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Classical bit — unit of information:   or 0 1

Data stream  …0010110101…

Qubits and Entanglement

Entangled pair of qubits             “Bell pair”α |01⟩ + β |10⟩ |α | = |β | :

At the heart of quantum communication/computing — but hard to stabilise

Long-range entanglement

Quantum bit (“qubit”) — can be in a superposition  α |0⟩ + β |1⟩

|0⟩

|1⟩
Spin:  α | ↓ ⟩ + β | ↑ ⟩
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Main result

Array of coupled qubits:

�l
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• Entanglement can be stable for certain types of noise

• Symmetry can be a resource

⇒
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SD and Nigel CooperBig picture — engineering quantum systems

Designer experimental platforms

cold atoms superconducting circuits

• Simulating idealised models

• Novel many-body quantum phenomena

• Quantum technologies

Long-range entanglement — resource for quantum information processing

[Bloch, Nature ’08] [Koch et al, PRA ’10]

Lewenstein et al,  Adv Phys ’07
Müller et al,  Adv At Mol Opt Phys ’12

Georgescu et al, RMP ’14

Horodecki et al, RMP ’09
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SD and Nigel CooperBig picture — engineering open quantum systems

Environmental noise typically destroys quantum correlations

random spin flips  infinite-temperature state⟹

…But

1) It is possible to engineer environment as resource

Photon
source

Mott insulator 
of photons  
[Ma et al, 
Nature ’19]

2) Symmetry can lead to decoupled sectors

What if all states are 
highly entangled?

Sieberer et al, Rep. Prog. Phys. ’16

Buca, Prosen, NJP ’12
Albert, Jiang,  PRA ‘14

Symmetry

Conservation law …

states ⟶

 s
ta

te
s

⟵



SD and Nigel CooperContext — steady state with pump & loss

• Dynamics reduce to non-interacting fermions

• Unique steady state w/ short-range correlations

[Prosen, NJP ’08;  PRL ’08;  J Stat Mech ’17]Boundary-driven chain
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⟨b̂+
i b̂j⟩

Here: Pump & loss not on the boundaries

1/2

−1/2

site j
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<latexit sha1_base64="lh80zOmBrcXiZALn2m9l54JXEpY=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYQnTKkRCHQiusWSW3ZnoMvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hUugkBmLGR2wAbUsVC8H46ezqCT2xSo/2I21LIZ2pvydSFhozDgPbGTIcmkVvKv7ntRPsX/qpUHGCoPh8UT+RFCM6jYD2hAaOcmwJ41rYWykfMs042qAKNgRv8eVl0jgre5Xy+W2lVL3K4siTI3JMTolHLkiV3JAaqRNONHkmr+TNeXRenHfnY96ac7KZQ/IHzucPgH2ShQ==</latexit>

• Does not reduce to non-interacting system

• Multiple steady states (hidden symmetry)

• Stable long-range entanglement ⟨b̂+
i b̂j⟩

]
Rare!



Model



SD and Nigel CooperModel — centre-driven qubit array

“Hard-core bosons” with localised pump and loss

Ĥ = �J

l�1X

i=�l

�
b̂
†
i b̂i+1 + b̂

†
i+1b̂i

�

<latexit sha1_base64="bx4e6yDOLcvlB4SaqlIOJoUAL1c="></latexit>

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

b̂†2i = 0

<latexit sha1_base64="7fRRpnHu3pOrjnee8qfjob2Vz98=">AAACEnicbVDLSsNAFJ34rPVVdelmsAi6sCSloi6EohuXFewDmhgmk9t26OTBzEQoId/gxl9x40IRt67c+TdO2yy09cDAuefcy517vJgzqUzz21hYXFpeWS2sFdc3Nre2Szu7LRklgkKTRjwSHY9I4CyEpmKKQycWQAKPQ9sbXo/99gMIyaLwTo1icALSD1mPUaK05JaO7QFRqZe57D61fdLvg8DVDNsDGRMK6YlZMU9pkF1i0y2VdTEBnidWTsooR8Mtfdl+RJMAQkU5kbJrmbFyUiIUoxyyop1I0EuGpA9dTUMSgHTSyUkZPtSKj3uR0C9UeKL+nkhJIOUo8HRnQNRAznpj8T+vm6jeuZOyME4UhHS6qJdwrCI8zgf7TABVfKQJoYLpv2I6IIJQpVMs6hCs2ZPnSatasWqVi9tauX6Vx1FA++gAHSELnaE6ukEN1EQUPaJn9IrejCfjxXg3PqatC0Y+s4f+wPj8AXg+nK8=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

]Not
essential

d⇢̂

dt
= �i [Ĥ, ⇢̂] +

X
↵
L̂↵⇢̂L̂

†
↵ � {L̂†

↵L̂↵, ⇢̂}/2

<latexit sha1_base64="BXgRqh1k1eJYr91pT5dPQN1hLkU="></latexit>

(Lindblad)
<latexit sha1_base64="SnIDWwtSQEQoIqOL0LpvsI1o6C0="></latexit>

L̂+ =
p
�+ b̂†0 , L̂� =

p
�� b̂0

Master equation for a 
Markovian environment:



SD and Nigel CooperModel — centre-driven qubit array

“Hard-core bosons” with localised pump and loss

Ĥ = �J

l�1X

i=�l

�
b̂
†
i b̂i+1 + b̂

†
i+1b̂i

�

<latexit sha1_base64="bx4e6yDOLcvlB4SaqlIOJoUAL1c="></latexit>

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

b̂†2i = 0

<latexit sha1_base64="7fRRpnHu3pOrjnee8qfjob2Vz98=">AAACEnicbVDLSsNAFJ34rPVVdelmsAi6sCSloi6EohuXFewDmhgmk9t26OTBzEQoId/gxl9x40IRt67c+TdO2yy09cDAuefcy517vJgzqUzz21hYXFpeWS2sFdc3Nre2Szu7LRklgkKTRjwSHY9I4CyEpmKKQycWQAKPQ9sbXo/99gMIyaLwTo1icALSD1mPUaK05JaO7QFRqZe57D61fdLvg8DVDNsDGRMK6YlZMU9pkF1i0y2VdTEBnidWTsooR8Mtfdl+RJMAQkU5kbJrmbFyUiIUoxyyop1I0EuGpA9dTUMSgHTSyUkZPtSKj3uR0C9UeKL+nkhJIOUo8HRnQNRAznpj8T+vm6jeuZOyME4UhHS6qJdwrCI8zgf7TABVfKQJoYLpv2I6IIJQpVMs6hCs2ZPnSatasWqVi9tauX6Vx1FA++gAHSELnaE6ukEN1EQUPaJn9IrejCfjxXg3PqatC0Y+s4f+wPj8AXg+nK8=</latexit>

Equivalent to XY spin-1/2 chain with spin-flip “errors”

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

]Not
essential

Two-component bosons in a deep lattice [Duan, Demler, Lukin PRL ’03]

Spin-orbit coupled fermions [Mamaev, Kimchi, Nandkishore, Rey ’20]

Rydberg arrays [Browaeys, Lahaye Nat. Phys. ’20]

d⇢̂

dt
= �i [Ĥ, ⇢̂] +

X
↵
L̂↵⇢̂L̂

†
↵ � {L̂†

↵L̂↵, ⇢̂}/2

<latexit sha1_base64="BXgRqh1k1eJYr91pT5dPQN1hLkU="></latexit>

(Lindblad)
<latexit sha1_base64="SnIDWwtSQEQoIqOL0LpvsI1o6C0="></latexit>

L̂+ =
p
�+ b̂†0 , L̂� =

p
�� b̂0

<latexit sha1_base64="RR0EV5OGcvnJcrod341bHjAOCdo="></latexit>

 ! �J
X

i

(�̂+
i �̂

�
i+1 + �̂+

i+1�̂
�
i )

Master equation for a 
Markovian environment:



SD and Nigel CooperDistinction from non-interacting fermions

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

<latexit sha1_base64="rQB4tpma0cC9BeG0rQrmXeIJThY="></latexit>

Ĥ = �J
P

i b̂
†
i b̂i+1 +H.c.

<latexit sha1_base64="SnIDWwtSQEQoIqOL0LpvsI1o6C0="></latexit>

L̂+ =
p
�+ b̂†0 , L̂� =

p
�� b̂0

Jordan-Wigner transformation:

f̂j = (�1)
P

i<j n̂i b̂j

<latexit sha1_base64="SnzrlS3vF5/o1Eu+6fbQ2j3oa4o="></latexit>

[n̂i := b̂†i b̂i = f̂†
i f̂i]

<latexit sha1_base64="lFBT3OWfrKEYzHycv5z1rjxDwcI=">AAACNnicbVDLSsNAFJ3UV62vqks3g0VwVRIRfIBQdONGqGAfkMYymUzSoZNJmJkIJeSr3Pgd7rpxoYhbP8FpGlDbHhg499xzuXOPGzMqlWmOjdLS8srqWnm9srG5tb1T3d1ryygRmLRwxCLRdZEkjHLSUlQx0o0FQaHLSMcd3kz6nSciJI34gxrFxAlRwKlPMVJa6lfv7N4AqZRnfQovr2BeuLp4THseCgIisl8NwsLgLzBMNKdfrZl1MwecJ1ZBaqBAs1997XkRTkLCFWZIStsyY+WkSCiKGckqvUSSGOEhCoitKUchkU6an53BI6140I+EflzBXP07kaJQylHoameI1EDO9ibiop6dKP/cSSmPE0U4ni7yEwZVBCcZQo8KghUbaYKwoPqvEA+QQFjppCs6BGv25HnSPqlbp/WL+9Na47qIowwOwCE4BhY4Aw1wC5qgBTB4BmPwDj6MF+PN+DS+ptaSUczsg38wvn8AXrWs+A==</latexit>

 ⇒ Hamiltonian maps to free fermions Ĥ = �J
P

i f̂
†
i f̂i+1 +H.c.

<latexit sha1_base64="VMdrhN7I+3wzDuapOmXYhObuHtg="></latexit>

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>



SD and Nigel CooperDistinction from non-interacting fermions

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

<latexit sha1_base64="rQB4tpma0cC9BeG0rQrmXeIJThY="></latexit>

Ĥ = �J
P

i b̂
†
i b̂i+1 +H.c.

<latexit sha1_base64="SnIDWwtSQEQoIqOL0LpvsI1o6C0="></latexit>

L̂+ =
p
�+ b̂†0 , L̂� =

p
�� b̂0

Jordan-Wigner transformation:

f̂j = (�1)
P

i<j n̂i b̂j

<latexit sha1_base64="SnzrlS3vF5/o1Eu+6fbQ2j3oa4o="></latexit>

[n̂i := b̂†i b̂i = f̂†
i f̂i]

<latexit sha1_base64="lFBT3OWfrKEYzHycv5z1rjxDwcI=">AAACNnicbVDLSsNAFJ3UV62vqks3g0VwVRIRfIBQdONGqGAfkMYymUzSoZNJmJkIJeSr3Pgd7rpxoYhbP8FpGlDbHhg499xzuXOPGzMqlWmOjdLS8srqWnm9srG5tb1T3d1ryygRmLRwxCLRdZEkjHLSUlQx0o0FQaHLSMcd3kz6nSciJI34gxrFxAlRwKlPMVJa6lfv7N4AqZRnfQovr2BeuLp4THseCgIisl8NwsLgLzBMNKdfrZl1MwecJ1ZBaqBAs1997XkRTkLCFWZIStsyY+WkSCiKGckqvUSSGOEhCoitKUchkU6an53BI6140I+EflzBXP07kaJQylHoameI1EDO9ibiop6dKP/cSSmPE0U4ni7yEwZVBCcZQo8KghUbaYKwoPqvEA+QQFjppCs6BGv25HnSPqlbp/WL+9Na47qIowwOwCE4BhY4Aw1wC5qgBTB4BmPwDj6MF+PN+DS+ptaSUczsg38wvn8AXrWs+A==</latexit>

 ⇒ Hamiltonian maps to free fermions Ĥ = �J
P

i f̂
†
i f̂i+1 +H.c.

