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k = 1, . . . ,M
<latexit sha1_base64="umn11zMByZMliDNY+wvuk6agb90=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KMNMq1QXQtGNG6GCrYXpUDJppg3NTIbkjlCGfoYbF4q49Wvc+TemD8HngcDhnHvIvSdIBNfgOO9WbmFxaXklv1pYW9/Y3Cpu77S0TBVlTSqFVO2AaCZ4zJrAQbB2ohiJAsFug+HFxL+9Y0pzGd/AKGF+RPoxDzklYCRveOaWOz0JunzVLZYcu+rUKsen+DdxbWeKEpqj0S2+mSRNIxYDFURrz3US8DOigFPBxoVOqllC6JD0mWdoTCKm/Wy68hgfGKWHQ6nMiwFP1a+JjERaj6LATEYEBvqnNxH/8rwUwhM/43GSAovp7KMwFRgkntyPe1wxCmJkCKGKm10xHRBFKJiWCqaEz0vx/6RVsd2qXbk+KtXP53Xk0R7aR4fIRTVUR5eogZqIIonu0SN6ssB6sJ6tl9lozppndtE3WK8fkZ6Qzg==</latexit>

J =

✓
0M IM
�IM 0M

◆

<latexit sha1_base64="+OBGhU0OxnPzDEIwYBg8MLHGMKk=">AAACGHicdVDLSgMxFM3UV62vqks3wWJxY52pSnUhiG5UECrYKnSGIZPetsFMZkgyYhn6GW78FTcuFHHrzr8xrVV8Hkg4Oedecu8JYs6Utu1XKzMyOjY+kZ3MTU3PzM7l5xfqKkokhRqNeCQvAqKAMwE1zTSHi1gCCQMO58HlQd8/vwKpWCTOdDcGLyRtwVqMEm0kP79+vOsG0GYijUOiJbvu2f5J8cg/cd01cxfNywXR/HT9fMEubdiV8tYO/k2ckj1AAQ1R9fMvbjOiSQhCU06Uajh2rL2USM0oh17OTRTEhF6SNjQMFSQE5aWDxXp4xShN3IqkOULjgfq1IyWhUt0wMJVmvo766fXFv7xGolvbXspEnGgQ9P2jVsKxjnA/JdxkEqjmXUMIlczMimmHSEK1yTJnQvjYFP9P6uWSs1Eqn24W9vaHcWTRElpGq8hBFbSHDlEV1RBFN+gOPaBH69a6t56s5/fSjDXsWUTfYL28AYGToBs=</latexit>

x̂ :=
MX

k=1

xk q̂k + xM+kp̂k
<latexit sha1_base64="MApvkDcPMzy/sqjMB2xkmb4OcrU="></latexit>

8x 2 R2M
<latexit sha1_base64="mgqrOt+LZDyntcoAhnl6Kn6+Zz4=">AAACCnicdVDLSsNAFJ3UV62vqEs3o0VwFZJWqe6KbtwIVewDmlgm00k7dDIJMxOxhK7d+CtuXCji1i9w5984aSv4PDBwOOde5tzjx4xKZdvvRm5mdm5+Ib9YWFpeWV0z1zcaMkoEJnUcsUi0fCQJo5zUFVWMtGJBUOgz0vQHJ5nfvCZC0ohfqmFMvBD1OA0oRkpLHXPbDSKBGHNDpPp+AG9cyifchxdXaels1DGLtlW2K6WDI/ibOJY9RhFMUeuYb243wklIuMIMSdl27Fh5KRKKYkZGBTeRJEZ4gHqkrSlHIZFeOj5lBHe10oU6k35cwbH6dSNFoZTD0NeTWUr508vEv7x2ooJDL6U8ThThePJRkDCoIpj1ArtUEKzYUBOEBdVZIe4jgbDS7RV0CZ+Xwv9Jo2Q5Zat0vl+sHk/ryIMtsAP2gAMqoApOQQ3UAQa34B48gifjzngwno2XyWjOmO5sgm8wXj8Ah3uazQ==</latexit>

