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Main Results: Construction of EWs from a Small Set of Measurements
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S =
∑

ij

cijAi →Bj
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Ai, Bj → {I,X, Y, Z}

Example: only three observables

Theorem

Detection
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→1 ↑
∑

ij

cijtr[Ai ↓Bjωsep] ↑ 1
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→C→→ = 1Subject to
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→ωsep
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Unknown state ω is entangled if
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the maximimum is larger than 1



Background & Clarifications



Motivation Entanglement is a useful resource: verifying entanglement before verifying a quantum state

BBM92 Entanglement-based

Network communication 
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E00 + E01 + E10 → E11 ↑ 2

Bell CHSH inequality

Entanglement witness (EW)
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(A+A→)→B + (A↑A→)→B→
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A = X, A→ = Z, B =
X + Z→

2
, B→ =

X ↑ Z→
2

Bell inequalities (BI) vs. Entanglement witnesses (EW)
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E(xy) =
∑

ab=0,1

(→1)a+bp(ab|xy)



Motivation

<latexit sha1_base64="PIEkRKkMLqqvD4W/gkGfOO4/TBk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8xXjxGMA9JljA7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFMWfG+v63l1tb39jcym8Xdnb39g+Kh0dNoxJNaIMornQ7woZyJmnDMstpO9YUi4jTVjS+nfmtJ6oNU/LBTmIaCjyUbMAItk567OqR6qU3tWmvWPLL/hxolQQZKUGGeq/41e0rkggqLeHYmE7gxzZMsbaMcDotdBNDY0zGeEg7jkosqAnT+cFTdOaUPhoo7UpaNFd/T6RYGDMRkesU2I7MsjcT//M6iR1chymTcWKpJItFg4Qjq9Dse9RnmhLLJ45gopm7FZER1phYl1HBhRAsv7xKmhfloFKu3F+WqrUsjjycwCmcQwBXUIU7qEMDCAh4hld487T34r17H4vWnJfNHMMfeJ8/tmOQXg==</latexit>ωAB

<latexit sha1_base64="PIEkRKkMLqqvD4W/gkGfOO4/TBk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8xXjxGMA9JljA7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFMWfG+v63l1tb39jcym8Xdnb39g+Kh0dNoxJNaIMornQ7woZyJmnDMstpO9YUi4jTVjS+nfmtJ6oNU/LBTmIaCjyUbMAItk567OqR6qU3tWmvWPLL/hxolQQZKUGGeq/41e0rkggqLeHYmE7gxzZMsbaMcDotdBNDY0zGeEg7jkosqAnT+cFTdOaUPhoo7UpaNFd/T6RYGDMRkesU2I7MsjcT//M6iR1chymTcWKpJItFg4Qjq9Dse9RnmhLLJ45gopm7FZER1phYl1HBhRAsv7xKmhfloFKu3F+WqrUsjjycwCmcQwBXUIU7qEMDCAh4hld487T34r17H4vWnJfNHMMfeJ8/tmOQXg==</latexit>ωAB

<latexit sha1_base64="PIEkRKkMLqqvD4W/gkGfOO4/TBk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8xXjxGMA9JljA7mSRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFMWfG+v63l1tb39jcym8Xdnb39g+Kh0dNoxJNaIMornQ7woZyJmnDMstpO9YUi4jTVjS+nfmtJ6oNU/LBTmIaCjyUbMAItk567OqR6qU3tWmvWPLL/hxolQQZKUGGeq/41e0rkggqLeHYmE7gxzZMsbaMcDotdBNDY0zGeEg7jkosqAnT+cFTdOaUPhoo7UpaNFd/T6RYGDMRkesU2I7MsjcT//M6iR1chymTcWKpJItFg4Qjq9Dse9RnmhLLJ45gopm7FZER1phYl1HBhRAsv7xKmhfloFKu3F+WqrUsjjycwCmcQwBXUIU7qEMDCAh4hld487T34r17H4vWnJfNHMMfeJ8/tmOQXg==</latexit>ωAB

Learning if a state is entangled. 

Violation of Bell inequalities Non-local, therefore Entangled

Violation of steering inequalities Steerable, therefore entangled

Observables �
(trusted measurement settings) Not separable, therefore entangled



Motivation Behind the logics ; what are the useful states?  

In terms of probabilities

In terms of states

SEP

States exhibiting nonlocality

Steerable states

Unsteerable states



Motivation All entangled states are useful

SEP

States exhibiting nonlocality

Steerable states

Unsteerable states

All entangled states can be used to activate (entanglement, nonlocality) 

Ll. Masanes 2006�
Ll. Masanes, Y.C. Liang, A. Doherty 208 �
J. Kim. A Bera, D. Chruscinski, J. Bae 2026 

All entangled states can improve channel discrimination�
                     More entangled, more useful

M. Piani and J. Watrous 2009, �
J. Bae, D. Chruscinski, and M. Piani 2018

Entangled, not nonlocal, not steering, but is useful! 
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Q(ω→ ε) > Q(ω) for Q(ε) = 0

Activation



Bell CHSH inequality

<latexit sha1_base64="mKaVGSOX8oXSDOpRW9xEfvTCNII=">AAACLXicbZBNS8NAEIY39bt+RT16WSxCBSmJiHoRRD148KBgbaEtYbLZtIu7SdjdiCHtH/LiXxHBgyJe/RtuaxCtDiw8884Ms/P6CWdKO86LVZqYnJqemZ0rzy8sLi3bK6vXKk4loXUS81g2fVCUs4jWNdOcNhNJQficNvybk2G9cUulYnF0pbOEdgR0IxYyAtpInn2aeOdV8Pt32RY+xG2VCi9vczMfwAAn1QK3DEL/bvtH6vez79SzK07NGQX+C24BFVTEhWc/tYOYpIJGmnBQquU6ie7kIDUjnA7K7VTRBMgNdGnLYASCqk4+unaAN40S4DCW5kUaj9SfEzkIpTLhm04BuqfGa0Pxv1or1eFBJ2dRkmoaka9FYcqxjvHQOhwwSYnmmQEgkpm/YtIDCUQbg8vGBHf85L9wvVNz92p7l7uVo+PCjlm0jjZQFbloHx2hM3SB6oige/SIXtCr9WA9W2/W+1drySpm1tCvsD4+AYZGpxo=</latexit>

pL(ab|xy) =
∑

ω

p(ω)p(a|x,ω)p(b|y,ω)Local probability

Convexity 
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ω pL(ab|xy) + (1→ ω) qL(ab|xy)
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B[p] =
∑

abxy

cxyabp(ab|xy)
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→b s.t. B[pL] ↑ bBell inequalities

<latexit sha1_base64="jFXVYaTPGXMxPXYkt7bqh/vS9Xs=">AAACEXicbVC7TgJBFJ3FF+ILtbSZSEwgRLJLDFoSbSwsMJFHAri5OwwwYfbhzKxhs/ILNv6KjYXG2NrZ+TcOj0LBk9zkzDn3Zu49TsCZVKb5bSSWlldW15LrqY3Nre2d9O5eTfqhILRKfO6LhgOScubRqmKK00YgKLgOp3VncDH26/dUSOZ7NyoKaNuFnse6jIDSkp3OtmTo2jE4w2iUPbZytzHknbx+BPZVFpyHYZRrcXqHi3Y6YxbMCfAisWYkg2ao2OmvVscnoUs9RThI2bTMQLVjEIoRTkepVihpAGQAPdrU1AOXynY8uWiEj7TSwV1f6PIUnqi/J2JwpYxcR3e6oPpy3huL/3nNUHXP2jHzglBRj0w/6oYcKx+P48EdJihRPNIEiGB6V0z6IIAoHWJKh2DNn7xIasWCVSqUrk8y5fNZHEl0gA5RFlnoFJXRJaqgKiLoET2jV/RmPBkvxrvxMW1NGLOZffQHxucPMYOcnQ==</latexit>∑

abxy

(→1)a+b+xypL(ab|xy) ↑ 2

<latexit sha1_base64="2mfovkgD5KTlEg0+C1WKuNHg6EQ=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy0emDgcM65zL0nSAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1AzwSVrG24E66WKYRwI1g0mt3O/+8iU5ol8MNOU+TGOJI84RWOl7kDYaIjDas2tuwuQv8QrSA0KtIbVz0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmaVkESJsk8aslB/TuQYaz2NA5uM0Yz1qjcX//P6mYmu/ZzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyX9J56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGChN4ghd4dVLn2Xlz3pfRklPMHMMvOB/fQFePiA==</latexit>

ω

<latexit sha1_base64="PEfB5Jr8UZB8sxEz31/PsUE6M68=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxCBSkzItVl0Y3LCvYB7VDuZDJtaCYzJBmx1n6JGxeKuPVT3Pk3pu0stPVA4HDOPdyb4yecKe0431ZuZXVtfSO/Wdja3tkt2nv7TRWnktAGiXks2z4oypmgDc00p+1EUoh8Tlv+8Hrqt+6pVCwWd3qUUC+CvmAhI6CN1LOLSRnw08Npl5tMACc9u+RUnBnwMnEzUkIZ6j37qxvEJI2o0ISDUh3XSbQ3BqkZ4XRS6KaKJkCG0KcdQwVEVHnj2eETfGyUAIexNE9oPFN/J8YQKTWKfDMZgR6oRW8q/ud1Uh1eemMmklRTQeaLwpRjHeNpCzhgkhLNR4YAkczciskAJBBtuiqYEtzFLy+T5lnFrVaqt+el2lVWRx4doiNURi66QDV0g+qogQhK0TN6RW/Wo/VivVsf89GclWUO0B9Ynz+X2JJr</latexit>

p(a|x,ω)
<latexit sha1_base64="VhRC/NxB+29Z97mVDmem35xKcjE=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQQUoiUl0W3bisYB/QhjKZTNqhk0mYmQix9kvcuFDErZ/izr9x2mahrQcGDufcw71z/IQzpR3n21pZXVvf2CxsFbd3dvdK9v5BS8WpJLRJYh7Ljo8V5UzQpmaa004iKY58Ttv+6Gbqtx+oVCwW9zpLqBfhgWAhI1gbqW+XkoqPnrKzHjeZAJ/27bJTdWZAy8TNSRlyNPr2Vy+ISRpRoQnHSnVdJ9HeGEvNCKeTYi9VNMFkhAe0a6jAEVXeeHb4BJ0YJUBhLM0TGs3U34kxjpTKIt9MRlgP1aI3Ff/zuqkOr7wxE0mqqSDzRWHKkY7RtAUUMEmJ5pkhmEhmbkVkiCUm2nRVNCW4i19eJq3zqlur1u4uyvXrvI4CHMExVMCFS6jDLTSgCQRSeIZXeLMerRfr3fqYj65YeeYQ/sD6/AGa9ZJt</latexit>

p(b|y,ω)
<latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a

<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x <latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

<latexit sha1_base64="rVHKSK+rCd/9BzY28fOYAfHonkI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIigpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR7czv/XEtRGJesRxyoOYDpSIBKNoJb8rFLnvlStu1Z2DrBIvJxXI0eiVv7r9hGUxV8gkNabjuSkGE6pRMMmnpW5meErZiA54x1JFY26CyfzYKTmzSp9EibalkMzV3xMTGhszjkPbGVMcmmVvJv7ndTKMroOJUGmGXLHFoiiTBBMy+5z0heYM5dgSyrSwtxI2pJoytPmUbAje8surpHlR9WrV2sNlpX6Tx1GEEziFc/DgCupwBw3wgYGAZ3iFN0c5L86787FoLTj5zDH8gfP5A0BXjlY=</latexit>→ L

Example: �
CHSH inequality

<latexit sha1_base64="/dAU91blSmPW8FpxMisx8Bl0tWA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiFw8eKtgPaEPZbDft0s0m7E6KIfafePGgiFf/iTf/jds2B219MPB4b4aZeX4suAbH+bZWVtfWNzYLW8Xtnd29ffvgsKmjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH91M/daYKc0j+QBpzLyQDCQPOCVgpJ5tx2XiPz2mZ10ZAZf4rmeXnIozA14mbk5KKEe9Z391+xFNQiaBCqJ1x3Vi8DKigFPBJsVuollM6IgMWMdQSUKmvWx2+QSfGqWPg0iZkoBn6u+JjIRap6FvOkMCQ73oTcX/vE4CwZWXcRknwCSdLwoSgSHC0xhwnytGQaSGEKq4uRXTIVGEggmraEJwF19eJs3zilutVO8vSrXrPI4COkYnqIxcdIlq6BbVUQNRNEbP6BW9WZn1Yr1bH/PWFSufOUJ/YH3+AOyykzc=</latexit>

p(ab|xy) /→ L

Statement

<latexit sha1_base64="1Z7TVOTIBjHB1wN5Lo70qUpSCHM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT1JqRePFewHbJeSTbNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKkLbJOGJ6oVYU84EbRtmOO1JRXEcctoNJ3dzv/tElWaJeDRTSYMYjwSLGMHGSt2mL1FwGw7KFbfqLoDWiZeTCuRoDcpf/WFC0pgKQzjW2vdcaYIMK8MIp7NSP9VUYjLBI+pbKnBMdZAtzp2hC6sMUZQoW8Kghfp7IsOx1tM4tJ0xNmO96s3F/zw/NdFNkDEhU0MFWS6KUo5Mgua/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap6tWrt4brSaOZxFOEMzuESPKhDA+6hBW0gMIFneIU3RzovzrvzsWwtOPnMKfyB8/kDX7CO9Q==</latexit>

B[p] > b

<latexit sha1_base64="IXMdb2B9bB+hhTGZvvvMoHEthY4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiUj0WvXjwUMF+QBvKZrtpl242cXdTDLG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzPMizpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqjCWhDRLyULY9rChngjY005y2I0lx4HHa8kbXU781plKxUNzrJKJugAeC+YxgbSQ3KmPv6TE57TKBbnvFkl2xZ0DLxMlICTLUe8Wvbj8kcUCFJhwr1XHsSLsplpoRTieFbqxohMkID2jHUIEDqtx0dvQEnRilj/xQmhIazdTfEykOlEoCz3QGWA/VojcV//M6sfYv3ZSJKNZUkPkiP+ZIh2iaAOozSYnmiSGYSGZuRWSIJSba5FQwITiLLy+T5lnFqVaqd+el2lUWRx6O4BjK4MAF1OAG6tAAAg/wDK/wZo2tF+vd+pi35qxs5hD+wPr8AfZ9kZc=</latexit>

p(ab|xy) → L
<latexit sha1_base64="GCxDPEO0bnn1+jzqRplaD75we84=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2FpIQ9lsJ+3STTbuboRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWmGLaYFFJ1QqpR8ARbhhuBnVQhjUOBD+HoZuY/PKHSXCb3ZpxiENNBwiPOqLGS3/DTgHQFPpKwV664VXcOskq8nFQgR7NX/ur2JctiTAwTVGvfc1MTTKgynAmclrqZxpSyER2gb2lCY9TBZH7ylJxZpU8iqWwlhszV3xMTGms9jkPbGVMz1MveTPzP8zMTXQcTnqSZwYQtFkWZIEaS2f+kzxUyI8aWUKa4vZWwIVWUGZtSyYbgLb+8StoXVa9Wrd1dVuqNPI4inMApnIMHV1CHW2hCCxhIeIZXeHOM8+K8Ox+L1oKTzxzDHzifP0V9kJ0=</latexit>

B[p] → b

Detecting

<latexit sha1_base64="lXNvBP+9BzzswJzBjbns/KBHaak=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV2R6rHoxYOHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7Syura+sVnYKm7v7O7tlw4Om0almrIGVULpdkgME1yyhuVWsHaiGYlDwVrh6Gbqt56YNlzJBztOWBCTgeQRp8Q6qZl0ucR3vVLZq3gz4GXi56QMOeq90le3r2gaM2mpIMZ0fC+xQUa05VSwSbGbGpYQOiID1nFUkpiZIJtdO8GnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBFV0I/uLLy6R5XvGrler9Rbl2ncdRgGM4gTPw4RJqcAt1aACFR3iGV3hDCr2gd/Qxb11B+cwR/AH6/AERQo7Q</latexit>

p → L

<latexit sha1_base64="iz5TCc0NWAf+b+ZCxPWx2yAh3oE=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx48RDAPSJYwO5lNhszOLDO9Qgj5DC8eFPHq13jzb5w8DppY0FBUddPdFaVSWPT9by+3tr6xuZXfLuzs7u0fFA+PGlZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJ36zSdurNDqEUcpDxPaVyIWjKKT2inpKI1CEXLfLZb8sj8DWSXBgpRggVq3+NXpaZYlXCGT1Np24KcYjqlBwSSfFDqZ5SllQ9rnbUcVTbgNx7OTJ+TMKT0Sa+NKIZmpvyfGNLF2lESuM6E4sMveVPzPa2cYX4djodIMuWLzRXEmCWoy/Z/0hOEM5cgRyoxwtxI2oIYydCkVXAjB8surpHFRDirlysNlqXqziCMPJ3AK5xDAFVThDmpQBwYanuEV3jz0Xrx372PemvMWM8fwB97nDzekkJM=</latexit>

p /→ L

<latexit sha1_base64="HlvWy2QmiipOu3Ook4GoeIqxqaI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EUi8eK9gP2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx7czv/NElWZSPJhJQoMYDwWLGMHGSu2GnwQ3Yb9ccavuHGiVeDmpQI5mv/zVG0iSxlQYwrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z/NTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq9buLyv1Rh5HEU7gFM7Bgyuowx00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AB1COyg==</latexit>

B[p] = b<latexit sha1_base64="iz5TCc0NWAf+b+ZCxPWx2yAh3oE=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx48RDAPSJYwO5lNhszOLDO9Qgj5DC8eFPHq13jzb5w8DppY0FBUddPdFaVSWPT9by+3tr6xuZXfLuzs7u0fFA+PGlZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJ36zSdurNDqEUcpDxPaVyIWjKKT2inpKI1CEXLfLZb8sj8DWSXBgpRggVq3+NXpaZYlXCGT1Np24KcYjqlBwSSfFDqZ5SllQ9rnbUcVTbgNx7OTJ+TMKT0Sa+NKIZmpvyfGNLF2lESuM6E4sMveVPzPa2cYX4djodIMuWLzRXEmCWoy/Z/0hOEM5cgRyoxwtxI2oIYydCkVXAjB8surpHFRDirlysNlqXqziCMPJ3AK5xDAFVThDmpQBwYanuEV3jz0Xrx372PemvMWM8fwB97nDzekkJM=</latexit>

p /→ L

<latexit sha1_base64="p7NjpPA7CnNNQXHnfMaZVMBaYxM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REpHosevFYwdpCG8pku2mXbjZhd1Moof/EiwdFvPpPvPlv3H4ctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YP3MOjJ51kirIGTUSiWiFqJrhkDcONYK1UMYxDwZrh8G7qN0dMaZ7IRzNOWRBjX/KIUzRW6rpuB0U6QNLhkrS9Cz/oumWv4s1AVom/IGVYoN51vzq9hGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtlRizHSQzy6fkDOr9EiUKFvSkJn6eyLHWOtxHNrOGM1AL3tT8T+vnZnoJsi5TDPDJJ0vijJBTEKmMZAeV4waMbYEqeL2VkIHqJAaG1bJhuAvv7xKni4rfrVSfbgq124XcRThBE7hHHy4hhrcQx0aQGEEz/AKb07uvDjvzse8teAsZo7hD5zPH7wzknA=</latexit>

ω → [0, 1]



Preliminaries: Entanglement Witness

SEP

PPT

W characterizing SEP

W characterizing PPT�
(Partial Transpose)

<latexit sha1_base64="jmGIzxMjpX3gE2sPtbV8NACd8mE=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR2mXRjcsK9gFNCJPpNB06k8SZiVBC+ilu/BU3LhTpTvwZJ20WtfXAwOGce+/ce/yYUaks69sobWxube+Udyt7+weHR+bxSUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vgu97vPREgahY9qEhOXoyCkQ4qR0pJnNhyO1EjwVIms34WOpAFHXipJnLlOQJ6gNZ06w0ggxuB02fXMqlWz5oDrxC5IFRRoeebMGUQ44SRUmCEp+7YVKzdFQlHMSFZxEj0W4TEKSF/TEHEi3XR+YQYvtDKAeg/9QgXn6nJHiriUE+7ryvweuerl4n9eP1HDhpvSME4UCfHio2HCoIpgHhccUEGwYhNNEBZU7wrxCAmElQ61okOwV09eJ52rml2v1R+uq83bIo4yOAPn4BLY4AY0wT1ogTbA4AW8gQ/wabwa78aXMVuUloyi5xT8gfHzCwoLpU8=</latexit>

tr[Wωsep] → 0 ↑ ωsep

<latexit sha1_base64="eLIwIX7GyrQYZO5eNJYAfhWBJ+M=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlKkunBRdOOygn1AEsJkOmmHziRhZiKWkH6HG3/FjQtFXAku/BunbUBtPTBwOOde5p4TJIxKZVlfxtLyyuraemmjvLm1vbNr7u23ZZwKTFo4ZrHoBkgSRiPSUlQx0k0EQTxgpBMMryZ+544ISePoVo0S4nHUj2hIMVJa8s2ay5EaCJ4pkTsd6IpB7GckUrkHL6A1HrvkXh8h4fjH8c2KVbWmgIvELkgFFGj65ofbi3HK9TJmSErHthLlZUgoihnJy24qSYLwEPWJo2mEOJFeNs2Ww2Ot9GAYC/0iBafq740McSlHPNCTkyRy3puI/3lOqsJzL6NRkioS4dlHYcqgiuGkKNijgmDFRpogLKi+FeIBEggrXWdZl2DPR14k7VrVrlfrN6eVxmVRRwkcgiNwAmxwBhrgGjRBC2DwAJ7AC3g1Ho1n4814n40uGcXOAfgD4/MbkdmiZA==</latexit>

tr[Wωent] < 0 → ωent

Definining Entanglement Witnesses (EWs): W

W is a collection of Local Observables 
<latexit sha1_base64="lMZ9R4/yJt4Z8CXAqy8/iUo/VpE=">AAACDnicbVC7TsMwFHV4lvAKMLJYVJWYqgShwoJUysJYJPqQmihyXLd169iR7SBVUb+AhV9hYQAhVmY2/ga3zQAtR7J8dM69uveeKGFUadf9tlZW19Y3Ngtb9vbO7t6+c3DYVCKVmDSwYEK2I6QIo5w0NNWMtBNJUBwx0opGN1O/9UCkooLf63FCghj1Oe1RjLSRQqdk2y14BX2VxmFGhxOI5991SH2haUwUrIXD0Cm6ZXcGuEy8nBRBjnrofPldgdOYcI0ZUqrjuYkOMiQ1xYxMbD9VJEF4hPqkYyhHZlCQzc6ZwJJRurAnpHlcw5n6uyNDsVLjODKVMdIDtehNxf+8Tqp7l0FGeZJqwvF8UC9lUAs4zQZ2qSRYs7EhCEtqdoV4gCTC2iRomxC8xZOXSfOs7FXKlbvzYrWWx1EAx+AEnAIPXIAquAV10AAYPIJn8ArerCfrxXq3PualK1becwT+wPr8AfVnmtk=</latexit>

