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Competition between unitary dynamics and the effect 
of an external environment in a many-body system

Driven-dissipative systems

⇢̇ = �i[H, ⇢] +D[⇢]
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See e.g. the review: L. Sieberer, M. Buchhold, S. Diehl, Rep. Progr. Phys. 79, 096001 (2016)

Competition between many-body ordering and local dissipation



Steady state
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⇢s = ⇢(t ! 1)

Symmetry breaking  
(dissipative phase transitions)
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Entanglement in the steady state

- Unravelling and entanglement content in single trajectories 
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- Entanglement content in 
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Quantum Fisher information (measuring 
the multipartite entanglement) as a 
function of the coupling shows a critical 
divergence 

Two-dimensional lat t ices of spins 
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Entanglement Transitions

Competition between unitary dynamics and “non-unitary 
maps” may also reflect in a different dynamics of 
quantum correlations
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Unitary (2-qubit) gates 
interrupted by local 
measurements 

Unitary evolution leads to volume-
law in the entanglement 

Non-unitary local operations favour 
a separable state (area - law)



Our work

‣ Driven-dissipative model with 
spontaneous symmetry breaking   
and entanglement transitions  

‣ Possible realisation in experiments 
with trapped ions

While both are typically equally driven by measurement (both are 
generally suppressed by the measurement processes performed by 
the environment), they do have very different sensitivity to changes in 
the coherent dynamics: 



The Model

Jij ⇠
J

|i� j|↵
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              long-range coupling may lead 
to ordering in the x-direction 

Short-range interaction - no symmetry 
breaking
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<latexit sha1_base64="pzlz4DVYCh2gOdVRcXfP1zcO34U="></latexit><latexit sha1_base64="pzlz4DVYCh2gOdVRcXfP1zcO34U="></latexit><latexit sha1_base64="pzlz4DVYCh2gOdVRcXfP1zcO34U="></latexit><latexit sha1_base64="pzlz4DVYCh2gOdVRcXfP1zcO34U="></latexit>

<latexit sha1_base64="wCcczIX9bllNdLOBcYkpZoLvC8Q=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbMxxOwt6MVjAuYByRJmJ73JmNkHM7NCDPkCLx4U8eonefNvnE0iqGhBQ1HVTXeXnwiuNCEf1srq2vrGZm4rv72zu7dfODhsqTiVDJosFrHs+FSB4BE0NdcCOokEGvoC2v74KvPbdyAVj6MbPUnAC+kw4gFnVBupcd8vFIl97hqUMLGrhJBKRly36pZd7NhkjiJaot4vvPcGMUtDiDQTVKmuQxLtTanUnAmY5XupgoSyMR1C19CIhqC86fzQGT41ygAHsTQVaTxXv09MaajUJPRNZ0j1SP32MvEvr5vqoOpNeZSkGiK2WBSkAusYZ1/jAZfAtJgYQpnk5lbMRlRSpk02eRPC16f4f9Iq2U7FdhrlYu1yGUcOHaMTdIYcdIFq6BrVURMxBOgBPaFn69Z6tF6s10XrirWcOUI/YL19AoMPjW0=</latexit>z

<latexit sha1_base64="g/BIz2Is5TsC0r+jSz7Uu/5cKTM=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3XRZwT6wDWUynbRDJ5MwMxFK6F+4caGIW//GnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNWzmHohHgsWMIK1ke7SAcEcNefDybBYcuy649Yvq2hFauWMVOrItZ0lSpChNSy+D0YRSUIqNOFYqb7rxNpLsdSMcDovDBJFY0ymeEz7hgocUuWly4vn6MwoIxRE0pTQaKl+n0hxqNQs9E1niPVE/fYW4l9eP9FBzUuZiBNNBVktChKOdIQW76MRk5RoPjMEE8nMrYhMsMREm5AKJoSvT9H/pHNhuxXbvSmXGldZHHk4gVM4Bxeq0IAmtKANBAQ8wBM8W8p6tF6s11VrzspmjuEHrLdPtguQ9w==</latexit>