Generalised homodyne

[x̂, ŷ] = i~⌦(x,y)Î
<latexit sha1_base64="eikjKGOXwkzDYQGGNdO5Pw3fyws="></latexit>

8x,y 2 R2M
<latexit sha1_base64="LXbuElxbTEn/UBJuvqP9vcsaar0=">AAACFHicdVDLSgMxFM3UV62vqks3wSIIyjDTKtVd0Y0boYp9QGcsmTTThmYyQ5IRh6Ef4cZfceNCEbcu3Pk3pi/weSBwOOdecu7xIkalsqwPIzMzOze/kF3MLS2vrK7l1zfqMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vD6p0O/cUOEpCG/UklE3AB1OfUpRkpL7fye44cCMeYESPU8H97uT1niUD7mHry8Tovng3a+YJklq1w8PIa/iW1aIxTABNV2/t3phDgOCFeYISlbthUpN0VCUczIIOfEkkQI91GXtDTlKCDSTUdHDeCOVjpQp9OPKzhSv26kKJAyCTw9OUwpf3pD8S+vFSv/yE0pj2JFOB5/5McMqhAOG4IdKghWLNEEYUF1Voh7SCCsdI85XcL0Uvg/qRdNu2QWLw4KlZNJHVmwBbbBLrBBGVTAGaiCGsDgDjyAJ/Bs3BuPxovxOh7NGJOdTfANxtsn8qKexA==</latexit>



The Wigner function:

Wigner negativity

W⇢(q, p) =
1

⇡~

Z +1

�1
q̂hq + x|⇢|q � xiq̂ e2ipx/~dx

<latexit sha1_base64="VfNqDUTgwNoaq6xwxzt9otwyCr0="></latexit>



The Wigner function:

Wigner negativity

The marginals of the Wigner function are the quadrature 
probability distributions:

W⇢(q, p) =
1

⇡~

Z +1

�1
q̂hq + x|⇢|q � xiq̂ e2ipx/~dx

<latexit sha1_base64="VfNqDUTgwNoaq6xwxzt9otwyCr0="></latexit>

Z +1

�1
W⇢(q, p)dp = q̂hq|⇢|qiq̂

<latexit sha1_base64="KGu0g7ilHCjGkaIBngLgVfK3ick="></latexit>



The Wigner function:

Wigner negativity Nonexistence of a joint
probability distribution

Wigner negativity

The marginals of the Wigner function are the quadrature 
probability distributions:

W⇢(q, p) =
1

⇡~

Z +1

�1
q̂hq + x|⇢|q � xiq̂ e2ipx/~dx

<latexit sha1_base64="VfNqDUTgwNoaq6xwxzt9otwyCr0="></latexit>

Z +1

�1
W⇢(q, p)dp = q̂hq|⇢|qiq̂

<latexit sha1_base64="KGu0g7ilHCjGkaIBngLgVfK3ick="></latexit>



Contextuality



Contextuality

Correlations are consistent within all contexts, 
but cannot be explained globally
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Contextuality



Contextuality



Contextuality



Contextuality



Contextuality



Contextuality



Contextuality



Contextuality



Contextuality

Correlations are consistent within all contexts, 
but cannot be explained globally



Quantum (CV) settingContextuality



State: 
A physical system 

with multiple subsystems

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Quantum (CV) settingContextuality



State: 
A physical system 

with multiple subsystems

Measurement scenario: 
A set of (CV) observables, 
not necessarily compatible

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Quantum (CV) setting

p̂1
<latexit sha1_base64="BxPrR82IlvX/Q7J0lnlqoJ4Niss=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9EkSR9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9fBI+H</latexit>

q̂1
<latexit sha1_base64="pOVs/EKL+i5R4eT9fdRefxKs/nw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMY9r1cquxV3DrJKvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4vd1PCEshEd8I6likbc+Nn83ik5t0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzJ4nfaE5QzmxhDIt7K2EDammDG1ERRuCt/zyKmlWK95lpfpwVa7d5nEU4BTO4AI8uIYa3EMdGsBAwjO8wpszdl6cd+dj0brm5DMn8AfO5w9gio+I</latexit>