<latexit sha1_base64="VMdrhN7I+3wzDuapOmXYhObuHtg="></latexit>

But pump/loss mediates interactions

L̂+ :=
p
�+ b̂†0 =

p
�+ (�1)

P
i<0 n̂i f̂†

0

<latexit sha1_base64="86Uga8JyDNR21L79INPKAqG6vJ0="></latexit>

L̂� :=
p
�� b̂0 =

p
�� (�1)

P
i<0 n̂i f̂0

<latexit sha1_base64="77h05pTWG/oEQsp4Mg5nysZtNEw="></latexit>

( 6= f̂†
0 )

<latexit sha1_base64="mDwK35vq9aZX73ifc4ohKdQr9sg=">AAACA3icdVBNSwMxEM36bf2qetNLsAh6KYmItjfRi0cF2wrdWrLpbBvMZtckK5Sl4MW/4sWDIl79E978N2bbCir6YODx3gwz84JECmMJ+fAmJqemZ2bn5gsLi0vLK8XVtbqJU82hxmMZ68uAGZBCQc0KK+Ey0cCiQEIjuD7J/cYtaCNidWH7CbQi1lUiFJxZJ7WLGzu+ghvs95jNwkGbXGV+h3W7oAe77WKJlAkhlFKcE3p4QBypVit7tIJpbjmU0Bhn7eK734l5GoGyXDJjmpQktpUxbQWXMCj4qYGE8WvWhaajikVgWtnwhwHedkoHh7F2pSweqt8nMhYZ048C1xkx2zO/vVz8y2umNqy0MqGS1ILio0VhKrGNcR4I7ggN3Mq+I4xr4W7FvMc049bFVnAhfH2K/yf1vTLdL1fP90tHx+M45tAm2kI7iKJDdIRO0RmqIY7u0AN6Qs/evffovXivo9YJbzyzjn7Ae/sEwaaXpA==</latexit>

( 6= f̂0)

<latexit sha1_base64="4T6w0qtuPxxzuYmUQqJb7HMuy9s=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1U5JSbLsrunFZwT6gU0omzbShmcyYZApl6J+4caGIW//EnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8O3aPjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yXXmd6ZMaR7JOzOLWT8kI8kDTomx0sB1i55k99AbE5MG8wG6GLgFVEIIYYxhRnD1EllSr9fKuAZxZlkUwArNgfvuDSOahEwaKojWPYxi00+JMpwKNs97iWYxoRMyYj1LJQmZ7qeLy+fw3CpDGETKljRwoX6fSEmo9Sz0bWdIzFj/9jLxL6+XmKDWT7mME8MkXS4KEgFNBLMY4JArRo2YWUKo4vZWSMdEEWpsWHkbwten8H/SLpdwpVS/rRQaV6s4cuAUnIEiwKAKGuAGNEELUDAFD+AJPDup8+i8OK/L1jVnNXMCfsB5+wTGvpMk</latexit>

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>

 ⇒ Dynamics strongly nonlinear



Symmetry



SD and Nigel CooperHidden symmetry

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

L̂+ = γ+b̂†
0

L̂− = γ−b̂0

Symmetry operator

<latexit sha1_base64="ZZjFFY8QAOf4TjcLAY6+WI7J+fM="></latexit>

Ĉ := �1/2 +
lX

i=�l

f̂†
i f̂�i

 is a “strong” symmetry:Ĉ2

f̂j = (�1)
P

i<j n̂i b̂j

<latexit sha1_base64="SnzrlS3vF5/o1Eu+6fbQ2j3oa4o="></latexit>

[
•                   hopping  does not affect  (or )

•                                                 

⟹ J Ĉ Ĉ2

⟹

[Ĥ, Ĉ] = 0

<latexit sha1_base64="eLyCbAZcj8602EmUgeLCUJi+Z5o="></latexit>

Ĉ = (�1)n̂0 func({b̂j , b̂†j : j 6= 0})

<latexit sha1_base64="Tbmjh3ut84f/o0jNauEotlHOqpA="></latexit>

<latexit sha1_base64="lQ2xJGZAWAZe/iGLsb9h2RWNic4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpim6EYjcuK9gHJGmZTCfp0MmDmYlQQn7Ajb/ixoUibt2782+cpllo9cCFwzn3cu89bsyokIbxpZWWlldW18rrlY3Nre0dfXevK6KEY9LBEYt430WCMBqSjqSSkX7MCQpcRnrupDXze/eECxqFd3IaEydAfkg9ipFU0lA/suwxkqmbDY1BWrNHyPcJP8lOYS63skHDuTKGetWoGzngX2IWpAoKtIf6pz2KcBKQUGKGhLBMI5ZOirikmJGsYieCxAhPkE8sRUMUEOGk+TcZPFbKCHoRVxVKmKs/J1IUCDENXNUZIDkWi95M/M+zEuldOikN40SSEM8XeQmDMoKzaOCIcoIlmyqCMKfqVojHiCMsVYAVFYK5+PJf0m3UzfO6cXtWbV4XcZTBATgENWCCC9AEN6ANOgCDB/AEXsCr9qg9a2/a+7y1pBUz++AXtI9v/7ea2w==</latexit>

[b̂(†)0 , Ĉ2] = 0

Strong/weak symmetries:
Buca, Prosen, NJP ’12

 is independent of the centre site⟹ Ĉ2

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>



SD and Nigel CooperHidden symmetry

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

L̂+ = γ+b̂†
0

L̂− = γ−b̂0

Symmetry operator

<latexit sha1_base64="ZZjFFY8QAOf4TjcLAY6+WI7J+fM="></latexit>

Ĉ := �1/2 +
lX

i=�l

f̂†
i f̂�i

 is a “strong” symmetry:Ĉ2

f̂j = (�1)
P

i<j n̂i b̂j

<latexit sha1_base64="SnzrlS3vF5/o1Eu+6fbQ2j3oa4o="></latexit>

[
•                   hopping  does not affect  (or )

•                                                 

⟹ J Ĉ Ĉ2

⟹

[Ĥ, Ĉ] = 0

<latexit sha1_base64="eLyCbAZcj8602EmUgeLCUJi+Z5o="></latexit>

Ĉ = (�1)n̂0 func({b̂j , b̂†j : j 6= 0})

<latexit sha1_base64="Tbmjh3ut84f/o0jNauEotlHOqpA="></latexit>

<latexit sha1_base64="lQ2xJGZAWAZe/iGLsb9h2RWNic4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpim6EYjcuK9gHJGmZTCfp0MmDmYlQQn7Ajb/ixoUibt2782+cpllo9cCFwzn3cu89bsyokIbxpZWWlldW18rrlY3Nre0dfXevK6KEY9LBEYt430WCMBqSjqSSkX7MCQpcRnrupDXze/eECxqFd3IaEydAfkg9ipFU0lA/suwxkqmbDY1BWrNHyPcJP8lOYS63skHDuTKGetWoGzngX2IWpAoKtIf6pz2KcBKQUGKGhLBMI5ZOirikmJGsYieCxAhPkE8sRUMUEOGk+TcZPFbKCHoRVxVKmKs/J1IUCDENXNUZIDkWi95M/M+zEuldOikN40SSEM8XeQmDMoKzaOCIcoIlmyqCMKfqVojHiCMsVYAVFYK5+PJf0m3UzfO6cXtWbV4XcZTBATgENWCCC9AEN6ANOgCDB/AEXsCr9qg9a2/a+7y1pBUz++AXtI9v/7ea2w==</latexit>

[b̂(†)0 , Ĉ2] = 0

Strong/weak symmetries:
Buca, Prosen, NJP ’12

  Any coupling to centre site conserves    ∴ Ĉ2

<latexit sha1_base64="MvtusDJLcVm6BAu3xVZ7ohxQPno=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG/BXDxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGSxHyBgqUvB1rTlUgeSsY12Z+64lrI6LwHicx9xUdhmIgGEUrPXRHFNPa9LHcKxTdkjsHWSVeRoqQod4rfHX7EUsUD5FJakzHc2P0U6pRMMmn+W5ieEzZmA55x9KQKm78dH7wlJxbpU8GkbYVIpmrvydSqoyZqMB2Koojs+zNxP+8ToKDKz8VYZwgD9li0SCRBCMy+570heYM5cQSyrSwtxI2opoytBnlbQje8surpFkueZXS9V2lWL3J4sjBKZzBBXhwCVW4hTo0gIGCZ3iFN0c7L86787FoXXOymRP4A+fzB43KkEQ=</latexit>

Dynamics split into different sectors of      ⇒ multiple steady statesĈ2

<latexit sha1_base64="MvtusDJLcVm6BAu3xVZ7ohxQPno=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG/BXDxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGSxHyBgqUvB1rTlUgeSsY12Z+64lrI6LwHicx9xUdhmIgGEUrPXRHFNPa9LHcKxTdkjsHWSVeRoqQod4rfHX7EUsUD5FJakzHc2P0U6pRMMmn+W5ieEzZmA55x9KQKm78dH7wlJxbpU8GkbYVIpmrvydSqoyZqMB2Koojs+zNxP+8ToKDKz8VYZwgD9li0SCRBCMy+570heYM5cQSyrSwtxI2opoytBnlbQje8surpFkueZXS9V2lWL3J4sjBKZzBBXhwCVW4hTo0gIGCZ3iFN0c7L86787FoXXOymRP4A+fzB43KkEQ=</latexit>

 is independent of the centre site⟹ Ĉ2

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>



SD and Nigel CooperHidden symmetry

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

+l

<latexit sha1_base64="RSbQEWURbF1Hj0BnVqjM6h1kcKA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN6KXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkoecUWOlh3PRK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m106IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseEUbQje4svLpHlR8aqV6/tquXaTx1GAYziBM/DgEmpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwA+M40x</latexit>

L̂+ = γ+b̂†
0

L̂− = γ−b̂0

Symmetry operator

<latexit sha1_base64="ZZjFFY8QAOf4TjcLAY6+WI7J+fM="></latexit>

Ĉ := �1/2 +
lX

i=�l

f̂†
i f̂�i

 is a “strong” symmetry:Ĉ2

f̂j = (�1)
P

i<j n̂i b̂j

<latexit sha1_base64="SnzrlS3vF5/o1Eu+6fbQ2j3oa4o="></latexit>

[
•                   hopping  does not affect  (or )

•                                                 

⟹ J Ĉ Ĉ2

⟹

[Ĥ, Ĉ] = 0

<latexit sha1_base64="eLyCbAZcj8602EmUgeLCUJi+Z5o="></latexit>

Ĉ = (�1)n̂0 func({b̂j , b̂†j : j 6= 0})