W =
∑

ij

cijAi →Bj

<latexit sha1_base64="MG+/CIxF7Chcgqi8M9d7DIwIh9s="></latexit>

tr[Wω] = tr[
∑

ij

cijAi →Bjω]

<latexit sha1_base64="upsWVF0zDAQRvtYlmcYLioAtDeg=">AAACIHicbVDLSgMxFM34tr5GXboJFsFVmRFRN0KtG5cKVgudYcikmTaaTIbkjlCG+RQ3/oobF4roTr/G9LHQ1gshh3PO5d574kxwA5735czMzs0vLC4tV1ZW19Y33M2tG6NyTVmTKqF0KyaGCZ6yJnAQrJVpRmQs2G18fz7Qbx+YNlyl19DPWChJN+UJpwQsFbnHpxgHJpdRwe9KTEdfIAn0tCxAl218FvFAAZfM4EZ0Z926p3AYuVWv5g0LTwN/DKpoXJeR+xl0FM0lS4EKYkzb9zIIC6KBU8HKSpAblhF6T7qsbWFK7MCwGB5Y4j3LdHCitH0p4CH7u6Mg0pi+jK1zsLqZ1Abkf1o7h+QkLHia5cBSOhqU5AKDwoO0cIdrRkH0LSBUc7srpj2iCQWbacWG4E+ePA1uDmr+Ue3o6rBab4zjWEI7aBftIx8dozq6QJeoiSh6RM/oFb05T86L8+58jKwzzrhnG/0p5/sHz1eiwg==</latexit>

=
∑

ij

cijtr[Ai →Bjω]

Decomposable EWEWs

Non-decomposable EWs�
(Detecting entangled states not detected by the partial transpose)

Detection criteria: 
<latexit sha1_base64="0M8GlpvUhLHl1HA5xcAItSXzsgs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS4Ei25cVrAPSEKYTCft0MkkzEyEEoIbf8WNC0Xc+hXu/BsnbRbaeuDC4Zx7ufeeIGFUKsv6NipLyyura9X12sbm1vaOubvXlXEqMOngmMWiHyBJGOWko6hipJ8IgqKAkV4wvin83gMRksb8Xk0S4kVoyGlIMVJa8s0DN0JqJKJMidzpQVeMYj+7yr1LyzfrVsOaAi4SuyR1UKLtm1/uIMZpRLjCDEnp2FaivAwJRTEjec1NJUkQHqMhcTTlKCLSy6Yv5PBYKwMYxkIXV3Cq/p7IUCTlJAp0Z3GwnPcK8T/PSVV44WWUJ6kiHM8WhSmDKoZFHnBABcGKTTRBWFB9K8QjJBBWOrWaDsGef3mRdE8bdrPRvDurt67LOKrgEByBE2CDc9ACt6ANOgCDR/AMXsGb8WS8GO/Gx6y1YpQz++APjM8fKtOXSQ==</latexit>

tr[Wω?] < 0
<latexit sha1_base64="BQj/zL5u+5/6fjDI27NxCwLeReo=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqhKEChsVLIxFog+piSLHcVqrjhPZDlIVpSMLv8LCAEKs/AEbf4PTZoCWI1k6Oufe63uPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteSaEjhjFXnaVw6kTITUSUUbllHCF+JCRIPfMutWwZoDLxC5JHZRoe+aXE8Q4jfQIzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPZJTk80UoAw1joxxWcqb87MhRJOYl8XVksKxe9QvzPG6QqvHQzypNUEY7nH4UpgyqGRSwwoIJgxSaaICyo3hXiERIIKx1eTYdgL568TLpnDbvZaN6d11vXZRxVcASOwSmwwQVogVvQBh2AwSN4Bq/gzXgyXox342NeWjHKnkPwB8bnD3ARmtg=</latexit>

ω? is entangled

from an experiment



A probability has a quantum realization: 

<latexit sha1_base64="opay5BK5Cv5KPEsMWZkp2v5+p6g="></latexit>

p(ab|xy) = tr[ωMx
a →My

b ]

<latexit sha1_base64="jfjPV5LJmNXV+e3uLirij4/dAwA=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJSHVZdONGqGAv0KRhMp20QyeTMDORhlC3bnwVNy4UcesTuPNtnLZZaOsPAx//OYcz5/djRqWyrG9jYXFpeWW1sFZc39jc2jZ3dhsySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9AdX43rznghJI36n0pi4IepxGlCMlLY888AhQ71FQkf0o5MHeONlaNQZwin6o07qmSWrbE0E58HOoQRy1Tzzy+lGOAkJV5ghKdu2FSs3Q0JRzMio6CSSxAgPUI+0NXIUEulmk1NG8Eg7XRhEQj+u4MT9PZGhUMo09HVniFRfztbG5n+1dqKCCzejPE4U4Xi6KEgYVBEc5wK7VBCsWKoBYUH1XyHuI4Gw0ukVdQj27Mnz0Dgt25Vy5fasVL3M4yiAfXAIjoENzkEVXIMaqAMMHsEzeAVvxpPxYrwbH9PWBSOf2QN/ZHz+AIgzmi0=</latexit>

→ω, Mx
a , My

b

<latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a
<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x <latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y
<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>ω

A state is separable
<latexit sha1_base64="54AIr+WcqtnEruc+KlG0HT6R7bI=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKhrRuXFewDmjRMppN26EwSZiZCCfkZN/6KGxcWEVz5K07bLGr1wIXDOfdy7z1+zKhUlvVlFNbWNza3itulnd29/QPz8Kgto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX98N/M7T0RIGoWPahITl6NhSAOKkdKSZ944kg456qf1RgZvoSMT7qWQwiz2KFx4Xkqzft2JFOVELmsNzyxbFWsO+JfYOSmDHE3PnDqDCCechAozJGXPtmLlpkgoihnJSk4iSYzwGA1JT9MQ6Y1uOv8yg2daGcAgErpCBefq8kSKuJQT7utOjtRIrnoz8T+vl6jg2k1pGCeKhHixKEgYVBGcRQYHVBCs2EQThAXVt0I8QgJhpYMt6RDs1Zf/kvZFxa5Wqg+X5Vojj6MITsApOAc2uAI1cA+aoAUweAav4B1MjRfjzfgwPhetBSOfOQa/YHz/AM6opYA=</latexit>

ωAB =
∑

i

piω
A
i → ωB

i

Convexity 

<latexit sha1_base64="p7NjpPA7CnNNQXHnfMaZVMBaYxM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REpHosevFYwdpCG8pku2mXbjZhd1Moof/EiwdFvPpPvPlv3H4ctPXBwOO9GWbmhang2njet1NYW9/Y3Cpul3Z29/YP3MOjJ51kirIGTUSiWiFqJrhkDcONYK1UMYxDwZrh8G7qN0dMaZ7IRzNOWRBjX/KIUzRW6rpuB0U6QNLhkrS9Cz/oumWv4s1AVom/IGVYoN51vzq9hGYxk4YK1Lrte6kJclSGU8EmpU6mWYp0iH3WtlRizHSQzy6fkDOr9EiUKFvSkJn6eyLHWOtxHNrOGM1AL3tT8T+vnZnoJsi5TDPDJJ0vijJBTEKmMZAeV4waMbYEqeL2VkIHqJAaG1bJhuAvv7xKni4rfrVSfbgq124XcRThBE7hHHy4hhrcQx0aQGEEz/AKb07uvDjvzse8teAsZo7hD5zPH7wzknA=</latexit>

ω → [0, 1]

<latexit sha1_base64="+O1Qqp190OcrpGsdU0M/pyjXNZY=">AAACFHicbVDLSgNBEJz1GeNr1aOXwSBEgmFXJHqM8eIxgnlAdg29k9lkyOyDmVkhLPkIL/6KFw+KePXgzb9xsslBEwsaiqpuuru8mDOpLOvbWFpeWV1bz23kN7e2d3bNvf2mjBJBaINEPBJtDyTlLKQNxRSn7VhQCDxOW97weuK3HqiQLArv1CimbgD9kPmMgNJS1yw5wOMBYEeyfgD36VVtjDEu4aJ9OnVOsKMgyYyuWbDKVga8SOwZKaAZ6l3zy+lFJAloqAgHKTu2FSs3BaEY4XScdxJJYyBD6NOOpiEEVLpp9tQYH2ulh/1I6AoVztTfEykEUo4CT3cGoAZy3puI/3mdRPmXbsrCOFE0JNNFfsKxivAkIdxjghLFR5oAEUzfiskABBClc8zrEOz5lxdJ86xsV8qV2/NCtTaLI4cO0REqIhtdoCq6QXXUQAQ9omf0it6MJ+PFeDc+pq1LxmzmAP2B8fkDXj+chw==</latexit>

ωεAB + (1→ ω)ϑAB

<latexit sha1_base64="qcMMdzLv+AJi2CEMfBy9XvdZCDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVbyu1ySh1654lbdOcgq8XJSgRyNXvmr209YFqM0TFCtO56bmmBCleFM4LTUzTSmlI3oADuWShqjDibzY6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9F1MOEyzQxKtlgUZYKYhMw+J32ukBkxtoQyxe2thA2poszYfEo2BG/55VXSvKh6tWrt/rJSv8njKMIJnMI5eHAFdbiDBvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBSvOOXQ==</latexit>

→ S

<latexit sha1_base64="qcMMdzLv+AJi2CEMfBy9XvdZCDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVbyu1ySh1654lbdOcgq8XJSgRyNXvmr209YFqM0TFCtO56bmmBCleFM4LTUzTSmlI3oADuWShqjDibzY6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9F1MOEyzQxKtlgUZYKYhMw+J32ukBkxtoQyxe2thA2poszYfEo2BG/55VXSvKh6tWrt/rJSv8njKMIJnMI5eHAFdbiDBvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBSvOOXQ==</latexit>

→ S

<latexit sha1_base64="DjqVw+JuU4QeihXOI2cdbBl3gJA=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAILqTMiFSXtW5cVrQX6Iwlk2ba0CQzJBmhDAU3voobF4q49SXc+Tam01lo6w+Bj/+cw8n5g5hRpR3n21pYXFpeWS2sFdc3Nre27Z3dpooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8GpSbz0QqWgk7vQoJj5HfUFDipE2Vtfe9xTtc3SfXtbGJ55GSUYeFfC2a5ecspMJzoObQwnkqnftL68X4YQToTFDSnVcJ9Z+iqSmmJFx0UsUiREeoj7pGBSIE+Wn2Q1jeGScHgwjaZ7QMHN/T6SIKzXigenkSA/UbG1i/lfrJDq88FMq4kQTgaeLwoRBHcFJILBHJcGajQwgLKn5K8QDJBHWJraiCcGdPXkemqdlt1Ku3JyVqrU8jgI4AIfgGLjgHFTBNaiDBsDgETyDV/BmPVkv1rv1MW1dsPKZPfBH1ucPT1KXUQ==</latexit>

ωAB , εAB → S

Probabilities �
from separable states

<latexit sha1_base64="xDrjhwqrHIPVhcv7/JrG85HL0tM="></latexit>

pS(ab|xy) = tr[ωABMx
a →My

b ] =
∑

i

pitr[ω
A
i M

x
a ]tr[ω

B
i My

b ] =
∑

i

pip(a|x, i)p(b|y, i)

Expectation (wight)

<latexit sha1_base64="waCf/JlYLsyRbzGkJsKI8FnzqGg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qc0oWy2m3bp7ibsboQS+je8eFDEq3/Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlo5kmNBB4JFnECDZW8n3NRgIjn0n0MKjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxOjeQBoyBQlhk8twUQxeysiY6wwMTamig3BW355lXQu6l6j3ri/rDVvijjKcAKncA4eXEET7qAFbSCQwDO8wpuTOi/Ou/OxaC05xcwx/IHz+QNAzJEw</latexit>

ω → S

<latexit sha1_base64="fU7leX4g9d+050kdGCgANNxBfmc="></latexit>

w[ω] =
∑

abxy

c
xy
abpS(ab|xy) = tr[ωAB

O] → b

<latexit sha1_base64="R0ZUyVHPobyRGUL1/W3TbMX9+PI=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXJVEpboRim7ciBXsBZo0TKaTdujkwsxEGkIexI2v4saFIm5cCL6NkzYLrR4Y+Ob/53Dm/G7EqJCG8aWVFhaXllfKq5W19Y3NLX17py3CmGPSwiELeddFgjAakJakkpFuxAnyXUY67vgy9zv3hAsaBncyiYjto2FAPYqRVJKjH9/Ac2iJ2HdS5E6SDOIcsn6a87XirD+BViipT0R+V1bi6FWjZkwL/gWzgCooqunoH9YgxLFPAokZEqJnGpG0U8QlxYxkFSsWJEJ4jIakpzBAapidTpfL4IFSBtALuTqBhFP1Z0eKfCES31UvfSRHYt7Lxf+8Xiy9MzulQRRLEuDZIC9mUIYwTwoOKCdYskQBwpyqv0I8QhxhqfKsqBDM+ZX/QvuoZtZr9duTauOiiKMM9sA+OAQmOAUNcAWaoAUweABP4AW8ao/as/amvc+elrSiZxf8Ku3zG0DmoiU=</latexit>

O =
∑

abxy

c
xy
abM

x
a →M

y
b

Statement
<latexit sha1_base64="xZzPE5DwruH3Bj0j1Ml/aYLXOcQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7QckoWy2m3bp7ibsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NMEdomCU9UL8KaciZp2zDDaS9VFIuI0240vp353SeqNEvko5mkNBR4KFnMCDZW8gPNhgIHTKKHfrXm1t050CrxClKDAq1+9SsYJCQTVBrCsda+56YmzLEyjHA6rQSZpikmYzykvqUSC6rDfH7yFJ1ZZYDiRNmSBs3V3xM5FlpPRGQ7BTYjvezNxP88PzPxdZgzmWaGSrJYFGccmQTN/kcDpigxfGIJJorZWxEZYYWJsSlVbAje8surpHNR9xr1xv1lrXlTxFGGEziFc/DgCppwBy1oA4EEnuEV3hzjvDjvzseiteQUM8fwB87nD+g4kQY=</latexit>

ω → S
<latexit sha1_base64="unE2hEc7JS2N47So2UckX7louWk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjTsr2AckoUymk3bozCTOTIQSunDjr7hxoYhbP8Kdf+OkzUJbD1w4nHMv994TJowq7TjfVmlldW19o7xZ2dre2d2z9w86Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjq9zvPhCpaCzu9CQhAUdDQSOKkTZS3676HOmR5JmWU89XdMgRvAl8Ru5h2LdrTt2ZAS4TtyA1UKDVt7/8QYxTToTGDCnluU6igwxJTTEj04qfKpIgPEZD4hkqECcqyGZPTOGxUQYwiqUpoeFM/T2RIa7UhIemMz9ZLXq5+J/npTq6CDIqklQTgeeLopRBHcM8ETigkmDNJoYgLKm5FeIRkghrk1vFhOAuvrxMOqd1t1Fv3J7VmpdFHGVQBUfgBLjgHDTBNWiBNsDgETyDV/BmPVkv1rv1MW8tWcXMIfgD6/MH24SYOw==</latexit>

tr[ωO] → b

Detection
<latexit sha1_base64="en0CT39GiD65XSH1UpBheK5b6Bo=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLqSoht3VrAPSEKZTCft0JlJmJkIJWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv994TJowq7Tjf1tLyyuraemWjurm1vbNr7+13VJxKTNo4ZrHshUgRRgVpa6oZ6SWSIB4y0g3HN4XffSRS0Vg86ElCAo6GgkYUI22kvn3oc6RHkmda5p4vRzG8C+AVDPt2zak7U8BF4pakBkq0+vaXP4hxyonQmCGlPNdJdJAhqSlmJK/6qSIJwmM0JJ6hAnGigmz6QA5PjDKAUSxNCQ2n6u+JDHGlJjw0ncW5at4rxP88L9XRZZBRkaSaCDxbFKUM6hgWacABlQRrNjEEYUnNrRCPkERYm8yqJgR3/uVF0jmru4164/681rwu46iAI3AMToELLkAT3IIWaAMMcvAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ca6WCw==</latexit>

tr[ωO] > b

<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S

Entangled 

<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S
<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S

<latexit sha1_base64="rKMTs1uyRXRW23s2i2SsZPyfLTE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXIVEpLosunFZwT6gDWUynbRDZyZhZiKW0Gz8FTcuFHHrX7jzb5y0WWjrgQuHc+7l3nuCmFGlXffbKq2srq1vlDcrW9s7u3v2/kFLRYnEpIkjFslOgBRhVJCmppqRTiwJ4gEj7WB8k/vtByIVjcS9nsTE52goaEgx0kbq20c98mi2qCzIehzpkeSpcrSTTft21XXcGeAy8QpSBQUaffurN4hwwonQmCGlup4baz9FUlPMyLTSSxSJER6jIekaKhAnyk9nH0zhqVEGMIykKaHhTP09kSKu1IQHpjO/Ui16ufif1010eOWnVMSJJgLPF4UJgzqCeRxwQCXBmk0MQVhScyvEIyQR1ia0ignBW3x5mbTOHa/m1O4uqvXrIo4yOAYn4Ax44BLUwS1ogCbAIAPP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZC7l54=</latexit>

→ b s.t.



Statement
<latexit sha1_base64="xZzPE5DwruH3Bj0j1Ml/aYLXOcQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7QckoWy2m3bp7ibsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NMEdomCU9UL8KaciZp2zDDaS9VFIuI0240vp353SeqNEvko5mkNBR4KFnMCDZW8gPNhgIHTKKHfrXm1t050CrxClKDAq1+9SsYJCQTVBrCsda+56YmzLEyjHA6rQSZpikmYzykvqUSC6rDfH7yFJ1ZZYDiRNmSBs3V3xM5FlpPRGQ7BTYjvezNxP88PzPxdZgzmWaGSrJYFGccmQTN/kcDpigxfGIJJorZWxEZYYWJsSlVbAje8surpHNR9xr1xv1lrXlTxFGGEziFc/DgCppwBy1oA4EEnuEV3hzjvDjvzseiteQUM8fwB87nD+g4kQY=</latexit>

ω → S
<latexit sha1_base64="unE2hEc7JS2N47So2UckX7louWk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjTsr2AckoUymk3bozCTOTIQSunDjr7hxoYhbP8Kdf+OkzUJbD1w4nHMv994TJowq7TjfVmlldW19o7xZ2dre2d2z9w86Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjq9zvPhCpaCzu9CQhAUdDQSOKkTZS3676HOmR5JmWU89XdMgRvAl8Ru5h2LdrTt2ZAS4TtyA1UKDVt7/8QYxTToTGDCnluU6igwxJTTEj04qfKpIgPEZD4hkqECcqyGZPTOGxUQYwiqUpoeFM/T2RIa7UhIemMz9ZLXq5+J/npTq6CDIqklQTgeeLopRBHcM8ETigkmDNJoYgLKm5FeIRkghrk1vFhOAuvrxMOqd1t1Fv3J7VmpdFHGVQBUfgBLjgHDTBNWiBNsDgETyDV/BmPVkv1rv1MW8tWcXMIfgD6/MH24SYOw==</latexit>

tr[ωO] → b

Detection
<latexit sha1_base64="en0CT39GiD65XSH1UpBheK5b6Bo=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLqSoht3VrAPSEKZTCft0JlJmJkIJWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv994TJowq7Tjf1tLyyuraemWjurm1vbNr7+13VJxKTNo4ZrHshUgRRgVpa6oZ6SWSIB4y0g3HN4XffSRS0Vg86ElCAo6GgkYUI22kvn3oc6RHkmda5p4vRzG8C+AVDPt2zak7U8BF4pakBkq0+vaXP4hxyonQmCGlPNdJdJAhqSlmJK/6qSIJwmM0JJ6hAnGigmz6QA5PjDKAUSxNCQ2n6u+JDHGlJjw0ncW5at4rxP88L9XRZZBRkaSaCDxbFKUM6hgWacABlQRrNjEEYUnNrRCPkERYm8yqJgR3/uVF0jmru4164/681rwu46iAI3AMToELLkAT3IIWaAMMcvAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ca6WCw==</latexit>

tr[ωO] > b

<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S

Entangled 

Rewriting observables for detecting entangled states

<latexit sha1_base64="R0ZUyVHPobyRGUL1/W3TbMX9+PI=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXJVEpboRim7ciBXsBZo0TKaTdujkwsxEGkIexI2v4saFIm5cCL6NkzYLrR4Y+Ob/53Dm/G7EqJCG8aWVFhaXllfKq5W19Y3NLX17py3CmGPSwiELeddFgjAakJakkpFuxAnyXUY67vgy9zv3hAsaBncyiYjto2FAPYqRVJKjH9/Ac2iJ2HdS5E6SDOIcsn6a87XirD+BViipT0R+V1bi6FWjZkwL/gWzgCooqunoH9YgxLFPAokZEqJnGpG0U8QlxYxkFSsWJEJ4jIakpzBAapidTpfL4IFSBtALuTqBhFP1Z0eKfCES31UvfSRHYt7Lxf+8Xiy9MzulQRRLEuDZIC9mUIYwTwoOKCdYskQBwpyqv0I8QhxhqfKsqBDM+ZX/QvuoZtZr9duTauOiiKMM9sA+OAQmOAUNcAWaoAUweABP4AW8ao/as/amvc+elrSiZxf8Ku3zG0DmoiU=</latexit>