Hh
<latexit sha1_base64="wzqTJXsbRvyt/1YNciXgJ9IaKMk=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSifeyKboqrCvaBbSiT6aQdOpmEmYlQQv/CjQtF3Po37vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7ma+517KhWLxK2extQL8UiwgBGsjXSX9gnmqDEbXA+KJceuOW7tooKWpHqekXINubazQAkyNAfF9/4wIklIhSYcK9VznVh7KZaaEU5nhX6iaIzJBI9oz1CBQ6q8dHHxDJ0YZYiCSJoSGi3U7xMpDpWahr7pDLEeq9/eXPzL6yU6qHopE3GiqSDLRUHCkY7Q/H00ZJISzaeGYCKZuRWRMZaYaBNSwYTw9Sn6n7TPbLdsuzfnpfplFkcejuAYTsGFCtShAU1oAQEBD/AEz5ayHq0X63XZmrOymUP4AevtE4iTkNk=</latexit>

HJ



The Model

… corresponding to the single-site 
Kraus operators

K2 =
p

1� p I
<latexit sha1_base64="roqEIJZHb+ql5eO1cdQGFDI8BfE=">AAACC3icdVDLSsNAFJ3UV62vqks3Q4vgxpDUiA1FKLpR3FSwtdCEMJlO26GThzMToYTs3fgrblwo4tYfcOffOH0IKnpgmMM593LvPX7MqJCG8aHl5uYXFpfyy4WV1bX1jeLmVktECcekiSMW8baPBGE0JE1JJSPtmBMU+Ixc+8PTsX99S7igUXglRzFxA9QPaY9iJJXkFUsXXlrJ4DF0xA2XqbkfZ9CpOTXoBEgOfD89z7xi2dAtQ+EQGnpV/ZaliG1X7QMbmroxQRnM0PCK7043wklAQokZEqJjGrF0U8QlxYxkBScRJEZ4iPqko2i IAiLcdHJLBneV0oW9iKsXSjhRv3ekKBBiFPiqcryh+O2Nxb+8TiJ7VTelYZxIEuLpoF7CoIzgOBjYpZxgyUaKIMyp2hXiAeIISxVfQYXwdSn8n7Qqumno5qVVrp/M4siDHVACe8AER6AOzkADNAEGd+ABPIFn7V571F6012lpTpv1bIMf0N4+AVKHmf0=</latexit><latexit sha1_base64="roqEIJZHb+ql5eO1cdQGFDI8BfE=">AAACC3icdVDLSsNAFJ3UV62vqks3Q4vgxpDUiA1FKLpR3FSwtdCEMJlO26GThzMToYTs3fgrblwo4tYfcOffOH0IKnpgmMM593LvPX7MqJCG8aHl5uYXFpfyy4WV1bX1jeLmVktECcekiSMW8baPBGE0JE1JJSPtmBMU+Ixc+8PTsX99S7igUXglRzFxA9QPaY9iJJXkFUsXXlrJ4DF0xA2XqbkfZ9CpOTXoBEgOfD89z7xi2dAtQ+EQGnpV/ZaliG1X7QMbmroxQRnM0PCK7043wklAQokZEqJjGrF0U8QlxYxkBScRJEZ4iPqko2i IAiLcdHJLBneV0oW9iKsXSjhRv3ekKBBiFPiqcryh+O2Nxb+8TiJ7VTelYZxIEuLpoF7CoIzgOBjYpZxgyUaKIMyp2hXiAeIISxVfQYXwdSn8n7Qqumno5qVVrp/M4siDHVACe8AER6AOzkADNAEGd+ABPIFn7V571F6012lpTpv1bIMf0N4+AVKHmf0=</latexit><latexit sha1_base64="roqEIJZHb+ql5eO1cdQGFDI8BfE=">AAACC3icdVDLSsNAFJ3UV62vqks3Q4vgxpDUiA1FKLpR3FSwtdCEMJlO26GThzMToYTs3fgrblwo4tYfcOffOH0IKnpgmMM593LvPX7MqJCG8aHl5uYXFpfyy4WV1bX1jeLmVktECcekiSMW8baPBGE0JE1JJSPtmBMU+Ixc+8PTsX99S7igUXglRzFxA9QPaY9iJJXkFUsXXlrJ4DF0xA2XqbkfZ9CpOTXoBEgOfD89z7xi2dAtQ+EQGnpV/ZaliG1X7QMbmroxQRnM0PCK7043wklAQokZEqJjGrF0U8QlxYxkBScRJEZ4iPqko2i IAiLcdHJLBneV0oW9iKsXSjhRv3ekKBBiFPiqcryh+O2Nxb+8TiJ7VTelYZxIEuLpoF7CoIzgOBjYpZxgyUaKIMyp2hXiAeIISxVfQYXwdSn8n7Qqumno5qVVrp/M4siDHVACe8AER6AOzkADNAEGd+ABPIFn7V571F6012lpTpv1bIMf0N4+AVKHmf0=</latexit><latexit sha1_base64="roqEIJZHb+ql5eO1cdQGFDI8BfE=">AAACC3icdVDLSsNAFJ3UV62vqks3Q4vgxpDUiA1FKLpR3FSwtdCEMJlO26GThzMToYTs3fgrblwo4tYfcOffOH0IKnpgmMM593LvPX7MqJCG8aHl5uYXFpfyy4WV1bX1jeLmVktECcekiSMW8baPBGE0JE1JJSPtmBMU+Ixc+8PTsX99S7igUXglRzFxA9QPaY9iJJXkFUsXXlrJ4DF0xA2XqbkfZ9CpOTXoBEgOfD89z7xi2dAtQ+EQGnpV/ZaliG1X7QMbmroxQRnM0PCK7043wklAQokZEqJjGrF0U8QlxYxkBScRJEZ4iPqko2i IAiLcdHJLBneV0oW9iKsXSjhRv3ekKBBiFPiqcryh+O2Nxb+8TiJ7VTelYZxIEuLpoF7CoIzgOBjYpZxgyUaKIMyp2hXiAeIISxVfQYXwdSn8n7Qqumno5qVVrp/M4siDHVACe8AER6AOzkADNAEGd+ABPIFn7V571F6012lpTpv1bIMf0N4+AVKHmf0=</latexit>

