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Summary
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‣ Bob’s state agnostic to Alice’s 
measurement outcomes

001101… (001101…)ρ

‣ State with entanglement 

‣ Bob’s state sensitive to Alice’s 
measurement outcomes

001101… ρ
?

‣ State with entanglement 

‣ And yet Bob’s state agnostic to 
Alice’s measurement outcomes

Key idea: entanglement structure and its response to measurements on subsystem
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‣The initial entanglement ‘transmutes’ into a multipartite entanglement 

‣How multipartite? 

‣depends on how scrambling  is, how large is its depthÛ
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Û

‣A part of the system is evolved with a scrambling unitary Û

‣The initial entanglement ‘transmutes’ into a multipartite entanglement 

‣How multipartite? 

‣depends on how scrambling  is, how large is its depthÛ

Scrambling unitary dynamics transmutes local, few-body entanglement into multipartite, volume-law entanglement
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Local measurements on  
a part of  the state

Reduced state on another part  
(conditioned on measurement outcome)

Entanglement structure
?
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<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

Chaotic Unitary Circuit



Setup and definitions

‣ State of the system after the unitary  

‣ Subsystem  is traced out leaving a mixed states between 
 and  denoted by  

‣Measurements on the subsystem  with outcome  with 
probability  

‣  conditional state on  denoted by  

‣ Reduced density matrix of  denoted by 

≡ ρRSE = |ψRSE⟩⟨ψRSE |

E
R S ρRS

S oS
p(oS)

R ρR(oS)

R ρR

ρR = ∑
oS

p(oS)ρR(oS)

<latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

Chaotic Unitary Circuit



Setup and definitions

‣ State of the system after the unitary  

‣ Subsystem  is traced out leaving a mixed states between 
 and  denoted by  

‣Measurements on the subsystem  with outcome  with 
probability  

‣  conditional state on  denoted by  

‣ Reduced density matrix of  denoted by 

≡ ρRSE = |ψRSE⟩⟨ψRSE |

E
R S ρRS

S oS
p(oS)

R ρR(oS)

R ρR

ρR = ∑
oS

p(oS)ρR(oS)

‣ Entanglement between  and  
remains  at all times 

‣  at all times

R S ∪ E
γN ln 2

ρR ∝ 𝕀 <latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

Chaotic Unitary Circuit



<latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

‣Are  and  entangled with each other? 

‣ Is the ensemble  of  states in  non-trivial?

R S

{p(oS), ρR(oS)} R



<latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

‣Are  and  entangled with each other? 

‣ Is the ensemble  of  states in  non-trivial?

R S

{p(oS), ρR(oS)} R

•How do the answers to the above questions depend on the 
parameters , , and  in the thermodynamic limit ( )? 

•phase diagram in terms entanglement structure and 
response to measurements

τ p γ N → ∞



<latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

Entanglement between  and R S

‣Quantify entanglement between  and  via 
Logarithmic Negativity 
 
 
 
 

‣ Peres-Horodecki criterion:  

‣  is separable   

‣Contrapositive:                  and  are entangled

R S

ρRS ⇒

⇒ R S

<latexit sha1_base64="qBczoV1/p1uv4bjMPNUgd6gu4vM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqBuh6MaV1Ecf0IYwmU7aoZMHMxOlxHyKGxeKuPVL3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UlpZXVteK66WNza3tHbO825JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Q58dsPVEgWhfdqHFMnwIOQ+YxgpSXXLKc9gjm6ztz09i5D58hyzYpVtaZAi8TOSQVyNFzzq9ePSBLQUBGOpezaVqycFAvFCKdZqZdIGmMywgPa1TTEAZVOOj09Q4da6SM/ErpChabq74kUB1KOA093BlgN5bw3Ef/zuonyz5yUhXGiaEhmi/yEIxWhSQ6ozwQlio81wUQwfSsiQywwUTqtkg7Bnn95kbSOq/ZJtXZTq9Qv8jiKsA8HcAQ2nEIdrqABTSDwCM/wCm/Gk/FivBsfs9aCkc/swR8Ynz+sFZL5</latexit>

NRS = 0

<latexit sha1_base64="m9nKNT+3n1uHHwfWhwsnUdXfG9Q=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgKcxIUI9BL54kLlkgMww9nZqkSU/P2N0jxCH4K148KOLV//Dm39hZDpr4oODxXhVV9YKEM6Vt+9vKLSwuLa/kVwtr6xubW8XtnYaKU0mhTmMey1ZAFHAmoK6Z5tBKJJAo4NAM+hcjv/kAUrFY3OlBAl5EuoKFjBJtJL+4l7mUcHw19LOb2yF2Bdxj2y+W7LI9Bp4nzpSU0BQ1v/jldmKaRiA05USptmMn2suI1IxyGBbcVEFCaJ90oW2oIBEoLxtfP8SHRungMJamhMZj9fdERiKlBlFgOiOie2rWG4n/ee1Uh2dexkSSahB0sihMOdYxHkWBO0wC1XxgCKGSmVsx7RFJqDaBFUwIzuzL86RxXHZOypXrSql6Po0jj/bRATpCDjpFVXSJaqiOKHpEz+gVvVlP1ov1bn1MWnPWdGYX/YH1+QNKApR6</latexit>