O =
∑

abxy

c
xy
abM

x
a →M

y
b

<latexit sha1_base64="unE2hEc7JS2N47So2UckX7louWk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjTsr2AckoUymk3bozCTOTIQSunDjr7hxoYhbP8Kdf+OkzUJbD1w4nHMv994TJowq7TjfVmlldW19o7xZ2dre2d2z9w86Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjq9zvPhCpaCzu9CQhAUdDQSOKkTZS3676HOmR5JmWU89XdMgRvAl8Ru5h2LdrTt2ZAS4TtyA1UKDVt7/8QYxTToTGDCnluU6igwxJTTEj04qfKpIgPEZD4hkqECcqyGZPTOGxUQYwiqUpoeFM/T2RIa7UhIemMz9ZLXq5+J/npTq6CDIqklQTgeeLopRBHcM8ETigkmDNJoYgLKm5FeIRkghrk1vFhOAuvrxMOqd1t1Fv3J7VmpdFHGVQBUfgBLjgHDTBNWiBNsDgETyDV/BmPVkv1rv1MW8tWcXMIfgD6/MH24SYOw==</latexit>

tr[ωO] → b
<latexit sha1_base64="ui9HDw9uQNXRToxLf2fi5Erg/90="></latexit>

tr[ω(bI → I ↑O)] ↓ 0 ↔ω ↗ S

<latexit sha1_base64="AJYTS1UpyFUUAoLbh6vEwUSjrLI="></latexit>

W = bI → I ↑
∑

abxy

cxyabM
x
a →My

b

i) W observable
<latexit sha1_base64="MCSUwljsXYCS0R03bq30tP4VXUc=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lEqheh6MVjBdsU2lg2m027dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0g5U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWSSUJbJOGJ7ARYUc4EbWmmOe2kkuI44NQLRjdT33ukUrFE3OtxSv0YDwSLGMHaSH274qEr5D3kvRAPBlRO+nbVqTkzoGXiFqQKBZp9+6sXJiSLqdCEY6W6rpNqP8dSM8LppNzLFE0xGeEB7RoqcEyVn88On6ATo4QoSqQpodFM/T2R41ipcRyYzhjroVr0puJ/XjfT0aWfM5FmmgoyXxRlHOkETVNAIZOUaD42BBPJzK2IDLHERJusyiYEd/HlZdI+q7n1Wv3uvNq4LuIowREcwym4cAENuIUmtIBABs/wCm/Wk/VivVsf89YVq5g5hD+wPn8A0PiSkw==</latexit>

W = W †

ii) W factorizable by local measurements

Formal definition

<latexit sha1_base64="U83uod64b/Yu7sdhym0WyBCkexU="></latexit>

W = W †, tr[ωW ] → 0 ↑ω ↓ S
<latexit sha1_base64="waCf/JlYLsyRbzGkJsKI8FnzqGg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qc0oWy2m3bp7ibsboQS+je8eFDEq3/Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlo5kmNBB4JFnECDZW8n3NRgIjn0n0MKjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxOjeQBoyBQlhk8twUQxeysiY6wwMTamig3BW355lXQu6l6j3ri/rDVvijjKcAKncA4eXEET7qAFbSCQwDO8wpuTOi/Ou/OxaC05xcwx/IHz+QNAzJEw</latexit>

ω → S
<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S
<latexit sha1_base64="QWMzy/yLSeJjLmubqu5hus3enSY=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRqS5cFN24rGgf0BlKJk3b0EwyJHfEMtR/cOOvuHGhiFsX7vwb08dCWw8EDufcy805YSy4Adf9djILi0vLK9nV3Nr6xuZWfnunZlSiKatSJZRuhMQwwSWrAgfBGrFmJAoFq4f9y5Ffv2PacCVvYRCzICJdyTucErBSK3/kRwR6OkpBD5u+7ilcD87dB5/d29sGjxVfKuAS37TyBbfojoHniTclBTRFpZX/8tuKJhGTQAUxpum5MQQp0cCpYMOcnxgWE9onXda0VJKImSAdhxriA6u0cUdp+yTgsfp7IyWRMYMotJOjCGbWG4n/ec0EOmdBymWcAJN0cqiTCAwKjxrCba4ZBTGwhFDN7V8x7RFNKNgec7YEbzbyPKkdF71SsXR9UihfTOvIoj20jw6Rh05RGV2hCqoiih7RM3pFb86T8+K8Ox+T0Ywz3dlFf+B8/gDupp69</latexit>

tr[ωW ] < 0 →ω /↑ S

<latexit sha1_base64="qMUa1we0LayqCJtp0Xfa2TR1xHc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqtPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDt8eM5g==</latexit>

W



Comparison

<latexit sha1_base64="/dAU91blSmPW8FpxMisx8Bl0tWA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiFw8eKtgPaEPZbDft0s0m7E6KIfafePGgiFf/iTf/jds2B219MPB4b4aZeX4suAbH+bZWVtfWNzYLW8Xtnd29ffvgsKmjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH91M/daYKc0j+QBpzLyQDCQPOCVgpJ5tx2XiPz2mZ10ZAZf4rmeXnIozA14mbk5KKEe9Z391+xFNQiaBCqJ1x3Vi8DKigFPBJsVuollM6IgMWMdQSUKmvWx2+QSfGqWPg0iZkoBn6u+JjIRap6FvOkMCQ73oTcX/vE4CwZWXcRknwCSdLwoSgSHC0xhwnytGQaSGEKq4uRXTIVGEggmraEJwF19eJs3zilutVO8vSrXrPI4COkYnqIxcdIlq6BbVUQNRNEbP6BW9WZn1Yr1bH/PWFSufOUJ/YH3+AOyykzc=</latexit>

p(ab|xy) /→ L

Statement

<latexit sha1_base64="1Z7TVOTIBjHB1wN5Lo70qUpSCHM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT1JqRePFewHbJeSTbNtaDYbkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL5ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKkLbJOGJ6oVYU84EbRtmOO1JRXEcctoNJ3dzv/tElWaJeDRTSYMYjwSLGMHGSt2mL1FwGw7KFbfqLoDWiZeTCuRoDcpf/WFC0pgKQzjW2vdcaYIMK8MIp7NSP9VUYjLBI+pbKnBMdZAtzp2hC6sMUZQoW8Kghfp7IsOx1tM4tJ0xNmO96s3F/zw/NdFNkDEhU0MFWS6KUo5Mgua/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap6tWrt4brSaOZxFOEMzuESPKhDA+6hBW0gMIFneIU3RzovzrvzsWwtOPnMKfyB8/kDX7CO9Q==</latexit>

B[p] > b

<latexit sha1_base64="IXMdb2B9bB+hhTGZvvvMoHEthY4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiUj0WvXjwUMF+QBvKZrtpl242cXdTDLG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzPMizpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqjCWhDRLyULY9rChngjY005y2I0lx4HHa8kbXU781plKxUNzrJKJugAeC+YxgbSQ3KmPv6TE57TKBbnvFkl2xZ0DLxMlICTLUe8Wvbj8kcUCFJhwr1XHsSLsplpoRTieFbqxohMkID2jHUIEDqtx0dvQEnRilj/xQmhIazdTfEykOlEoCz3QGWA/VojcV//M6sfYv3ZSJKNZUkPkiP+ZIh2iaAOozSYnmiSGYSGZuRWSIJSba5FQwITiLLy+T5lnFqVaqd+el2lUWRx6O4BjK4MAF1OAG6tAAAg/wDK/wZo2tF+vd+pi35qxs5hD+wPr8AfZ9kZc=</latexit>

p(ab|xy) → L
<latexit sha1_base64="GCxDPEO0bnn1+jzqRplaD75we84=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2FpIQ9lsJ+3STTbuboRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWmGLaYFFJ1QqpR8ARbhhuBnVQhjUOBD+HoZuY/PKHSXCb3ZpxiENNBwiPOqLGS3/DTgHQFPpKwV664VXcOskq8nFQgR7NX/ur2JctiTAwTVGvfc1MTTKgynAmclrqZxpSyER2gb2lCY9TBZH7ylJxZpU8iqWwlhszV3xMTGms9jkPbGVMz1MveTPzP8zMTXQcTnqSZwYQtFkWZIEaS2f+kzxUyI8aWUKa4vZWwIVWUGZtSyYbgLb+8StoXVa9Wrd1dVuqNPI4inMApnIMHV1CHW2hCCxhIeIZXeHOM8+K8Ox+L1oKTzxzDHzifP0V9kJ0=</latexit>

B[p] → b

Detecting

<latexit sha1_base64="xZzPE5DwruH3Bj0j1Ml/aYLXOcQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7QckoWy2m3bp7ibsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NMEdomCU9UL8KaciZp2zDDaS9VFIuI0240vp353SeqNEvko5mkNBR4KFnMCDZW8gPNhgIHTKKHfrXm1t050CrxClKDAq1+9SsYJCQTVBrCsda+56YmzLEyjHA6rQSZpikmYzykvqUSC6rDfH7yFJ1ZZYDiRNmSBs3V3xM5FlpPRGQ7BTYjvezNxP88PzPxdZgzmWaGSrJYFGccmQTN/kcDpigxfGIJJorZWxEZYYWJsSlVbAje8surpHNR9xr1xv1lrXlTxFGGEziFc/DgCppwBy1oA4EEnuEV3hzjvDjvzseiteQUM8fwB87nD+g4kQY=</latexit>

ω → S
<latexit sha1_base64="unE2hEc7JS2N47So2UckX7louWk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjTsr2AckoUymk3bozCTOTIQSunDjr7hxoYhbP8Kdf+OkzUJbD1w4nHMv994TJowq7TjfVmlldW19o7xZ2dre2d2z9w86Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjq9zvPhCpaCzu9CQhAUdDQSOKkTZS3676HOmR5JmWU89XdMgRvAl8Ru5h2LdrTt2ZAS4TtyA1UKDVt7/8QYxTToTGDCnluU6igwxJTTEj04qfKpIgPEZD4hkqECcqyGZPTOGxUQYwiqUpoeFM/T2RIa7UhIemMz9ZLXq5+J/npTq6CDIqklQTgeeLopRBHcM8ETigkmDNJoYgLKm5FeIRkghrk1vFhOAuvrxMOqd1t1Fv3J7VmpdFHGVQBUfgBLjgHDTBNWiBNsDgETyDV/BmPVkv1rv1MW8tWcXMIfgD6/MH24SYOw==</latexit>

tr[ωO] → b

<latexit sha1_base64="en0CT39GiD65XSH1UpBheK5b6Bo=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLqSoht3VrAPSEKZTCft0JlJmJkIJWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv994TJowq7Tjf1tLyyuraemWjurm1vbNr7+13VJxKTNo4ZrHshUgRRgVpa6oZ6SWSIB4y0g3HN4XffSRS0Vg86ElCAo6GgkYUI22kvn3oc6RHkmda5p4vRzG8C+AVDPt2zak7U8BF4pakBkq0+vaXP4hxyonQmCGlPNdJdJAhqSlmJK/6qSIJwmM0JJ6hAnGigmz6QA5PjDKAUSxNCQ2n6u+JDHGlJjw0ncW5at4rxP88L9XRZZBRkaSaCDxbFKUM6hgWacABlQRrNjEEYUnNrRCPkERYm8yqJgR3/uVF0jmru4164/681rwu46iAI3AMToELLkAT3IIWaAMMcvAMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/Ca6WCw==</latexit>

tr[ωO] > b

<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S

Bell Nonlocallity Entanglement

<latexit sha1_base64="lXNvBP+9BzzswJzBjbns/KBHaak=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV2R6rHoxYOHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7Syura+sVnYKm7v7O7tlw4Om0almrIGVULpdkgME1yyhuVWsHaiGYlDwVrh6Gbqt56YNlzJBztOWBCTgeQRp8Q6qZl0ucR3vVLZq3gz4GXi56QMOeq90le3r2gaM2mpIMZ0fC+xQUa05VSwSbGbGpYQOiID1nFUkpiZIJtdO8GnTunjSGlX0uKZ+nsiI7Ex4zh0nTGxQ7PoTcX/vE5qo6sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBFV0I/uLLy6R5XvGrler9Rbl2ncdRgGM4gTPw4RJqcAt1aACFR3iGV3hDCr2gd/Qxb11B+cwR/AH6/AERQo7Q</latexit>

p → L

<latexit sha1_base64="iz5TCc0NWAf+b+ZCxPWx2yAh3oE=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx48RDAPSJYwO5lNhszOLDO9Qgj5DC8eFPHq13jzb5w8DppY0FBUddPdFaVSWPT9by+3tr6xuZXfLuzs7u0fFA+PGlZnhvE601KbVkQtl0LxOgqUvJUaTpNI8mY0vJ36zSdurNDqEUcpDxPaVyIWjKKT2inpKI1CEXLfLZb8sj8DWSXBgpRggVq3+NXpaZYlXCGT1Np24KcYjqlBwSSfFDqZ5SllQ9rnbUcVTbgNx7OTJ+TMKT0Sa+NKIZmpvyfGNLF2lESuM6E4sMveVPzPa2cYX4djodIMuWLzRXEmCWoy/Z/0hOEM5cgRyoxwtxI2oIYydCkVXAjB8surpHFRDirlysNlqXqziCMPJ3AK5xDAFVThDmpQBwYanuEV3jz0Xrx372PemvMWM8fwB97nDzekkJM=</latexit>

p /→ L

<latexit sha1_base64="HlvWy2QmiipOu3Ook4GoeIqxqaI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EUi8eK9gP2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx7czv/NElWZSPJhJQoMYDwWLGMHGSu2GnwQ3Yb9ccavuHGiVeDmpQI5mv/zVG0iSxlQYwrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z/NTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq9buLyv1Rh5HEU7gFM7Bgyuowx00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AB1COyg==</latexit>

B[p] = b

<latexit sha1_base64="waCf/JlYLsyRbzGkJsKI8FnzqGg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qc0oWy2m3bp7ibsboQS+je8eFDEq3/Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlo5kmNBB4JFnECDZW8n3NRgIjn0n0MKjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxOjeQBoyBQlhk8twUQxeysiY6wwMTamig3BW355lXQu6l6j3ri/rDVvijjKcAKncA4eXEET7qAFbSCQwDO8wpuTOi/Ou/OxaC05xcwx/IHz+QNAzJEw</latexit>

ω → S
<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S

Entanglement is necessary for Bell nonlocality



<latexit sha1_base64="EeQpsCAt6H1RjJi0/RrXr+5ibtk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdJ9cuf1yxa26c5C/xMtJBXI0+uXP3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SE6sMSBhrWwrJXP05kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVkc6z8+a8L1oLTj5zCL/gfHwDzdWNgA==</latexit>

p = 0
<latexit sha1_base64="yughlkr7aU4E1sh8sa2NN3zh7jY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdJ9cef1yxa26c5C/xMtJBXI0+uXP3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SE6sMSBhrWwrJXP05kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVkc6z8+a8L1oLTj5zCL/gfHwDz1mNgQ==</latexit>

p = 1

<latexit sha1_base64="Q727MSUFIWxAAW17rVMjXBgWwug="></latexit>

ω = p|ε+→↑ε+|+ 1↓ p

4
I ↔ I

<latexit sha1_base64="TJYXMltpcpeem8wrwPUul92u/bk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU91VqV6EohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxkp/ceGcXvXLFrbozoGXi5aQCORq98le3L0kaU2EIx1p3PDcxQYaVYYTTSambappgMsID2rFU4JjqIJsdO0EnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vE5qousgYyJJDRVkvihKOTISTT9HfaYoMXxsCSaK2VsRGWKFibH5lGwI3uLLy6R5XvVq1drDZaV+m8dRhCM4hlPw4ArqcA8N8IEAg2d4hTdHOC/Ou/Mxby04+cwh/IHz+QOvrY33</latexit>

p = 1/3
<latexit sha1_base64="yG7iZbuc0kOoclIM+HxSazLBCwk=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4qrtFqheh6MVjBfsB3aVk02wbms3GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyVn2rjut7Oyura+sVnYKm7v7O7tlw4OWzpJFaFNkvBEdUKsKWeCNg0znHakojgOOW2Ho9up336iSrNEPJixpEGMB4JFjGBjJV9ee+e+flQmq056pbJbcWdAy8TLSRlyNHqlL7+fkDSmwhCOte56rjRBhpVhhNNJ0U81lZiM8IB2LRU4pjrIZjdP0KlV+ihKlC1h0Ez9PZHhWOtxHNrOGJuhXvSm4n9eNzXRVZAxIVNDBZkvilKOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JiKNgRv8eVl0qpWvFqldn9Rrt/kcRTgGE7gDDy4hDrcQQOaQEDCM7zCm5M6L8678zFvXXHymSP4A+fzB32rkVo=</latexit>

p = 1/
→
2

Entangled CHSH Nonlocal

Entanglement is necessary for Bell nonlocality

<latexit sha1_base64="waCf/JlYLsyRbzGkJsKI8FnzqGg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qc0oWy2m3bp7ibsboQS+je8eFDEq3/Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlo5kmNBB4JFnECDZW8n3NRgIjn0n0MKjW3LqbA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIMtvnqEzqwxRFCtb0qBc/T2RYaH1VIS2U2Az1sveXPzP66cmug4yJpPUUEkWi6KUIxOjeQBoyBQlhk8twUQxeysiY6wwMTamig3BW355lXQu6l6j3ri/rDVvijjKcAKncA4eXEET7qAFbSCQwDO8wpuTOi/Ou/OxaC05xcwx/IHz+QNAzJEw</latexit>

ω → S

<latexit sha1_base64="WTATVKoaIRvpIMSSZtYeSqdTRv8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgdkQ5idzCZDZmeWmV4hhPyGFw+KePVnvPk3Th4HTSxoKKq66e6KUiks+v63l1tb39jcym8Xdnb39g+Kh0cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWIo5R3EtpXIhaMopPC0Ax0qDQKRR66xZJf9mcgqyRYkBIsUOsWv8KeZlnCFTJJrW0HfoqdMTUomOSTQphZnlI2pH3edlTRhNvOeHbzhJw5pUdibVwpJDP198SYJtaOksh1JhQHdtmbiv957Qzj685YqDRDrth8UZxJgppMAyA9YThDOXKEMiPcrYQNqKEMXUwFF0Kw/PIqaVyUg0q5cn9Zqt4s4sjDCZzCOQRwBVW4gxrUgUEKz/AKb17mvXjv3se8NectZo7hD7zPH+HfkZk=</latexit>

ω /→ S

EW from the Partial Transpose
CHSH as a non-tight EW

<latexit sha1_base64="wlk/tQEvQDaM7Yx3k4l869MWnW4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVC9C1YvHFvoF27Vk07QNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHLaMSTVmTKqF0JySGCS5ZEzgI1ok1I1EoWDsc38/89hPThivZgEnMgogMJR9wSsBKfhvf4Ppj2ujdTnvFklt258CrxMtICWWo9Ypf3b6iScQkUEGM8T03hiAlGjgVbFroJobFhI7JkPmWShIxE6Tzk6f4zCp9PFDalgQ8V39PpCQyZhKFtjMiMDLL3kz8z/MTGFwHKZdxAkzSxaJBIjAoPPsf97lmFMTEEkI1t7diOiKaULApFWwI3vLLq6R1UfYq5Ur9slS9y+LIoxN0is6Rh65QFT2gGmoiihR6Rq/ozQHnxXl3PhatOSebOUZ/4Hz+AOi0kGI=</latexit>

W = QTA



About History



<latexit sha1_base64="EV/PwmKr5/87OuZWl2JcUywMt1A=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpypBqHAscOFYpL6kJkSO67RWHTvYDqgK/RQuHECIK1/Cjb/BbXOAlpFWGs3sancnTBhV2nG+rcLK6tr6RnGztLW9s7tnl/fbSqQSkxYWTMhuiBRhlJOWppqRbiIJikNGOuHoeup3HohUVPCmHifEj9GA04hipI0U2GVPDsVd1gwuJx4fkHvoBHbFqTozwGXi5qQCcjQC+8vrC5zGhGvMkFI910m0nyGpKWZkUvJSRRKER2hAeoZyFBPlZ7PTJ/DYKH0YCWmKazhTf09kKFZqHIemM0Z6qBa9qfif10t1dOFnlCepJhzPF0Upg1rAaQ6wTyXBmo0NQVhScyvEQyQR1iatkgnBXXx5mbRPq26tWrs9q9Sv8jiK4BAcgRPggnNQBzegAVoAg0fwDF7Bm/VkvVjv1se8tWDlMwfgD6zPH7N5k6Y=</latexit>