The non-unitary consists in a local resetting 
where spins are independently reset to the 
down state with probability p  

<latexit sha1_base64="+z0XZCCqCAzOxa4kmdxbuetusUg="></latexit>

K0 =
p
p| #ih# |

<latexit sha1_base64="8t1mFCK1fmu/EYlorbYRlnK9rZk="></latexit>

K1 =
p
p| #ih" |

<latexit sha1_base64="FVvwTfrlEEqZbsbfkEYoKeNWVaU="></latexit>

| 0i = Kµ| iq
h |K†

µKµ| i
.

with probability given by the 
Born rule

<latexit sha1_base64="unVBGbLneJJf5Wu7CjVTYHvZqqs="></latexit>

P(µ) = h |K†
µKµ| i



The Dynamics

<latexit sha1_base64="bP9iJo8G2qSeSfgdkvPW5sHVUyA=">AAACFXicdVDLSsNAFJ3UV62vqks3g0WooCGR2sdCKLoprir0BW0sk+mkHTp5MDMRSshPuPFX3LhQxK3gzr9x2kbQogcuHM65l3vvsQNGhTSMTy21tLyyupZez2xsbm3vZHf3WsIPOSZN7DOfd2wkCKMeaUoqGekEnCDXZqRtj6+mfvuOcEF9ryEnAbFcNPSoQzGSSupnT5r5xjG8gOQ2OqUw6mHEYC3ujxrxonTdiPvZnKFXDLNyXoJzUi4kpFiBpm7MkAMJ6v3sR2/g49AlnsQMCdE1jUBaEeKSYkbiTC8UJEB4jIakq6iHXCKsaPZVDI+UMoCOz1V5Es7UnxMRcoWYuLbqdJEciUVvKv7ldUPplK2IekEoiYfni5yQQenDaURwQDnBkk0UQZhTdSvEI8QRlirIjArh+1P4P2md6WZRN28KueplEkcaHIBDkAcmKIEqqIE6aAIM7sEjeAYv2oP2pL1qb/PWlJbM7INf0N6/AG5InTI=</latexit>

U(T ) = e�iHhT e�iHJT

X

↵

K↵ ·K†
↵

<latexit sha1_base64="DCMVE3yAIjY2/IR8wEI7+DUZaCU="></latexit><latexit sha1_base64="DCMVE3yAIjY2/IR8wEI7+DUZaCU="></latexit><latexit sha1_base64="DCMVE3yAIjY2/IR8wEI7+DUZaCU="></latexit><latexit sha1_base64="DCMVE3yAIjY2/IR8wEI7+DUZaCU="></latexit>

