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Abstract: We show that for a simple dissipative drive and loss, a reflection-symmetric qubit array can exhibit multiple highly coherent 
steady states, including maximally entangled states of nonlocal Bell pairs. We show how to prepare these states in existing setups.
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I. Motivation

• Stable coherence essential for quantum control and information processing
• Environmental coupling typically destroys coherence — classical steady state
• Coupling can be engineered in synthetic platforms, offering new resource

IV. Entangled particle-hole pairs

V. Steady states

VI. Preparing a given sector

VII. Summary
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III. Symmetry and conservation law

• Simple lossy quantum system exhibiting multiple highly coherent nonequilibrium 
steady states that can be selectively prepared in existing setups

• Controlled generation and preservation of entanglement in an open setting 

• Dynamical symmetry stabilizing nonlocal Bell pairs — robust to a large class of 
two-level 1D systems (w/ symmetric traps)

• Surprising features at other pump-loss configurations — Ref. [6]

 Identify simple lossy setups where coherence can be stabilized⟹

II. Setup and model

Hard-core bosons on 1D lattice with incoherent pump and loss at center

• every site has occupation            or  

• equivalent to spin-1/2  chain with spin flip at centerXY
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Hamiltonian: Jump operators: L̂+=
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Markovian dynamics [3]: d⇢̂/dt = �i[Ĥ, ⇢̂] +
X
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Hidden symmetry operator Ĉ := �1/2 +
lX
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Symmetry of both Hamiltonian and dissipation:

Fermion description — Jordan-Wigner map:

 free-fermion Hamiltonian  nonlocal dissipation (mediates interactions!)⟹ +
f̂j = (�1)

P
i<j n̂i b̂j
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even and odd single-particle modes

•                                  

•                                           

⟹
⟹

Ĉ = N̂even�N̂odd�1/2
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[Ĥ, Ĉ] = 0
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Ĉ = (�1)n̂0 F̂ ({b̂j , b̂†j : j 6= 0})
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                     , i.e.,      gives a good quantum number⟹ dhĈ2i/dt = 0
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Dynamics decouple into eigenspaces of      — weight in each sector conserved [4]Ĉ2
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âk,± :=
1p
2
(f̂k ± f̂�k)
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where

Total “charge” ⌫
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â†k,±|vaci ⇠ |0k1�ki± |1k0�ki

<latexit sha1_base64="gUomt/kaU+UqviZX3ujNOOeeH7o="></latexit>
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(not entangled)   net “charge" measures entanglement⟹

has eigenvaluesĈ2
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⇤ = (⌫ + n0�1/2)2, ⌫ = 0,±1, . . . ,±l
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•         distinct symmetry sectors

• Steady state uniquely specified by initial weights         where      is the 
projector onto sector 
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: maximally entangled

Local pump/loss realized using transmon qubits in microwave circuits [1] and 
ionizing beams in optical lattices [2]

ni= 0
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<latexit sha1_base64="vf6EF6VEC1j4g6FDMii/unIwLvE=">AAACM3icbVDLSgMxFM34rPXV6lIXg0VwY5mRirorunHZgn1Ap5RMeqcTmmSGJKOUYb7ArX6KHyPuxK3/YPrAR+uBwOGcc5Ob48eMKu04r9bS8srq2npuI7+5tb2zWyjuNVWUSAINErFItn2sgFEBDU01g3YsAXOfQcsf3oz91j1IRSNxp0cxdDkeCBpQgrWR6m6vUHLKzgT2InFnpIRmqPWK1qHXj0jCQWjCsFId14l1N8VSU8Igy3uJghiTIR5Ax1CBOahuOtk0s4+N0reDSJojtD1Rf0+kmCs14r5JcqxDNe+Nxf+8TqKDy25KRZxoEGT6UJAwW0f2+Nt2n0ogmo0MwURSs6tNQiwx0aacvCfggUScY9FPvThRYZZ6oTJ3Q2q6OCc8y+YzjP1kTr9DedOnO9/eImmeld1K+apeKVWvZ83m0AE6QifIRReoim5RDTUQQYAe0RN6tl6sN+vd+phGl6zZzD76A+vzC6EUqaQ=</latexit>

As we show, center drive yields multiple steady states with long-range coherence

Steady state in sector    :                                (normalized)        : total occupation

• infinite-temperature state w/ chemical potential
• but all states in a sector can be highly entangled! [e.g.,           has Bell pairs of 

same “charge” at all positions]

⌘

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

⇢̂⌘ = (�+/��)
N̂ P̂⌘

<latexit sha1_base64="eWONaC8rBvVPcTv9UiyTSv3/pnw="></latexit>

N̂

<latexit sha1_base64="bcgy3Au5tmOvAhV6lO755QLu2aU=">AAACOXicbVDLSgMxFM34rOOr1aUuBovgxjIjFXVXdONKKtgHdErJpLed0CQzJBmlDPMRbvVT/BKX7sStP2D6wEfrgcDhnHOTmxPEjCrtuq/WwuLS8spqbs1e39jc2s4XduoqSiSBGolYJJsBVsCogJqmmkEzloB5wKARDK5GfuMepKKRuNPDGNoc9wXtUYK1kRp+iHV6k3XyRbfkjuHME29KimiKaqdg7fvdiCQchCYMK9Xy3Fi3Uyw1JQwy208UxJgMcB9ahgrMQbXT8b6Zc2iUrtOLpDlCO2P190SKuVJDHpgkxzpUs95I/M9rJbp33k6piBMNgkwe6iXM0ZEz+rzTpRKIZkNDMJHU7OqQEEtMtKnI9gU8kIhzLLqpHycqzFI/VOZuSE0Xp4Rn2WyGsZ/M8XfINn16s+3Nk/pJySuXLm7LxcrltNkc2kMH6Ah56AxV0DWqohoiaIAe0RN6tl6sN+vd+phEF6zpzC76A+vzC2GsrI4=</latexit>

µ = ln(�+/��)

<latexit sha1_base64="LQwwsxcbVCtH5+WMb/EhUcVDS2U="></latexit>

⌘ = 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 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>

End-to-end coherence in different sectors

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>

EN

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

<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>

l=12

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

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

EN

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

In contrast, for free fermion pump & loss, all odd modes form an exponentially large 
decoherence-free subspace

Final state                         — Q: how to prepare initial sector weights        ? 