ωTA ⊋ 0

<latexit sha1_base64="SJE5PWV8j0D+5fz59j0/5neYjk0="></latexit>

→Q ↑ 0 such that tr[ωTAQ] < 0

<latexit sha1_base64="3+jtev3/mlizKuDG991rQZOiSqk=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwVRKRKqhQdeOyhb4giWEynbRDJw9mJkIJ+Rg3/oobFz5w4cZvcdJmoa0HLhzOuZd77/FiRoU0jC+ttLS8srpWXq9sbG5t7+i7e10RJRyTDo5YxPseEoTRkHQklYz0Y05Q4DHS88a3ud97IFzQKGzLSUycAA1D6lOMpJJc/QLaAZIjHqSSZ5bNR9F92navM9hy4BVcMGFrZjvw0oCuXjVqxhRwkZgFqYICTVd/twcRTgISSsyQEJZpxNJJEZcUM5JV7ESQGOExGhJL0RAFRDjp9MkMHillAP2IqwolnKq/J1IUCDEJPNWZHy3mvVz8z7MS6Z87KQ3jRJIQzxb5CYMygnlicEA5wZJNFEGYU3UrxCPEEZYq14oKwZx/eZF0T2pmvVZvnVYbN0UcZXAADsExMMEZaIA70AQdgMEjeAav4E170l60D+1z1lrSipl98Afa9w+do6Qj</latexit>

tr[ωTAQ] = tr[ωQTA ] < 0

<latexit sha1_base64="wlk/tQEvQDaM7Yx3k4l869MWnW4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVC9C1YvHFvoF27Vk07QNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHLaMSTVmTKqF0JySGCS5ZEzgI1ok1I1EoWDsc38/89hPThivZgEnMgogMJR9wSsBKfhvf4Ppj2ujdTnvFklt258CrxMtICWWo9Ypf3b6iScQkUEGM8T03hiAlGjgVbFroJobFhI7JkPmWShIxE6Tzk6f4zCp9PFDalgQ8V39PpCQyZhKFtjMiMDLL3kz8z/MTGFwHKZdxAkzSxaJBIjAoPPsf97lmFMTEEkI1t7diOiKaULApFWwI3vLLq6R1UfYq5Ur9slS9y+LIoxN0is6Rh65QFT2gGmoiihR6Rq/ozQHnxXl3PhatOSebOUZ/4Hz+AOi0kGI=</latexit>

W = QTA

<latexit sha1_base64="jXvmf6byYGi8C27fCq4bDMI+QWI=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCgSpBqLAgFVgYi9SX1KSR47qtVceJbAepSvsNLPwKCwMIsTKx8Te4aQZoOdLVPTrnXtn3+BGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29hgxjgUkdhywULR9JwigndUUVI61IEBT4jDT94e3Ubz4QIWnIa2oUETdAfU57FCOlJc88acIrOHYiSTunjkC8zwh0WNZTddxJat71BHpm0SpZKeAisTNSBBmqnvnldEMcB4QrzJCUbduKlJsgoShmZFJwYkkihIeoT9qachQQ6SbpSRN4pJUu7IVCF1cwVX9vJCiQchT4ejJAaiDnvan4n9eOVe/STSiPYkU4nj3UixlUIZzmA7tUEKzYSBOEBdV/hXiABMJKp1jQIdjzJy+SxlnJLpfK9+fFyk0WRx4cgENwDGxwASrgDlRBHWDwCJ7BK3gznowX4934mI3mjGxnH/yB8fkDkWic0A==</latexit>

W = |ω→→↑ω→|TA

<latexit sha1_base64="uEhqqkG1kC0dT9OSpQdn+a5mpxU=">AAACKXicbVDLSgMxFM34rPU16tJNsAgVscxIqW6Eohu7q2DfM5RMmmlDMw+SjFCG+R03/oobBUXd+iOm7RS09ULgPO7l5h4nZFRIw/jUlpZXVtfWMxvZza3tnV19b78ugohjUsMBC3jTQYIw6pOapJKRZsgJ8hxGGs7wZuw3HggXNPDv5Sgktof6PnUpRlJJXb18BS2XIxybSVxM8hUrkNQjAlbgGWzOSBOewtaMtJTTnpH2SVfPGQVjUnARmCnIgbSqXf3V6gU48ogvMUNCdEwjlHaMuKSYkSRrRYKECA9Rn3QU9JHaY8eTSxN4rJQedAOuni/hRP09ESNPiJHnqE4PyYGY98bif14nku6lHVM/jCTx8XSRGzEoAziODfYoJ1iykQIIc6r+CvEAqeCkCjerQjDnT14E9fOCWSqU7oq58nUaRwYcgiOQBya4AGVwC6qgBjB4BM/gDbxrT9qL9qF9TVuXtHTmAPwp7fsHeWWkUg==</latexit>

=
1

4
(I → I ↑X →X + Y → Y ↑ Z → Z)

<latexit sha1_base64="pkAxEYmij7iF77yXDWWXYvmeCrE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCIJREpLoRqt102WJf0MYwmU7aoZNJmJkIJWbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jRYxKZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLTJo4ZKHoeEgSRjlpKqoY6USCoMBjpO2NKhO//UCEpCFvqHFEnAANOPUpRkpLrnnYdpNK9a6awmtYO6vfJw03uUlT1yxYRWsKuEjsjBRAhpprfvX6IY4DwhVmSMqubUXKSZBQFDOS5nuxJBHCIzQgXU05Coh0kun9KTzRSh/6odDFFZyqvycSFEg5DjzdGSA1lPPeRPzP68bKv3ISyqNYEY5ni/yYQRXCSRiwTwXBio01QVhQfSvEQyQQVjqyvA7Bnn95kbTOi3apWKpfFMq3WRw5cASOwSmwwSUogyqogSbA4BE8g1fwZjwZL8a78TFrXTKymQPwB8bnDysllPE=</latexit>

WCHSH = P +QTA



More about Entanglement & EWs



Comparing entangled states

LOCC cannot create entanglement

<latexit sha1_base64="/PV8OR52qDjKdXAH+9eHMeFh6Es=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXquJ4kYcOyVK07VmcFeJm5OKpCj0St/ef2YphEKTTlRqus6ifYzIjWjHCclL1WYEDoiA+waKkiEys9mV0/sE6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiSCcFdfHmZtM6qbq1auz2v1K/yOIpwBMdwCi5cQB1uoAFNoCDhGV7hzXq0Xqx362PeWrDymUP4A+vzB5ypkpo=</latexit>

|ω1→
<latexit sha1_base64="jaZhSGFWKy8BbsYANs82A7oRNQQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laRI9Vj04rGC/YAmls120i7dbMLuRimx/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3dsvHRy2VJxKik0a81h2AqKQM4FNzTTHTiKRRAHHdjC6nvrtB5SKxeJOjxP0IzIQLGSUaCPdP3mJYr2qJ4kYcOyVyk7FmcFeJm5OypCj0St9ef2YphEKTTlRqus6ifYzIjWjHCdFL1WYEDoiA+waKkiEys9mV0/sU6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiiCcFdfHmZtKoVt1ap3Z6X61d5HAU4hhM4AxcuoA430IAmUJDwDK/wZj1aL9a79TFvXbHymSP4A+vzB540kps=</latexit>

|ω2→

<latexit sha1_base64="yughlkr7aU4E1sh8sa2NN3zh7jY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdJ9cef1yxa26c5C/xMtJBXI0+uXP3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SE6sMSBhrWwrJXP05kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVkc6z8+a8L1oLTj5zCL/gfHwDz1mNgQ==</latexit>

p = 1

<latexit sha1_base64="v4zXo2bMA0ud8jZ+cCt9twoAXdM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopfvkyuuXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNLPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiAOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbzdSNgA==</latexit>

p < 1

<latexit sha1_base64="FEtHWKftehQgP+zhpCenJDZUO54=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR6qYkRaorKYrgsoK9QBPCZDpph04mYWYilNg3cOOruHGhiFu37nwbp20Ubf1h4Oc753Dm/H7MqFSW9WnkFhaXllfyq4W19Y3NLXN7pymjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3AxrrduiZA04jdqGBM3RD1OA4qR0sgzDy9Ld04sqWc7AvEeI0fwDH6zyg/zzKJVtiaC88bOTBFkqnvmh9ONcBISrjBDUnZsK1ZuioSimJFRwUkkiREeoB7paMtRSKSbTu4ZwQNNujCIhH5cwQn9PZGiUMph6OvOEKm+nK2N4X+1TqKCUzelPE4U4Xi6KEgYVBEchwO7VBCs2FAbhAXVf4W4jwTCSkdY0CHYsyfPm2albFfL1evjYu08iyMP9sA+KAEbnIAauAJ10AAY3INH8AxejAfjyXg13qatOSOb2QV/ZLx/AXoimw8=</latexit>

E(|ω1→) > E(|ω2→)Def. “More entangled”

Def. “Maximally entangled” : entangled more than any other

<latexit sha1_base64="vE0ZgVyV8m4j6Gl2Ak3PWrgwEok=">AAACH3icbVDLSgMxFM34rPVVdekmWARBKTMi1aXoxmUF+4DOUO6kt20wkxmTjFCqfokbf8WNC0XEXf/GtDMLXwcCh3PO5eaeMBFcG9cdOzOzc/MLi4Wl4vLK6tp6aWOzoeNUMayzWMSqFYJGwSXWDTcCW4lCiEKBzfD6fOI3b1FpHssrM0wwiKAveY8zMFbqlKo+iGQA9M51fQWyL5DuUz9EYyXPy6WDhyzlS7zJzE6p7FbcKehf4uWkTHLUOqVPvxuzNEJpmACt256bmGAEynAm8L7opxoTYNfQx7alEiLUwWh63z3dtUqX9mJlnzR0qn6fGEGk9TAKbTICM9C/vYn4n9dOTe8kGHGZpAYlyxb1UkFNTCdl0S5XyIwYWgJMcftXygaggBlbadGW4P0++S9pHFa8aqV6eVQ+PcvrKJBtskP2iEeOySm5IDVSJ4w8kmfySt6cJ+fFeXc+suiMk89skR9wxl9hYqH/</latexit>

ω|00→+ ε|11→, ω ↑= ε

<latexit sha1_base64="mcVXZT2peB+/lK/ZDj5F0OhGye0="></latexit>

|ω+→ = 1↑
2
(|00→+ |11→)

<latexit sha1_base64="mcVXZT2peB+/lK/ZDj5F0OhGye0="></latexit>

|ω+→ = 1↑
2
(|00→+ |11→)

<latexit sha1_base64="rdKmTh2i5H2BN64CCmU3Hq1PgSQ="></latexit>

W optimal if → P ↑ 0, ω > 0, W ↓ ωP not an EW

<latexit sha1_base64="iLZ99I9yLGZf45EOMboNXq/adSg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIVBGFoi5cVrBNoQlhMp20QycPZiZCCek/uPFX3LhQxK0Ld/6N0zQLbT1w4XDOvdx7jxczKqRhfGulhcWl5ZXyamVtfWNzS9/eaYso4Zi0cMQi3vGQIIyGpCWpZKQTc4ICjxHLG15PfOuBcEGj8F6OYuIEqB9Sn2IkleTqRzeuBS+hnUKbDyI4PodjaAdIDniQSp51c9VyLgxoZ65eNWpGDjhPzIJUQYGmq3/ZvQgnAQklZkiIrmnE0kkRlxQzklXsRJAY4SHqk66iIQqIcNL8qQweKKUH/YirCiXM1d8TKQqEGAWe6pzcK2a9ifif102kf+akNIwTSUI8XeQnDMoIThKCPcoJlmykCMKcqlshHiCOsFQ5VlQI5uzL86R9XDPrtfrdSbVxVcRRBntgHxwCE5yCBrgFTdACGDyCZ/AK3rQn7UV71z6mrSWtmNkFf6B9/gAgoJ0J</latexit>

DW = {ω : tr[ωW ] < 0}
<latexit sha1_base64="R7AIp8P6xaZTq6Bb35XXzcDI6MM=">AAACKnicbVDLSgMxFM34rPU16tJNsAiuykyR6rI+Fi4r2Ae0ZcikmTY0kxmSO0IZpr/jxl9x04VS3Pohpg9EWw8ETs65N7n3+LHgGhxnYq2tb2xubed28rt7+weH9tFxXUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uJv6jWemNI/kEwxj1glJT/KAUwJG8uybhufiUTsk0FdhGphX1Aj6RI6yhlf60XmQjfC9lxotw22d+JrB/O5mnl1wis4MeJW4C1JAC1Q9e9zuRjQJmQQqiNYt14mhkxIFnAqW5duJZjGhA9JjLUMlCZnupLNVM3xulC4OImWOBDxTf3ekJNR6GPqmcjq7Xvam4n9eK4HgupNyGSfAJJ1/FCQCQ4SnueEuV4yCGBpCqOJmVkz7RBEKJt28CcFdXnmV1EtFt1wsP14WKreLOHLoFJ2hC+SiK1RBD6iKaoiiF/SG3tGH9WqNrYn1OS9dsxY9J+gPrK9vFWuoRA==</latexit>

W1 finer than W2 if DW2 → DW1

<latexit sha1_base64="sCC6eJWLMFEwS5DKxTen2v+q3Ms=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvs389oQqzSL5aKYx9QUeShYygo2V/J7AZqREekfD6qxfrrhVdw60SrycVCBHo1/+6g0ikggqDeFY667nxsZPsTKMcDor9RJNY0zGeEi7lkosqPbTeegZOrPKAIWRsk8aNFd/b6RYaD0VgZ3MQuplLxP/87qJCa/9lMk4MVSSxaEw4chEKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowz00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDyneSIQ==</latexit>

Def.

<latexit sha1_base64="sCC6eJWLMFEwS5DKxTen2v+q3Ms=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvs389oQqzSL5aKYx9QUeShYygo2V/J7AZqREekfD6qxfrrhVdw60SrycVCBHo1/+6g0ikggqDeFY667nxsZPsTKMcDor9RJNY0zGeEi7lkosqPbTeegZOrPKAIWRsk8aNFd/b6RYaD0VgZ3MQuplLxP/87qJCa/9lMk4MVSSxaEw4chEKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowz00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDyneSIQ==</latexit>

Def.

<latexit sha1_base64="sCC6eJWLMFEwS5DKxTen2v+q3Ms=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvs389oQqzSL5aKYx9QUeShYygo2V/J7AZqREekfD6qxfrrhVdw60SrycVCBHo1/+6g0ikggqDeFY667nxsZPsTKMcDor9RJNY0zGeEi7lkosqPbTeegZOrPKAIWRsk8aNFd/b6RYaD0VgZ3MQuplLxP/87qJCa/9lMk4MVSSxaEw4chEKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowz00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDyneSIQ==</latexit>

Def.

Comparing EWs (partially ordered)

<latexit sha1_base64="YFZ5YNVFiQ0kas6E5keM52gKt7c="></latexit>

W optimal if there is no other EW which is finer



Various entangled states

<latexit sha1_base64="v4zXo2bMA0ud8jZ+cCt9twoAXdM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopfvkyuuXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNLPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiAOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbzdSNgA==</latexit>

p < 1
<latexit sha1_base64="kXw28Ez5eQv4Md5hWiGxfGiIZvY=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklEqsuiG1dSwT6gSctkOmmHTiZh5kYoseDGX3HjQhG3/oQ7/8bpY6GtBy4czrmXe+8JEsE1OM63tbC4tLyymlvLr29sbm3bO7s1HaeKsiqNRawaAdFMcMmqwEGwRqIYiQLB6kH/auTX75nSPJZ3MEiYH5Gu5CGnBIzUtvcfvKTHWyeeIrIrWCvzYuAR0/hm2LYLTtEZA88Td0oKaIpK2/7yOjFNIyaBCqJ103US8DOigFPBhnkv1SwhtE+6rGmoJGaPn41/GOIjo3RwGCtTEvBY/T2RkUjrQRSYzohAT896I/E/r5lCeOFnXCYpMEkni8JUYIjxKBDc4YpREANDCFXc3IppjyhCwcSWNyG4sy/Pk9pp0S0VS7dnhfLlNI4cOkCH6Bi56ByV0TWqoCqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPHy9vl+I=</latexit>

|ω+→→N

<latexit sha1_base64="uzpM2oJQQrKdG1t1iTHztQWDhy8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj0WvXgRKtgP6K4lm6ZtaDZZkmyhLP0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXpRwpo3nfTuFtfWNza3idmlnd2//wD08amqZKkIbRHKp2hHWlDNBG4YZTtuJojiOOG1Fo9uZ3xpTpZkUj2aS0DDGA8H6jGBjpa7rBmoon7JAGhZTje6nXbfsVbw50Crxc1KGHPWu+xX0JEljKgzhWOuO7yUmzLAyjHA6LQWppgkmIzygHUsFtnvCbH75FJ1ZpYf6UtkSBs3V3xMZjrWexJHtjLEZ6mVvJv7ndVLTvw4zJpLUUEEWi/opR0aiWQyoxxQlhk8swUQxeysiQ6wwMTaskg3BX355lTQvKn61Un24LNdu8jiKcAKncA4+XEEN7qAODSAwhmd4hTcnc16cd+dj0Vpw8plj+APn8wegWpOr</latexit>

ω→M

Distillation

<latexit sha1_base64="/x47bBB31mfK4pj+LjMEhy/FrFc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREpLoRig9wo1SwD2hCmEwn7dBJJsxMhBLixl9x40IRt/6FO//GaZuFth64cDjnXu69x48Zlcqyvo25+YXFpeXCSnF1bX1j09zabkqeCEwamDMu2j6ShNGINBRVjLRjQVDoM9LyBxcjv/VAhKQ8ulfDmLgh6kU0oBgpLXnm7pV3CcuO6PNDeAadQCCc3mbpTeaZJatijQFniZ2TEshR98wvp8txEpJIYYak7NhWrNwUCUUxI1nRSSSJER6gHuloGqGQSDcdf5DBA610YcCFrkjBsfp7IkWhlMPQ150hUn057Y3E/7xOooJTN6VRnCgS4cmiIGFQcTiKA3apIFixoSYIC6pvhbiPdApKh1bUIdjTL8+S5lHFrlaqd8el2nkeRwHsgX1QBjY4ATVwDeqgATB4BM/gFbwZT8aL8W58TFrnjHxmB/yB8fkDb7OVpA==</latexit>

ED(ω) =
N

M
Distillable entanglement

<latexit sha1_base64="hR3T3ZFlkJJPr1ffR2RZ8a/M+AE="></latexit>

ω bound entangled if ω entangled and ED(ω) = 0

<latexit sha1_base64="jKxU7TKtaekYt2ACb1mvbyTwTBI=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFEVxWah/QDpJJ77ShmcyQZIQy9BPcuFDErV/kzr8xbWeh1QOBwznnkntPkAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4euZ3HlFpHst7M0nQj+hQ8pAzaqzUbN40HsoVt+rOQf4SLycVyGHzn/1BzNIIpWGCat3z3MT4GVWGM4HTUj/VmFA2pkPsWSpphNrP5qtOyYlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4n9eLzXhpZ9xmaQGJVt8FKaCmJjM7iYDrpAZMbGEMsXtroSNqKLM2HZKtgRv+eS/pH1W9WrV2t15pX6V11GEIziGU/DgAupwCw1oAYMhPMELvDrCeXbenPdFtODkM4fwC87HN95PjYs=</latexit>

SEP

<latexit sha1_base64="d5744bCsKoPMWyvwr4l/ghJyxFs=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRKRKq5KRXBZwT6gDWUymbRD5xFmJkIJFdz4K25cKOLWj3Dn3zhps9DWAwOHc+69c+8JYkqUdt1vq7Cyura+UdwsbW3v7O7Z+wdtJRKJcAsJKmQ3gApTwnFLE01xN5YYsoDiTjC+yvzOPZaKCH6nJzH2GRxyEhEEtZEGdrnPoB5JljauLwOR8PABcw35kOJwOrArbtWdwVkmXk4qIEdzYH/1Q4ESZkYgCpXqeW6s/RRKTRDF01I/UTiGaAyHuGcohwwrP50dMXWOjRI6kZDmce3M1N8dKWRKTVhgKrOV1aKXif95vURHF35KeJxozNH8oyihjhZOlogTEomRphNDIJLE7OqgEZQQaZNbyYTgLZ68TNqnVa9Wrd2eVeqNPI4iKIMjcAI8cA7q4AY0QQsg8AiewSt4s56sF+vd+piXFqy85xD8gfX5A3+mmKo=</latexit>

BE : bound entangled

<latexit sha1_base64="mzmEzZknEb9wuX2Rviv5qqAZgqM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KolIdVkqgssK1hbSUCbTSTt0HmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJZwZ8Lxvp7S2vrG5Vd6u7Ozu7R9UD48ejUo1oR2iuNK9CBvKmaQdYMBpL9EUi4jTbjS5yf3uE9WGKfkA04SGAo8kixnBYKWgLzCMtchat7NBtebVvTncVeIXpIYKtAfVr/5QkVRQCYRjYwLfSyDMsAZGOJ1V+qmhCSYTPKKBpRILasJsHnnmnlll6MZK2yfBnau/NzIsjJmKyE7mEc2yl4v/eUEK8XWYMZmkQCVZfBSn3AXl5ve7Q6YpAT61BBPNbFaXjLHGBGxLFVuCv3zyKnm8qPuNeuP+stZsFXWU0Qk6RefIR1eoie5QG3UQQQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AGNukVc=</latexit>

BE

<latexit sha1_base64="yFHP53ZIKQaO58BDv+4UJZMo6vk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rL4AJcV7APSUCbTSTt0HmFmIpTQz3DjQhG3fo07/8ZJm4VWDwwczrmXOfdECaPaeN6XU1pZXVvfKG9WtrZ3dveq+wcdLVOFSRtLJlUvQpowKkjbUMNIL1EE8YiRbjS5zv3uI1GaSvFgpgkJORoJGlOMjJWCPkdmrHh2czsbVGte3ZvD/Uv8gtSgQGtQ/ewPJU45EQYzpHXge4kJM6QMxYzMKv1UkwThCRqRwFKBONFhNo88c0+sMnRjqewTxp2rPzcyxLWe8shO5hH1speL/3lBauLLMKMiSQ0RePFRnDLXSDe/3x1SRbBhU0sQVtRmdfEYKYSNbaliS/CXT/5LOmd1v1Fv3J/XmldFHWU4gmM4BR8uoAl30II2YJDwBC/w6hjn2Xlz3hejJafYOYRfcD6+AWZ6kVk=</latexit>

DE

<latexit sha1_base64="9u94mVNl8nGYHmldaZPkV1ojJVA=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqsyIVHFVfIDLCvYB7VAymUwbmmSGJCOUoa7d+CtuXCji1h9w59+YaWehrQcCh3Puzb33+DGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6DLz2/dEKhqJOz2OicfRQNCQYqSN1LfLPY70UPL06vo8MOMoY8j0wgciNBIDRoJJ3644VWcKuEjcnFRAjkbf/uoFEU64+QIzpFTXdWLtpUhqihmZlHqJIjHCIzQgXUMF4kR56fSWCTw0SgDDSJonNJyqvztSxJUac99UZpureS8T//O6iQ7PvJSKONFE4NmgMGFQRzALBgZUEqzZ2BCEJTW7QjxEEmFt4iuZENz5kxdJ67jq1qq125NK/SKPowgOQBkcARecgjq4AQ3QBBg8gmfwCt6sJ+vFerc+ZqUFK+/ZB39gff4AvAqbgw==</latexit>