…<latexit sha1_base64="QyNGGNWWQdfYQrxdJBl0tb6NnKs=">AAAB63icdVBNS8NAEN34WetX1aOXxSLUS9jUUptb0YvHCk1baEPZbDft0t0k7G6EEvoXvHhQxKt/yJv/xk1bQUUfDDzem2FmXpBwpjRCH9ba+sbm1nZhp7i7t39wWDo67qg4lYR6JOax7AVYUc4i6mmmOe0lkmIRcNoNpje5372nUrE4autZQn2BxxELGcE6l7xK+2JYKiP70jWoQmQ3EEL1nLhuw6250LHRAmWwQmtYeh+MYpIKGmnCsVJ9ByXaz7DUjHA6Lw5SRRNMpnhM+4ZGWFDlZ4tb5/DcKCMYxtJUpOFC/T6RYaHUTASmU2A9Ub+9XPzL66c6bPgZi5JU04gsF4UphzqG+eNwxCQlms8MwUQycyskEywx0Saeognh61P4P+lUbaduO3e1cvN6FUcBnIIzUAEOuAJNcAtawAMETMADeALPlrAerRfrddm6Zq1mTsAPWG+ftXOOCw==</latexit>

U(T )
<latexit sha1_base64="QyNGGNWWQdfYQrxdJBl0tb6NnKs=">AAAB63icdVBNS8NAEN34WetX1aOXxSLUS9jUUptb0YvHCk1baEPZbDft0t0k7G6EEvoXvHhQxKt/yJv/xk1bQUUfDDzem2FmXpBwpjRCH9ba+sbm1nZhp7i7t39wWDo67qg4lYR6JOax7AVYUc4i6mmmOe0lkmIRcNoNpje5372nUrE4autZQn2BxxELGcE6l7xK+2JYKiP70jWoQmQ3EEL1nLhuw6250LHRAmWwQmtYeh+MYpIKGmnCsVJ9ByXaz7DUjHA6Lw5SRRNMpnhM+4ZGWFDlZ4tb5/DcKCMYxtJUpOFC/T6RYaHUTASmU2A9Ub+9XPzL66c6bPgZi5JU04gsF4UphzqG+eNwxCQlms8MwUQycyskEywx0Saeognh61P4P+lUbaduO3e1cvN6FUcBnIIzUAEOuAJNcAtawAMETMADeALPlrAerRfrddm6Zq1mTsAPWG+ftXOOCw==</latexit>

U(T )
<latexit sha1_base64="ljKkm8k5sgTrGY+AqEWozjsTpyM=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNIWZvQS8eEzAPSJYwO+lNxsw+mJkVQsgXePGgiFc/yZt/42wSQUULGoqqbrq7/ERwpQn5sHJr6xubW/ntws7u3v5B8fCoreJUMmixWMSy61MFgkfQ0lwL6CYSaOgL6PiT68zv3INUPI5u9TQBL6SjiAecUW2kph4US8S+cA3KmNg1Qkg1I65bcysudmyyQAmt0BgU3/vDmKUhRJoJqlTPIYn2ZlRqzgTMC/1UQULZhI6gZ2hEQ1DebHHoHJ8ZZYiDWJqKNF6o3ydmNFRqGvqmM6R6rH57mfiX10t1UPNmPEpSDRFbLgpSgXWMs6/xkEtgWkwNoUxycytmYyop0yabggnh61P8P2mXbadqO81KqX61iiOPTtApOkcOukR1dIMaqIUYAvSAntCzdWc9Wi/W67I1Z61mjtEPWG+fefeNZw==</latexit>

t



<latexit sha1_base64="VNpi+xRZI7G6zAcvf8eXgLqaE44=">AAACDHicdVDLSgMxFM3UV62vqks3wSK4KjNS+9gV3bizin1Ap5Q7adqGZjJDkhHKMB/gxl9x40IRt36AO//GtFNBRQ8ETs45l+QeL+RMadv+sDJLyyura9n13Mbm1vZOfnevpYJIEtokAQ9kxwNFORO0qZnmtBNKCr7HadubnM/89i2VigXiRk9D2vNhJNiQEdBG6ucLLgcx4hS7Y9DxZYJdmd77cewS4Pg6SUzKLtZsp3ZawSmplhakXMNO0Z6jgBZo9PPv7iAgkU+FJhyU6jp2qHsxSM0Ip0nOjRQNgUxgRLuGCvCp6sXzZRJ8ZJQBHgbSHKHxXP0+EYOv1NT3TNIHPVa/vZn4l9eN9LDai5kII00FSR8aRhzrAM+awQMmKdF8aggQycxfMRmDBKJNfzlTwtem+H/SOik65aJzVSrUzxZ1ZNEBOkTHyEEVVEcXqIGaiKA79ICe0LN1bz1aL9ZrGs1Yi5l99APW2ycBy5ug</latexit>

hÔiR
Averages

Quantum average for 
a given trajectory

average over 
trajectories



It allows us to tune both the range of interactions and 
the strength of measurements at the same time 