<latexit sha1_base64="Tbmjh3ut84f/o0jNauEotlHOqpA="></latexit>

<latexit sha1_base64="lQ2xJGZAWAZe/iGLsb9h2RWNic4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICUpim6EYjcuK9gHJGmZTCfp0MmDmYlQQn7Ajb/ixoUibt2782+cpllo9cCFwzn3cu89bsyokIbxpZWWlldW18rrlY3Nre0dfXevK6KEY9LBEYt430WCMBqSjqSSkX7MCQpcRnrupDXze/eECxqFd3IaEydAfkg9ipFU0lA/suwxkqmbDY1BWrNHyPcJP8lOYS63skHDuTKGetWoGzngX2IWpAoKtIf6pz2KcBKQUGKGhLBMI5ZOirikmJGsYieCxAhPkE8sRUMUEOGk+TcZPFbKCHoRVxVKmKs/J1IUCDENXNUZIDkWi95M/M+zEuldOikN40SSEM8XeQmDMoKzaOCIcoIlmyqCMKfqVojHiCMsVYAVFYK5+PJf0m3UzfO6cXtWbV4XcZTBATgENWCCC9AEN6ANOgCDB/AEXsCr9qg9a2/a+7y1pBUz++AXtI9v/7ea2w==</latexit>

[b̂(†)0 , Ĉ2] = 0

Strong/weak symmetries:
Buca, Prosen, NJP ’12

  Any coupling to centre site conserves    ∴ Ĉ2

<latexit sha1_base64="MvtusDJLcVm6BAu3xVZ7ohxQPno=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG/BXDxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGSxHyBgqUvB1rTlUgeSsY12Z+64lrI6LwHicx9xUdhmIgGEUrPXRHFNPa9LHcKxTdkjsHWSVeRoqQod4rfHX7EUsUD5FJakzHc2P0U6pRMMmn+W5ieEzZmA55x9KQKm78dH7wlJxbpU8GkbYVIpmrvydSqoyZqMB2Koojs+zNxP+8ToKDKz8VYZwgD9li0SCRBCMy+570heYM5cQSyrSwtxI2opoytBnlbQje8surpFkueZXS9V2lWL3J4sjBKZzBBXhwCVW4hTo0gIGCZ3iFN0c7L86787FoXXOymRP4A+fzB43KkEQ=</latexit>

Dynamics split into different sectors of      ⇒ multiple steady statesĈ2

<latexit sha1_base64="MvtusDJLcVm6BAu3xVZ7ohxQPno=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG/BXDxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGSxHyBgqUvB1rTlUgeSsY12Z+64lrI6LwHicx9xUdhmIgGEUrPXRHFNPa9LHcKxTdkjsHWSVeRoqQod4rfHX7EUsUD5FJakzHc2P0U6pRMMmn+W5ieEzZmA55x9KQKm78dH7wlJxbpU8GkbYVIpmrvydSqoyZqMB2Koojs+zNxP+8ToKDKz8VYZwgD9li0SCRBCMy+570heYM5cQSyrSwtxI2opoytBnlbQje8surpFkueZXS9V2lWL3J4sjBKZzBBXhwCVW4hTo0gIGCZ3iFN0c7L86787FoXXOymRP4A+fzB43KkEQ=</latexit>

 number of Bell pairs↔

 is independent of the centre site⟹ Ĉ2

�l

<latexit sha1_base64="8oVfS4q1zhZqc0SWx7M2/q/whD0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw7nolcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNXK9X21XLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP0E9jTM=</latexit>



SD and Nigel CooperInterpretation of symmetry — Bell pairs
<latexit sha1_base64="m6R/R0JMvzU+1VyZkFsFnOgipgI="></latexit>

Ĉ = �1/2 + n̂0 +
lX

i=1

â†i,+âi,+ � â†i,�âi,�

<latexit sha1_base64="CnNlvTjd+UVk0UopaQf9opZ4wGA="></latexit>

âi,± :=
1p
2
(f̂i ± f̂�i)

— Bell pair at sites  and i −i
<latexit sha1_base64="97vopjW2jBUre6IeK3uGv5ydjAk="></latexit>

â†i,±|0 . . . 0i ⇠ |0i1�ii± |1i0�ii



SD and Nigel CooperInterpretation of symmetry — Bell pairs
<latexit sha1_base64="m6R/R0JMvzU+1VyZkFsFnOgipgI="></latexit>

Ĉ = �1/2 + n̂0 +
lX

i=1

â†i,+âi,+ � â†i,�âi,�

<latexit sha1_base64="CnNlvTjd+UVk0UopaQf9opZ4wGA="></latexit>

âi,± :=
1p
2
(f̂i ± f̂�i)

| {z }

<latexit sha1_base64="gIDFyJ7Jeev2cEeU/tCpzjSaIKY=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JooS6LblxWsLXQhDKZ3LRDJ5MwMxFKCG78FTcuFHHrV7jzb5y0WWjrgWEO59x7Z+7xE0alsu1vo7Kyura+Ud2sbW3v7O6Z+wc9GaeCQJfELBZ9H0tglENXUcWgnwjAkc/g3p9cF/79AwhJY36npgl4ER5xGlKClZaG5pGb8gCELzCBzB3LpLgvSJTnQ7NuN+wZrGXilKSOSnSG5pcbxCSNgCvCsJQDx06Ul2GhKGGQ19xUgh4/wSMYaMpxBNLLZivk1qlWAiuMhT5cWTP1d0eGIymnka8rI6zGctErxP+8QarCSy+jPEkVcDJ/KEyZpWKryMMKqACi2FQTTATVf7XIGOs4lE6tpkNwFldeJr3zhtNstG6b9fZVGUcVHaMTdIYc1EJtdIM6qIsIekTP6BW9GU/Gi/FufMxLK0bZc4j+wPj8AR9dl+k=</latexit>

Total “charge”   = 0, ± 1,…, ± l⌫

<latexit sha1_base64="+fEVLDAmEVqjIn2/W8d3cIQZurA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD32VDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u9rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP2IfjeE=</latexit>

— Bell pair at sites  and i −i with “charge” ±1
<latexit sha1_base64="97vopjW2jBUre6IeK3uGv5ydjAk="></latexit>

â†i,±|0 . . . 0i ⇠ |0i1�ii± |1i0�ii



SD and Nigel CooperInterpretation of symmetry — Bell pairs
<latexit sha1_base64="m6R/R0JMvzU+1VyZkFsFnOgipgI="></latexit>

Ĉ = �1/2 + n̂0 +
lX

i=1

â†i,+âi,+ � â†i,�âi,�

<latexit sha1_base64="CnNlvTjd+UVk0UopaQf9opZ4wGA="></latexit>

âi,± :=
1p
2
(f̂i ± f̂�i)

| {z }

<latexit sha1_base64="gIDFyJ7Jeev2cEeU/tCpzjSaIKY=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JooS6LblxWsLXQhDKZ3LRDJ5MwMxFKCG78FTcuFHHrV7jzb5y0WWjrgWEO59x7Z+7xE0alsu1vo7Kyura+Ud2sbW3v7O6Z+wc9GaeCQJfELBZ9H0tglENXUcWgnwjAkc/g3p9cF/79AwhJY36npgl4ER5xGlKClZaG5pGb8gCELzCBzB3LpLgvSJTnQ7NuN+wZrGXilKSOSnSG5pcbxCSNgCvCsJQDx06Ul2GhKGGQ19xUgh4/wSMYaMpxBNLLZivk1qlWAiuMhT5cWTP1d0eGIymnka8rI6zGctErxP+8QarCSy+jPEkVcDJ/KEyZpWKryMMKqACi2FQTTATVf7XIGOs4lE6tpkNwFldeJr3zhtNstG6b9fZVGUcVHaMTdIYc1EJtdIM6qIsIekTP6BW9GU/Gi/FufMxLK0bZc4j+wPj8AR9dl+k=</latexit>

Total “charge”   = 0, ± 1,…, ± l⌫

<latexit sha1_base64="+fEVLDAmEVqjIn2/W8d3cIQZurA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD32VDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u9rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP2IfjeE=</latexit>

— Bell pair at sites  and i −i with “charge” ±1
<latexit sha1_base64="97vopjW2jBUre6IeK3uGv5ydjAk="></latexit>

â†i,±|0 . . . 0i ⇠ |0i1�ii± |1i0�ii

(not entangled) — net “charge” 0
<latexit sha1_base64="XKnigvehJPTJc+13NnYuBOzPI4Q="></latexit>

â†i,+â
†
i,�|0 . . . 0i ⇠ |1i1�ii



SD and Nigel CooperInterpretation of symmetry — Bell pairs
<latexit sha1_base64="m6R/R0JMvzU+1VyZkFsFnOgipgI="></latexit>

Ĉ = �1/2 + n̂0 +
lX

i=1

â†i,+âi,+ � â†i,�âi,�

<latexit sha1_base64="CnNlvTjd+UVk0UopaQf9opZ4wGA="></latexit>

âi,± :=
1p
2
(f̂i ± f̂�i)

| {z }

<latexit sha1_base64="gIDFyJ7Jeev2cEeU/tCpzjSaIKY=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JooS6LblxWsLXQhDKZ3LRDJ5MwMxFKCG78FTcuFHHrV7jzb5y0WWjrgWEO59x7Z+7xE0alsu1vo7Kyura+Ud2sbW3v7O6Z+wc9GaeCQJfELBZ9H0tglENXUcWgnwjAkc/g3p9cF/79AwhJY36npgl4ER5xGlKClZaG5pGb8gCELzCBzB3LpLgvSJTnQ7NuN+wZrGXilKSOSnSG5pcbxCSNgCvCsJQDx06Ul2GhKGGQ19xUgh4/wSMYaMpxBNLLZivk1qlWAiuMhT5cWTP1d0eGIymnka8rI6zGctErxP+8QarCSy+jPEkVcDJ/KEyZpWKryMMKqACi2FQTTATVf7XIGOs4lE6tpkNwFldeJr3zhtNstG6b9fZVGUcVHaMTdIYc1EJtdIM6qIsIekTP6BW9GU/Gi/FufMxLK0bZc4j+wPj8AR9dl+k=</latexit>

Total “charge”   = 0, ± 1,…, ± l⌫

<latexit sha1_base64="+fEVLDAmEVqjIn2/W8d3cIQZurA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD32VDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u9rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP2IfjeE=</latexit>

— Bell pair at sites  and i −i with “charge” ±1

 (signed) number of Bell pairs∼

Caveat:  “charges” at different positions can also cancel to give 
<latexit sha1_base64="591UU24PItw30MvtUACxtELwM3g=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqd+6wmV5ol8MOMUg5gOJI84o8ZKfldm126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy+Tx7O6d1H37s9rjZsijjIcwTGcggeX0IA7aIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fUquOXg==</latexit>

⌫ = 0

But               Bell pairs of same “charge” at all positions ⟹
<latexit sha1_base64="CQeHY3qSj3tSYJrX6qb/2IQn0go=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2QJpTNdtMu3d2E3Y1QQn+FFw+KePXnePPfuE1z0NYHA4/3ZpiZFyacaeO6305pZXVtfaO8Wdna3tndq+4ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo++TK/9RCDer9bcupsDLROvIDUo0OxXv/xBTFJBpSEca93z3MQEGVaGEU6nFT/VNMFkjIe0Z6nEguogyw+eohOrDFAUK1vSoFz9PZFhofVEhLZTYDPSi95M/M/rpSa6CjImk9RQSeaLopQjE6PZ92jAFCWGTyzBRDF7KyIjrDAxNqOKDcFbfHmZtM/q3kXduz+vNW6KOMpwBMdwCh5cQgPuoAktICDgGV7hzVHOi/PufMxbS04xcwh/4Hz+AFYSkBs=</latexit>

⌫ = ±l

<latexit sha1_base64="97vopjW2jBUre6IeK3uGv5ydjAk="></latexit>

â†i,±|0 . . . 0i ⇠ |0i1�ii± |1i0�ii

(not entangled) — net “charge” 0
<latexit sha1_base64="XKnigvehJPTJc+13NnYuBOzPI4Q="></latexit>