DE : distillable entangled

<latexit sha1_base64="W6kaljqAyzZAR4w3jKT9BUXF6kY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI/BB3iMYB6QLGF2MpuMmZ1ZZmaFsOQfvHhQxKv/482/cTbZgyYWNBRV3XR3BTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJ357SeqNJPiwUxi6kd4KFjICDZWarX76c3ttF+uuFV3BrRMvJxUIEejX/7qDSRJIioM4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWChxR7aeza6foxCoDFEplSxg0U39PpDjSehIFtjPCZqQXvUz8z+smJrz0UybixFBB5ovChCMjUfY6GjBFieETSzBRzN6KyAgrTIwNqGRD8BZfXiats6pXq9buzyv1qzyOIhzBMZyCBxdQhztoQBMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwBTXiO+A==</latexit>

WDE

<latexit sha1_base64="euf3gT9WxU24IEbw5yryXPkaOts=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LRfBYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wuZn7nSeqNJPiwUxj6kd4JFjICDZWancGaeN2NihX3KqbAa0SLycVyNEclL/6Q0mSiApDONa657mx8VOsDCOczkr9RNMYkwke0Z6lAkdU+2l27QydWWWIQqlsCYMy9fdEiiOtp1FgOyNsxnrZm4v/eb3EhNd+ykScGCrIYlGYcGQkmr+OhkxRYvjUEkwUs7ciMsYKE2MDKtkQvOWXV0n7ourVqrX7y0q9kcdRhBM4hXPw4ArqcAdNaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz9KbI72</latexit>

WBE

<latexit sha1_base64="SeF+iG9nC8gO4GLF4OMAlBQww8s=">AAACIHicbVBdSwJBFJ21L7Mvq8dehqTQF9mN0F4KKYUeDdIEd1lmx1EHZ3eWmdlAFv0nvfRXeumhiHqrX9O4+mDagQuHc+7l3nu8kFGpTPPbSK2srq1vpDczW9s7u3vZ/YOm5JHApIE546LlIUkYDUhDUcVIKxQE+R4jD97gZuI/PBIhKQ/u1TAkjo96Ae1SjJSW3Gy55sbVUd4WfV64NMf26bjmVmHelrTnI5sr6hMJE/cKzjkFN5szi2YCuEysGcmBGepu9svucBz5JFCYISnblhkqJ0ZCUczIKGNHkoQID1CPtDUNkF7sxMmDI3iilQ7scqErUDBR5ydi5Es59D3d6SPVl4veRPzPa0eqe+HENAgjRQI8XdSNGFQcTtKCHSoIVmyoCcKC6lsh7iOBsNKZZnQI1uLLy6R5VrRKxdLdea5yPYsjDY7AMcgDC5RBBdyCOmgADJ7AC3gD78az8Wp8GJ/T1pQxmzkEf2D8/AJRAaE5</latexit>

ED(ω) = 0 & ED(ε → ω) > ED(ε)

Bound entangled states can activate distillable entanglement



All entangled states can be used to activate some other

<latexit sha1_base64="53djLGGU+1lU0G+EDI2DdNl9frk="></latexit>

ω entangled if and only if ED(ε → ω) > ED(ε) for some ε

Activation of entanglement can define EWs 

<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A

<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A
<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>ω

<latexit sha1_base64="x+5+JTjrpbYIE39MLkhyr3V5E+g=">AAACEHicbVDLSgMxFM34rPU16tJNsIjtpsyIVFdSfIDLCvYBnWHIpGkbmkmGJCOUoZ/gxl9x40IRty7d+Tem7Sxq64ELh3Pu5d57wphRpR3nx1paXlldW89t5De3tnd27b39hhKJxKSOBROyFSJFGOWkrqlmpBVLgqKQkWY4uB77zUciFRX8QQ9j4keox2mXYqSNFNgnt8ENLHqK9iLkCU0joqAn+6IEL+GMVQrsglN2JoCLxM1IAWSoBfa31xE4iQjXmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QN5chs9tPJQyN4bJQO7Appims4UWcnUhQpNYxC0xkh3Vfz3lj8z2snunvhp5THiSYcTxd1Ewa1gON0YIdKgjUbGoKwpOZWiPtIIqxNhnkTgjv/8iJpnJbdSrlyf1aoXmVx5MAhOAJF4IJzUAV3oAbqAIMn8ALewLv1bL1aH9bntHXJymYOwB9YX79zNpr4</latexit>

ED(ω → ε) > ED(ω)

Masanes PRL 96 150501 (2006) �
J. Kim et. Al., arXiv:2303.16368



All entangled states can be used to activate some other

<latexit sha1_base64="53djLGGU+1lU0G+EDI2DdNl9frk="></latexit>

ω entangled if and only if ED(ε → ω) > ED(ε) for some ε

Masanes PRL 96 150501 (2006) �
J. Kim et. Al., arXiv:2303.16368

Activation of entanglement can define EWs 

<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A

<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A
<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>ω
<latexit sha1_base64="x+5+JTjrpbYIE39MLkhyr3V5E+g=">AAACEHicbVDLSgMxFM34rPU16tJNsIjtpsyIVFdSfIDLCvYBnWHIpGkbmkmGJCOUoZ/gxl9x40IRty7d+Tem7Sxq64ELh3Pu5d57wphRpR3nx1paXlldW89t5De3tnd27b39hhKJxKSOBROyFSJFGOWkrqlmpBVLgqKQkWY4uB77zUciFRX8QQ9j4keox2mXYqSNFNgnt8ENLHqK9iLkCU0joqAn+6IEL+GMVQrsglN2JoCLxM1IAWSoBfa31xE4iQjXmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QN5chs9tPJQyN4bJQO7Appims4UWcnUhQpNYxC0xkh3Vfz3lj8z2snunvhp5THiSYcTxd1Ewa1gON0YIdKgjUbGoKwpOZWiPtIIqxNhnkTgjv/8iJpnJbdSrlyf1aoXmVx5MAhOAJF4IJzUAV3oAbqAIMn8ALewLv1bL1aH9bntHXJymYOwB9YX79zNpr4</latexit>

ED(ω → ε) > ED(ω)

<latexit sha1_base64="ylBb60xQSQd34YwzcJ/YlZ8yMf4="></latexit>

W = tr3[ω23(εI3 → |ϑ+↑3↓ϑ+|)]



Constructing EWs from Minimal Measurements



We want to realize EWs for practical reasons: i) entangled states are useful, and ii) entanglement is a mere property of a state

Unknown state
<latexit sha1_base64="deiYJ5X9mIJW2/qZvsRhWpFUy+k=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj0WvXiSCvYDumvJpmkbmk2WJFsoS/+JFw+KePWfePPfmLZ70NYHA4/3ZpiZFyWcaeN5305hbX1jc6u4XdrZ3ds/cA+PmlqmitAGkVyqdoQ15UzQhmGG03aiKI4jTlvR6Hbmt8ZUaSbFo5kkNIzxQLA+I9hYqeu6gRrKpyyQhsVUo/tp1y17FW8OtEr8nJQhR73rfgU9SdKYCkM41rrje4kJM6wMI5xOS0GqaYLJCA9ox1KB7Z4wm18+RWdW6aG+VLaEQXP190SGY60ncWQ7Y2yGetmbif95ndT0r8OMiSQ1VJDFon7KkZFoFgPqMUWJ4RNLMFHM3orIECtMjA2rZEPwl19eJc2Lil+tVB8uy7WbPI4inMApnIMPV1CDO6hDAwiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGh35Os</latexit>

ω→N State verification �
(Quantum state tomography)

<latexit sha1_base64="kiLNAKtEssiW10h8LT2glmoNVls=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0sxt2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqBk2mhNKdkBoQXEITOQroJBpoHApoh+Pbmd9+Am24kg84SSCI6VDyiDOKVnrs6ZHqZ2Bw2i9XvKo3h7tK/JxUSI5Gv/zVGyiWxiCRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoqaQwmyOYXT90zqwzcSGlbEt25+nsio7Exkzi0nTHFkVn2ZuJ/XjfF6DrIuExSBMkWi6JUuKjc2fvugGtgKCaWUKa5vdVlI6opQxtSyYbgL7+8SloXVb9Wrd1fVuo3eRxFckJOyTnxyRWpkzvSIE3CiCTP5JW8OcZ5cd6dj0VrwclnjskfOJ8/EF2RMQ==</latexit>ωest

Entangled? 

Minimal observable
<latexit sha1_base64="qAEomo0nXhFHtnC0Ru1fyhMArY4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSkuiy6cVnBPqAJZTKdtEPnEWYmQgj1V9y4UMStH+LOv3HSZqGtBwYO59zLPXOihFFtPO/bWVvf2NzaruxUd/f2Dw7do+OulqnCpIMlk6ofIU0YFaRjqGGknyiCeMRIL5reFn7vkShNpXgwWUJCjsaCxhQjY6WhWws4MhPFc6Nmg0BNJOyFQ7fuNbw54CrxS1IHJdpD9ysYSZxyIgxmSOuB7yUmzJEyFDMyqwapJgnCUzQmA0sF4kSH+Tz8DJ5ZZQRjqewTBs7V3xs54lpnPLKTRVS97BXif94gNfF1mFORpIYIvDgUpwwaCYsm4Igqgg3LLEFYUZsV4glSCBvbV9WW4C9/eZV0Lxp+s9G8v6y3bso6KuAEnIJz4IMr0AJ3oA06AIMMPINX8OY8OS/Ou/OxGF1zyp0a+APn8wcOWJUL</latexit>

tr[ωW ]

<latexit sha1_base64="Cadklj4ht/phA96jRnG6QZQKBHQ=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRqS6LbtwIFewDOtOSSdM2NDMZkjtiGeYj3Pgrblwo4taFO//GTNuFth4InHvOvdzc40eCa7Dtbyu3tLyyupZfL2xsbm3vFHf3GlrGirI6lUKqlk80EzxkdeAgWCtSjAS+YE1/dJX5zXumNJfhHYwj5gVkEPI+pwSM1C2euAGBoQoSUGnbVUOJb7oJSTsP2JXAA6az2k87Y4y9brFkl+0J8CJxZqSEZqh1i19uT9I4YCFQQbRuO3YEXkIUcCpYWnBjzSJCR2TA2oaGxOzzkslRKT4ySg/3pTIvBDxRf08kJNB6HPimMztBz3uZ+J/XjqF/4SU8jGJgIZ0u6scCg8RZQrjHFaMgxoYQqrj5K6ZDoggFk2PBhODMn7xIGqdlp1Ku3J6VqpezOPLoAB2iY+Sgc1RF16iG6oiiR/SMXtGb9WS9WO/Wx7Q1Z81m9tEfWJ8/BgaeyQ==</latexit>

tr[ωMx
a →My

b ]
EW

Minimal measurement

Tomographically incomplete

Theoretical tools:�
SDP, Positive maps (Transpose)

Tomographically complete measurement�
(MUB, SIC Measurements)



Realization of EWs 



We want to realize EWs for practical reasons: i) entangled states are useful, and ii) entanglement is a mere property of a state

Unknown state
<latexit sha1_base64="deiYJ5X9mIJW2/qZvsRhWpFUy+k=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj0WvXiSCvYDumvJpmkbmk2WJFsoS/+JFw+KePWfePPfmLZ70NYHA4/3ZpiZFyWcaeN5305hbX1jc6u4XdrZ3ds/cA+PmlqmitAGkVyqdoQ15UzQhmGG03aiKI4jTlvR6Hbmt8ZUaSbFo5kkNIzxQLA+I9hYqeu6gRrKpyyQhsVUo/tp1y17FW8OtEr8nJQhR73rfgU9SdKYCkM41rrje4kJM6wMI5xOS0GqaYLJCA9ox1KB7Z4wm18+RWdW6aG+VLaEQXP190SGY60ncWQ7Y2yGetmbif95ndT0r8OMiSQ1VJDFon7KkZFoFgPqMUWJ4RNLMFHM3orIECtMjA2rZEPwl19eJc2Lil+tVB8uy7WbPI4inMApnIMPV1CDO6hDAwiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGh35Os</latexit>

ω→N State verification �
(Quantum state tomography)

<latexit sha1_base64="kiLNAKtEssiW10h8LT2glmoNVls=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0sxt2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqBk2mhNKdkBoQXEITOQroJBpoHApoh+Pbmd9+Am24kg84SSCI6VDyiDOKVnrs6ZHqZ2Bw2i9XvKo3h7tK/JxUSI5Gv/zVGyiWxiCRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoqaQwmyOYXT90zqwzcSGlbEt25+nsio7Exkzi0nTHFkVn2ZuJ/XjfF6DrIuExSBMkWi6JUuKjc2fvugGtgKCaWUKa5vdVlI6opQxtSyYbgL7+8SloXVb9Wrd1fVuo3eRxFckJOyTnxyRWpkzvSIE3CiCTP5JW8OcZ5cd6dj0VrwclnjskfOJ8/EF2RMQ==</latexit>ωest

Entangled? 

Minimal observable
<latexit sha1_base64="qAEomo0nXhFHtnC0Ru1fyhMArY4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSkuiy6cVnBPqAJZTKdtEPnEWYmQgj1V9y4UMStH+LOv3HSZqGtBwYO59zLPXOihFFtPO/bWVvf2NzaruxUd/f2Dw7do+OulqnCpIMlk6ofIU0YFaRjqGGknyiCeMRIL5reFn7vkShNpXgwWUJCjsaCxhQjY6WhWws4MhPFc6Nmg0BNJOyFQ7fuNbw54CrxS1IHJdpD9ysYSZxyIgxmSOuB7yUmzJEyFDMyqwapJgnCUzQmA0sF4kSH+Tz8DJ5ZZQRjqewTBs7V3xs54lpnPLKTRVS97BXif94gNfF1mFORpIYIvDgUpwwaCYsm4Igqgg3LLEFYUZsV4glSCBvbV9WW4C9/eZV0Lxp+s9G8v6y3bso6KuAEnIJz4IMr0AJ3oA06AIMMPINX8OY8OS/Ou/OxGF1zyp0a+APn8wcOWJUL</latexit>

tr[ωW ]

<latexit sha1_base64="Cadklj4ht/phA96jRnG6QZQKBHQ=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRqS6LbtwIFewDOtOSSdM2NDMZkjtiGeYj3Pgrblwo4taFO//GTNuFth4InHvOvdzc40eCa7Dtbyu3tLyyupZfL2xsbm3vFHf3GlrGirI6lUKqlk80EzxkdeAgWCtSjAS+YE1/dJX5zXumNJfhHYwj5gVkEPI+pwSM1C2euAGBoQoSUGnbVUOJb7oJSTsP2JXAA6az2k87Y4y9brFkl+0J8CJxZqSEZqh1i19uT9I4YCFQQbRuO3YEXkIUcCpYWnBjzSJCR2TA2oaGxOzzkslRKT4ySg/3pTIvBDxRf08kJNB6HPimMztBz3uZ+J/XjqF/4SU8jGJgIZ0u6scCg8RZQrjHFaMgxoYQqrj5K6ZDoggFk2PBhODMn7xIGqdlp1Ku3J6VqpezOPLoAB2iY+Sgc1RF16iG6oiiR/SMXtGb9WS9WO/Wx7Q1Z81m9tEfWJ8/BgaeyQ==</latexit>

tr[ωMx
a →My

b ]
EW

Practical : Local & individual measurements 
                 Such as two-qubit correlators  

Theoretical tools:�
SDP, Positive maps (Transpose)

Tomographically complete measurement�
(MUB, SIC Measurements)

Efficient : Applying minimal measurements  
                Verifying the largest set of entangled states



The Efforts�

(A little about the background & history…)



Structural physical approximations (SPAs) to physical maps

A quantum operation is Positive & Completely Positive

<latexit sha1_base64="SY76AiB7cpLTLLznY7IyXGMXX2E=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rFCv6ANZbOdtEs3m7i7EUroj/DiQRGv/h5v/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6V2ozfER+L2S2W34s5BVomXkzLkqPdLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5udOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmv5MBV8iMmFhCmeL2VsJGVFFmbEJFG4K3/PIqaV1WvGql+nBVrt3mcRTgFM7gAjy4hhrcQx2awGAMz/AKb07ivDjvzseidc3JZ07gD5zPH32ijwg=</latexit>

T → 0
<latexit sha1_base64="hsKezqACUoe4JOW2tAPwtXukYOo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIVI9FL3qr0C9oQtlsN+3SzSbubsQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IOFMacf5tgpr6xubW8Xt0s7u3v6BfVhuqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8ziOVisWiqScJ9SM8FCxkBGsj9e3ynRdrFlGFmsgTQ/qAnL5dcarOHGiVuDmpQI5G3/7yBjFJIyo04Vipnusk2s+w1IxwOi15qaIJJmM8pD1DBTbr/Gx++xSdGmWAwliaEhrN1d8TGY6UmkSB6YywHqllbyb+5/VSHV75GRNJqqkgi0VhypGO0SwINGCSEs0nhmAimbkVkRGWmGgTV8mE4C6/vEra51W3Vq3dX1Tq13kcRTiGEzgDFy6hDrfQgBYQeIJneIU3a2q9WO/Wx6K1YOUzR/AH1ucPolyTiw==</latexit>

I → T ⊋ 0

<latexit sha1_base64="+I9Qd7goodOtOCHUsa0Yekrxgng=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCRIy7ItGLEPSitwh5QbKE2dmOGTL7YGZWCUtuXvwVLx4U8eovePNvnCR70MSChqKqm+4uN+JMKsv6NjJz8wuLS9nl3Mrq2vqGublVl2EsKNRoyEPRdIkEzgKoKaY4NCMBxHc5NNz+1chv3IOQLAyqahCB45O7gHUZJUpLHXO3/cA8UIx7kFSH+AIX7KPooIoPcYRvjr2OmbeK1hh4ltgpyaMUlY751fZCGvsQKMqJlC3bipSTEKEY5TDMtWMJEaF9cgctTQPig3SS8R9DvK8VD3dDoStQeKz+nkiIL+XAd3WnT1RPTnsj8T+vFavuuZOwIIoVBHSyqBtzrEI8CgV7TABVfKAJoYLpWzHtEUGo0tHldAj29MuzpH5StEvF0u1pvnyZxpFFO2gPFZCNzlAZXaMKqiGKHtEzekVvxpPxYrwbH5PWjJHObKM/MD5/AFotlww=</latexit>

T̃ = (1→ p)T + pI/d
<latexit sha1_base64="ydX+ftu59sAvEQWbo7UkoJGjizw=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUHwFGZEosegF71FyAaZEHp6KkmTnsXuGiUMOXnxV7x4UMSr3+DNv7GzHDTxQcHjvSqq6nmxFBpt+9vKLC2vrK5l13Mbm1vbO/ndvbqOEsWhxiMZqabHNEgRQg0FSmjGCljgSWh4g6ux37gHpUUUVnEYQztgvVB0BWdopE7+8MaNUASgqfsgfEAhfUirI+r24I7anXzBLtoT0EXizEiBzFDp5L9cP+JJACFyybRuOXaM7ZQpFFzCKOcmGmLGB6wHLUNDZja308kbI3psFJ92I2UqRDpRf0+kLNB6GHimM2DY1/PeWPzPayXYvWinIowThJBPF3UTSTGi40yoLxRwlENDGFfC3Ep5nynG0SSXMyE48y8vkvpp0SkVS7dnhfLlLI4sOSBH5IQ45JyUyTWpkBrh5JE8k1fyZj1ZL9a79TFtzVizmX3yB9bnD6ULmJo=</latexit>

I → T̃ ↑ 0

<latexit sha1_base64="ZOlyIEAVOR7L+zYN92VtASGMkL4=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVocyIVDdC0Y3uKvQFM2PJpGkbmkmGJCOUsVs3/oobF4q49Q/c+Tem7Sy09cCFwzn3cu89Ycyo0o7zbS0sLi2vrObW8usbm1vb9s5uQ4lEYlLHggnZCpEijHJS11Qz0oolQVHISDMcXI395j2Rigpe08OYBBHqcdqlGGkjtW3YhBeweOMLTSOiYO3Ie/DjPr079iXiPUaCtl1wSs4EcJ64GSmADNW2/eV3BE4iwjVmSCnPdWIdpEhqihkZ5f1EkRjhAeoRz1COzN4gnXwygodG6cCukKa4hhP190SKIqWGUWg6I6T7atYbi/95XqK750FKeZxowvF0UTdhUAs4jgV2qCRYs6EhCEtqboW4jyTC2oSXNyG4sy/Pk8ZJyS2XyrenhcplFkcO7IMDUAQuOAMVcA2qoA4weATP4BW8WU/Wi/VufUxbF6xsZg/8gfX5A3CbmPQ=</latexit>

W = (I → T )[|ω+↑]Choi-Jamilokowski isomorphism

<latexit sha1_base64="B7qlcBvNYm53GNxztaosve/6lao=">AAACInicbVDJSgNBEO1xN25Rj14ag6AIYUbE5SCIXvQWwRghM4aenkrS2NMzdNcoYcy3ePFXvHhQ1JPgx9hZDm4PCh7vVVFVL0ylMOi6H87I6Nj4xOTUdGFmdm5+obi4dGGSTHOo8kQm+jJkBqRQUEWBEi5TDSwOJdTC6+OeX7sBbUSizrGTQhCzlhJNwRlaqVHc929FBChkBHmtSw/o+qmfoIjB0G/OeXejUL/z07a42vQ1Uy0JQaNYcstuH/Qv8YakRIaoNIpvfpTwLAaFXDJj6p6bYpAzjYJL6Bb8zEDK+DVrQd1SxewRQd5/sUvXrBLRZqJtKaR99ftEzmJjOnFoO2OGbfPb64n/efUMm3tBLlSaISg+WNTMJMWE9vKikdDAUXYsYVwLeyvlbaYZR5tqwYbg/X75L7nYKns75Z2z7dLh0TCOKbJCVsk68cguOSQnpEKqhJN78kieyYvz4Dw5r877oHXEGc4skx9wPr8ALwekFg==</latexit>