Secondly, this type of transition can be experimentally 
investigated in a realistic trapped-ion setup (local 
resetting can be implemented with optical pumping)

“Advantages”



Long-range  -  DPT

FM

P

<latexit sha1_base64="x+ObI5PUBHLhcguUN4bRMm2fPeo="></latexit>

X̂ =
1

L

X

i

�x
i

Scaling of the x-x correlations in finite-size 
systems 

A steady state for times t > max{2L, 10/p}

For sufficiently long-ranged interactions 
mean-field approx is accurate. 



Binder cumulant

For 𝛼 ~ 1 the ordered 
phase disappears

<latexit sha1_base64="Ausd46SdhuFKDF3SqUlteSvYCzQ="></latexit>

B = 1�
Tr

⇣
⇢ss(

PL
i=1 �

x
i )

4
⌘

3
⇣
Tr(⇢ss(

PL
i=1 �

x
i )

2)
⌘2

<latexit sha1_base64="dz7bmkuxqcSY9q9PXime4k7MAu8="></latexit>

B = f [(p� pSB
c )L1/⌫SB ]



Short-range  

A transition in the 
entanglement behaviour is 

expected

For short-ranged interactions symmetry 
breaking in the steady state is forbidden and 

< �x >ss= 0
<latexit sha1_base64="iv02jLQnK5T/YqZf1yVd82PaG6c=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiQiakGl6MZlBfuANoTJdNIOnZmEmYm0hPyKGxeKuPVH3Pk3Th+CzwMXDufcy733hAmjSrvuu1VYWFxaXimultbWNza37O1yU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61weDXxW3dEKhqLWz1OiM9RX9CIYqSNFNjls66ifY6C0UWQKZXDczewK65Tdb3qsQd/E89xp6iAOeqB/dbtxTjlRGjMkFIdz020nyGpKWYkL3VTRRKEh6hPOoYKxInys+ntOdw3Sg9GsTQlNJyqXycyxJUa89B0cqQH6qc3Ef/yOqmOTv2MiiTVRODZoihlUMdwEgTsUUmwZmNDEJbU3ArxAEmEtYmrZEL4/BT+T5qHjuc63s1RpXY5j6MIdsEeOAAeOAE1cA3qoAEwGIF78AierNx6sJ6tl1lrwZrP7IBvsF4/AK6LlDU=</latexit><latexit sha1_base64="iv02jLQnK5T/YqZf1yVd82PaG6c=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiQiakGl6MZlBfuANoTJdNIOnZmEmYm0hPyKGxeKuPVH3Pk3Th+CzwMXDufcy733hAmjSrvuu1VYWFxaXimultbWNza37O1yU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61weDXxW3dEKhqLWz1OiM9RX9CIYqSNFNjls66ifY6C0UWQKZXDczewK65Tdb3qsQd/E89xp6iAOeqB/dbtxTjlRGjMkFIdz020nyGpKWYkL3VTRRKEh6hPOoYKxInys+ntOdw3Sg9GsTQlNJyqXycyxJUa89B0cqQH6qc3Ef/yOqmOTv2MiiTVRODZoihlUMdwEgTsUUmwZmNDEJbU3ArxAEmEtYmrZEL4/BT+T5qHjuc63s1RpXY5j6MIdsEeOAAeOAE1cA3qoAEwGIF78AierNx6sJ6tl1lrwZrP7IBvsF4/AK6LlDU=</latexit><latexit sha1_base64="iv02jLQnK5T/YqZf1yVd82PaG6c=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiQiakGl6MZlBfuANoTJdNIOnZmEmYm0hPyKGxeKuPVH3Pk3Th+CzwMXDufcy733hAmjSrvuu1VYWFxaXimultbWNza37O1yU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61weDXxW3dEKhqLWz1OiM9RX9CIYqSNFNjls66ifY6C0UWQKZXDczewK65Tdb3qsQd/E89xp6iAOeqB/dbtxTjlRGjMkFIdz020nyGpKWYkL3VTRRKEh6hPOoYKxInys+ntOdw3Sg9GsTQlNJyqXycyxJUa89B0cqQH6qc3Ef/yOqmOTv2MiiTVRODZoihlUMdwEgTsUUmwZmNDEJbU3ArxAEmEtYmrZEL4/BT+T5qHjuc63s1RpXY5j6MIdsEeOAAeOAE1cA3qoAEwGIF78AierNx6sJ6tl1lrwZrP7IBvsF4/AK6LlDU=</latexit><latexit sha1_base64="iv02jLQnK5T/YqZf1yVd82PaG6c=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiQiakGl6MZlBfuANoTJdNIOnZmEmYm0hPyKGxeKuPVH3Pk3Th+CzwMXDufcy733hAmjSrvuu1VYWFxaXimultbWNza37O1yU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61weDXxW3dEKhqLWz1OiM9RX9CIYqSNFNjls66ifY6C0UWQKZXDczewK65Tdb3qsQd/E89xp6iAOeqB/dbtxTjlRGjMkFIdz020nyGpKWYkL3VTRRKEh6hPOoYKxInys+ntOdw3Sg9GsTQlNJyqXycyxJUa89B0cqQH6qc3Ef/yOqmOTv2MiiTVRODZoihlUMdwEgTsUUmwZmNDEJbU3ArxAEmEtYmrZEL4/BT+T5qHjuc63s1RpXY5j6MIdsEeOAAeOAE1cA3qoAEwGIF78AierNx6sJ6tl1lrwZrP7IBvsF4/AK6LlDU=</latexit>