NRS 6= 0

<latexit sha1_base64="lWCPZ+89SX2wfOtYp3pK8pyfzfg="></latexit>

NRS = ln
���
���⇢TS

RS

���
���
1

Vidal+Werner, PRA 2002; Plenio PRL 2005



<latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

Entanglement between  and R S

‣ Separability for mixed states: 

‣                   does not necessarily imply separability; 
counter example: bound entanglement 

‣ for our purposes                  is a working criterion for 
being disentangled 

<latexit sha1_base64="qBczoV1/p1uv4bjMPNUgd6gu4vM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqBuh6MaV1Ecf0IYwmU7aoZMHMxOlxHyKGxeKuPVL3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UlpZXVteK66WNza3tHbO825JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Q58dsPVEgWhfdqHFMnwIOQ+YxgpSXXLKc9gjm6ztz09i5D58hyzYpVtaZAi8TOSQVyNFzzq9ePSBLQUBGOpezaVqycFAvFCKdZqZdIGmMywgPa1TTEAZVOOj09Q4da6SM/ErpChabq74kUB1KOA093BlgN5bw3Ef/zuonyz5yUhXGiaEhmi/yEIxWhSQ6ozwQlio81wUQwfSsiQywwUTqtkg7Bnn95kbSOq/ZJtXZTq9Qv8jiKsA8HcAQ2nEIdrqABTSDwCM/wCm/Gk/FivBsfs9aCkc/swR8Ynz+sFZL5</latexit>

NRS = 0

<latexit sha1_base64="qBczoV1/p1uv4bjMPNUgd6gu4vM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqBuh6MaV1Ecf0IYwmU7aoZMHMxOlxHyKGxeKuPVL3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UlpZXVteK66WNza3tHbO825JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Q58dsPVEgWhfdqHFMnwIOQ+YxgpSXXLKc9gjm6ztz09i5D58hyzYpVtaZAi8TOSQVyNFzzq9ePSBLQUBGOpezaVqycFAvFCKdZqZdIGmMywgPa1TTEAZVOOj09Q4da6SM/ErpChabq74kUB1KOA093BlgN5bw3Ef/zuonyz5yUhXGiaEhmi/yEIxWhSQ6ozwQlio81wUQwfSsiQywwUTqtkg7Bnn95kbSOq/ZJtXZTq9Qv8jiKsA8HcAQ2nEIdrqABTSDwCM/wCm/Gk/FivBsfs9aCkc/swR8Ynz+sFZL5</latexit>

NRS = 0

<latexit sha1_base64="0hMKelcHEGykoBhn0JF7JfQz0dE=">AAACIHicbZDLSsNAFIYn9VbrLerSzWAR6qYkUqwboejGZW3tBZoYJtNpO3SSCTMToYQ8ihtfxY0LRXSnT+M07UJbfxj4+c45nDm/HzEqlWV9GbmV1bX1jfxmYWt7Z3fP3D9oSx4LTFqYMy66PpKE0ZC0FFWMdCNBUOAz0vHH19N654EISXl4pyYRcQM0DOmAYqQ08syqI0bcSxrNFF5CR8aBl9A08ijMeOM+KdHT1OGKBkRmqDlDnlm0ylYmuGzsuSmCueqe+en0OY4DEirMkJQ924qUmyChKGYkLTixJBHCYzQkPW1DpBe6SXZgCk806cMBF/qFCmb090SCAiknga87A6RGcrE2hf/VerEaXLgJDaNYkRDPFg1iBhWH07RgnwqCFZtog7Cg+q8Qj5BAWOlMCzoEe/HkZdM+K9vn5cptpVi7mseRB0fgGJSADaqgBm5AHbQABo/gGbyCN+PJeDHejY9Za86YzxyCPzK+fwD2gqN7</latexit>

⇢RS =
X

i

pi⇢
(i)
R ⌦ ⇢(i)S

‣Quantify entanglement between  and  via 
Logarithmic Negativity 
 
 
 
 

‣ Peres-Horodecki criterion:  

‣  is separable   

‣Contrapositive:                  and  are entangled

R S

ρRS ⇒

⇒ R S

<latexit sha1_base64="qBczoV1/p1uv4bjMPNUgd6gu4vM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqBuh6MaV1Ecf0IYwmU7aoZMHMxOlxHyKGxeKuPVL3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UlpZXVteK66WNza3tHbO825JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Q58dsPVEgWhfdqHFMnwIOQ+YxgpSXXLKc9gjm6ztz09i5D58hyzYpVtaZAi8TOSQVyNFzzq9ePSBLQUBGOpezaVqycFAvFCKdZqZdIGmMywgPa1TTEAZVOOj09Q4da6SM/ErpChabq74kUB1KOA093BlgN5bw3Ef/zuonyz5yUhXGiaEhmi/yEIxWhSQ6ozwQlio81wUQwfSsiQywwUTqtkg7Bnn95kbSOq/ZJtXZTq9Qv8jiKsA8HcAQ2nEIdrqABTSDwCM/wCm/Gk/FivBsfs9aCkc/swR8Ynz+sFZL5</latexit>