â†i,+â
†
i,�|0 . . . 0i ⇠ |1i1�ii



SD and Nigel CooperInterpretation of symmetry — Bell pairs
<latexit sha1_base64="m6R/R0JMvzU+1VyZkFsFnOgipgI="></latexit>

Ĉ = �1/2 + n̂0 +
lX

i=1

â†i,+âi,+ � â†i,�âi,�

<latexit sha1_base64="CnNlvTjd+UVk0UopaQf9opZ4wGA="></latexit>

âi,± :=
1p
2
(f̂i ± f̂�i)

| {z }

<latexit sha1_base64="gIDFyJ7Jeev2cEeU/tCpzjSaIKY=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JooS6LblxWsLXQhDKZ3LRDJ5MwMxFKCG78FTcuFHHrV7jzb5y0WWjrgWEO59x7Z+7xE0alsu1vo7Kyura+Ud2sbW3v7O6Z+wc9GaeCQJfELBZ9H0tglENXUcWgnwjAkc/g3p9cF/79AwhJY36npgl4ER5xGlKClZaG5pGb8gCELzCBzB3LpLgvSJTnQ7NuN+wZrGXilKSOSnSG5pcbxCSNgCvCsJQDx06Ul2GhKGGQ19xUgh4/wSMYaMpxBNLLZivk1qlWAiuMhT5cWTP1d0eGIymnka8rI6zGctErxP+8QarCSy+jPEkVcDJ/KEyZpWKryMMKqACi2FQTTATVf7XIGOs4lE6tpkNwFldeJr3zhtNstG6b9fZVGUcVHaMTdIYc1EJtdIM6qIsIekTP6BW9GU/Gi/FufMxLK0bZc4j+wPj8AR9dl+k=</latexit>

Total “charge”   = 0, ± 1,…, ± l⌫

<latexit sha1_base64="+fEVLDAmEVqjIn2/W8d3cIQZurA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD32VDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u9rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP2IfjeE=</latexit>

— Bell pair at sites  and i −i with “charge” ±1

           distinct sectors⟹ l + 1

<latexit sha1_base64="3iTikSUXrj02YalFKQxpxP06BzQ=">AAACNXicbVDLSgMxFM3UV62vVpe6GCyCIJYZqai7ohuXFe0DOqVk0ts2NMkMSUYpw3yCW/0Uv8WFO3HrL5i2g4/WA4HDOecmN8cPGVXacV6tzMLi0vJKdjW3tr6xuZUvbNdVEEkCNRKwQDZ9rIBRATVNNYNmKAFzn0HDH16N/cY9SEUDcadHIbQ57gvaowRrI92yI7eTLzolZwJ7nrgpKaIU1U7B2vO6AYk4CE0YVqrlOqFux1hqShgkOS9SEGIyxH1oGSowB9WOJ7sm9oFRunYvkOYIbU/U3xMx5kqNuG+SHOuBmvXG4n9eK9K983ZMRRhpEGT6UC9itg7s8cftLpVANBsZgomkZlebDLDERJt6cp6ABxJwjkU39sJIDZLYGyhzN8Smi1PCk2Q2w9hP5vg7lDN9urPtzZP6Scktly5uysXKZdpsFu2ifXSIXHSGKugaVVENEdRHj+gJPVsv1pv1bn1MoxkrndlBf2B9fgH9n6pP</latexit>

⇤ 2 {(⌘ + 1/2)2 : ⌘ = 0, . . . , l}

<latexit sha1_base64="+IEcSZnZFP2iiTcBiFVqPz3yct8="></latexit>

⌘ = 0

<latexit sha1_base64="0+gepBAZM5zACxgyD+j/b6MSuVs=">AAACOHicbVDLSgMxFM3UV62vVpe6GCyCG8uMVNSFUHTjsoJ9QKeUTHrbxiaZIckoZZh/cKuf4p+4cydu/QLTdvDReiBwOOfc5Ob4IaNKO86rlVlYXFpeya7m1tY3Nrfyhe26CiJJoEYCFsimjxUwKqCmqWbQDCVg7jNo+MOrsd+4B6loIG71KIQ2x31Be5RgbaS6BxpfOJ180Sk5E9jzxE1JEaWodgrWntcNSMRBaMKwUi3XCXU7xlJTwiDJeZGCEJMh7kPLUIE5qHY8WTexD4zStXuBNEdoe6L+nogxV2rEfZPkWA/UrDcW//Nake6dtWMqwkiDINOHehGzdWCP/253qQSi2cgQTCQ1u9pkgCUm2jSU8wQ8kIBzLLqxF0ZqkMTeQJm7ITZdnBCeJLMZxn4yR9+hnOnTnW1vntSPS265dH5TLlYu02azaBfto0PkolNUQdeoimqIoDv0iJ7Qs/VivVnv1sc0mrHSmR30B9bnF6vYq6g=</latexit>

: minimally entangled ⌘ = l

<latexit sha1_base64="l/SroFZGQrg/g3QIPVs9dYrA3Z4=">AAACOHicbVDLSgMxFM3UV62vVpe6GCyCG8uMVNSFUHTjsoJ9QKeUTHrbxiaZIckoZZh/cKuf4p+4cydu/QLTdvDReiBwOOfc5Ob4IaNKO86rlVlYXFpeya7m1tY3Nrfyhe26CiJJoEYCFsimjxUwKqCmqWbQDCVg7jNo+MOrsd+4B6loIG71KIQ2x31Be5RgbaS6BxpfsE6+6JScCex54qakiFJUOwVrz+sGJOIgNGFYqZbrhLodY6kpYZDkvEhBiMkQ96FlqMAcVDuerJvYB0bp2r1AmiO0PVF/T8SYKzXivklyrAdq1huL/3mtSPfO2jEVYaRBkOlDvYjZOrDHf7e7VALRbGQIJpKaXW0ywBITbRrKeQIeSMA5Ft3YCyM1SGJvoMzdEJsuTghPktkMYz+Zo+9QzvTpzrY3T+rHJbdcOr8pFyuXabNZtIv20SFy0SmqoGtURTVE0B16RE/o2Xqx3qx362MazVjpzA76A+vzCxhrq+Q=</latexit>

: maximally entangled

 (signed) number of Bell pairs∼

Caveat:  “charges” at different positions can also cancel to give 
<latexit sha1_base64="591UU24PItw30MvtUACxtELwM3g=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqd+6wmV5ol8MOMUg5gOJI84o8ZKfldm126vWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy+Tx7O6d1H37s9rjZsijjIcwTGcggeX0IA7aIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fUquOXg==</latexit>

⌫ = 0

But               Bell pairs of same “charge” at all positions ⟹
<latexit sha1_base64="CQeHY3qSj3tSYJrX6qb/2IQn0go=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2QJpTNdtMu3d2E3Y1QQn+FFw+KePXnePPfuE1z0NYHA4/3ZpiZFyacaeO6305pZXVtfaO8Wdna3tndq+4ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo++TK/9RCDer9bcupsDLROvIDUo0OxXv/xBTFJBpSEca93z3MQEGVaGEU6nFT/VNMFkjIe0Z6nEguogyw+eohOrDFAUK1vSoFz9PZFhofVEhLZTYDPSi95M/M/rpSa6CjImk9RQSeaLopQjE6PZ92jAFCWGTyzBRDF7KyIjrDAxNqOKDcFbfHmZtM/q3kXduz+vNW6KOMpwBMdwCh5cQgPuoAktICDgGV7hzVHOi/PufMxbS04xcwh/4Hz+AFYSkBs=</latexit>

⌫ = ±l

has eigenvaluesĈ2

<latexit sha1_base64="hAJPWqoQfp1RF7/QuW+wK8Bi610="></latexit>

<latexit sha1_base64="cO2DnL1rPWjSfJejcqtpIxg+TI8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahItakiLoRim5cuKhgH9DEMJlM26GTSZiZCCV048ZfceNCEbf+gzv/xmmbhbYeGDiccy537vFjRqWyrG8jNze/sLiUXy6srK6tb5ibWw0ZJQKTOo5YJFo+koRRTuqKKkZasSAo9Blp+v2rkd98IELSiN+pQUzcEHU57VCMlJY8c9e50eEAwQtYcngCDyH3LHhkH1cO7iueWbTK1hhwltgZKYIMNc/8coIIJyHhCjMkZdu2YuWmSCiKGRkWnESSGOE+6pK2phyFRLrp+Ioh3NdKADuR0I8rOFZ/T6QolHIQ+joZItWT095I/M9rJ6pz7qaUx4kiHE8WdRIGVQRHlcCACoIVG2iCsKD6rxD3kEBY6eIKugR7+uRZ0qiU7dOyfXtSrF5mdeTBDtgDJWCDM1AF16AG6gCDR/AMXsGb8WS8GO/GxySaM7KZbfAHxucPYuKVSg==</latexit>

⇤ = (⌫ + n0 � 1/2)2

<latexit sha1_base64="97vopjW2jBUre6IeK3uGv5ydjAk="></latexit>

â†i,±|0 . . . 0i ⇠ |0i1�ii± |1i0�ii

(not entangled) — net “charge” 0
<latexit sha1_base64="XKnigvehJPTJc+13NnYuBOzPI4Q="></latexit>

â†i,+â
†
i,�|0 . . . 0i ⇠ |1i1�ii



Steady states



SD and Nigel CooperSteady states

Unique steady state in each sector

P̂⌘

<latexit sha1_base64="pcbIIgbq2pgi2/LOHqZPrGNm7S0="></latexit>

:  projector onto sector ⌘

<latexit sha1_base64="VcXj4PXnxz5LzVSShEz1F88EVl4=">AAACNXicbVDLTgIxFO3gC/EFumQzkZi4kcwYDC6JblxiIo+EIaRTLkxD25m0HQ2ZzC+41T/xW1y4M279BQtMfIAnaXJyzrnt7fEjRpV2nFcrt7a+sbmV3y7s7O7tHxRLh20VxpJAi4QslF0fK2BUQEtTzaAbScDcZ9DxJ9czv3MPUtFQ3OlpBH2Ox4KOKMF6Jnmg8aBYcarOHPYqcTNSQRmag5JV9oYhiTkITRhWquc6ke4nWGpKGKQFL1YQYTLBY+gZKjAH1U/my6b2iVGG9iiU5ghtz9XfEwnmSk25b5Ic60AtezPxP68X69FlP6EiijUIsnhoFDNbh/bs5/aQSiCaTQ3BRFKzq00CLDHRpp+CJ+CBhJxjMUy8KFZBmniBMndDYrq4IDxNlzOM/WTOvkOmTne5vFXSPq+6tWr9tlZpXGXF5lEZHaNT5KI6aqAb1EQtRFCAHtETerZerDfr3fpYRHNWNnOE/sD6/AL4casV</latexit>

⇢̂⌘ = const. (�+/��)
N̂ P̂⌘

<latexit sha1_base64="CE48y0Kx17hatMYo3UUwtPbAmo4="></latexit>

[ N̂

<latexit sha1_base64="IeFXkl7oaJhrWml6qj3xmhm6NMM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxJBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwShaqd0bUczup/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrourVqtcPtUr9Jo+jCCdwCufgwSXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8AdEqPqw==</latexit>

:  total particle number 

— Fully mixed  chemical potential                          within a given sector!+ µ = ln(�+/��)

<latexit sha1_base64="oTrXqnoz6W+voJBwK5lYEyrpv2I=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFqIh1RgrqQii6cVnBXqAzDJk0bUOTzJBkhDJ048ZXceNCEbe+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAc343rzgUhFI3GvhzHxOeoJ2qUYaWMF9r7HE3gFPSZKXg9xjoLj0wxOjgK76JSdieA8uBkUQaZaYH95nQgnnAiNGVKq7Tqx9lMkNcWMjApeokiM8AD1SNugQJwoP51cMYKHxunAbiTNExpO3N8TKeJKDXloOjnSfTVbG5v/1dqJ7l74KRVxoonA00XdhEEdwXEksEMlwZoNDSAsqfkrxH0kEdYmuIIJwZ09eR4aZ2W3Ur68qxSr11kcebAHDkAJuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wcf6pcU</latexit>



