HOv3H6WGjrgQuHc+7l3nuCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJHrEGcBCsnShGZCBYKxjejP3WA1Oax9EdjBLmS9KPeMgpASN17YNzD7hkGrvOfXaV48xTEtce865ddirOBHiRuDNSRjPUu/aX14tpKlkEVBCtO66TgJ8RBZwKlpe8VLOE0CHps46hETFL/WzyQI6PjdLDYaxMRYAn6u+JjEitRzIwnZLAQM97Y/E/r5NCeOlnPEpSYBGdLgpTgSHG4zRwjytGQYwMIVRxcyumA6IIBZNZyYTgzr+8SJqnFdepuLdn5er1LI4iOkRH6AS56AJVUQ3VUQNRlKNn9IrerCfrxXq3PqatBWs2s4/+wPr8AUDrlYk=</latexit><latexit sha1_base64="FFIXbdBIUaE9vC3rAWScNT6hAuk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4Kokoqi7opsuK9gHNLFMppN26EwSZm6EGrLxV9y4UMStn+HOv3H6WGjrgQuHc+7l3nuCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJHrEGcBCsnShGZCBYKxjejP3WA1Oax9EdjBLmS9KPeMgpASN17YNzD7hkGrvOfXaV48xTEtce865ddirOBHiRuDNSRjPUu/aX14tpKlkEVBCtO66TgJ8RBZwKlpe8VLOE0CHps46hETFL/WzyQI6PjdLDYaxMRYAn6u+JjEitRzIwnZLAQM97Y/E/r5NCeOlnPEpSYBGdLgpTgSHG4zRwjytGQYwMIVRxcyumA6IIBZNZyYTgzr+8SJqnFdepuLdn5er1LI4iOkRH6AS56AJVUQ3VUQNRlKNn9IrerCfrxXq3PqatBWs2s4/+wPr8AUDrlYk=</latexit><latexit sha1_base64="FFIXbdBIUaE9vC3rAWScNT6hAuk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4Kokoqi7opsuK9gHNLFMppN26EwSZm6EGrLxV9y4UMStn+HOv3H6WGjrgQuHc+7l3nuCRHANjvNtFZaWV1bXiuuljc2t7R17d6+p41RR1qCxiFU7IJoJHrEGcBCsnShGZCBYKxjejP3WA1Oax9EdjBLmS9KPeMgpASN17YNzD7hkGrvOfXaV48xTEtce865ddirOBHiRuDNSRjPUu/aX14tpKlkEVBCtO66TgJ8RBZwKlpe8VLOE0CHps46hETFL/WzyQI6PjdLDYaxMRYAn6u+JjEitRzIwnZLAQM97Y/E/r5NCeOlnPEpSYBGdLgpTgSHG4zRwjytGQYwMIVRxcyumA6IIBZNZyYTgzr+8SJqnFdepuLdn5er1LI4iOkRH6AS56AJVUQ3VUQNRlKNn9IrerCfrxXq3PqatBWs2s4/+wPr8AUDrlYk=</latexit>

Linking quantum computation to communication