Strategy: start with a definite occupation of odd modes (        ), then deplete all 
even modes [Recall:                                  ] 

⇢̂ =
P

⌘hP̂⌘i⇢̂⌘

<latexit sha1_base64="MIpTcuCUsVYDLcGkZCxlCIpXZ90="></latexit>

hP̂⌘i

<latexit sha1_base64="jBmWBXwkQOEKdzLSpDNmib7zoaU="></latexit>

Nodd

<latexit sha1_base64="BbFH5LrlmwT5dYSJTHVrqe7iSZs="></latexit>

Ĉ = N̂even�N̂odd�1/2

<latexit sha1_base64="v3FM1BQK49gxu201e3XRb5liLFY="></latexit>

• Engineer loss of Jordan-Wigner fermions at center [5]:

     — wavefunction gains a collective phase when boson is lost
     — odd modes vanish at center, thus immune to loss

• Prepare symmetric Fock state                              —  has 

     — with (only) fermion loss, driven to sector 

• Switch to boson pump and loss at center — driven to steady state 

f̂0 = (�1)
P

i<0 n̂i b̂0

<latexit sha1_base64="PAaibn7eaFhcDtEI/dbBuaA+2Mo="></latexit>

Q
k(b̂

†
k b̂

†
�k)

nk |vaci

<latexit sha1_base64="r9Uocjtutwfn+pbIKgG53froAT4="></latexit>

Nodd =
P

k nk

<latexit sha1_base64="m40nD5bp5frOQR3fLQsfBZPqaUU="></latexit>

⌘ =
P

k nk

<latexit sha1_base64="hgienx8wBBSmvHzonx/A6ZoWkqg="></latexit>

⇢̂⌘

<latexit sha1_base64="4F/AYznjPEJfIlxaUDqMqtfyBzg="></latexit>

⌘ = 0

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

⌘ = 1

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

⌘ = 3

<latexit sha1_base64="SuYel8LGJhhQjbjErU0cDAoXr+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqRC9C0IvHCOYByRJmJ5NkyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnAccz+kAyX6glG0UqvDkZJrct4tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy8ukcVb2KuWL+0qpepPFkYcjOIZT8OASqnAHNagDAwnP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/sU+PGA==</latexit>
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<latexit sha1_base64="kOfHM8t56WJVWTq7pcOgTV7wdlg=">AAACGXicbVDLSgMxFM34rPVVdekmWAQ3lhmp6LLoxmUFq0JnLHfS22kwkxmSjFCG+Q03/oobF4q41JV/YzoW8XUgcHLOuST3hKng2rjuuzM1PTM7N19ZqC4uLa+s1tbWz3WSKYYdlohEXYagUXCJHcONwMtUIcShwIvw+njsX9yg0jyRZ2aUYhBDJPmAMzBW6tVcX4CMBFJ/CCYPi564yv0+RBGq4kvLd4W9qDLYq9XdhluC/iXehNTJBO1e7dXvJyyLURomQOuu56YmyEEZzgQWVT/TmAK7hgi7lkqIUQd5uVlBt63Sp4NE2SMNLdXvEznEWo/i0CZjMEP92xuL/3ndzAwOg5zLNDMo2edDg0xQk9BxTbTPFTIjRpYAU9z+lbIhKGDGllm1JXi/V/5LzvcaXrOxf9qst44mdVTIJtkiO8QjB6RFTkibdAgjt+SePJIn5855cJ6dl8/olDOZ2SA/4Lx9AKTAoVQ=</latexit>

Jt/~

<latexit sha1_base64="vGKUGvGnICzdLQbdXf+DIAJEGVk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BL+IpgnlAEsLsZDYZMju7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSLZ8aLoXidRQoeSvWnIa+5E1/dDP1m09cGxGpBxzHvBvSgRKBYBSt1LrDs87Qp7pXLLlldwayTLyMlCBDrVf86vQjloRcIZPUmLbnxthNqUbBJJ8UOonhMWUjOuBtSxUNuemms3sn5MQqfRJE2pZCMlN/T6Q0NGYc+rYzpDg0i95U/M9rJxhcdVOh4gS5YvNFQSIJRmT6POkLzRnKsSWUaWFvJWxINWVoIyrYELzFl5dJ47zsVcoX95VS9TqLIw9HcAyn4MElVOEWalAHBhKe4RXenEfnxXl3PuatOSebOYQ/cD5/AKOwj7g=</latexit>
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<latexit sha1_base64="jaMnKRdSBOeheBBM8b3dW6SauWw="></latexit>

�+= ��= 2J/~

<latexit sha1_base64="pmepFTRVnhFUZJywCHT8RbAwY8M="></latexit>

Jordan-Wigner
Fermion loss Boson pump & loss

End-to-end coherence 
during preparation (       )

Converges within few 
tens of tunneling time, 
typically much faster than 
residual dissipation and 
disorder [1]

l = 3

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