SD and Nigel CooperSteady states

Unique steady state in each sector

P̂⌘

<latexit sha1_base64="pcbIIgbq2pgi2/LOHqZPrGNm7S0="></latexit>

:  projector onto sector ⌘

<latexit sha1_base64="VcXj4PXnxz5LzVSShEz1F88EVl4=">AAACNXicbVDLTgIxFO3gC/EFumQzkZi4kcwYDC6JblxiIo+EIaRTLkxD25m0HQ2ZzC+41T/xW1y4M279BQtMfIAnaXJyzrnt7fEjRpV2nFcrt7a+sbmV3y7s7O7tHxRLh20VxpJAi4QslF0fK2BUQEtTzaAbScDcZ9DxJ9czv3MPUtFQ3OlpBH2Ox4KOKMF6Jnmg8aBYcarOHPYqcTNSQRmag5JV9oYhiTkITRhWquc6ke4nWGpKGKQFL1YQYTLBY+gZKjAH1U/my6b2iVGG9iiU5ghtz9XfEwnmSk25b5Ic60AtezPxP68X69FlP6EiijUIsnhoFDNbh/bs5/aQSiCaTQ3BRFKzq00CLDHRpp+CJ+CBhJxjMUy8KFZBmniBMndDYrq4IDxNlzOM/WTOvkOmTne5vFXSPq+6tWr9tlZpXGXF5lEZHaNT5KI6aqAb1EQtRFCAHtETerZerDfr3fpYRHNWNnOE/sD6/AL4casV</latexit>

⇢̂⌘ = const. (�+/��)
N̂ P̂⌘

<latexit sha1_base64="CE48y0Kx17hatMYo3UUwtPbAmo4="></latexit>

[ N̂

<latexit sha1_base64="IeFXkl7oaJhrWml6qj3xmhm6NMM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxJBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwShaqd0bUczup/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrourVqtcPtUr9Jo+jCCdwCufgwSXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8AdEqPqw==</latexit>

:  total particle number 

example:          ⌘ = l

<latexit sha1_base64="kfgAcx3V+GxIC6R/V92kesvGh/0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnCScD+iQyVCwShaqdPjSMk1kf1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0nroupdVmv3l5X6TR5HEU7gFM7BgxrU4Q4a0AQGEp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ACGaPUw==</latexit>

— Fully mixed  chemical potential                          within a given sector!+ µ = ln(�+/��)

<latexit sha1_base64="oTrXqnoz6W+voJBwK5lYEyrpv2I=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFqIh1RgrqQii6cVnBXqAzDJk0bUOTzJBkhDJ048ZXceNCEbe+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAc343rzgUhFI3GvhzHxOeoJ2qUYaWMF9r7HE3gFPSZKXg9xjoLj0wxOjgK76JSdieA8uBkUQaZaYH95nQgnnAiNGVKq7Tqx9lMkNcWMjApeokiM8AD1SNugQJwoP51cMYKHxunAbiTNExpO3N8TKeJKDXloOjnSfTVbG5v/1dqJ7l74KRVxoonA00XdhEEdwXEksEMlwZoNDSAsqfkrxH0kEdYmuIIJwZ09eR4aZ2W3Ur68qxSr11kcebAHDkAJuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wcf6pcU</latexit>

site j

<latexit sha1_base64="tQaQVIRbtivA59oQ6AGlDEl4+hA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNRo9ELx4xkUcCSGaHXhiZnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLj6Uw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3fWZACgU1FCihGWtgoS+h4Q+vJn7jAbQRkbrFUQydkPWVCARnaKW7NsITptQIBDq+7xZLbtmdgi4SLyMlkqHaLX61exFPQlDIJTOm5bkxdlKmUXAJ40I7MRAzPmR9aFmqWAimk06vHtMjq/RoEGlbCulU/T2RstCYUejbzpDhwMx7E/E/r5VgcNFJhYoTBMVni4JEUozoJALaExo4ypEljGthb6V8wDTjaIMq2BC8+ZcXSf2k7J2Wz25OS5XLLI48OSCH5Jh45JxUyDWpkhrhRJNn8krenEfnxXl3PmatOSeb2Sd/4Hz+AIIBkoY=</latexit>

si
te

i

<latexit sha1_base64="lh80zOmBrcXiZALn2m9l54JXEpY=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYQnTKkRCHQiusWSW3ZnoMvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hUugkBmLGR2wAbUsVC8H46ezqCT2xSo/2I21LIZ2pvydSFhozDgPbGTIcmkVvKv7ntRPsX/qpUHGCoPh8UT+RFCM6jYD2hAaOcmwJ41rYWykfMs042qAKNgRv8eVl0jgre5Xy+W2lVL3K4siTI3JMTolHLkiV3JAaqRNONHkmr+TNeXRenHfnY96ac7KZQ/IHzucPgH2ShQ==</latexit>

1/2

−1/2hb̂†i b̂ji

<latexit sha1_base64="n99pguNIHgXbgKlU18HeimUafEM="></latexit>

⌘= l=4

<latexit sha1_base64="9dDseYk1V8wkBzJASIRf2hmYkHw="></latexit>

Maximally entangled sector

— But all states in a sector can be highly entangled!



SD and Nigel CooperSteady states

Unique steady state in each sector

P̂⌘

<latexit sha1_base64="pcbIIgbq2pgi2/LOHqZPrGNm7S0="></latexit>

:  projector onto sector ⌘

<latexit sha1_base64="VcXj4PXnxz5LzVSShEz1F88EVl4=">AAACNXicbVDLTgIxFO3gC/EFumQzkZi4kcwYDC6JblxiIo+EIaRTLkxD25m0HQ2ZzC+41T/xW1y4M279BQtMfIAnaXJyzrnt7fEjRpV2nFcrt7a+sbmV3y7s7O7tHxRLh20VxpJAi4QslF0fK2BUQEtTzaAbScDcZ9DxJ9czv3MPUtFQ3OlpBH2Ox4KOKMF6Jnmg8aBYcarOHPYqcTNSQRmag5JV9oYhiTkITRhWquc6ke4nWGpKGKQFL1YQYTLBY+gZKjAH1U/my6b2iVGG9iiU5ghtz9XfEwnmSk25b5Ic60AtezPxP68X69FlP6EiijUIsnhoFDNbh/bs5/aQSiCaTQ3BRFKzq00CLDHRpp+CJ+CBhJxjMUy8KFZBmniBMndDYrq4IDxNlzOM/WTOvkOmTne5vFXSPq+6tWr9tlZpXGXF5lEZHaNT5KI6aqAb1EQtRFCAHtETerZerDfr3fpYRHNWNnOE/sD6/AL4casV</latexit>

⇢̂⌘ = const. (�+/��)
N̂ P̂⌘

<latexit sha1_base64="CE48y0Kx17hatMYo3UUwtPbAmo4="></latexit>

[ N̂

<latexit sha1_base64="IeFXkl7oaJhrWml6qj3xmhm6NMM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxJBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwShaqd0bUczup/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrourVqtcPtUr9Jo+jCCdwCufgwSXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8AdEqPqw==</latexit>

:  total particle number 

example:          ⌘ = l

<latexit sha1_base64="kfgAcx3V+GxIC6R/V92kesvGh/0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnCScD+iQyVCwShaqdPjSMk1kf1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0nroupdVmv3l5X6TR5HEU7gFM7BgxrU4Q4a0AQGEp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ACGaPUw==</latexit>

— Fully mixed  chemical potential                          within a given sector!+ µ = ln(�+/��)

<latexit sha1_base64="oTrXqnoz6W+voJBwK5lYEyrpv2I=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFqIh1RgrqQii6cVnBXqAzDJk0bUOTzJBkhDJ048ZXceNCEbe+gzvfxrSdhbb+EPj4zzmcnD+MGVXacb6t3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWyFSBFGBalrqhlpxZIgHjLSDAc343rzgUhFI3GvhzHxOeoJ2qUYaWMF9r7HE3gFPSZKXg9xjoLj0wxOjgK76JSdieA8uBkUQaZaYH95nQgnnAiNGVKq7Tqx9lMkNcWMjApeokiM8AD1SNugQJwoP51cMYKHxunAbiTNExpO3N8TKeJKDXloOjnSfTVbG5v/1dqJ7l74KRVxoonA00XdhEEdwXEksEMlwZoNDSAsqfkrxH0kEdYmuIIJwZ09eR4aZ2W3Ur68qxSr11kcebAHDkAJuOAcVMEtqIE6wOARPINX8GY9WS/Wu/Uxbc1Z2cwu+CPr8wcf6pcU</latexit>

site j

<latexit sha1_base64="tQaQVIRbtivA59oQ6AGlDEl4+hA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNRo9ELx4xkUcCSGaHXhiZnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLj6Uw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3fWZACgU1FCihGWtgoS+h4Q+vJn7jAbQRkbrFUQydkPWVCARnaKW7NsITptQIBDq+7xZLbtmdgi4SLyMlkqHaLX61exFPQlDIJTOm5bkxdlKmUXAJ40I7MRAzPmR9aFmqWAimk06vHtMjq/RoEGlbCulU/T2RstCYUejbzpDhwMx7E/E/r5VgcNFJhYoTBMVni4JEUozoJALaExo4ypEljGthb6V8wDTjaIMq2BC8+ZcXSf2k7J2Wz25OS5XLLI48OSCH5Jh45JxUyDWpkhrhRJNn8krenEfnxXl3PmatOSeb2Sd/4Hz+AIIBkoY=</latexit>

si
te

i

<latexit sha1_base64="lh80zOmBrcXiZALn2m9l54JXEpY=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYQnTKkRCHQiusWSW3ZnoMvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hUugkBmLGR2wAbUsVC8H46ezqCT2xSo/2I21LIZ2pvydSFhozDgPbGTIcmkVvKv7ntRPsX/qpUHGCoPh8UT+RFCM6jYD2hAaOcmwJ41rYWykfMs042qAKNgRv8eVl0jgre5Xy+W2lVL3K4siTI3JMTolHLkiV3JAaqRNONHkmr+TNeXRenHfnY96ac7KZQ/IHzucPgH2ShQ==</latexit>

1/2

−1/2hb̂†i b̂ji

<latexit sha1_base64="n99pguNIHgXbgKlU18HeimUafEM="></latexit>

⌘= l=4

<latexit sha1_base64="9dDseYk1V8wkBzJASIRf2hmYkHw="></latexit>

Maximally entangled sector

2 4 6 8 10 12

-0.5

0.5 hb̂†l b̂�li

<latexit sha1_base64="CilZd0LD17h5o7l2akQnvzS7RXY=">AAACGHicbVDLSsNAFJ34rPVVdelmsAhurIkouhTduKxgVWhiuZnepoOTSZiZCCXkM9z4K25cKOK2O//GaRvE14GBwznncueeMBVcG9f9cKamZ2bn5isL1cWl5ZXV2tr6lU4yxbDFEpGomxA0Ci6xZbgReJMqhDgUeB3enY3863tUmify0gxSDGKIJO9xBsZKndqeL0BGAqnfB5OHRUfc5n4XoghV8aXlu6Lw1TjXqdXdhjsG/Uu8ktRJiWanNvS7CctilIYJ0LrtuakJclCGM4FF1c80psDuIMK2pRJi1EE+Pqyg21bp0l6i7JOGjtXvEznEWg/i0CZjMH392xuJ/3ntzPSOg5zLNDMo2WRRLxPUJHTUEu1yhcyIgSXAFLd/pawPCpixXVZtCd7vk/+Sq/2Gd9A4vDion5yWdVTIJtkiO8QjR+SEnJMmaRFGHsgTeSGvzqPz7Lw575PolFPObJAfcIafPjWhKg==</latexit>