q̂2
<latexit sha1_base64="a/5IvIUJVJNvhMO8y8QiJvBzRvw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMa9aq9UdivuHGSVeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxa7qeEJZSM64B1LFY248bP5vVNybpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDG/8TKgkRa7YYlGYSoIxmT1P+kJzhnJiCWVa2FsJG1JNGdqIijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NICBhGd4hTdn7Lw4787HonXNyWdO4A+czx9iDo+J</latexit>

p̂1 � p̂3
<latexit sha1_base64="1RDVDN0V68I/bYSMTZl+CY9CWns=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuLEkraDLohuXFewF2hAm00k7dDIJMydKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdVWFvf2Nwqbpd2dvf2D+zyYVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6Z1TsPTGkey3uYJMyLyFDykFMCxvLtcn9EACe+e55D3bcrTtWZC6+Cm0MF5Wr69ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QxKEjHtZfPTp/jUOAMcxso8CXju/p7ISKT1JApMZ0RgpJdrM/O/Wi+F8MrLuExSYJIuFoWpwBDjWQ54wBWjICYGCFXc3IrpiChCwaRVMiG4y19ehXat6tartbuLSuM6j6OIjtEJOkMuukQNdIuaqIUoekTP6BW9WU/Wi/VufSxaC1Y+c4T+yPr8Aa/skvo=</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>

Contextuality



State: 
A physical system 

with multiple subsystems

Measurement scenario: 
A set of (CV) observables, 
not necessarily compatible

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Quantum (CV) setting

p̂1
<latexit sha1_base64="BxPrR82IlvX/Q7J0lnlqoJ4Niss=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9EkSR9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9fBI+H</latexit>

q̂1
<latexit sha1_base64="pOVs/EKL+i5R4eT9fdRefxKs/nw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMY9r1cquxV3DrJKvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4vd1PCEshEd8I6likbc+Nn83ik5t0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzJ4nfaE5QzmxhDIt7K2EDammDG1ERRuCt/zyKmlWK95lpfpwVa7d5nEU4BTO4AI8uIYa3EMdGsBAwjO8wpszdl6cd+dj0brm5DMn8AfO5w9gio+I</latexit>

q̂2
<latexit sha1_base64="a/5IvIUJVJNvhMO8y8QiJvBzRvw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMa9aq9UdivuHGSVeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxa7qeEJZSM64B1LFY248bP5vVNybpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDG/8TKgkRa7YYlGYSoIxmT1P+kJzhnJiCWVa2FsJG1JNGdqIijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NICBhGd4hTdn7Lw4787HonXNyWdO4A+czx9iDo+J</latexit>

p̂1 � p̂3
<latexit sha1_base64="1RDVDN0V68I/bYSMTZl+CY9CWns=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuLEkraDLohuXFewF2hAm00k7dDIJMydKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdVWFvf2Nwqbpd2dvf2D+zyYVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6Z1TsPTGkey3uYJMyLyFDykFMCxvLtcn9EACe+e55D3bcrTtWZC6+Cm0MF5Wr69ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QxKEjHtZfPTp/jUOAMcxso8CXju/p7ISKT1JApMZ0RgpJdrM/O/Wi+F8MrLuExSYJIuFoWpwBDjWQ54wBWjICYGCFXc3IrpiChCwaRVMiG4y19ehXat6tartbuLSuM6j6OIjtEJOkMuukQNdIuaqIUoekTP6BW9WU/Wi/VufSxaC1Y+c4T+yPr8Aa/skvo=</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>