NRS = 0

<latexit sha1_base64="m9nKNT+3n1uHHwfWhwsnUdXfG9Q=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgKcxIUI9BL54kLlkgMww9nZqkSU/P2N0jxCH4K148KOLV//Dm39hZDpr4oODxXhVV9YKEM6Vt+9vKLSwuLa/kVwtr6xubW8XtnYaKU0mhTmMey1ZAFHAmoK6Z5tBKJJAo4NAM+hcjv/kAUrFY3OlBAl5EuoKFjBJtJL+4l7mUcHw19LOb2yF2Bdxj2y+W7LI9Bp4nzpSU0BQ1v/jldmKaRiA05USptmMn2suI1IxyGBbcVEFCaJ90oW2oIBEoLxtfP8SHRungMJamhMZj9fdERiKlBlFgOiOie2rWG4n/ee1Uh2dexkSSahB0sihMOdYxHkWBO0wC1XxgCKGSmVsx7RFJqDaBFUwIzuzL86RxXHZOypXrSql6Po0jj/bRATpCDjpFVXSJaqiOKHpEz+gVvVlP1ov1bn1MWnPWdGYX/YH1+QNKApR6</latexit>

NRS 6= 0

<latexit sha1_base64="lWCPZ+89SX2wfOtYp3pK8pyfzfg="></latexit>

NRS = ln
���
���⇢TS

RS

���
���
1

Vidal+Werner, PRA 2002; Plenio PRL 2005



<latexit sha1_base64="uUTWXEd/RokebFAC9oNfKtQgE2k=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0Wol5JIUY8FL56kBfsBbSib7aZdupvE3Y1YQvtTvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/mTGnH+bbW1jc2t7ZzO/ndvf2DQ/uo0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qZ+a1HKhWLwns9jqkn8CBkASNYG6lnF+rT0t007UqBHhKfaTU579lFp+zMgVaJm5EiZKj17K9uPyKJoKEmHCvVcZ1YeymWmhFOJ/luomiMyQgPaMfQEAuqvHR++wSdGaWPgkiaCjWaq78nUiyUGgvfdAqsh2rZm4n/eZ1EB9deysI40TQki0VBwpGO0CwI1GeSEs3HhmAimbkVkSGWmGgTV96E4C6/vEqaF2X3slypV4pVJ4sjBydwCiVw4QqqcAs1aACBJ3iGV3izJtaL9W59LFrXrGzmGP7A+vwBsiiULQ==</latexit>

Q (N qubits)
<latexit sha1_base64="MICYKTumsX+93eRjFoJNbioZit8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzUtRlwY0rqWIf0BlKJs20oUlmTDJCGVo3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwuJz4zQciFY3EnR7GxOeoJ2hIMdJG6tgHt+OS10OcI3g9Tj3J4X0SUK1GJx276JSdKeAicTNSBBlqHfvL60Y44URozJBSbdeJtZ8iqSlmZFTwEkVihAeoR9qGCsSJ8tPpCyN4bJQuDCNpSmg4VX9PpIgrNeSB6eRI99W8NxH/89qJDi/8lIo40UTg2aIwYVBHcJIH7FJJsGZDQxCW1NwKcR9JhLVJrWBCcOdfXiSN07J7Vq7cVIpVJ4sjDw7BESgBF5yDKrgCNVAHGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2B9/gC1G5bz</latexit>

R (�N qubits)

<latexit sha1_base64="5YPW46St9kokSAn3jEikQtgiCOg=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5JIUY8FLx4r2A9oQ9lsNu3S3STsTsQS4k/x4kERr/4Rb/4bt20O2vpg4PHeDDPz/ERwDY7zba2tb2xubZd2yrt7+weH9lGlo+NUUdamsYhVzyeaCR6xNnAQrJcoRqQvWNef3Mz87gNTmsfRPUwT5kkyinjIKQEjDe3KAEj6VMsGSuKAJTDOz4d21ak7c+BV4hakigq0hvbXIIhpKlkEVBCt+66TgJcRBZwKlpcHqWYJoRMyYn1DIyKZ9rL57Tk+M0qAw1iZigDP1d8TGZFaT6VvOiWBsV72ZuJ/Xj+F8NrLeJSkwCK6WBSmAkOMZ0HggCtGQUwNIVRxcyumY6IIBRNX2YTgLr+8SjoXdfey3rhrVJtOEUcJnaBTVEMuukJNdItaqI0oekTP6BW9Wbn1Yr1bH4vWNauYOUZ/YH3+AL12lDM=</latexit> ⌧
(d
ep
th
)