⌘

<latexit sha1_base64="bD9yEIhr4QlwKbintiNZjbzaqec=">AAACNnicbVDLSgMxFM3UV62vVpe6GCyCG8uMVNRd0Y3LCvYBnVIy6W0nNMkMSUYpw/yCW/0Uf8WNO3HrJ5hpi4/WA4HDOecmN8ePGFXacV6t3NLyyupafr2wsbm1vVMs7TZVGEsCDRKyULZ9rIBRAQ1NNYN2JAFzn0HLH11nfusepKKhuNPjCLocDwUdUIJ1Jnmgca9YdirOBPYicWekjGao90rWgdcPScxBaMKwUh3XiXQ3wVJTwiAteLGCCJMRHkLHUIE5qG4yWTa1j4zStwehNEdoe6L+nkgwV2rMfZPkWAdq3svE/7xOrAcX3YSKKNYgyPShQcxsHdrZz+0+lUA0GxuCiaRmV5sEWGKiTT8FT8ADCTnHop94UayCNPECZe6GxHRxRniazmcY+8mcfIcKpk93vr1F0jytuNXK5W21XLuaNZtH++gQHSMXnaMaukF11EAEBegRPaFn68V6s96tj2k0Z81m9tAfWJ9fmNGrJw==</latexit>

�+= ��

<latexit sha1_base64="4+wNnJGJvW4Izdsrc+O0phD+HuQ=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiCtCRSHxuh6MZlBfuAJoTJdNIOnZmEmYlQQtdu/BU3LhRx6xe482+ctllo64ELh3Pu5d57woRRpR3n21pYXFpeWS2sFdc3Nre27Z3dpopTiUkDxyyW7RApwqggDU01I+1EEsRDRlrh4Gbstx6IVDQW93qYEJ+jnqARxUgbKbAPvB7iHAUnXl8lCJOs7FScc8xHV7lRDuySkSaA88TNSQnkqAf2l9eNccqJ0JghpTquk2g/Q1JTzMio6KWKmFUD1CMdQwXiRPnZ5JURPDJKF0axNCU0nKi/JzLElRry0HRypPtq1huL/3mdVEeXfkZFkmoi8HRRlDKoYzjOBXapJFizoSEIS2puhbiPJMLapFc0IbizL8+T5mnFrVbO7qql2nUeRwHsg0NwDFxwAWrgFtRBA2DwCJ7BK3iznqwX6936mLYuWPnMHvgD6/MHobyZlw==</latexit>

�+= 0.01��

<latexit sha1_base64="vuV7AD5rufKZgESUL+x2DYveqok=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEaZmR+tgIRTcuK9gHdIYhk2ba0CQzJBmhDP0CN/6KGxeKuHXtzr8xbWehrQdCTs65l5t7woRRpR3n21paXlldWy9sFDe3tnd27b39lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Gbitx+IVDQW93qUEJ+jvqARxUgbKbDLXh9xjoITb6AShElWcarOOebjK3O7uVkJ7JJ5TgEXiZuTEsjRCOwvrxfjlBOhMUNKdV0n0X6GpKaYkXHRSxUx44aoT7qGCsSJ8rPpOmNYNkoPRrE0R2g4VX93ZIgrNeKhqeRID9S8NxH/87qpji79jIok1UTg2aAoZVDHcJIN7FFJsGYjQxCW1PwV4gGSCGuTYNGE4M6vvEhap1W3Vj27q5Xq13kcBXAIjsAxcMEFqINb0ABNgMEjeAav4M16sl6sd+tjVrpk5T0H4A+szx+CPpp+</latexit>

l=12

<latexit sha1_base64="fzCXhP/E+0sXewCYgeMUijtr8HA="></latexit>

End-to-end correlation in different sectors

— But all states in a sector can be highly entangled!



SD and Nigel CooperSteady states

l = 4, �+= ��

<latexit sha1_base64="sH8I2UlDkEBdnIkpuroopW43Dcw=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoaEsiFRUpFN24rGAf0IQwmU7aoTNJmJkIJfQX3Pgrblwo4tadO//GaZuFth64cDjnXu69x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD28mfvuBCEmj8F6NYuJy1A9pQDFSWvLMEqtVT5wrp484R94xdAYyRpikZatinWE+rmVO2TOLWpoCLhI7I0WQoeGZX04vwgknocIMSdm1rVi5KRKKYkbGBSeRRK8aoj7pahoiTqSbTj8awyOt9GAQCV2hglP190SKuJQj7utOjtRAznsT8T+vm6jgwk1pGCeKhHi2KEgYVBGcxAN7VBCs2EgThAXVt0I8QAJhpUMs6BDs+ZcXSeu0Ylcrl3fVYv06iyMPDsAhKAEbnIM6uAUN0AQYPIJn8ArejCfjxXg3PmatOSOb2Qd/YHz+AI9Ym6A=</latexit>

⌘ = 3

<latexit sha1_base64="SuYel8LGJhhQjbjErU0cDAoXr+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqRC9C0IvHCOYByRJmJ5NkyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnAccz+kAyX6glG0UqvDkZJrct4tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy8ukcVb2KuWL+0qpepPFkYcjOIZT8OASqnAHNagDAwnP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/sU+PGA==</latexit>

⌘ = 2

<latexit sha1_base64="1GhfGdrS4e04C5rg/lviILKTIoo=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyGiF6EoBePEcwDkiXMTnqTIbOz60yvEEJ+wosHRbz6O978GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbmd+6wm0EbF6wHECfsQGSoSCM7RSuwvI6DWt9Iolt+zOQVeJl5ESyVDvFb+6/ZinESjkkhnT8dwE/QnTKLiEaaGbGkgYH7EBdCxVLALjT+b3TumZVfo0jLUthXSu/p6YsMiYcRTYzojh0Cx7M/E/r5NieOVPhEpSBMUXi8JUUozp7HnaFxo4yrEljGthb6V8yDTjaCMq2BC85ZdXSbNS9qrli/tqqXaTxZEnJ+SUnBOPXJIauSN10iCcSPJMXsmb8+i8OO/Ox6I152Qzx+QPnM8fr8uPFw==</latexit>

⌘ = 1

<latexit sha1_base64="dThlgrqHLbD/OrMppboFwlCTwVI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O5ypOSaeL1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m907IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo86QvNGcqxJZRpYW8lbEg1ZWgjKtkQvMWXl0nzrOqdVy/uzyu1mzyOIhzBMZyCB5dQgzuoQwMYSHiGV3hzHp0X5935mLcWnHzmEP7A+fwBrkePFg==</latexit>

⌘ = 0

<latexit sha1_base64="iQxOgeaM7N0IIlzlOjQRgWbIAP4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2V2l00lFwTt1euuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOqdVy/uzyu1mzyOIhzBMZyCB5dQgzuoQwMYCHiGV3hzHp0X5935mLcWnHzmEP7A+fwBrMOPFQ==</latexit>

⌘ = 4

<latexit sha1_base64="Q6KmNjBYvkQhTv0BCTCzhTzNzEU=">AAACOHicbVDLSgMxFM3UV62vVpe6GCyCG8uMVNSFUHTjsoJ9QKeUTHrbxiaZIckoZZh/cKuf4p+4cydu/QLTdvDReiBwOOfc5Ob4IaNKO86rlVlYXFpeya7m1tY3Nrfyhe26CiJJoEYCFsimjxUwKqCmqWbQDCVg7jNo+MOrsd+4B6loIG71KIQ2x31Be5RgbaS6BxpflDv5olNyJrDniZuSIkpR7RSsPa8bkIiD0IRhpVquE+p2jKWmhEGS8yIFISZD3IeWoQJzUO14sm5iHxila/cCaY7Q9kT9PRFjrtSI+ybJsR6oWW8s/ue1It07a8dUhJEGQaYP9SJm68Ae/93uUglEs5EhmEhqdrXJAEtMtGko5wl4IAHnWHRjL4zUIIm9gTJ3Q2y6OCE8SWYzjP1kjr5DOdOnO9vePKkfl9xy6fymXKxcps1m0S7aR4fIRaeogq5RFdUQQXfoET2hZ+vFerPerY9pNGOlMzvoD6zPL7MUq6w=</latexit>

Similar signatures in density-density correlations ≡ ⟨ ̂σz
i ̂σz

j⟩

hb̂†i b̂ji

<latexit sha1_base64="n99pguNIHgXbgKlU18HeimUafEM="></latexit>

- 12

1
2

0

≡

<latexit sha1_base64="QQqMxvvbq0JvDv1OvzBfyDNrVTA=">AAACGnicbVDLSsNAFJ34rPVVdelmsAiCWBIRdVl047KCfUATw8102o6dTMLMRCih3+HGX3HjQhF34sa/cZpmYVsPDBzOOZc79wQxZ0rb9o+1sLi0vLJaWCuub2xubZd2dhsqSiShdRLxSLYCUJQzQeuaaU5bsaQQBpw2g8H12G8+UqlYJO70MKZeCD3BuoyANpJfclwOoscpdvugU1exXgij+2OfTQsn/gN2ZZb0S2W7YmfA88TJSRnlqPmlL7cTkSSkQhMOSrUdO9ZeClIzwumo6CaKxkAG0KNtQwWEVHlpdtoIHxqlg7uRNE9onKl/J1IIlRqGgUmGoPtq1huL/3ntRHcvvZSJONFUkMmibsKxjvC4J9xhkhLNh4YAkcz8FZM+SCDatFk0JTizJ8+TxmnFOa84t2fl6lVeRwHtowN0hBx0garoBtVQHRH0hF7QG3q3nq1X68P6nEQXrHxmD03B+v4Fp0KhQA==</latexit>

h�̂+
i �̂

�
j i



SD and Nigel CooperSteady states

l = 4, �+= ��

<latexit sha1_base64="sH8I2UlDkEBdnIkpuroopW43Dcw=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoaEsiFRUpFN24rGAf0IQwmU7aoTNJmJkIJfQX3Pgrblwo4tadO//GaZuFth64cDjnXu69x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD28mfvuBCEmj8F6NYuJy1A9pQDFSWvLMEqtVT5wrp484R94xdAYyRpikZatinWE+rmVO2TOLWpoCLhI7I0WQoeGZX04vwgknocIMSdm1rVi5KRKKYkbGBSeRRK8aoj7pahoiTqSbTj8awyOt9GAQCV2hglP190SKuJQj7utOjtRAznsT8T+vm6jgwk1pGCeKhHi2KEgYVBGcxAN7VBCs2EgThAXVt0I8QAJhpUMs6BDs+ZcXSeu0Ylcrl3fVYv06iyMPDsAhKAEbnIM6uAUN0AQYPIJn8ArejCfjxXg3PmatOSOb2Qd/YHz+AI9Ym6A=</latexit>

⌘ = 3

<latexit sha1_base64="SuYel8LGJhhQjbjErU0cDAoXr+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqRC9C0IvHCOYByRJmJ5NkyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnAccz+kAyX6glG0UqvDkZJrct4tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy8ukcVb2KuWL+0qpepPFkYcjOIZT8OASqnAHNagDAwnP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/sU+PGA==</latexit>