W̃ = (I → T̃ )[|ω+↑]
<latexit sha1_base64="3s84hGVX2Sb+V7RaXCtyT+erGHc=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahItakSHUjFN3YXQX7gDaWyWTSDp1MwsxEKKHgxl9x40IRt/6EO//GaZuFth64cDjnXu69x40Ylcqyvo3MwuLS8kp2Nbe2vrG5ZW7vNGQYC0zqOGShaLlIEkY5qSuqGGlFgqDAZaTpDq7HfvOBCElDfqeGEXEC1OPUpxgpLXXNvcuCfRIdNeExjKqdUNGASFiFp959qWvmraI1AZwndkryIEWta351vBDHAeEKMyRl27Yi5SRIKIoZGeU6sSQRwgPUI21NOdK7nGTywwgeasWDfih0cQUn6u+JBAVSDgNXdwZI9eWsNxb/89qx8i+chPIoVoTj6SI/ZlCFcBwI9KggWLGhJggLqm+FuI8EwkrHltMh2LMvz5NGqWiXi+Xbs3zlKo0jC/bBASgAG5yDCrgBNVAHGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gDoJpUq</latexit>

= (1→ p)W + pI ↑ I/d2

<latexit sha1_base64="EbV3oJtvBe4P2+kB7hPH6H8v7ko="></latexit>

tr[W̃ωsep] = (1→ p)[W̃ωsep] + 1/d2

<latexit sha1_base64="hgBGGQPgj2XylMxwonVNdEHNCWE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqSQVKowVLIxFog+pCZHjOK1VOwm2g1RF7cbCr7AwgBArn8DG3+C2GaDlSJaOzrn3+t7jJ4xKZVnfRmFpeWV1rbhe2tjc2t4xd/daMk4FJk0cs1h0fCQJoxFpKqoY6SSCIO4z0vYHVxO//UCEpHF0q4YJcTnqRTSkGCkteeah0yP30D4N7qrjsRPGAjHmSNrjyMskSUaeWbYq1hRwkdg5KYMcDc/8coIYp5xECjMkZde2EuVmSCiKGRmVnFSPRXiAeqSraYQ4kW42PWQEj7USQL2FfpGCU/V3R4a4lEPu60qOVF/OexPxP6+bqvDCzWiUpIpEePZRmDKoYjhJBQZUEKzYUBOEBdW7QtxHAmGlsyvpEOz5kxdJq1qxa5XazVm5fpnHUQQH4AicABucgzq4Bg3QBBg8gmfwCt6MJ+PFeDc+ZqUFI+/ZB39gfP4Axi6Z3Q==</latexit>

→ 1/d2 ↑ωsep

Observations

<latexit sha1_base64="GG+0A3MUvpHl24ybMQra6W5f+28="></latexit>

W̃ =
1

3
(|ω+→↑ω+|+ |ω→→↑ω→|+ |ε+→↑ε+|)

<latexit sha1_base64="lbHV1kSP2rLP+DZ1jqS59f701NM=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0boaJ9SDuWTJq2oUlmSDJKGfofblwo4tZ/ceffmGlnodUDgcM593JPThBxpo3rfjm5hcWl5ZX8amFtfWNzq7i909BhrAitk5CHqhVgTTmTtG6Y4bQVKYpFwGkzGF2kfvOBKs1CeWvGEfUFHkjWZwQbK92foY7AZqhEcnN3NekWS27ZnQL9JV5GSpCh1i1+dnohiQWVhnCsddtzI+MnWBlGOJ0UOrGmESYjPKBtSyUWVPvJNPUEHVilh/qhsk8aNFV/biRYaD0WgZ1MM+p5LxX/89qx6Z/6CZNRbKgks0P9mCMTorQC1GOKEsPHlmCimM2KyBArTIwtqmBL8Oa//Jc0jspepVy5Pi5Vz7M68rAH+3AIHpxAFS6hBnUgoOAJXuDVeXSenTfnfTaac7KdXfgF5+MbFV6SRA==</latexit>

= SYM Quantum 2-design (MUBs, SICs)

<latexit sha1_base64="0UmeWHuu/3ZlY1l1t/g96ZoKL0w="></latexit>

tr[
∑

i

pi|ω→↑ωi|→2εsep] ↓
1

d2

New, equivalent criteria

Entanglement detection by MUBs





<latexit sha1_base64="jmGIzxMjpX3gE2sPtbV8NACd8mE=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR2mXRjcsK9gFNCJPpNB06k8SZiVBC+ilu/BU3LhTpTvwZJ20WtfXAwOGce+/ce/yYUaks69sobWxube+Udyt7+weHR+bxSUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vgu97vPREgahY9qEhOXoyCkQ4qR0pJnNhyO1EjwVIms34WOpAFHXipJnLlOQJ6gNZ06w0ggxuB02fXMqlWz5oDrxC5IFRRoeebMGUQ44SRUmCEp+7YVKzdFQlHMSFZxEj0W4TEKSF/TEHEi3XR+YQYvtDKAeg/9QgXn6nJHiriUE+7ryvweuerl4n9eP1HDhpvSME4UCfHio2HCoIpgHhccUEGwYhNNEBZU7wrxCAmElQ61okOwV09eJ52rml2v1R+uq83bIo4yOAPn4BLY4AY0wT1ogTbA4AW8gQ/wabwa78aXMVuUloyi5xT8gfHzCwoLpU8=</latexit>

tr[Wωsep] → 0 ↑ ωsep

<latexit sha1_base64="eLIwIX7GyrQYZO5eNJYAfhWBJ+M=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlKkunBRdOOygn1AEsJkOmmHziRhZiKWkH6HG3/FjQtFXAku/BunbUBtPTBwOOde5p4TJIxKZVlfxtLyyuraemmjvLm1vbNr7u23ZZwKTFo4ZrHoBkgSRiPSUlQx0k0EQTxgpBMMryZ+544ISePoVo0S4nHUj2hIMVJa8s2ay5EaCJ4pkTsd6IpB7GckUrkHL6A1HrvkXh8h4fjH8c2KVbWmgIvELkgFFGj65ofbi3HK9TJmSErHthLlZUgoihnJy24qSYLwEPWJo2mEOJFeNs2Ww2Ot9GAYC/0iBafq740McSlHPNCTkyRy3puI/3lOqsJzL6NRkioS4dlHYcqgiuGkKNijgmDFRpogLKi+FeIBEggrXWdZl2DPR14k7VrVrlfrN6eVxmVRRwkcgiNwAmxwBhrgGjRBC2DwAJ7AC3g1Ho1n4814n40uGcXOAfgD4/MbkdmiZA==</latexit>

tr[Wωent] < 0 → ωent

(Old) Definining Entanglement Witnesses (EWs): W

<latexit sha1_base64="jmGIzxMjpX3gE2sPtbV8NACd8mE=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR2mXRjcsK9gFNCJPpNB06k8SZiVBC+ilu/BU3LhTpTvwZJ20WtfXAwOGce+/ce/yYUaks69sobWxube+Udyt7+weHR+bxSUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vgu97vPREgahY9qEhOXoyCkQ4qR0pJnNhyO1EjwVIms34WOpAFHXipJnLlOQJ6gNZ06w0ggxuB02fXMqlWz5oDrxC5IFRRoeebMGUQ44SRUmCEp+7YVKzdFQlHMSFZxEj0W4TEKSF/TEHEi3XR+YQYvtDKAeg/9QgXn6nJHiriUE+7ryvweuerl4n9eP1HDhpvSME4UCfHio2HCoIpgHhccUEGwYhNNEBZU7wrxCAmElQ61okOwV09eJ52rml2v1R+uq83bIo4yOAPn4BLY4AY0wT1ogTbA4AW8gQ/wabwa78aXMVuUloyi5xT8gfHzCwoLpU8=</latexit>

tr[Wωsep] → 0 ↑ ωsep

<latexit sha1_base64="eLIwIX7GyrQYZO5eNJYAfhWBJ+M=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlKkunBRdOOygn1AEsJkOmmHziRhZiKWkH6HG3/FjQtFXAku/BunbUBtPTBwOOde5p4TJIxKZVlfxtLyyuraemmjvLm1vbNr7u23ZZwKTFo4ZrHoBkgSRiPSUlQx0k0EQTxgpBMMryZ+544ISePoVo0S4nHUj2hIMVJa8s2ay5EaCJ4pkTsd6IpB7GckUrkHL6A1HrvkXh8h4fjH8c2KVbWmgIvELkgFFGj65ofbi3HK9TJmSErHthLlZUgoihnJy24qSYLwEPWJo2mEOJFeNs2Ww2Ot9GAYC/0iBafq740McSlHPNCTkyRy3puI/3lOqsJzL6NRkioS4dlHYcqgiuGkKNijgmDFRpogLKi+FeIBEggrXWdZl2DPR14k7VrVrlfrN6eVxmVRRwkcgiNwAmxwBhrgGjRBC2DwAJ7AC3g1Ho1n4814n40uGcXOAfgD4/MbkdmiZA==</latexit>

tr[Wωent] < 0 → ωent

(New) Definining Entanglement Witnesses (EWs): W

<latexit sha1_base64="93YbkT8Mo6zsHwUXy917ByG0+Zw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGCaQttKJvtpF262aS7G6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8m/nNJ1SaJ/LRjFMMYtqXPOKMGiu1/G6TdPo46pbKbsWdg6wSLydlyFHvlr46vYRlMUrDBNW67bmpCSZUGc4EToudTGNK2ZD2sW2ppDHqYDK/d0rOrdIjUaJsSUPm6u+JCY21Hseh7YypGehlbyb+57UzE90EEy7TzKBki0VRJohJyOx50uMKmRFjSyhT3N5K2IAqyoyNqGhD8JZfXiWNy4pXrVQfrsq12zyOApzCGVyAB9dQg3uogw8MBDzDK7w5I+fFeXc+Fq1rTj5zAn/gfP4AcLOPmQ==</latexit>

UW →

<latexit sha1_base64="NEEcc7lZbDMyOFjeu3/zEUdT83s=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kqKblxWME0hCWEynbZDJw9mJmIJ6W+48VfcuFDEnbjxb5y0AbX1wMDhnHuZe06QMCqkYXxplaXlldW16nptY3Nre0ff3euIOOWYWDhmMe8GSBBGI2JJKhnpJpygMGDEDkZXhW/fES5oHN3KcUK8EA0i2qcYSSX5uumGSA55mEmeOzZ0+TD2MxLJ3LuwfHsyccm9OkJMfgxfrxsNYwq4SMyS1EGJtq9/uL0Yp6FaxgwJ4ZhGIr0McUkxI3nNTQVJEB6hAXEUjVBIhJdNo+XwSCk92I+5epGEU/X3RoZCIcZhoCaLIGLeK8T/PCeV/XMvo1GSShLh2Uf9lEEZw6In2KOcYMnGiiDMqboV4iHiCEvVZk2VYM5HXiSdk4bZbDRvTuuty7KOKjgAh+AYmOAMtMA1aAMLYPAAnsALeNUetWftTXufjVa0cmcf/IH2+Q0mz6LX</latexit>

tr[Wωent] > UW → ωent



We hope: 

In practice: 

SEP

SEP SEP

Compromise:

SEP

Mirrored Entanglement Witnesses for Multipartite and High-Dimensional Quantum Systems, Quantum Sci. Technol. 2026)�

Both, optimal

Two-qubit EWs

One optimal, �
The other, trivial 

Both, non-optimal



One EW is optimal

The other is not EW

Both are optimal EW 3x3

Both are optimal EW multi-partite systems



Back to the original question



We want to realize EWs for practical reasons: i) entangled states are useful, and ii) entanglement is a mere property of a state

Unknown state
<latexit sha1_base64="deiYJ5X9mIJW2/qZvsRhWpFUy+k=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj0WvXiSCvYDumvJpmkbmk2WJFsoS/+JFw+KePWfePPfmLZ70NYHA4/3ZpiZFyWcaeN5305hbX1jc6u4XdrZ3ds/cA+PmlqmitAGkVyqdoQ15UzQhmGG03aiKI4jTlvR6Hbmt8ZUaSbFo5kkNIzxQLA+I9hYqeu6gRrKpyyQhsVUo/tp1y17FW8OtEr8nJQhR73rfgU9SdKYCkM41rrje4kJM6wMI5xOS0GqaYLJCA9ox1KB7Z4wm18+RWdW6aG+VLaEQXP190SGY60ncWQ7Y2yGetmbif95ndT0r8OMiSQ1VJDFon7KkZFoFgPqMUWJ4RNLMFHM3orIECtMjA2rZEPwl19eJc2Lil+tVB8uy7WbPI4inMApnIMPV1CDO6hDAwiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGh35Os</latexit>

ω→N State verification �
(Quantum state tomography)

<latexit sha1_base64="kiLNAKtEssiW10h8LT2glmoNVls=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0sxt2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqBk2mhNKdkBoQXEITOQroJBpoHApoh+Pbmd9+Am24kg84SSCI6VDyiDOKVnrs6ZHqZ2Bw2i9XvKo3h7tK/JxUSI5Gv/zVGyiWxiCRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoqaQwmyOYXT90zqwzcSGlbEt25+nsio7Exkzi0nTHFkVn2ZuJ/XjfF6DrIuExSBMkWi6JUuKjc2fvugGtgKCaWUKa5vdVlI6opQxtSyYbgL7+8SloXVb9Wrd1fVuo3eRxFckJOyTnxyRWpkzvSIE3CiCTP5JW8OcZ5cd6dj0VrwclnjskfOJ8/EF2RMQ==</latexit>ωest

Entangled? 

Minimal observable
<latexit sha1_base64="qAEomo0nXhFHtnC0Ru1fyhMArY4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSkuiy6cVnBPqAJZTKdtEPnEWYmQgj1V9y4UMStH+LOv3HSZqGtBwYO59zLPXOihFFtPO/bWVvf2NzaruxUd/f2Dw7do+OulqnCpIMlk6ofIU0YFaRjqGGknyiCeMRIL5reFn7vkShNpXgwWUJCjsaCxhQjY6WhWws4MhPFc6Nmg0BNJOyFQ7fuNbw54CrxS1IHJdpD9ysYSZxyIgxmSOuB7yUmzJEyFDMyqwapJgnCUzQmA0sF4kSH+Tz8DJ5ZZQRjqewTBs7V3xs54lpnPLKTRVS97BXif94gNfF1mFORpIYIvDgUpwwaCYsm4Igqgg3LLEFYUZsV4glSCBvbV9WW4C9/eZV0Lxp+s9G8v6y3bso6KuAEnIJz4IMr0AJ3oA06AIMMPINX8OY8OS/Ou/OxGF1zyp0a+APn8wcOWJUL</latexit>

tr[ωW ]

<latexit sha1_base64="Cadklj4ht/phA96jRnG6QZQKBHQ=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRqS6LbtwIFewDOtOSSdM2NDMZkjtiGeYj3Pgrblwo4taFO//GTNuFth4InHvOvdzc40eCa7Dtbyu3tLyyupZfL2xsbm3vFHf3GlrGirI6lUKqlk80EzxkdeAgWCtSjAS+YE1/dJX5zXumNJfhHYwj5gVkEPI+pwSM1C2euAGBoQoSUGnbVUOJb7oJSTsP2JXAA6az2k87Y4y9brFkl+0J8CJxZqSEZqh1i19uT9I4YCFQQbRuO3YEXkIUcCpYWnBjzSJCR2TA2oaGxOzzkslRKT4ySg/3pTIvBDxRf08kJNB6HPimMztBz3uZ+J/XjqF/4SU8jGJgIZ0u6scCg8RZQrjHFaMgxoYQqrj5K6ZDoggFk2PBhODMn7xIGqdlp1Ku3J6VqpezOPLoAB2iY+Sgc1RF16iG6oiiR/SMXtGb9WS9WO/Wx7Q1Z81m9tEfWJ8/BgaeyQ==</latexit>

tr[ωMx
a →My

b ]
EW

Theoretical tools:�
SDP, Positive maps (Transpose)

Tomographically complete measurement�
(MUB, SIC Measurements)

Practical : Local & individual measurements 
                 Such as correlators  

Efficient : Applying minimal measurements  
                Verifying the largest set of entangled states



Realization of EWs 



<latexit sha1_base64="AKJMG8yYCnFxIktFMHssb28tbso=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV2R6s2iF48V7Ae0S8mm2TY0m6xJVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSu6uHqpddT3qlslfxZsDLxM9JGXLUe6Wvbl/RNGbSUkGM6fheYoOMaMupYJNiNzUsIXREBqzjqCQxM0E2u3eCT53Sx5HSrqTFM/X3REZiY8Zx6DpjYodm0ZuK/3md1EZXQcZlklom6XxRlApsFZ4+j/tcM2rF2BFCNXe3YjokmlDrIiq6EPzFl5dJ87ziVyvV+4ty7SaPowDHcAJn4MMl1OAO6tAACgKe4RXe0CN6Qe/oY966gvKZI/gD9PkDJ12QEA==</latexit>⇢?
<latexit sha1_base64="5e5eeqWSTX2qAehyApuc+MgkeWU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiQsksCHd0oVKt9u0XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCyVn2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ2kilCfJDxRnRBrypmgvmGG045UFMchp+1wfDvz209UaZaIBzORNIjxULCIEWys5MsqezzvlytuzZ0DrRIvJxXI0eyXv3qDhKQxFYZwrHXXc6UJMqwMI5xOS71UU4nJGA9p11KBY6qDbH7sFJ1ZZYCiRNkSBs3V3xMZjrWexKHtjLEZ6WVvJv7ndVMTXQcZEzI1VJDFoijlyCRo9jkaMEWJ4RNLMFHM3orICCtMjM2nZEPwll9eJa2Lmlev1e8vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzhvDjvzseiteDkM8fwB87nDy94jks=</latexit>

p(ij)
<latexit sha1_base64="kiLNAKtEssiW10h8LT2glmoNVls=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0sxt2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqBk2mhNKdkBoQXEITOQroJBpoHApoh+Pbmd9+Am24kg84SSCI6VDyiDOKVnrs6ZHqZ2Bw2i9XvKo3h7tK/JxUSI5Gv/zVGyiWxiCRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoqaQwmyOYXT90zqwzcSGlbEt25+nsio7Exkzi0nTHFkVn2ZuJ/XjfF6DrIuExSBMkWi6JUuKjc2fvugGtgKCaWUKa5vdVlI6opQxtSyYbgL7+8SloXVb9Wrd1fVuo3eRxFckJOyTnxyRWpkzvSIE3CiCTP5JW8OcZ5cd6dj0VrwclnjskfOJ8/EF2RMQ==</latexit>⇢est

<latexit sha1_base64="7J8O9RewYZeDNoa8/aQ5A9V3IPU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiQi1WVRBJcV7APaUCaTaTt0ZhJmJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGZUadf9tkpr6xubW+Xtys7u3v6BfVjtqCiRmLRxxCLZC5AijArS1lQz0oslQTxgpBtMb3K/+0ikopF40LOY+ByNBR1RjLSRhnZ1wJGeSJ7eCo3EmJEwG9o1t+7O4awSryA1KNAa2l+DMMIJJ0JjhpTqe26s/RRJTTEjWWWQKBIjPEVj0jdUIE6Un86zZ86pUUJnFEnzhHbm6u+NFHGlZjwwk3lStezl4n9eP9GjKz+lIk40EXhxaJQwR0dOXoQTUkmwZjNDEJbUZHXwBEmEtamrYkrwlr+8Sjrnda9Rb9xf1JrXRR1lOIYTOAMPLqEJd9CCNmB4gmd4hTcrs16sd+tjMVqyip0j+APr8wej0pTZ</latexit>