<latexit sha1_base64="58lYg6Nm2DKrG+D/It6D8kPBma4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WvHiSCqYtNKFstpt26eaD3Vmhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A439ba+sbm1nZpp7y7t39QsQ+P2irVkjKPpiKV3ZAoJnjCPOAgWDeTjMShYJ1wfDPzO49MKp4mDzDJWBCTYcIjTgkYqW9X/BGB3JvWfCAa35337apTd+bAq8QtSBUVaPXtL3+QUh2zBKggSvVcJ4MgJxI4FWxa9rViGaFjMmQ9QxMSMxXk88On+MwoAxyl0lQCeK7+nshJrNQkDk1nTGCklr2Z+J/X0xBdBzlPMg0soYtFkRYYUjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVNCO7yy6ukfVF3L+uN+0a16RRxlNAJOkU15KIr1ES3qIU8RJFGz+gVvVlP1ov1bn0sWtesYuYY/YH1+QPZgpKD</latexit>

Û(⌧N)

<latexit sha1_base64="j3GcbnET8FlDgoyTUc5OUamxHqw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2lpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK3c3jKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPq6mMzg==</latexit>

S
<latexit sha1_base64="uktNhyQLogeaiq5oNXFGxnHjeGQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flnGMwA==</latexit>

E
<latexit sha1_base64="tB0pAffhhdJBcMcosVLlwoQStOI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD8ldv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vktZF1bus1u5rlbqbx1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP3M4jUM=</latexit>

pN
<latexit sha1_base64="iOh4J9eGHNZVKV+jZ/re39Wyw1w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7pajHghdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/M/PYTVZpJ8WAmMfUjPBQsZAQbK7XK3kV8ftcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWtWKd1mp3ddKdTeLIw8ncApl8OAK6nALDWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/EuKOGg==</latexit>

(1� p)N

<latexit sha1_base64="ywzTzQ/QdzhwIDh4K4uNALhCr/E=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdSMUpOCyal+QhDCZTtqhk0yYmQgl5APc+CtuXCji1g9w5984aSNo64GBwznnMvceP2ZUKtP8MkpLyyura+X1ysbm1vZOdXevK3kiMOlgzrjo+0gSRiPSUVQx0o8FQaHPSM8fX+V+754ISXnUVpOYuCEaRjSgGCktedWaI0bcS2/vsksnRGokwrQtMq9p/+jNzNUps25OAReJVZAaKNDyqp/OgOMkJJHCDElpW2as3BQJRTEjWcVJJIkRHqMhsTWNUEikm06PyeCRVgYw4EK/SMGp+nsiRaGUk9DXyXxhOe/l4n+enajgwk1pFCeKRHj2UZAwqDjMm4EDKghWbKIJwoLqXSEeIYGw0v1VdAnW/MmLpHtSt87qpzentYZZ1FEGB+AQHAMLnIMGuAYt0AEYPIAn8AJejUfj2Xgz3mfRklHM7IM/MD6+AVvNm8M=</latexit>

⇢RS = TrE [⇢RSE ]

<latexit sha1_base64="vKOToDdpRY1rcDcI9F3k7wmBXIM=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1RD2SePGIDx4JbDazwwATZmfWmVkSsuE7vHjQGK9+jDf/xgH2oGAlnVSqutPdFcacaeO6305ubX1jcyu/XdjZ3ds/KB4eNbVMFKENIrlU7RBrypmgDcMMp+1YURyFnLbC0c3Mb42p0kyKRzOJqR/hgWB9RrCxkt9VQxmk99OyDB7Og2LJrbhzoFXiZaQEGepB8avbkySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n86PnqIzq/RQXypbwqC5+nsixZHWkyi0nRE2Q73szcT/vE5i+td+ykScGCrIYlE/4chINEsA9ZiixPCJJZgoZm9FZIgVJsbmVLAheMsvr5LmRcW7rFTvqqWam8WRhxM4hTJ4cAU1uIU6NIDAEzzDK7w5Y+fFeXc+Fq05J5s5hj9wPn8AO3WRsw==</latexit>

⇢R(oS)

<latexit sha1_base64="B43fuiapwfXbESZltrxwcTY+eks=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4jmockyzI7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHfFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnxoZyJmnTMstpJ9EUi5jTdjy+mfntJ6oNU/LBThIaCjyUbMAItk567DVYlKnofhqVK37VnwOtkiAnFcjRiMpfvb4iqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ07po4HSrqRFc/X3RIaFMRMRu06B7cgsezPxP6+b2sF1mDGZpJZKslg0SDmyCs2+R32mKbF84ggmmrlbERlhjYl1GZVcCMHyy6ukdVENLqu1u1ql7udxFOEETuEcAriCOtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBxO6QWA==</latexit>

⇧oS

<latexit sha1_base64="r3H7D/0H372IUrzlsPZJv9FR2lw=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTAInsJsHsbcgl48SQQTA0kIvZNJHDKzu8zMCmFJvPgrXjwo4tWv8ObfOHkIKlrQUFR1093lhYJrQ8iHk1hYXFpeSa6m1tY3NrfS2zt1HUSKshoNRKAaHmgmuM9qhhvBGqFiID3Brr3B2cS/vmVK88C/MsOQtSX0fd7jFIyVOum9Vh+kBHwxjltK4lMmxDgErvSok86QbDFHcuU8Jlm36OZJeUKOy6VcAbtZMkUGzVHtpN9b3YBGkvmGCtC66ZLQtGNQhlPBRqlWpFkIdAB91rTUB8l0O56+MMKHVuniXqBs+QZP1e8TMUith9KznRLMjf7tTcS/vGZkeiftmPthZJhPZ4t6kcAmwJM8cJcrRo0YWgJUcXsrpjeggBqbWsqG8PUp/p/UczaWbOGykKmQeRxJtI8O0BFyUQlV0Dmqohqi6A49oCf07Nw7j86L8zprTTjzmV30A87bJ7E0l5s=</latexit>