Entanglement transition
<latexit sha1_base64="kRMKcjSKJjiajcXrRo2ZpLViov8=">AAACB3icdVDLSgMxFM3UV62vqktBgkVoqZYZqX0shHbc6K6ifUBbSibNtKGZB0lGKEN3bvwVNy4UcesvuPNvTNsRVPRAyMk593Jzj+UzKqSuf2ixhcWl5ZX4amJtfWNzK7m90xBewDGpY495vGUhQRh1SV1SyUjL5wQ5FiNNa3Q+9Zu3hAvquTdy7JOugwYutSlGUkm95P5lL6wemRN4Bq/T1QzMqsvMwOPpK2tmesmUnivrRvm0COeklI9IoQyNnD5DCkSo9ZLvnb6HA4e4EjMkRNvQfdkNEZcUMzJJdAJBfIRHaEDairrIIaIbzvaYwEOl9KHtcXVcCWfq944QOUKMHUtVOkgOxW9vKv7ltQNpl7ohdf1AEhfPB9kBg9KD01Bgn3KCJRsrgjCn6q8QDxFHWKroEiqEr03h/6RxkjMKOeMqn6qYURxxsAcOQBoYoAgq4ALUQB1gcAcewBN41u61R+1Fe52XxrSoZxf8gPb2CREnlP4=</latexit>

IA,B = S(A) + S(B)� S(A+B)
<latexit sha1_base64="NsHZha1nvSowUWaX4jgVOl450Ps=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFROpfSwKtW5cuKhgH9CGMplO26GTSZyZFErS73DjQhG3fow7/8ZpG0FFD1w4nHMv997jBoxKZVkfRmpldW19I72Z2dre2d3L7h80pR8KTBrYZ75ou0gSRjlpKKoYaQeCIM9lpOWOr+Z+a0KEpD6/U9OAOB4acjqgGCktOfFlXIlrMazAm7N8L5uzzLJlly+KcElK+YQUytA2rQVyIEG9l33v9n0ceoQrzJCUHdsKlBMhoShmZJbphpIECI/RkHQ05cgj0okWR8/giVb6cOALXVzBhfp9IkKelFPP1Z0eUiP525uLf3mdUA1KTkR5ECrC8XLRIGRQ+XCeAOxTQbBiU00QFlTfCvEICYSVzimjQ/j6FP5PmuemXTDt23yuWkviSIMjcAxOgQ2KoAquQR00AAb34AE8gWdjYjwaL8brsjVlJDOH4AeMt09tFJE+</latexit>

|A| = |B| = L/4

The mutual information is expected to 
have a maximum at the entanglement 
transition

<latexit sha1_base64="HxkHjQEW2p5unbi4sPN791wssqw="></latexit>

IA,B = L⌘f [(p� pc)L
1/⌫ ]