⌘ = 2

<latexit sha1_base64="1GhfGdrS4e04C5rg/lviILKTIoo=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyGiF6EoBePEcwDkiXMTnqTIbOz60yvEEJ+wosHRbz6O978GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2cag4NHstYtwNmQAoFDRQooZ1oYFEgoRWMbmd+6wm0EbF6wHECfsQGSoSCM7RSuwvI6DWt9Iolt+zOQVeJl5ESyVDvFb+6/ZinESjkkhnT8dwE/QnTKLiEaaGbGkgYH7EBdCxVLALjT+b3TumZVfo0jLUthXSu/p6YsMiYcRTYzojh0Cx7M/E/r5NieOVPhEpSBMUXi8JUUozp7HnaFxo4yrEljGthb6V8yDTjaCMq2BC85ZdXSbNS9qrli/tqqXaTxZEnJ+SUnBOPXJIauSN10iCcSPJMXsmb8+i8OO/Ox6I152Qzx+QPnM8fr8uPFw==</latexit>

⌘ = 1

<latexit sha1_base64="dThlgrqHLbD/OrMppboFwlCTwVI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O5ypOSaeL1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m907IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo86QvNGcqxJZRpYW8lbEg1ZWgjKtkQvMWXl0nzrOqdVy/uzyu1mzyOIhzBMZyCB5dQgzuoQwMYSHiGV3hzHp0X5935mLcWnHzmEP7A+fwBrkePFg==</latexit>

⌘ = 0

<latexit sha1_base64="iQxOgeaM7N0IIlzlOjQRgWbIAP4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2V2l00lFwTt1euuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOqdVy/uzyu1mzyOIhzBMZyCB5dQgzuoQwMYCHiGV3hzHp0X5935mLcWnHzmEP7A+fwBrMOPFQ==</latexit>

⌘ = 4

<latexit sha1_base64="Q6KmNjBYvkQhTv0BCTCzhTzNzEU=">AAACOHicbVDLSgMxFM3UV62vVpe6GCyCG8uMVNSFUHTjsoJ9QKeUTHrbxiaZIckoZZh/cKuf4p+4cydu/QLTdvDReiBwOOfc5Ob4IaNKO86rlVlYXFpeya7m1tY3Nrfyhe26CiJJoEYCFsimjxUwKqCmqWbQDCVg7jNo+MOrsd+4B6loIG71KIQ2x31Be5RgbaS6BxpflDv5olNyJrDniZuSIkpR7RSsPa8bkIiD0IRhpVquE+p2jKWmhEGS8yIFISZD3IeWoQJzUO14sm5iHxila/cCaY7Q9kT9PRFjrtSI+ybJsR6oWW8s/ue1It07a8dUhJEGQaYP9SJm68Ae/93uUglEs5EhmEhqdrXJAEtMtGko5wl4IAHnWHRjL4zUIIm9gTJ3Q2y6OCE8SWYzjP1kjr5DOdOnO9vePKkfl9xy6fymXKxcps1m0S7aR4fIRaeogq5RFdUQQXfoET2hZ+vFerPerY9pNGOlMzvoD6zPL7MUq6w=</latexit>

Similar signatures in density-density correlations ≡ ⟨ ̂σz
i ̂σz

j⟩

hb̂†i b̂ji

<latexit sha1_base64="n99pguNIHgXbgKlU18HeimUafEM="></latexit>

- 12

1
2

0

≡

<latexit sha1_base64="QQqMxvvbq0JvDv1OvzBfyDNrVTA=">AAACGnicbVDLSsNAFJ34rPVVdelmsAiCWBIRdVl047KCfUATw8102o6dTMLMRCih3+HGX3HjQhF34sa/cZpmYVsPDBzOOZc79wQxZ0rb9o+1sLi0vLJaWCuub2xubZd2dhsqSiShdRLxSLYCUJQzQeuaaU5bsaQQBpw2g8H12G8+UqlYJO70MKZeCD3BuoyANpJfclwOoscpdvugU1exXgij+2OfTQsn/gN2ZZb0S2W7YmfA88TJSRnlqPmlL7cTkSSkQhMOSrUdO9ZeClIzwumo6CaKxkAG0KNtQwWEVHlpdtoIHxqlg7uRNE9onKl/J1IIlRqGgUmGoPtq1huL/3ntRHcvvZSJONFUkMmibsKxjvC4J9xhkhLNh4YAkcz8FZM+SCDatFk0JTizJ8+TxmnFOa84t2fl6lVeRwHtowN0hBx0garoBtVQHRH0hF7QG3q3nq1X68P6nEQXrHxmD03B+v4Fp0KhQA==</latexit>

h�̂+
i �̂

�
j i

hb̂†i b̂ji

<latexit sha1_base64="n99pguNIHgXbgKlU18HeimUafEM="></latexit>

- 12

1
2

0⌘ = 1

<latexit sha1_base64="dThlgrqHLbD/OrMppboFwlCTwVI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O5ypOSaeL1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m907IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo86QvNGcqxJZRpYW8lbEg1ZWgjKtkQvMWXl0nzrOqdVy/uzyu1mzyOIhzBMZyCB5dQgzuoQwMYSHiGV3hzHp0X5935mLcWnHzmEP7A+fwBrkePFg==</latexit>

⌘ = 0

<latexit sha1_base64="iQxOgeaM7N0IIlzlOjQRgWbIAP4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2V2l00lFwTt1euuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOqdVy/uzyu1mzyOIhzBMZyCB5dQgzuoQwMYCHiGV3hzHp0X5935mLcWnHzmEP7A+fwBrMOPFQ==</latexit>

Log negativity       : 
entanglement between left 
and right halves (max number 
of distillable Bell pairs) 

EN

<latexit sha1_base64="Fb2qM1iGFZ1KhZDRLOFuBfX5c3k="></latexit>

EN

<latexit sha1_base64="uOGRMuq7Ksvh5rFKNtwKmEQ2Mdo=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURRZdFEVxJBfuANoTJdNIOnUzCzESoIV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6Z48ecKW3b31ZpZXVtfaO8Wdna3tmt1vb2OypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1J9e5332kUrFIPOhpTN0QjwQLGMHaSF6teuOlgxDrMcE8vcsyr1a3G/YMaJk4BalDgZZX+xoMI5KEVGjCsVJ9x461m2KpGeE0qwwSRWNMJnhE+4YKHFLlprPgGTo2yhAFkTRPaDRTf2+kOFRqGvpmMs+oFr1c/M/rJzq4dFMm4kRTQeaHgoQjHaG8BTRkkhLNp4ZgIpnJisgYS0y06apiSnAWv7xMOqcN56xxfn9Wb14VdZThEI7gBBy4gCbcQgvaQCCBZ3iFN+vJerHerY/5aMkqdg7gD6zPHxXNk2E=</latexit>

⌘

<latexit sha1_base64="bD9yEIhr4QlwKbintiNZjbzaqec=">AAACNnicbVDLSgMxFM3UV62vVpe6GCyCG8uMVNRd0Y3LCvYBnVIy6W0nNMkMSUYpw/yCW/0Uf8WNO3HrJ5hpi4/WA4HDOecmN8ePGFXacV6t3NLyyupafr2wsbm1vVMs7TZVGEsCDRKyULZ9rIBRAQ1NNYN2JAFzn0HLH11nfusepKKhuNPjCLocDwUdUIJ1Jnmgca9YdirOBPYicWekjGao90rWgdcPScxBaMKwUh3XiXQ3wVJTwiAteLGCCJMRHkLHUIE5qG4yWTa1j4zStwehNEdoe6L+nkgwV2rMfZPkWAdq3svE/7xOrAcX3YSKKNYgyPShQcxsHdrZz+0+lUA0GxuCiaRmV5sEWGKiTT8FT8ADCTnHop94UayCNPECZe6GxHRxRniazmcY+8mcfIcKpk93vr1F0jytuNXK5W21XLuaNZtH++gQHSMXnaMaukF11EAEBegRPaFn68V6s96tj2k0Z81m9tAfWJ9fmNGrJw==</latexit>

l = 5

<latexit sha1_base64="RTpGMtC3FpZLtMGgbZT7IO6B9Pw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKgl6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00oO8rvaKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSvCh7lXL1vlKq3WRx5OEETuEcPLiEGtxBHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHzleNfg==</latexit>

l = 4

<latexit sha1_base64="0A8UwlyjikKB7qsbQxt6MFCpksY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9CIUvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWepDX1V6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6R5XvGqlYv7arl2k8dRgGM4gTPw4BJqcAd1aACDATzDK7w50nlx3p2PeeuKk88cwR84nz/M0419</latexit>

l = 3

<latexit sha1_base64="kD7SHj6qJ7XKssNeAvR8qAqNA+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRC9C0IvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnEccz+kAyX6glG00oO8Pu8WS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3VCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPtXfipUnCBXbL6on0iCEZn+TXpCc4ZybAllWthbCRtSTRnadAo2BG/x5WXSOCt7lfLFfaVUvcniyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOm8OO/Ox7w152Qzh/AHzucPy0+NfA==</latexit>

l = 2

<latexit sha1_base64="iBXuUwDhxKngYfqxjSH5fq2Jz2E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiF6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00oO8rvSKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9avnivlqq3WRx5OEETuEcPLiEGtxBHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHycuNew==</latexit>
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SD and Nigel CooperHow to prepare

If initial state has sector weights  ,    final state wη ̂ρ∞ = ∑η wη ̂ρη

— how to prepare a given sector?

Exact solution using engineered loss:  PRL 125, 240404 (2020)

Here,  approximate solution — pump  using timed pulsesC

Low
entanglement

High
entanglement

SD, Stefan Kuhr, & Nigel Cooper,  in prep

Generalises to other symmetries: e.g.,  pairing Hubbard modelη

…

<latexit sha1_base64="UgLHzPwgdhFI3nHU6cfflvIRt9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA/a8XrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6r5/cXldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwAINI2k</latexit>

t1
<latexit sha1_base64="j9ebr9sZ/dcxq6WnsP4YZFzrOvY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAXvVXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NTJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOkUbQje4svLpFmteJeV8/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAJuI2l</latexit>

t2
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How to prepare — schematic

C = − 1/2

Time

≡ ≡Ĉ = ̂σz
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How to prepare — schematic
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How to prepare — schematic
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How to prepare — exact numerics
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SD and Nigel CooperRobustness

remains a symmetry forĈ2

<latexit sha1_base64="MvtusDJLcVm6BAu3xVZ7ohxQPno=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG/BXDxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGSxHyBgqUvB1rTlUgeSsY12Z+64lrI6LwHicx9xUdhmIgGEUrPXRHFNPa9LHcKxTdkjsHWSVeRoqQod4rfHX7EUsUD5FJakzHc2P0U6pRMMmn+W5ieEzZmA55x9KQKm78dH7wlJxbpU8GkbYVIpmrvydSqoyZqMB2Koojs+zNxP+8ToKDKz8VYZwgD9li0SCRBCMy+570heYM5cQSyrSwtxI2opoytBnlbQje8surpFkueZXS9V2lWL3J4sjBKZzBBXhwCVW4hTo0gIGCZ3iFN0c7L86787FoXXOymRP4A+fzB43KkEQ=</latexit>

• Hamiltonians quadratic in the JW fermions and reflection symmetric

     — symmetric traps,  XY spin-1/2 chain

    — transverse-field Ising model  Kitaev chain

• Periodic boundary conditions

• Any coupling at the centre site

• Any function of  “pair occupations” 