�N Bell pairs

Measurement visibility

‣ Projected ensemble:  ensemble of states 
in  conditioned on measurement outcomes in  

‣ If  is agnostic to  then we will have 
 

‣Natural measure for measurement-visibility is therefore 
the spread of the ensemble over  

‣Quantified by 
 
 
 

‣Measurement-invisibility  
                  

{p(oS), ρR(oS)}
R S

ρR(oS) oS
ρR(oS) = ρR ∀ oS

oS

ΔRS = 0 ⇔ ρR(oS) = ρR ∀ oS

<latexit sha1_base64="NJUoJvU8g+0PTgNClqZB11TfAEk="></latexit>

�RS =
X

oS

p(oS) ||⇢R(oS)� ⇢R||1

Goldstein et al. J. Stat. Phys. 2006, Cotler et al. PRXQ 2023, 
Mark et al. PRX 2024



Disentangled 
measurement-visible

<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Disentangled 
measurement-invisible

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0 Entangled 
measurement-visible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Entangled 
measurement-invisible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0



Disentangled 
measurement-visible

<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Disentangled 
measurement-invisible

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0 Entangled 
measurement-visible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Entangled 
measurement-invisible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

Not unexpected



Disentangled 
measurement-visible

<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Disentangled 
measurement-invisible

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0 Entangled 
measurement-visible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Entangled 
measurement-invisible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

State very close to a product state 

ρRS ≈ ρR ⊗ ρS

Not unexpected



Disentangled 
measurement-visible

<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Disentangled 
measurement-invisible

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0 Entangled 
measurement-visible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Entangled 
measurement-invisible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

Can occur for classically correlated states 

ρRS = ∑
i

piρ(i)
R ⊗ ρ(i)

S

State very close to a product state 

ρRS ≈ ρR ⊗ ρS

Not unexpected



Disentangled 
measurement-visible

<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Disentangled 
measurement-invisible

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0 Entangled 
measurement-visible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Entangled 
measurement-invisible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

Can occur for classically correlated states 

ρRS = ∑
i

piρ(i)
R ⊗ ρ(i)

S

State very close to a product state 

ρRS ≈ ρR ⊗ ρS

Not p
resent in

 our se
ttin

g

Not unexpected



Disentangled 
measurement-visible

<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Disentangled 
measurement-invisible

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

<latexit sha1_base64="jVS4seR8rLFw2EKsExLcPHcTz1k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUTdC0Y0rqY8+oA1hMp22QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hPEnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaOrid96pFKxSDzocUy9EA8E6zOCtZF8u5x2CeboJvPTu/vswvHtilN1pkCLxM1JBXLUffur24tIElKhCcdKdVwn1l6KpWaE06zUTRSNMRnhAe0YKnBIlZdOD8/QoVF6qB9JU0Kjqfp7IsWhUuMwMJ0h1kM1703E/7xOovvnXspEnGgqyGxRP+FIR2iSAuoxSYnmY0MwkczcisgQS0y0yapkQnDnX14kzeOqe1o9uT2p1C7zOIqwDwdwBC6cQQ2uoQ4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD/YtkqU=</latexit>

NRS = 0 Entangled 
measurement-visible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="Bvh4GLU2R/D/ySzcXmI1ujcsMPs=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjFxRVpD1CVRFy7xwSOhDZkOF5gwndaZqYZUPsWNC41x65e4828coAsFT3KTk3Puzb33BDFnSjvOt5VbWl5ZXcuvFzY2t7Z37OJuQ0WJpFCnEY9kKyAKOBNQ10xzaMUSSBhwaAbDi4nffACpWCTu9CgGPyR9wXqMEm2kjl30LoFr0klvbseegHvsdOySU3amwIvEzUgJZah17C+vG9EkBKEpJ0q1XSfWfkqkZpTDuOAlCmJCh6QPbUMFCUH56fT0MT40Shf3ImlKaDxVf0+kJFRqFAamMyR6oOa9ifif105078xPmYgTDYLOFvUSjnWEJzngLpNANR8ZQqhk5lZMB0QSqk1aBROCO//yImkcl92TcuW6UqqeZ3Hk0T46QEfIRaeoiq5QDdURRY/oGb2iN+vJerHerY9Za87KZvbQH1ifP5LAk5A=</latexit>