Entanglement transition

<latexit sha1_base64="rrqcVFLQ+noLO6CtEtaILZDjcoQ=">AAACBHicdVDLSgMxFM3UV62vqstugkVQhDIjtY+FUHXjwkVF2wptKZk004ZmMkNyRyhDF278FTcuFHHrR7jzb0wfgooeCBzOuYebe9xQcA22/WEl5uYXFpeSy6mV1bX1jfTmVl0HkaKsRgMRqBuXaCa4ZDXgINhNqBjxXcEa7uBs7DdumdI8kNcwDFnbJz3JPU4JGKmTzlztnezjY0w6cYtLD4YjfIEPcKsbgO6ks3aubDvloyKeklJ+Rgpl7OTsCbJohmon/W5yNPKZBCqI1k3HDqEdEwWcCjZKtSLNQkIHpMeahkriM92OJ0eM8K5RutgLlHkS8ET9noiJr/XQd82kT6Cvf3tj8S+vGYFXasdchhEwSaeLvEhgCPC4EdzlilEQQ0MIVdz8FdM+UYSC6S1lSvi6FP9P6oc5p5BzLvPZyumsjiTKoB20hxxURBV0jqqohii6Qw/oCT1b99aj9WK9TkcT1iyzjX7AevsEVaSWrA==</latexit>

S(A) = a1L+ . . .
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|A| = L/2

- The extrapolation is difficult due to 
the sizes available

- Good indication of a transition in 
agreement with what observed with 
the mutual information

- Impossible to distinguish between 
area and sub-volume behaviour



Entanglement transition
Probing the entanglement phase transition 
with a single reference qubit 

SR is the entanglement entropy between a 
reference spin (initially strongly entangled 
with the rest of the chain) and the system. 

M. J. Gullans and D. A. Huse, Phys. Rev. Lett. 125, 070606 (2020)

The decay in time of SR becomes slower 
on increasing the system size and 
universal function of 

<latexit sha1_base64="h2q3gQy7o6r9KsQWtauKHfbr5d8=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBoPgad2VmMct6MWDhwjmAckaZiezyZDZ2WVmVogh3+DFgyJe/SBv/o2TZAUVLWgoqrrp7vJjzpR2nA8rs7S8srqWXc9tbG5t7+R395oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kcXM791R6VikbjR45h6IR4IFjCCtZEa+uTq9r6XLzh21XGrZ2W0IJViSkpV5NrOHAVIUe/l37v9iCQhFZpwrFTHdWLtTbDUjHA6zXUTRWNMRnhAO4YKHFLlTebHTtGRUfooiKQpodFc/T4xwaFS49A3nSHWQ/Xbm4l/eZ1EBxVvwkScaCrIYlGQcKQjNPsc9ZmkRPOxIZhIZm5FZIglJtrkkzMhfH2K/ifNU9st2e51sVA7T+PIwgEcwjG4UIYaXEIdGkCAwQM8wbMlrEfrxXpdtGasdGYffsB6+wQF1o7Z</latexit>

t/Lz

Finite size scaling of the time when SR (𝜏) = 
0.15 <latexit sha1_base64="GBzWDU16QuOUh75ovQeS0B4mV3I="></latexit>

⌧ = Lzg[(p� pc)L
1/⌫ ]



Phase Diagram

Area /

A region of coexistence of the ordered 
phase and the area law phase appears 
for intermediate values of p. 

Qualitative diagram of the interplay between ordering 
and entanglement transition as a function of the range 
of interactions α and the resetting probability p 



EXPERIMENTAL REALIZATION WITH TRAPPED IONS 
Trapped-ion systems can directly realize long-range 
interacting spin models by off-resonantly coupling 
pseudo-spin degrees of freedom (detailed below) to 
the motional collective modes stemming from ion-ion 
Coulomb interactions.

The power-law exp can be tuned by changing the 
parameters of the trap.

C. Monroe et al, Rev. Mod. Phys. 93, 025001 (2021) 

The symmetry-breaking transition 
can be observed by averaging over 
quantum trajectories. ET can be 
observed only by measuring 
properties of the quantum state, 
postselection necessary 
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Effect of noise:

- DPT: shrinks the ordered phase

- ET: the area-law a transient 



Summary

‣ Analysis of a model described by a time-periodic Lindblad equation, 
showing both symmetry breaking and entanglement transitions in the 
steady state.   

‣ (As expected) DPT and ET not  connected 

‣ Similar features expected in a generically periodic dynamics as well as 
in the case with time-translational invariant eqs. 

‣ Possible realisation in experiments with trapped ions