Entangled

<latexit sha1_base64="wVX8jnmAozkb1K2aT1X4/Cz8T8Y=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHVZ68ZlBfuAJoTJdNIOnUzCzEQotQt/xY0LRdz6G+78G6dpF9p64MKZc+7l3jlhypnSjvNtFVZW19Y3ipulre2d3T17/6ClkkwS2iQJT2QnxIpyJmhTM81pJ5UUxyGn7XB4M/XbD1Qqloh7PUqpH+O+YBEjWBspsI88jkWfU9QJrk3VPZk/A7vsVJwcaJm4c1KGORqB/eX1EpLFVGjCsVJd10m1P8ZSM8LppORliqaYDHGfdg0VOKbKH+f3T9CpUXooSqQpoVGu/p4Y41ipURyazhjrgVr0puJ/XjfT0ZU/ZiLNNBVktijKONIJmoaBekxSovnIEEwkM7ciMsASE20iK5kQ3MUvL5PWecWtVqp3F+VafR5HEY7hBM7AhUuowS00oAkEHuEZXuHNerJerHfrY9ZasOYzh/AH1ucP5fKVZw==</latexit>

hXAXBi
<latexit sha1_base64="O2GIQQb5cuUi/zPyRDrZ4wjJS3Q=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHVZ68ZlBfuQpoTJdNIOnUzCzEQotQt/xY0LRdz6G+78G6dpFlo9cOHMOfcy954g4Uxpx/myCkvLK6trxfXSxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6mvnteyoVi8WtHie0F+GBYCEjWBvJtw88jsWAU9TxL9GdX/dk9vTtslNxMqC/xM1JGXI0fPvT68ckjajQhGOluq6T6N4ES80Ip9OSlyqaYDLCA9o1VOCIqt4k23+Kjo3SR2EsTQmNMvXnxARHSo2jwHRGWA/VojcT//O6qQ4vehMmklRTQeYfhSlHOkazMFCfSUo0HxuCiWRmV0SGWGKiTWQlE4K7ePJf0jqtuNVK9easXKvncRThEI7gBFw4hxpcQwOaQOABnuAFXq1H69l6s97nrQUrn9mHX7A+vgHnf5Vo</latexit>

hXAYBi
<latexit sha1_base64="Do2jk2SjyW7FxkhYsH1/0DhAVkE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHVZ68ZlBfvApoTJdNIOnUzCzEQotQt/xY0LRdz6G+78G6dpFlo9cOHMOfcy954g4Uxpx/myCkvLK6trxfXSxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6mvnteyoVi8WtHie0F+GBYCEjWBvJtw88jsWAU9TxL9GdX/dk9vTtslNxMqC/xM1JGXI0fPvT68ckjajQhGOluq6T6N4ES80Ip9OSlyqaYDLCA9o1VOCIqt4k23+Kjo3SR2EsTQmNMvXnxARHSo2jwHRGWA/VojcT//O6qQ4vehMmklRTQeYfhSlHOkazMFCfSUo0HxuCiWRmV0SGWGKiTWQlE4K7ePJf0jqtuNVK9easXKvncRThEI7gBFw4hxpcQwOaQOABnuAFXq1H69l6s97nrQUrn9mHX7A+vgHpDJVp</latexit>

hXAZBi

<latexit sha1_base64="Iq6rTZYjQwDsEhax5eQGwSnSXfM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHVZ68ZlBfuQpoTJdNIOnUzCzEQotQt/xY0LRdz6G+78G6dpFlo9cOHMOfcy954g4Uxpx/myCkvLK6trxfXSxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6mvnteyoVi8WtHie0F+GBYCEjWBvJtw88jsWAU3TnX6KOX/dk9vTtslNxMqC/xM1JGXI0fPvT68ckjajQhGOluq6T6N4ES80Ip9OSlyqaYDLCA9o1VOCIqt4k23+Kjo3SR2EsTQmNMvXnxARHSo2jwHRGWA/VojcT//O6qQ4vehMmklRTQeYfhSlHOkazMFCfSUo0HxuCiWRmV0SGWGKiTWQlE4K7ePJf0jqtuNVK9easXKvncRThEI7gBFw4hxpcQwOaQOABnuAFXq1H69l6s97nrQUrn9mHX7A+vgHng5Vo</latexit>

hYAXBi
<latexit sha1_base64="kkcYeo7CJMPKDH1p5ptuooYxeA8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEpLqsdeOygn1IE8pketMOnUzCzEQotQt/xY0LRdz6G+78G6dpFlo9cOHMOfdy75wg4Uxpx/myCkvLK6trxfXSxubW9o69u9dScSopNGnMY9kJiALOBDQ10xw6iQQSBRzawehq5rfvQSoWi1s9TsCPyECwkFGijdSzDzxOxIADvutdmqp7Mnv27LJTcTLgv8TNSRnlaPTsT68f0zQCoSknSnVdJ9H+hEjNKIdpyUsVJISOyAC6hgoSgfIn2f1TfGyUPg5jaUponKk/JyYkUmocBaYzInqoFr2Z+J/XTXV44U+YSFINgs4XhSnHOsazMHCfSaCajw0hVDJzK6ZDIgnVJrKSCcFd/PJf0jqtuNVK9easXKvncRTRITpCJ8hF56iGrlEDNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/f6RCVaQ==</latexit>

hYAYBi
<latexit sha1_base64="uaQR8jnX+dbEWBbPZ+mVgBKdiBE=">AAAB/3icbVC7TsMwFL0pr1JeBSQWFosKialKECqMpSyMRaIPaKLIcZ3WquNEtoNUlQ78CgsDCLHyG2z8DW6bAVqOdKXjc+6V7z1BwpnStv1t5ZaWV1bX8uuFjc2t7Z3i7l5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HgauK3HqhULBa3ephQL8I9wUJGsDaSXzxwORY9TtGdf4nu/Zorp0+/WLLL9hRokTgZKUGGul/8crsxSSMqNOFYqY5jJ9obYakZ4XRccFNFE0wGuEc7hgocUeWNpvuP0bFRuiiMpSmh0VT9PTHCkVLDKDCdEdZ9Ne9NxP+8TqrDC2/ERJJqKsjsozDlSMdoEgbqMkmJ5kNDMJHM7IpIH0tMtImsYEJw5k9eJM3TslMpV27OStVaFkceDuEITsCBc6jCNdShAQQe4Rle4c16sl6sd+tj1pqzspl9+APr8wfqnZVq</latexit>

hYAZBi
<latexit sha1_base64="8ufYZDthoF8aQDCC+0cqZK1lSY0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEpLqsdeOygn1gE8pketMOnUzCzEQotQt/xY0LRdz6G+78G6dpFlo9cOHMOfdy75wg4Uxpx/myCkvLK6trxfXSxubW9o69u9dScSopNGnMY9kJiALOBDQ10xw6iQQSBRzawehq5rfvQSoWi1s9TsCPyECwkFGijdSzDzxOxIADvutdmqp7Mnv27LJTcTLgv8TNSRnlaPTsT68f0zQCoSknSnVdJ9H+hEjNKIdpyUsVJISOyAC6hgoSgfIn2f1TfGyUPg5jaUponKk/JyYkUmocBaYzInqoFr2Z+J/XTXV44U+YSFINgs4XhSnHOsazMHCfSaCajw0hVDJzK6ZDIgnVJrKSCcFd/PJf0jqtuNVK9easXKvncRTRITpCJ8hF56iGrlEDNRFFD+gJvaBX69F6tt6s93lrwcpn9tEvWB/f7C6Vaw==</latexit>

hZAZBi
<latexit sha1_base64="tTDI8lrK3rQeMyZ2hDMoQEN5rNc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHVZ68ZlBfvApoTJdNIOnUzCzEQotQt/xY0LRdz6G+78G6dpFlo9cOHMOfcy954g4Uxpx/myCkvLK6trxfXSxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6mvnteyoVi8WtHie0F+GBYCEjWBvJtw88jsWAU3TnX6KOX/dk9vTtslNxMqC/xM1JGXI0fPvT68ckjajQhGOluq6T6N4ES80Ip9OSlyqaYDLCA9o1VOCIqt4k23+Kjo3SR2EsTQmNMvXnxARHSo2jwHRGWA/VojcT//O6qQ4vehMmklRTQeYfhSlHOkazMFCfSUo0HxuCiWRmV0SGWGKiTWQlE4K7ePJf0jqtuNVK9easXKvncRThEI7gBFw4hxpcQwOaQOABnuAFXq1H69l6s97nrQUrn9mHX7A+vgHpFJVp</latexit>

hZAXBi
<latexit sha1_base64="SsF//NLP66c7/dI5gnA76Gb1T7A=">AAAB/3icbVC7TsMwFL0pr1JeBSQWFosKialKECqMpSyMRaIPaKLIcZ3WquNEtoNUlQ78CgsDCLHyG2z8DW6bAVqOdKXjc+6V7z1BwpnStv1t5ZaWV1bX8uuFjc2t7Z3i7l5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HgauK3HqhULBa3ephQL8I9wUJGsDaSXzxwORY9TtG9f4nu/Jorp0+/WLLL9hRokTgZKUGGul/8crsxSSMqNOFYqY5jJ9obYakZ4XRccFNFE0wGuEc7hgocUeWNpvuP0bFRuiiMpSmh0VT9PTHCkVLDKDCdEdZ9Ne9NxP+8TqrDC2/ERJJqKsjsozDlSMdoEgbqMkmJ5kNDMJHM7IpIH0tMtImsYEJw5k9eJM3TslMpV27OStVaFkceDuEITsCBc6jCNdShAQQe4Rle4c16sl6sd+tj1pqzspl9+APr8wfqoZVq</latexit>

hZAYBi

<latexit sha1_base64="2l3ni9LHJJfQfFCr993KSTaoZnE=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJSHVZdeOygr1AE8JketIOnUzCzEQspa/ixoUibn0Rd76N0zQLbf1h4OM/53DO/GHKmdKO822V1tY3NrfK25Wd3b39A/uw2lFJJim0acIT2QuJAs4EtDXTHHqpBBKHHLrh+HZe7z6CVCwRD3qSgh+ToWARo0QbK7CrHidiyAH3gmtP5hjYNafu5MKr4BZQQ4Vagf3lDRKaxSA05USpvuuk2p8SqRnlMKt4mYKU0DEZQt+gIDEof5rfPsOnxhngKJHmCY1z9/fElMRKTeLQdMZEj9RybW7+V+tnOrryp0ykmQZBF4uijGOd4HkQeMAkUM0nBgiVzNyK6YhIQrWJq2JCcJe/vAqd87rbqDfuL2rNmyKOMjpGJ+gMuegSNdEdaqE2ougJPaNX9GbNrBfr3fpYtJasYuYI/ZH1+QOOlpQm</latexit>

hXAi

<latexit sha1_base64="jyLCooJZEQaTZisDTYUCjSXEePg=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEVyURqS6rblxWsBdpQphMT9qhk0mYmYil9FXcuFDErS/izrdxmmahrT8MfPznHM6ZP0w5U9pxvq2V1bX1jc3SVnl7Z3dv3z6otFWSSQotmvBEdkOigDMBLc00h24qgcQhh044upnVO48gFUvEvR6n4MdkIFjEKNHGCuyKx4kYcMAPwZUncwzsqlNzcuFlcAuookLNwP7y+gnNYhCacqJUz3VS7U+I1IxymJa9TEFK6IgMoGdQkBiUP8lvn+IT4/RxlEjzhMa5+3tiQmKlxnFoOmOih2qxNjP/q/UyHV36EybSTIOg80VRxrFO8CwI3GcSqOZjA4RKZm7FdEgkodrEVTYhuItfXob2Wc2t1+p359XGdRFHCR2hY3SKXHSBGugWNVELUfSEntErerOm1ov1bn3MW1esYuYQ/ZH1+QOQI5Qn</latexit>

hYAi
<latexit sha1_base64="gsw0aK7OjneRKCvYn2ow0yhspTc=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEVyURqS6rblxWsBdsQphMT9qhk0mYmYil9FXcuFDErS/izrdxmmahrT8MfPznHM6ZP0w5U9pxvq2V1bX1jc3SVnl7Z3dv3z6otFWSSQotmvBEdkOigDMBLc00h24qgcQhh044upnVO48gFUvEvR6n4MdkIFjEKNHGCuyKx4kYcMAPwZUncwzsqlNzcuFlcAuookLNwP7y+gnNYhCacqJUz3VS7U+I1IxymJa9TEFK6IgMoGdQkBiUP8lvn+IT4/RxlEjzhMa5+3tiQmKlxnFoOmOih2qxNjP/q/UyHV36EybSTIOg80VRxrFO8CwI3GcSqOZjA4RKZm7FdEgkodrEVTYhuItfXob2Wc2t1+p359XGdRFHCR2hY3SKXHSBGugWNVELUfSEntErerOm1ov1bn3MW1esYuYQ/ZH1+QORsJQo</latexit>

hZAi

<latexit sha1_base64="aJ5Mu9D+UqHLtPDnCeAVGgVxLk0=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIrkoiUl2WunFZwV6wCWEynbZDJ5MwMxFL6Ku4caGIW1/EnW/jNM1CW38Y+PjPOZwzf5hwprTjfFtr6xubW9ulnfLu3v7BoX1U6ag4lYS2Scxj2QuxopwJ2tZMc9pLJMVRyGk3nNzM691HKhWLxb2eJtSP8EiwISNYGyuwKx7HYsQpegianswxsKtOzcmFVsEtoAqFWoH95Q1ikkZUaMKxUn3XSbSfYakZ4XRW9lJFE0wmeET7BgWOqPKz/PYZOjPOAA1jaZ7QKHd/T2Q4UmoahaYzwnqslmtz879aP9XDaz9jIkk1FWSxaJhypGM0DwINmKRE86kBTCQztyIyxhITbeIqmxDc5S+vQuei5tZr9bvLaqNZxFGCEziFc3DhChpwCy1oA4EneIZXeLNm1ov1bn0sWtesYuYY/sj6/AGTO5Qp</latexit>

hZBi
<latexit sha1_base64="REWFD12UivDkNvSvdZNZh0leibM=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIrkoiUl2WunFZwV6kCWEynbZDJ5MwMxFL6Ku4caGIW1/EnW/jNM1CW38Y+PjPOZwzf5hwprTjfFtr6xubW9ulnfLu3v7BoX1U6ag4lYS2Scxj2QuxopwJ2tZMc9pLJMVRyGk3nNzM691HKhWLxb2eJtSP8EiwISNYGyuwKx7HYsQpegianswxsKtOzcmFVsEtoAqFWoH95Q1ikkZUaMKxUn3XSbSfYakZ4XRW9lJFE0wmeET7BgWOqPKz/PYZOjPOAA1jaZ7QKHd/T2Q4UmoahaYzwnqslmtz879aP9XDaz9jIkk1FWSxaJhypGM0DwINmKRE86kBTCQztyIyxhITbeIqmxDc5S+vQuei5tZr9bvLaqNZxFGCEziFc3DhChpwCy1oA4EneIZXeLNm1ov1bn0sWtesYuYY/sj6/AGRrpQo</latexit>

hYBi
<latexit sha1_base64="31b6ql5xVROdSXuFwcS9fA6Zg7c=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCqJSHVZ6sZlBXuBJoTJ9KQdOpmEmYlYSl/FjQtF3Poi7nwbp2kW2vrDwMd/zuGc+cOUM6Ud59sqbWxube+Udyt7+weHR/ZxtauSTFLo0IQnsh8SBZwJ6GimOfRTCSQOOfTCye2i3nsEqVgiHvQ0BT8mI8EiRok2VmBXPU7EiAPuBy1P5hjYNafu5MLr4BZQQ4Xagf3lDROaxSA05USpgeuk2p8RqRnlMK94mYKU0AkZwcCgIDEof5bfPsfnxhniKJHmCY1z9/fEjMRKTePQdMZEj9VqbWH+VxtkOrrxZ0ykmQZBl4uijGOd4EUQeMgkUM2nBgiVzNyK6ZhIQrWJq2JCcFe/vA7dy7rbqDfur2rNVhFHGZ2iM3SBXHSNmugOtVEHUfSEntErerPm1ov1bn0sW0tWMXOC/sj6/AGQIZQn</latexit>

hXBi

<latexit sha1_base64="n09faOXKj0DdJ/KZPvMy1kK0LAQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi1WWtG5cV7AOaEibT23boZBJmJkIJXbnxV9y4UMSt3+DOv3GaZqGtBy6cOede7twTxJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKkokhSaNeCQ7AVHAmYCmZppDJ5ZAwoBDOxjfzPz2A0jFInGvJzH0QjIUbMAo0Uby7WOPEzHkgDv+tak69mT29lNQeurbZafiZMDLxM1JGeVo+PaX149oEoLQlBOluq4T615KpGaUw7TkJQpiQsdkCF1DBQlB9dLsjCk+NUofDyJpSmicqb8nUhIqNQkD0xkSPVKL3kz8z+smenDVS5mIEw2CzhcNEo51hGeZ4D6TQDWfGEKoZOavmI6IJFSb5EomBHfx5GXSOq+41Ur17qJcq+dxFNEROkFnyEWXqIZuUQM1EUWP6Bm9ojfryXqx3q2PeWvBymcO0R9Ynz9WK5hw</latexit>

hXAXBiest

<latexit sha1_base64="tGdiWcY0A4iiNYuTG6C+6xISP/g=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi1WWtG5cV7AObECbT23boZBJmJkIJXbnxV9y4UMSt3+DOv3GadqHVAxfOnHMvd+4JE86Udpwvq7C0vLK6VlwvbWxube/Yu3stFaeSQpPGPJadkCjgTEBTM82hk0ggUcihHY6upn77HqRisbjV4wT8iAwE6zNKtJEC+9DjRAw44Lvg0lQdezJ/BxkoPQnsslNxcuC/xJ2TMpqjEdifXi+maQRCU06U6rpOov2MSM0oh0nJSxUkhI7IALqGChKB8rP8jAk+NkoP92NpSmicqz8nMhIpNY5C0xkRPVSL3lT8z+umun/hZ0wkqQZBZ4v6Kcc6xtNMcI9JoJqPDSFUMvNXTIdEEqpNciUTgrt48l/SOq241Ur15qxcq8/jKKIDdIROkIvOUQ1dowZqIooe0BN6Qa/Wo/VsvVnvs9aCNZ/ZR79gfXwDXIOYdA==</latexit>

hZAZBiest

<latexit sha1_base64="Qu3/+0r4QEcdYZFY8PUsZSJ3X3Y=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgqiQi1WWtG5cV7AObECbTm3boZBJmJkIJXbnxV9y4UMSt3+DOv3HaZqHVAxfOnHMvc+8JEs6Utu0vq7C0vLK6VlwvbWxube+Ud/faKk4lhRaNeSy7AVHAmYCWZppDN5FAooBDJxhdTf3OPUjFYnGrxwl4ERkIFjJKtJH88qHLiRhwwHf+Je76DezK2dvPQOmJX67YVXsG/Jc4OamgHE2//On2Y5pGIDTlRKmeYyfay4jUjHKYlNxUQULoiAygZ6ggESgvm50xwcdG6eMwlqaExjP150RGIqXGUWA6I6KHatGbiv95vVSHF17GRJJqEHT+UZhyrGM8zQT3mQSq+dgQQiUzu2I6JJJQbZIrmRCcxZP/kvZp1alVazdnlXojj6OIDtAROkEOOkd1dI2aqIUoekBP6AW9Wo/Ws/Vmvc9bC1Y+s49+wfr4BllbmHI=</latexit>

hZAXBiest

<latexit sha1_base64="s9FDQVlCzK1hLT+JQGEt2EW+UDo=">AAACCHicbZC7TsMwFIYdrqXcAowMWFRITFWCUGGsYGEsEr1ITRQ5rtOa2k5kO0glChsLr8LCAEKsPAIbb4PTdoCWX7L06T/nyOf8YcKo0o7zbS0sLi2vrJbWyusbm1vb9s5uS8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weFnU23dEKhqLGz1KiM9RX9CIYqSNFdgHHkd6IHkWJ5pyek8ecuhlOMjorYEcBnbFqTpjwXlwp1ABUzUC+8vrxTjlRGjMkFJd10m0nyGpKWYkL3upIgnCQ9QnXYMCcaL8bHxIDo+M04NRLM0TGo7d3xMZ4kqNeGg6i7XVbK0w/6t1Ux2d+xkVSaqJwJOPopRBHcMiFdijkmDNRgYQltTsCvEASYS1ya5sQnBnT56H1knVrVVr16eV+sU0jhLYB4fgGLjgDNTBFWiAJsDgETyDV/BmPVkv1rv1MWldsKYze+CPrM8flk2aVQ==</latexit>

optimize {cij}

<latexit sha1_base64="AKJMG8yYCnFxIktFMHssb28tbso=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV2R6s2iF48V7Ae0S8mm2TY0m6xJVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSu6uHqpddT3qlslfxZsDLxM9JGXLUe6Wvbl/RNGbSUkGM6fheYoOMaMupYJNiNzUsIXREBqzjqCQxM0E2u3eCT53Sx5HSrqTFM/X3REZiY8Zx6DpjYodm0ZuK/3md1EZXQcZlklom6XxRlApsFZ4+j/tcM2rF2BFCNXe3YjokmlDrIiq6EPzFl5dJ87ziVyvV+4ty7SaPowDHcAJn4MMl1OAO6tAACgKe4RXe0CN6Qe/oY966gvKZI/gD9PkDJ12QEA==</latexit>⇢?