�RS 6= 0

Entangled 
measurement-invisible

<latexit sha1_base64="7YjjPooH4LNttFY+/LiNsa7RSEQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxpXURx/QhDKZ3rZDJ5M4MxFKiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x97da6ookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gdDnxW48gFYvEvR7H4IdkIFifUaKN1LXLqUcJx9dZN729yzwBD9jp2hWn6kyBF4mbkwrKUe/aX14vokkIQlNOlOq4Tqz9lEjNKIes5CUKYkJHZAAdQwUJQfnp9PgMHxqlh/uRNCU0nqq/J1ISKjUOA9MZEj1U895E/M/rJLp/7qdMxIkGQWeL+gnHOsKTJHCPSaCajw0hVDJzK6ZDIgnVJq+SCcGdf3mRNI+r7mn15OakUrvI4yiifXSAjpCLzlANXaE6aiCKxugZvaI368l6sd6tj1lrwcpnyugPrM8f7p6UUA==</latexit>

NRS 6= 0
<latexit sha1_base64="LJfF48ld9evAPJozOjXsbNrpAuc=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6kUI6sFjXLJAMoaeTk3SpGehu0YJQ/7DiwdFvPov3vwbO8kcNPFBweO9KqrqebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxaHGIxmppsc0SBFCDQVKaMYKWOBJaHiDy7HfeASlRRTe4zAGN2C9UPiCMzTSQ/sKJLJOens3Oqd2p1iyy/YEdJ44GSmRDNVO8avdjXgSQIhcMq1bjh2jmzKFgksYFdqJhpjxAetBy9CQBaDddHL1iB4YpUv9SJkKkU7U3xMpC7QeBp7pDBj29aw3Fv/zWgn6Z24qwjhBCPl0kZ9IihEdR0C7QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKRxZEne2SfHBKHnJIKuSZVUiOcKPJMXsmb9WS9WO/Wx7Q1Z2Uzu+QPrM8ff7OR3g==</latexit>

�RS = 0

Can occur for classically correlated states 

ρRS = ∑
i

piρ(i)
R ⊗ ρ(i)

S

State very close to a product state 

ρRS ≈ ρR ⊗ ρS

Not p
resent in

 our se
ttin

g

Not unexpected



Phase diagram

Û

γNpN (1 − p)N

τN

0.2 0.4 0.6 0.8 1.0
p

0.2

0.4

0.6

0.8

1.0

ø

disentangled

NRS = 0

DRS, ¢RS = 0

MIQC

NRS 6= 0

DRS, ¢RS = 0

MVQC

NRS 6= 0

DRS 6= 0

¢RS 6= 0



Phase diagram

Û

γNpN (1 − p)N

τN
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NRS = 0

DRS, ¢RS = 0
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NRS 6= 0

DRS, ¢RS = 0
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NRS 6= 0

DRS 6= 0

¢RS 6= 0

‣ Finite fraction of measured sites necessarily form 
Bell pairs with qubits in  

‣ State of  necessarily sensitive to the 
measurement outcome 

‣  and  entangled by construction

R

R

R S

: Entangled, measurement-visibleτ = 0
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<latexit sha1_base64="Oa7zJPT6M5a/5pw0Afr2DF7qhEc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgxZJI0R4LXjxWsLXQhjLZbtqlu5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwoQzbTzv2ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxWnRA15UzSlmGG006iKIqQ04dwfDPzH56o0iyW92aS0EDgULKIETRW6vgXvSEKgf1yxat6c7irxM9JBXI0++Wv3iAmqaDSEI5ad30vMUGGyjDC6bTUSzVNkIxxSLuWShRUB9n83ql7ZpWBG8XKljTuXP09kaHQeiJC2ynQjPSyNxP/87qpiepBxmSSGirJYlGUctfE7ux5d8AUJYZPLEGimL3VJSNUSIyNqGRD8JdfXiXty6p/Va3d1SqNeh5HEU7gFM7Bh2towC00oQUEODzDK7w5j86L8+58LFoLTj5zDH/gfP4AYaGPhg==</latexit>

1� �
<latexit sha1_base64="508MLCFa7laXUcyZznckebRBdpw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsN+3azSbsToRQ+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gFnC/YiOlAgFo2ildl+oELNBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6A/pRoFk3xW6qeGJ5RN6Ij3LFU04safLq6dkQurDEkYa1sKyUL9PTGlkTFZFNjOiOLYrHpz8T+vl2J440+FSlLkii0XhakkGJP562QoNGcoM0so08LeStiYasrQBlSyIXirL6+T9lXVq1dr97VKo57HUYQzOIdL8OAaGnAHTWgBg0d4hld4c2LnxXl3PpatBSefOYU/cD5/AMGBjzk=</latexit>1

<latexit sha1_base64="gmT54vrefvO2gaZAL00DNoDpJOw=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQD9bdUrTHghePFewHdJcym6ZtaJJdkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL4w508Z1v53cxubW9k5+t7C3f3B4VDw+aesoUYS2SMQj1Q1BU84kbRlmOO3GioIIOe2Ek7u533miSrNIPpppTAMBI8mGjICxkl/2rvwRCAGX19V+seRW3AXwOvEyUkIZmv3ilz+ISCKoNISD1j3PjU2QgjKMcDor+ImmMZAJjGjPUgmC6iBd3DzDF1YZ4GGkbEmDF+rviRSE1lMR2k4BZqxXvbn4n9dLzLAepEzGiaGSLBcNE45NhOcB4AFTlBg+tQSIYvZWTMaggBgbU8GG4K2+vE7a1Yp3U6k91EqNehZHHp2hc1RGHrpFDXSPmqiFCIrRM3pFb07ivDjvzseyNedkM6foD5zPHw3LkGA=</latexit>