↔

n̂k + n̂�k

<latexit sha1_base64="kcew728tGP13ySsQW9gt55ue8B4=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCIJYEimou6IblxXsBdoQJtNJO3QyCTMToYS68VXcuFDErW/hzrdx2kbQ6g8DH/85hzPnDxLOlHacT6uwsLi0vFJcLa2tb2xu2ds7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw6tJvXVHpWKxuNWjhHoR7gsWMoK1sXx7rzvAOhNjf4iO0TdnJ8Oxb5edijMV+gtuDmXIVfftj24vJmlEhSYcK9VxnUR7GZaaEU7HpW6qaILJEPdpx6DAEVVeNr1gjA6N00NhLM0TGk3dnxMZjpQaRYHpjLAeqPnaxPyv1kl1eO5lTCSppoLMFoUpRzpGkzhQj0lKNB8ZwEQy81dEBlhiok1oJROCO3/yX2ieVtxq5eKmWq5d5nEUYR8O4AhcOIMaXEMdGkDgHh7hGV6sB+vJerXeZq0FK5/ZhV+y3r8AQDmWyQ==</latexit>

• Dissipation away from centre  uniform dephasing

• Nearest-neighbour interactions  XXZ chain

• Long-range tunnelling  Rydberg arrays

←

←

←

symmetry is broken forĈ2

<latexit sha1_base64="MvtusDJLcVm6BAu3xVZ7ohxQPno=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG/BXDxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGSxHyBgqUvB1rTlUgeSsY12Z+64lrI6LwHicx9xUdhmIgGEUrPXRHFNPa9LHcKxTdkjsHWSVeRoqQod4rfHX7EUsUD5FJakzHc2P0U6pRMMmn+W5ieEzZmA55x9KQKm78dH7wlJxbpU8GkbYVIpmrvydSqoyZqMB2Koojs+zNxP+8ToKDKz8VYZwgD9li0SCRBCMy+570heYM5cQSyrSwtxI2opoytBnlbQje8surpFkueZXS9V2lWL3J4sjBKZzBBXhwCVW4hTo0gIGCZ3iFN0c7L86787FoXXOymRP4A+fzB43KkEQ=</latexit>

] decay rate ∼ ε2

decay rate ∼ ε]

…



Other pump-loss 
configurations



SD and Nigel CooperLong-range order in other configurations

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

No symmetry  ⇒ Unique steady state

 PRR 3, L012016 (2021)

site j

<latexit sha1_base64="tQaQVIRbtivA59oQ6AGlDEl4+hA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNRo9ELx4xkUcCSGaHXhiZnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLj6Uw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3fWZACgU1FCihGWtgoS+h4Q+vJn7jAbQRkbrFUQydkPWVCARnaKW7NsITptQIBDq+7xZLbtmdgi4SLyMlkqHaLX61exFPQlDIJTOm5bkxdlKmUXAJ40I7MRAzPmR9aFmqWAimk06vHtMjq/RoEGlbCulU/T2RstCYUejbzpDhwMx7E/E/r5VgcNFJhYoTBMVni4JEUozoJALaExo4ypEljGthb6V8wDTjaIMq2BC8+ZcXSf2k7J2Wz25OS5XLLI48OSCH5Jh45JxUyDWpkhrhRJNn8krenEfnxXl3PmatOSeb2Sd/4Hz+AIIBkoY=</latexit>

si
te

i

<latexit sha1_base64="lh80zOmBrcXiZALn2m9l54JXEpY=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYQnTKkRCHQiusWSW3ZnoMvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hUugkBmLGR2wAbUsVC8H46ezqCT2xSo/2I21LIZ2pvydSFhozDgPbGTIcmkVvKv7ntRPsX/qpUHGCoPh8UT+RFCM6jYD2hAaOcmwJ41rYWykfMs042qAKNgRv8eVl0jgre5Xy+W2lVL3K4siTI3JMTolHLkiV3JAaqRNONHkmr+TNeXRenHfnY96ac7KZQ/IHzucPgH2ShQ==</latexit>

site j

<latexit sha1_base64="tQaQVIRbtivA59oQ6AGlDEl4+hA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNRo9ELx4xkUcCSGaHXhiZnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLj6Uw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3fWZACgU1FCihGWtgoS+h4Q+vJn7jAbQRkbrFUQydkPWVCARnaKW7NsITptQIBDq+7xZLbtmdgi4SLyMlkqHaLX61exFPQlDIJTOm5bkxdlKmUXAJ40I7MRAzPmR9aFmqWAimk06vHtMjq/RoEGlbCulU/T2RstCYUejbzpDhwMx7E/E/r5VgcNFJhYoTBMVni4JEUozoJALaExo4ypEljGthb6V8wDTjaIMq2BC8+ZcXSf2k7J2Wz25OS5XLLI48OSCH5Jh45JxUyDWpkhrhRJNn8krenEfnxXl3PmatOSeb2Sd/4Hz+AIIBkoY=</latexit>

si
te

i

<latexit sha1_base64="lh80zOmBrcXiZALn2m9l54JXEpY=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYQnTKkRCHQiusWSW3ZnoMvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hUugkBmLGR2wAbUsVC8H46ezqCT2xSo/2I21LIZ2pvydSFhozDgPbGTIcmkVvKv7ntRPsX/qpUHGCoPh8UT+RFCM6jYD2hAaOcmwJ41rYWykfMs042qAKNgRv8eVl0jgre5Xy+W2lVL3K4siTI3JMTolHLkiV3JAaqRNONHkmr+TNeXRenHfnY96ac7KZQ/IHzucPgH2ShQ==</latexit>

Pump/loss-induced long-range correlation

pump loss

weak pump-loss strong pump-loss

Density wave in “resonant” geometries
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<latexit sha1_base64="kfX4ZH9sydgmQnt9To/aEon9Lsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHlRf9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqlerXt/XKvWbPI4inMApnIMHl1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBVNI3a</latexit>

i

<latexit sha1_base64="S3/hmVL57PA4fjtf7bcyXcxv8MQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmrxfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1arXzVqlfpPHUYQTOIVz8OAS6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f012M+Q==</latexit>

pump loss

https://arxiv.org/abs/2007.08938


SD and Nigel CooperLong-range order in other configurations

J

<latexit sha1_base64="Nu7KTOCGZlUqRMGHm5QjiojJic8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL+IpAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irly3qlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6MZjNY=</latexit>

�+

<latexit sha1_base64="Jo0QKTT81QIGLFgEn4yKOGPwsZQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48V7Ie0oUy2m3bp7ibsboRS+iu8eFDEqz/Hm//GpM1BWx8MPN6bYWZeEAturOt+Oyura+sbm4Wt4vbO7t5+6eCwaaJEU9agkYh0O0DDBFesYbkVrB1rhjIQrBWMbjO/9cS04ZF6sOOY+RIHioecok2lx+4ApcTeebFXKrsVdwayTLyclCFHvVf66vYjmkimLBVoTMdzY+tPUFtOBZsWu4lhMdIRDlgnpQolM/5kdvCUnKZKn4SRTktZMlN/T0xQGjOWQdop0Q7NopeJ/3mdxIbX/oSrOLFM0fmiMBHERiT7nvS5ZtSKcUqQap7eSugQNVKbZpSF4C2+vEyaFxWvWrm8r5ZrN3kcBTiGEzgDD66gBndQhwZQkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4A4LiPzw==</latexit>

��

<latexit sha1_base64="YgUDLTYt5HGdDK7zvvCrIYdhK3A=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cK9kPaUCbbTbt0dxN2N0Ip/RVePCji1Z/jzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiKWvQSES6HaBhgivWsNwK1o41QxkI1gpGt5nfemLa8Eg92HHMfIkDxUNO0abSY3eAUmLvvNgrld2KOwNZJl5OypCj3it9dfsRTSRTlgo0puO5sfUnqC2ngk2L3cSwGOkIB6yTUoWSGX8yO3hKTlOlT8JIp6Usmam/JyYojRnLIO2UaIdm0cvE/7xOYsNrf8JVnFim6HxRmAhiI5J9T/pcM2rFOCVINU9vJXSIGqlNM8pC8BZfXibNi4pXrVzeV8u1mzyOAhzDCZyBB1dQgzuoQwMoSHiGV3hztPPivDsf89YVJ585gj9wPn8A48KP0Q==</latexit>

No symmetry  ⇒ Unique steady state

 PRR 3, L012016 (2021)

site j

<latexit sha1_base64="tQaQVIRbtivA59oQ6AGlDEl4+hA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNRo9ELx4xkUcCSGaHXhiZnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLj6Uw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3fWZACgU1FCihGWtgoS+h4Q+vJn7jAbQRkbrFUQydkPWVCARnaKW7NsITptQIBDq+7xZLbtmdgi4SLyMlkqHaLX61exFPQlDIJTOm5bkxdlKmUXAJ40I7MRAzPmR9aFmqWAimk06vHtMjq/RoEGlbCulU/T2RstCYUejbzpDhwMx7E/E/r5VgcNFJhYoTBMVni4JEUozoJALaExo4ypEljGthb6V8wDTjaIMq2BC8+ZcXSf2k7J2Wz25OS5XLLI48OSCH5Jh45JxUyDWpkhrhRJNn8krenEfnxXl3PmatOSeb2Sd/4Hz+AIIBkoY=</latexit>

si
te

i

<latexit sha1_base64="lh80zOmBrcXiZALn2m9l54JXEpY=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELx4xkUcCK5kdGpgwO7uZ6VXJhv/w4kFjvPov3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYQnTKkRCHQiusWSW3ZnoMvEy0iJZKh1i1+dXsSTEBRyyYxpe26Mfso0Ci5hUugkBmLGR2wAbUsVC8H46ezqCT2xSo/2I21LIZ2pvydSFhozDgPbGTIcmkVvKv7ntRPsX/qpUHGCoPh8UT+RFCM6jYD2hAaOcmwJ41rYWykfMs042qAKNgRv8eVl0jgre5Xy+W2lVL3K4siTI3JMTolHLkiV3JAaqRNONHkmr+TNeXRenHfnY96ac7KZQ/IHzucPgH2ShQ==</latexit>

site j

<latexit sha1_base64="tQaQVIRbtivA59oQ6AGlDEl4+hA=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNRo9ELx4xkUcCSGaHXhiZnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLj6Uw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3fWZACgU1FCihGWtgoS+h4Q+vJn7jAbQRkbrFUQydkPWVCARnaKW7NsITptQIBDq+7xZLbtmdgi4SLyMlkqHaLX61exFPQlDIJTOm5bkxdlKmUXAJ40I7MRAzPmR9aFmqWAimk06vHtMjq/RoEGlbCulU/T2RstCYUejbzpDhwMx7E/E/r5VgcNFJhYoTBMVni4JEUozoJALaExo4ypEljGthb6V8wDTjaIMq2BC8+ZcXSf2k7J2Wz25OS5XLLI48OSCH5Jh45JxUyDWpkhrhRJNn8krenEfnxXl3PmatOSeb2Sd/4Hz+AIIBkoY=</latexit>

si
te

i
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Pump/loss-induced long-range correlation

pump loss

weak pump-loss strong pump-loss

Density wave in “resonant” geometries

free fermion
hard-core boson
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pump loss

Techniques:
• DMRG  quantum 

trajectories
• Effective rate eqns

+

https://arxiv.org/abs/2007.08938


SD and Nigel CooperSummary

• Multiple (exactly solvable) steady states with long-range entanglement in 
a lossy qubit array — highly unusual

• Symmetry in open system protecting Bell pairs — applies to wider class 
of models

• Can be selectively prepared using timed pulses in cold atoms, 
superconducting circuits,… — symmetry harnessing

Shovan Dutta & Nigel Cooper,  PRL 125, 240404 (2020)

• Counterintuitive features in other geometries — PRR 3, L012016 (2021)

SD, Stefan Kuhr, & NC,  coming soon!