<latexit sha1_base64="pXhANxxySQHPpioNE+ZrGSQ4hTc=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBU5gRiR6DXjxGyAbJEHo6PUmT7umhu0aMQ/BXvHhQxKv/4c2/sbMcNPFBweO9KqrqhYngBjzv28mtrK6tb+Q3C1vbO7t77v5Bw6hUU1anSijdColhgsesDhwEayWaERkK1gyHNxO/ec+04SquwShhgST9mEecErBS1z3qAHsALbOakqqvSTIY4XHXLXolbwq8TPw5KaI5ql33q9NTNJUsBiqIMW3fSyDIiAZOBRsXOqlhCaFD0mdtS2MimQmy6fVjfGqVHo6UthUDnqq/JzIijRnJ0HZKAgOz6E3E/7x2CtFVkPE4SYHFdLYoSgUGhSdR4B7XjIIYWUKo5vZWTAdEEwo2sIINwV98eZk0zkt+uVS+uyhWrudx5NExOkFnyEeXqIJuURXVEUWP6Bm9ojfnyXlx3p2PWWvOmc8coj9wPn8AP6aVwA==</latexit>

Tomography

<latexit sha1_base64="IsHXEuyyvzfnrd56kiCPsyvek/k=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lEqseqF48V7Ae0oWy2m3bp7ibsTtQQ+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOZMg+t+W4WV1bX1jeJmaWt7Z3fPLu+3dJQoQpsk4pHqBFhTziRtAgNOO7GiWASctoPx9dRv31OlWSTvII2pL/BQspARDEbq2+Ue0EdQIruUmKea6UnfrrhVdwZnmXg5qaAcjb791RtEJBFUAuFY667nxuBnWAEjnE5KvUTTGJMxHtKuoRILqv1sdvrEOTbKwAkjZUqCM1N/T2RYaJ2KwHQKDCO96E3F/7xuAuGFnzEZJ0AlmS8KE+5A5ExzcAZMUQI8NQQTxcytDhlhhQmYtEomBG/x5WXSOq16tWrt9qxSv8rjKKJDdIROkIfOUR3doAZqIoIe0DN6RW/Wk/VivVsf89aClc8coD+wPn8AK9OUnA==</latexit>

A
n
alysis

<latexit sha1_base64="FK37VXWVHc99VseSM/Xs3pMRHQM=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6tLHxmUFW4WmhMn0to6dTMLMjVBCv8SNv+LGhSKCK/0bp2kXvg4MczjnXu69J0qlMOh5n05pZnZufqG8WFlaXlldc9c3WibJNIcmT2SiryNmQAoFTRQo4TrVwOJIwlU0OBv7V3egjUjUJQ5T6MSsr0RPcIZWCt2DwGRxmIvbEeXFF0im+hLoSShokKCIwdDT8JYGutDDHAyOQrfq1bwC9C/xp6RKpmiE7nvQTXgWg0IumTFt30uxkzONgksYVYLMQMr4gPWhbalidmwnL84b0R2rdGkv0fYppIX6vSNnsTHDOLKVMcMb89sbi/957Qx7R51cqDRDUHwyqJdJigkdZ0W7QgNHObSEcS3srpTfMM042kQrNgT/98l/SWuv5tdr9Yv96vHpNI4y2SLbZJf45JAck3PSIE3CyT15JM/kxXlwnpxX521SWnKmPZvkB5yPLxZsoxg=</latexit>X

ij

cijhAi ⌦Bjiest

<latexit sha1_base64="tLWPfzadeAxVufeAwopBvac62UY=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCF0siUj0WvXisYD+gDWWz3bZLd7NhdyLUUPDiX/HiQRGv/glv/hs3aQ7a+mDg8d4MM/OCiDMNrvttFZaWV1bXiuuljc2t7R17d6+pZawIbRDJpWoHWFPOQtoABpy2I0WxCDhtBePr1G/dU6WZDO9gElFf4GHIBoxgMFLPPugKDCMlkkhqOJURMMEeMm/as8tuxc3gLBIvJ2WUo96zv7p9SWJBQyAca93x3Aj8BCtghNNpqRtrGmEyxkPaMTTEgmo/yX6YOsdG6TsDqUyF4GTq74kEC60nIjCd6cV63kvF/7xODINLP2FhFAMNyWzRIOYOSCcNxOkzRQnwiSGYKGZudcgIK0zAxFYyIXjzLy+S5lnFq1aqt+fl2lUeRxEdoiN0gjx0gWroBtVRAxH0iJ7RK3qznqwX6936mLUWrHxmH/2B9fkDcJKYsQ==</latexit>

post� optimization

<latexit sha1_base64="BR5oBkiV0VPBdYSasy+I4VQbizs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzcJWcXtnd2+/dHDYNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD63eea9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdK8qHjVSvX+sly7yeMowDGcwBl4cAU1uIM6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx/T1Y2E</latexit>

W+
<latexit sha1_base64="X7U3rGlgA4sucVCujHnNp7DYo40=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilh1bvvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/W3Y2G</latexit>

W�

<latexit sha1_base64="fuK8YUdkvzkg0duWMcOjZd/uY+A=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ6seyKVI9FLx4r2A9p15JNs21okl2SrFCW/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O0vLK6tr64WN4ubW9s5uaW+/qaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywupn4rSeqNIvkvRnH1Bd4IFnICDZWemj10rPsMT3JeqWyW3GnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwinWbGbaBpjMsID2rFUYkG1n04PztCxVfoojJQtadBU/T2RYqH1WAS2U2Az1PPeRPzP6yQmvPJTJuPEUElmi8KEIxOhyfeozxQlho8twUQxeysiQ6wwMTajog3Bm395kTTPK161Ur27KNeu8zgKcAhHcAoeXEINbqEODSAg4Ble4c1Rzovz7nzMWpecfOYA/sD5/AF6PJA3</latexit>

W
0

�
<latexit sha1_base64="z2L4m1ZyJOkCPHNiHbbP1NQsIro=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSIKQtkVqR6LXjxWsB/SriWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDPxW09UaRbJezOOqS/wQLKQEWys9NDqpWfZY3qS9Uplt+JOgRaJl5My5Kj3Sl/dfkQSQaUhHGvd8dzY+ClWhhFOs2I30TTGZIQHtGOpxIJqP50enKFjq/RRGClb0qCp+nsixULrsQhsp8BmqOe9ifif10lMeOWnTMaJoZLMFoUJRyZCk+9RnylKDB9bgoli9lZEhlhhYmxGRRuCN//yImmeV7xqpXp3Ua5d53EU4BCO4BQ8uIQa3EIdGkBAwDO8wpujnBfn3fmYtS45+cwB/IHz+QN3KpA1</latexit>

W
0

+

We want to realize EWs for practical reasons: entangled states are useful

(MUB Measurements)

Main Question: Given correlators, how many EWs can we construct? 

Aim: Maximize the usefulness of measurement outcomes to determine if a state is entangled



Main Results: Construction of EWs from a Small Set of Measurements
<latexit sha1_base64="VUc8fhX3760c3BRBeIPgr641TRs=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQlChQWplIWxCPqQmihyXKd16ziR7SBVUf+AhV9hYQAhVlY2/gY3zQAtR7J1dM69uvceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/up767QciJI34vRrHxA1Rn9OAYqS05JnHd/ASOjIJvZQOJzj7IbzyKHQiRUMiYd0bQuiZZatiZYCLxM5JGeRoeOaX04twEhKuMENSdm0rVm6KhKKYkUnJSSSJER6hPulqypEe5abZPRN4pJUeDCKhH1cwU393pCiUchz6ujJEaiDnvan4n9dNVHDhppTHiSIczwYFCYMqgtNwYI8KghUba4KwoHpXiAdIIKx0hCUdgj1/8iJpnVbsaqV6e1au1fM4iuAAHIITYINzUAM3oAGaAINH8AxewZvxZLwY78bHrLRg5D374A+Mzx+p05sr</latexit>

S =
∑

ij

cijAi →Bj
<latexit sha1_base64="03BsqqjW8bl1Kh/Aze+SCJFx1hc=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJIaoShApjKQtsRaIPaKLIcd3W1HEi20Gqoi4s/AoLAwix8g9s/A1umwFajnSlo3Pu1b33BDGjUtn2t5FbWFxaXsmvFtbWNza3zO2dhowSgUkdRywSrQBJwigndUUVI61YEBQGjDSDwcXYbz4QIWnEb9QwJl6Iepx2KUZKS765f+5TC1b9ewhdyqGbXlmwZcFb6w66I98s2iV7AjhPnIwUQYaab365nQgnIeEKMyRl27Fj5aVIKIoZGRXcRJIY4QHqkbamHIVEeunkixE81EoHdiOhiys4UX9PpCiUchgGujNEqi9nvbH4n9dOVPfMSymPE0U4ni7qJgyqCI4jgR0qCFZsqAnCgupbIe4jgbDSwRV0CM7sy/OkcVxyyqXy9UmxUs3iyIM9cACOgANOQQVcghqoAwwewTN4BW/Gk/FivBsf09ackc3sgj8wPn8A5w6VqQ==</latexit>

Ai, Bj → {I,X, Y, Z}

Example: only three observables

Theorem

Detection

<latexit sha1_base64="Msgnx3LAEJXjYs/2J/uBSh62T9k="></latexit>

→1 ↑
∑

ij

cijtr[Ai ↓Bjωsep] ↑ 1

<latexit sha1_base64="diJGrXmqk0zxB7QufQOOtHQFQIo=">AAAB/HicbVDLSsNAFL3xWeur2qWbwSK4KolIdSMUu3FZwT6gCWEynbRDJ5MwMxFCWn/FjQtF3Poh7vwbp4+Fth64cDjnXu69J0g4U9q2v6219Y3Nre3CTnF3b//gsHR03FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMGpM/c4jlYrF4kFnCfUiPBAsZARrI/mlsjtGDeSO/dxlItTZBN04fqliV+0Z0CpxFqQCCzT90pfbj0kaUaEJx0r1HDvRXo6lZoTTSdFNFU0wGeEB7RkqcESVl8+On6Azo/RRGEtTQqOZ+nsix5FSWRSYzgjroVr2puJ/Xi/V4bWXM5GkmgoyXxSmHOkYTZNAfSYp0TwzBBPJzK2IDLHERJu8iiYEZ/nlVdK+qDq1au3+slK/XcRRgBM4hXNw4ArqcAdNaAGBDJ7hFd6sJ+vFerc+5q1r1mKmDH9gff4AiVeUEg==</latexit>

→C→→ = 1Subject to

<latexit sha1_base64="dsItUT3J1bUYgGQkNa2uPA4Edek=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIrsqMSHVZdOOygn1AZxgyaaYNTWaGJCPUofgrblwo4tb/cOffmLaz0NYDgcM59yYnJ0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFWSSUJbJOGJ7IZYUc5i2tJMc9pNJcUi5LQTjm6mfueBSsWS+F6PU+oLPIhZxAjWRgrsIy9KJOYceYoNBA5yRdNJYFedmjMDWiZuQapQoBnYX14/IZmgsSYcK9VznVT7OZaaEU4nFS8z12IywgPaMzTGgio/n6WfoFOj9JGJYU6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZTq68nMWp5mmMZk/FGUc6QRNq0B9JinRfGwIJpKZrIgMscREm8IqpgR38cvLpH1ec+u1+t1FtXFd1FGGYziBM3DhEhpwC01oAYFHeIZXeLOerBfr3fqYj5asYucQ/sD6/AHhhpWG</latexit>

→ωsep

<latexit sha1_base64="aMdDd1zmWQruIHTfq8Lhz/RmkII=">AAACIHicbVBNSwMxEM36bf2qevQSLIKnsiuiHkUvHhWsLbSlZNPZNjSbLMmsUpbuP/HiX/HiQRG96a8x/RC0+iDweG9mMvPCRAqLvv/hzczOzS8sLi0XVlbX1jeKm1s3VqeGQ4VrqU0tZBakUFBBgRJqiQEWhxKqYe986FdvwVih1TX2E2jGrKNEJDhDJ7WKx42YYdfEWUX1lL5TNLfIEAZ5w3R1/m3mwuagkKmOhHYuonzQKpb8sj8C/UuCCSmRCS5bxfdGW/M0dmO4ZNbWAz/BZsYMCi5hUGikFhLGe6wDdUcVi8E2s9GBA7rnlDaNtHFPIR2pPzsyFlvbj0NXOdzYTntD8T+vnmJ00syESlIExccfRamkqOkwLdoWBjjKviOMG+F2pbzLDOPoMi24EILpk/+Sm4NycFQ+ujosnZ5N4lgiO2SX7JOAHJNTckEuSYVwck8eyTN58R68J+/VexuXzniTnm3yC97nF2F6pjs=</latexit>

Unknown state ω is entangled if
<latexit sha1_base64="5pICPXDx2d6VzMlo5X/OqBb8+CU=">AAACFXicbVBNSyNBFOxx3VWzH8b16KUxLOxhCTOLqEdxL3tUMCaQDOFN5yVp7O4Zut+IYcj8CC/+lb3sQRGvC3vz39hJ5qDRgoai6j1eVyWZko7C8DFYebf6/sPa+kbt46fPXzbrW1/PXZpbgS2RqtR2EnCopMEWSVLYySyCThS2k4tfM799idbJ1JzRJMNYw8jIoRRAXurXf/Q00NjqgsbISw1XUkuda15Kx0sFdoSWlzQGU/Jp1K83wmY4B39Nooo0WIWTfv1/b5CKXKMhocC5bhRmFBdgSQqF01ovd5iBuIARdj01oNHFxTzVlH/zyoAPU+ufIT5Xn28UoJ2b6MRPzjK4ZW8mvuV1cxoexoU0WU5oxOLQMFecUj6riA+kRUFq4gkIK/1fuRiDBUG+yJovIVqO/Jqc/2xG+839073G0XFVxzrbYbvsO4vYATtiv9kJazHBrtkfdsvugpvgb3AfPCxGV4JqZ5u9QPDvCYb4n6s=</latexit>

the maximimum is larger than 1



Experiment

State tomography

Two-photon experiment



Experiment

EWs generated

<latexit sha1_base64="yYVPF1K8jO+M67YwOOCAl9+E77A=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHxQEhrDHokevGIiUAtVLJdtrBhu212txrSwO/w4kFjvPpfvPlvXKAHBV8ymZf3ZrKzz48Zlcqyvo3cyura+kZ+s7C1vbO7V9w/aMooEZg0cMQi4fhIEkY5aSiqGHFiQVDoM9Lyh9dTv/VIhKQRv1OjmHgh6nMaUIyUlh6c+/LEccsTV3fX7RZLVsWawVwmdkZKkKHeLX51ehFOQsIVZkjKtm3FykuRUBQzMi50EklihIeoT9qachQS6aWzq8fmiVZ6ZhAJXVyZM/X3RopCKUehrydDpAZy0ZuK/3ntRAWXXkp5nCjC8fyhIGGmisxpBGaPCoIVG2mCsKD6VhMPkEBY6aAKOgR78cvLpHlWsauV6u15qXaVxZGHIziGU7DhAmpwA3VoAAYBz/AKb8aT8WK8Gx/z0ZyR7RzCHxifP3JGkdk=</latexit>

XY, XZ, ZY, ZZ
<latexit sha1_base64="FoniYnSA+13KTNd4UAM+AYa8Rv8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHosevFYwX7YNpTNdtMu3WzC7kYoof4KLx4U8eq/8ea/cZPmoK0PBh7vzTAzz4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm9ykfvuRSsVCca+nEXUDPBLMZwRrI3U7D2dP3bS6g3LFrtoZ0DJxclKBHI1B+as/DEkcUKEJx0r1HD vSboKlZoTTWakfKxphMsEj2jNU4IAqN8kunqETowyRH0pTQqNM/T2R4ECpaeCZzgDrsVr0UvE/rxdr/8pNmIhiTQWZL/JjjnSI0vfRkElKNJ8agolk5lZExlhiok1IJROCs/jyMmmdV51atXZ3Ualf53EU4QiO4RQcuIQ63EIDmkBAwDO8wpulrBfr3fqYtxasfOYQ/sD6/AG/SZBV</latexit>

XY, ZY, ZZ
<latexit sha1_base64="aCrmmrSYNqbqygi/vsjBqqc4YwQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx6MVjBfth26Vk02wbm02WJCuUpf4GLx4U8er/8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD0dXUbz5QpZkUt2YcUz/CA8FCRrCxUqN1d/LYbveKJbfszoD+Ei8jJchQ6xU/u31JkogKQzjWuuO5sf FTrAwjnE4K3UTTGJMRHtCOpQJHVPvp7NoJOrJKH4VS2RIGzdSfEymOtB5Hge2MsBnqRW8q/ud1EhNe+CkTcWKoIPNFYcKRkWj6OuozRYnhY0swUczeisgQK0yMDahgQ/AWX/5LGqdlr1Ku3JyVqpdZHHk4gEM4Bg/OoQrXUIM6ELiHJ3iBV0c6z86b8z5vzTnZzD78gvPxDRBhjtA=</latexit>

XY, ZZ

<latexit sha1_base64="QMHAnsquacO+OEjUDRMfZTJfGt0=">AAAB9XicbVDLTgIxFL3jE/GFunTTSExcEDJjDLokunGJibwGRtIpHWjodCZtR0MIfIcbFxrj1n9x599YYBYKnuTmnpxzb3p7/JgzpW3721pZXVvf2MxsZbd3dvf2cweHNRUlktAqiXgkGz5WlDNBq5ppThuxpDj0Oa37g5upX3+kUrFI3OthTL0Q9wQLGMHaSA/NRmHSdAsT13TX7eTydtGeAS0TJyV5SFHp5L7a3YgkIRWacKxUy7Fj7Y2w1IxwOs62E0VjTAa4R1uGChxS5Y1mV4/RqVG6KIikKaHRTP29McKhUsPQN5Mh1n216E3F/7xWooMrb8REnGgqyPyhIOFIR2gaAeoySYnmQ0MwkczcikgfS0y0CSprQnAWv7xMaudFp1Qs3V3ky9dpHBk4hhM4AwcuoQy3UIEqEJDwDK/wZj1ZL9a79TEfXbHSnSP4A+vzB3JMkdk=</latexit>

Y X, Y Z, ZX, ZZ
<latexit sha1_base64="I+V9F4Rvy+BjHepvvnFIfgFuvdI=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURqR6LXjxWsF9pQ9lsN+3SzSbsboQS2l/hxYMiXv033vw3btsctPXBwOO9GWbm+TFnStv2t7W2vrG5tZ3bye/u7R8cFo6OGypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0R3czv/lEpWKReNTjmHohHggWMIK1kdx2qzRtu6Wp6/YKRbtsz4FWiZORImSo9Qpf3X5EkpAKTThWquPYsfZSLDUjnE7y3UTRGJMRHtCOoQKHVHnp/OIJOjdKHwWRNCU0mqu/J1IcKjUOfdMZYj1Uy95M/M/rJDq48VIm4kRTQRaLgoQjHaHZ+6jPJCWajw3BRDJzKyJDLDHRJqS8CcFZfnmVNC7LTqVcebgqVm+zOHJwCmdwAQ5cQxXuoQZ1ICDgGV7hzVLWi/VufSxa16xs5gT+wPr8Ab9JkFU=</latexit>

Y X, Y Z, ZZ
<latexit sha1_base64="FEjr3kBB2NbBHcFta0xFvtB39fU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx6MVjBfth26Vk02wbms2GJCuUpf4HLx4U8erv8ea/MW33oK0PBh7vzTAzL5CcaeO6305uZXVtfSO/Wdja3tndK+4fNHScKELrJOaxagVYU84ErRtmOG1JRXEUcNoMRjdTv/lIlWaxuDdjSf0IDwQLGcHGSs2H1hl6ard7xZJbdmdAy8TLSAky1HrFr24/JklEhSEca93xXGn8FCvDCKeTQjfRVGIywgPasVTgiGo/nZ07QSdW6aMwVraEQTP190SKI63HUWA7I2yGetGbiv95ncSEV37KhEwMFWS+KEw4MjGa/o76TFFi+NgSTBSztyIyxAoTYxMq2BC8xZeXSeO87FXKlbuLUvU6iyMPR3AMp+DBJVThFmpQBwIjeIZXeHOk8+K8Ox/z1pyTzRzCHzifP2cNjvo=</latexit>

Y X, ZZ



More measurements can detect a larger set of entangled states

A huge number of EWs can be generated. 



Generalization

Bipartite high-dimensional

Multipartite

Mirrored Entanglement Witnesses for Multipartite and High-Dimensional Quantum Systems, Quantum Sci. Technol. 2026)�

(On-going)

(On-going)



Future applications: multipartite quantum states. quantum network 



Generalization

Bipartite high-dimensional

Multipartite

Take-home message

EWs are observables detecting all entangled states & all types of entangled states

A few measurements can generate a huge number of EWs and detect a large set of entangled states 



Open questions

Existence of Bound entanglement in LHC?

<latexit sha1_base64="x+5+JTjrpbYIE39MLkhyr3V5E+g=">AAACEHicbVDLSgMxFM34rPU16tJNsIjtpsyIVFdSfIDLCvYBnWHIpGkbmkmGJCOUoZ/gxl9x40IRty7d+Tem7Sxq64ELh3Pu5d57wphRpR3nx1paXlldW89t5De3tnd27b39hhKJxKSOBROyFSJFGOWkrqlmpBVLgqKQkWY4uB77zUciFRX8QQ9j4keox2mXYqSNFNgnt8ENLHqK9iLkCU0joqAn+6IEL+GMVQrsglN2JoCLxM1IAWSoBfa31xE4iQjXmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QN5chs9tPJQyN4bJQO7Appims4UWcnUhQpNYxC0xkh3Vfz3lj8z2snunvhp5THiSYcTxd1Ewa1gON0YIdKgjUbGoKwpOZWiPtIIqxNhnkTgjv/8iJpnJbdSrlyf1aoXmVx5MAhOAJF4IJzUAV3oAbqAIMn8ALewLv1bL1aH9bntHXJymYOwB9YX79zNpr4</latexit>

ED(ω → ε) > ED(ω)

Activation of bound entanglement in LHC? 

<latexit sha1_base64="YQR+FpeZ22Da45ScptMiQwATpps=">AAACFHicbVDLSgMxFM34rPU16tJNsAgVocyIVDdC8QEuK9gHdIYhk2ba0CQzJBmhDO0/uPFX3LhQxK0Ld/6N6WOhrQcCh3Puvbn3hAmjSjvOt7WwuLS8sppby69vbG5t2zu7dRWnEpMajlksmyFShFFBappqRpqJJIiHjDTC3tXIbzwQqWgs7nU/IT5HHUEjipE2UmAfe7IbDz2OdFfyjAiNRIeR9jBM9WAIb4JrWPQU7XB0dOEEdsEpOWPAeeJOSQFMUQ3sL68d45SbsZghpVquk2g/Q1JTzMgg76WKJAj3UIe0DBWIE+Vn46MG8NAobRjF0jyh4Vj93ZEhrlSfh6ZytL2a9Ubif14r1dG5n1GRpJoIPPkoShnUMRwlBNtUEqxZ3xCEJTW7QtxFEmFtcsybENzZk+dJ/aTklkvlu9NC5XIaRw7sgwNQBC44AxVwC6qgBjB4BM/gFbxZT9aL9W59TEoXrGnPHvgD6/MH5/OesA==</latexit>

ω entangled but ED(ε) = 0
<latexit sha1_base64="LMMeyazgp6P/AserrEgNyTUbJys=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZUaluvSxcVmhL+iMQya9bYOZZEwyQhnaT3Hjr7hxoUh34s+YqV34OhA4nPvIuSdKONPGdd+dufmFxaXlwkpxdW19Y7O0td3UMlUUGlRyqdoR0cCZgIZhhkM7UUDiiEMrur3M6617UJpJUTfDBIKY9AXrMUqMlcLSqa8GEvtM4CNfGhaDxkd47MfEDFScgTBE9Dl0R+O87yarh+cjvw932A1LZbfiToH/Em9GymiGWlia+F1J09jupJxo3fHcxAQZUYZRDqOin2pICL0lfehYKoj1EmTTC0d43ypd3JPKPmHwVP0+kZFY62Ec2c7cuv5dy8X/ap3U9E6DjIkkNSDo10e9lGMjcR4X7jIF1PChJYQqZr1iOiCKUGNDLdoQvN8n/yXNw4pXrVSvj8tnF7M4CmgX7aED5KETdIauUA01EEUP6Am9oFfn0Xl23pzJV+ucM5vZQT/gfHwC0Kuj9A==</latexit>

ω → 3↑ 3 entangled ωTA ↓ 0

Example

Understanding on the usefulness of bound entangled states