(1� �)/2
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<latexit sha1_base64="Oa7zJPT6M5a/5pw0Afr2DF7qhEc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgxZJI0R4LXjxWsLXQhjLZbtqlu5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwoQzbTzv2ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxWnRA15UzSlmGG006iKIqQ04dwfDPzH56o0iyW92aS0EDgULKIETRW6vgXvSEKgf1yxat6c7irxM9JBXI0++Wv3iAmqaDSEI5ad30vMUGGyjDC6bTUSzVNkIxxSLuWShRUB9n83ql7ZpWBG8XKljTuXP09kaHQeiJC2ynQjPSyNxP/87qpiepBxmSSGirJYlGUctfE7ux5d8AUJYZPLEGimL3VJSNUSIyNqGRD8JdfXiXty6p/Va3d1SqNeh5HEU7gFM7Bh2towC00oQUEODzDK7w5j86L8+58LFoLTj5zDH/gfP4AYaGPhg==</latexit>

1� �
<latexit sha1_base64="508MLCFa7laXUcyZznckebRBdpw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsN+3azSbsToRQ+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gFnC/YiOlAgFo2ildl+oELNBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6A/pRoFk3xW6qeGJ5RN6Ij3LFU04safLq6dkQurDEkYa1sKyUL9PTGlkTFZFNjOiOLYrHpz8T+vl2J440+FSlLkii0XhakkGJP562QoNGcoM0so08LeStiYasrQBlSyIXirL6+T9lXVq1dr97VKo57HUYQzOIdL8OAaGnAHTWgBg0d4hld4c2LnxXl3PpatBSefOYU/cD5/AMGBjzk=</latexit>1

<latexit sha1_base64="gmT54vrefvO2gaZAL00DNoDpJOw=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQD9bdUrTHghePFewHdJcym6ZtaJJdkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL4w508Z1v53cxubW9k5+t7C3f3B4VDw+aesoUYS2SMQj1Q1BU84kbRlmOO3GioIIOe2Ek7u533miSrNIPpppTAMBI8mGjICxkl/2rvwRCAGX19V+seRW3AXwOvEyUkIZmv3ilz+ISCKoNISD1j3PjU2QgjKMcDor+ImmMZAJjGjPUgmC6iBd3DzDF1YZ4GGkbEmDF+rviRSE1lMR2k4BZqxXvbn4n9dLzLAepEzGiaGSLBcNE45NhOcB4AFTlBg+tQSIYvZWTMaggBgbU8GG4K2+vE7a1Yp3U6k91EqNehZHHp2hc1RGHrpFDXSPmqiFCIrRM3pFb07ivDjvzseyNedkM6foD5zPHw3LkGA=</latexit>

(1� �)/2

: two transitionsτ = ∞

Disentangled 
measurement-visible

Entangled 
measurement-invisible

Entangled 
meas.-visible

‣ For ,  is well approximated by a Haar-
random unitary, analytically tractable 

‣ The entanglement/quantum correlations are 
genuinely multipartite — shared across an 
extensively large number of qubits

τ = ∞ Û
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<latexit sha1_base64="Oa7zJPT6M5a/5pw0Afr2DF7qhEc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgxZJI0R4LXjxWsLXQhjLZbtqlu5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwoQzbTzv2ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxWnRA15UzSlmGG006iKIqQ04dwfDPzH56o0iyW92aS0EDgULKIETRW6vgXvSEKgf1yxat6c7irxM9JBXI0++Wv3iAmqaDSEI5ad30vMUGGyjDC6bTUSzVNkIxxSLuWShRUB9n83ql7ZpWBG8XKljTuXP09kaHQeiJC2ynQjPSyNxP/87qpiepBxmSSGirJYlGUctfE7ux5d8AUJYZPLEGimL3VJSNUSIyNqGRD8JdfXiXty6p/Va3d1SqNeh5HEU7gFM7Bh2towC00oQUEODzDK7w5j86L8+58LFoLTj5zDH/gfP4AYaGPhg==</latexit>

1� �
<latexit sha1_base64="508MLCFa7laXUcyZznckebRBdpw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsN+3azSbsToRQ+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gFnC/YiOlAgFo2ildl+oELNBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6A/pRoFk3xW6qeGJ5RN6Ij3LFU04safLq6dkQurDEkYa1sKyUL9PTGlkTFZFNjOiOLYrHpz8T+vl2J440+FSlLkii0XhakkGJP562QoNGcoM0so08LeStiYasrQBlSyIXirL6+T9lXVq1dr97VKo57HUYQzOIdL8OAaGnAHTWgBg0d4hld4c2LnxXl3PpatBSefOYU/cD5/AMGBjzk=</latexit>1

<latexit sha1_base64="gmT54vrefvO2gaZAL00DNoDpJOw=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQD9bdUrTHghePFewHdJcym6ZtaJJdkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL4w508Z1v53cxubW9k5+t7C3f3B4VDw+aesoUYS2SMQj1Q1BU84kbRlmOO3GioIIOe2Ek7u533miSrNIPpppTAMBI8mGjICxkl/2rvwRCAGX19V+seRW3AXwOvEyUkIZmv3ilz+ISCKoNISD1j3PjU2QgjKMcDor+ImmMZAJjGjPUgmC6iBd3DzDF1YZ4GGkbEmDF+rviRSE1lMR2k4BZqxXvbn4n9dLzLAepEzGiaGSLBcNE45NhOcB4AFTlBg+tQSIYvZWTMaggBgbU8GG4K2+vE7a1Yp3U6k91EqNehZHHp2hc1RGHrpFDXSPmqiFCIrRM3pFb07ivDjvzseyNedkM6foD5zPHw3LkGA=</latexit>

(1� �)/2
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‣The entanglement transition = decoupling transition 
‣ Tracing out a sufficiently large number of qubits 

annihilates all quantum correlations between  and  

‣Not enough remaining qubits to mediate the long-
ranged, multipartite entanglement between  and 

R S

R S

See also, textbook by Nielsen+Chuang;

 Choi et al PRL 2020
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‣Measurement-invisibility transition 
‣Number of qubits traced out NOT large enough to 

kill entanglement between  and  

‣ Yet the multipartite nature of the entanglement 
means it is not visible to 1-local measurements on 

R S

S



Implication # 1
A stronger version of  the steering statement for mixed states

Quantum Steering

‣ Alice does measurements on her part of the system and 
classically communicates the result to Bob 

‣ Bob can do full tomography on his part of the state conditioned 
on measurement outcomes of Alice 

‣ Alice needs to convince Bob that the state is quantum entangled 
(and Alice wasn’t using prior knowledge of Bob’s partial states) 

‣All bipartite entangled pure states are necessarily steerable

Schrödinger, Mat. Proc. Cam. Phil. Soc.,1935, 1936; 

Wiseman et al., PRL 2007

Gisin, Phys. Lett. A 1991,1992;

Popescu+Rohrlich, Phys. Lett. A 1992



Implication # 1
A stronger version of  the steering statement for mixed states

Quantum Steering

‣ Alice does measurements on her part of the system and 
classically communicates the result to Bob 

‣ Bob can do full tomography on his part of the state conditioned 
on measurement outcomes of Alice 

‣ Alice needs to convince Bob that the state is quantum entangled 
(and Alice wasn’t using prior knowledge of Bob’s partial states) 

‣All bipartite entangled pure states are necessarily steerable

Meas. Invisible Quantum Correlated phase

‣ State of Bob independent of Alice’s measurement 
outcome 

‣ State appears uncorrelated to Bob and therefore 
Alice fails in her task 

‣ Alice fails to convince Bob not only about 
entanglement but also quantum correlations 

‣Entangled and yet ‘unsteerable’ — possible as the 
state is mixed

Schrödinger, Mat. Proc. Cam. Phil. Soc.,1935, 1936; 

Wiseman et al., PRL 2007

Gisin, Phys. Lett. A 1991,1992;

Popescu+Rohrlich, Phys. Lett. A 1992



Implication # 2
Factorisation of  probabilities of  bitstring probabilities

‣ Alice measures observable  with outcome  

‣ Bob measures observable  with outcome  

‣ Joint distribution of the measurement outcomes 
 

‣Conditional probability 

ÔA oA

ÔB oB

P(oA, oB) = Tr[(ΠoA
⊗ ΠoB

)ρ]

P(oA |oB) = Tr[ρA(oB)ΠoA
]
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‣ Joint distribution of the measurement outcomes 
 

‣Conditional probability 
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ÔB oB

P(oA, oB) = Tr[(ΠoA
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In the MIQC phase

ρA(oB) = ρA Tr[ρAΠoA
] = P(oA)

P(oA, oB) = P(oA)P(oB)
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Alan Sherry and SR, arXiv:2410.24212



Outlook

works in progress with A. Sherry, S. Mandal, and P.W. Claeys



Outlook

Û + measurements

γNpN (1 − p)N

τN

‣ Fate of the phase diagram in the presence of 
bulk measurements 

‣What happens across the measurement-induced 
entanglement transition? 

‣ Is decoupling or measurement-invisibility the 
root of the stability of the volume-law phase?

works in progress with A. Sherry, S. Mandal, and P.W. Claeys



Outlook

Û + measurements

γNpN (1 − p)N

τN

‣ Fate of the phase diagram in the presence of 
bulk measurements 

‣What happens across the measurement-induced 
entanglement transition? 

‣ Is decoupling or measurement-invisibility the 
root of the stability of the volume-law phase?

γNpN (1 − p)N

τN

‣Circuits with local structure which manifestly 
have a light-cone 

‣Measurement-visibility as a signature of space-
time profile of information spreading? 

‣ Analogous information to OTOCs but operator 
independent?

works in progress with A. Sherry, S. Mandal, and P.W. Claeys