Contexts: subsets of 
compatible observables

{q̂2, p̂1 � p̂3}
<latexit sha1_base64="NjBzsYh+fela12LOE+4tIijta0g=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCStIIui25cVrAXaEKYTKft0MnFmROhhO7c+CpuXCji1ldw59s4TbPQ1h8GPv5zDmfO78eCK7Csb6OwtLyyulZcL21sbm3vmLt7LRUlkrImjUQkOz5RTPCQNYGDYJ1YMhL4grX90fW03n5gUvEovINxzNyADELe55SAtjzz0EmdIQF871VPM4g9+yyHmjPxzLJVsTLhRbBzKKNcDc/8cnoRTQIWAhVEqa5txeCmRAKngk1KTqJYTOiIDFhXY0gCptw0u2OCj7XTw/1I6hcCztzfEykJlBoHvu4MCAzVfG1q/lfrJtC/dFMexgmwkM4W9ROBIcLTUHCPS0ZBjDUQKrn+K6ZDIgkFHV1Jh2DPn7wIrWrFrlWqt+fl+lUeRxEdoCN0gmx0geroBjVQE1H0iJ7RK3oznowX4934mLUWjHxmH/2R8fkD8FqYEw==</latexit>

{q̂1, q̂2}
<latexit sha1_base64="7Upg6AkEvah2AXtcJbS3oHeTxC0=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuJCSVEGXRTcuK9gLNCFMppN26GQSZ06EEgq+ihsXirj1Odz5Nk7bLLT1h4GP/5zDOfOHqeAaHOfbWlpeWV1bL22UN7e2d3btvf2WTjJFWZMmIlGdkGgmuGRN4CBYJ1WMxKFg7XB4M6m3H5nSPJH3MEqZH5O+5BGnBIwV2Ide7g0I4IfAPSug5o0Du+JUnanwIrgFVFChRmB/eb2EZjGTQAXRuus6Kfg5UcCpYOOyl2mWEjokfdY1KEnMtJ9Pzx/jE+P0cJQo8yTgqft7Iiex1qM4NJ0xgYGer03M/2rdDKIrP+cyzYBJOlsUZQJDgidZ4B5XjIIYGSBUcXMrpgOiCAWTWNmE4M5/eRFatap7Xq3dXVTq10UcJXSEjtEpctElqqNb1EBNRFGOntErerOerBfr3fqYtS5ZxcwB+iPr8wfvZZTS</latexit>

{p̂1}
<latexit sha1_base64="0kTOrS9AgvkCHHW8dop89r3KNIc=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dJMvuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLlRQGXffbWVvf2NzaLu2Ud/f2Dw4rR8dtk2aa8RZLZaq7ITVcioS3UKDkXaU5jUPJO+H4buZ3nrg2Ik0ecaJ4ENNhIiLBKFrJ93N/RJGovudP+5WqW3PnIKvEK0gVCjT7lS9/kLIs5gkySY3pea7CIKcaBZN8WvYzwxVlYzrkPUsTGnMT5PObp+TcKgMSpdpWgmSu/p7IaWzMJA5tZ0xxZJa9mfif18swuglykagMecIWi6JMEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUtiF4yy+vkna95l3W6g9X1cZtEUcJTuEMLsCDa2jAPTShBQwUPMMrvDmZ8+K8Ox+L1jWnmDmBP3A+fwCQVZFf</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>

Contextuality



State: 
A physical system 

with multiple subsystems

Measurement scenario: 
A set of (CV) observables, 
not necessarily compatible

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Quantum (CV) setting

p̂1
<latexit sha1_base64="BxPrR82IlvX/Q7J0lnlqoJ4Niss=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9EkSR9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9fBI+H</latexit>

q̂1
<latexit sha1_base64="pOVs/EKL+i5R4eT9fdRefxKs/nw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMY9r1cquxV3DrJKvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4vd1PCEshEd8I6likbc+Nn83ik5t0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzJ4nfaE5QzmxhDIt7K2EDammDG1ERRuCt/zyKmlWK95lpfpwVa7d5nEU4BTO4AI8uIYa3EMdGsBAwjO8wpszdl6cd+dj0brm5DMn8AfO5w9gio+I</latexit>

q̂2
<latexit sha1_base64="a/5IvIUJVJNvhMO8y8QiJvBzRvw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMa9aq9UdivuHGSVeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxa7qeEJZSM64B1LFY248bP5vVNybpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDG/8TKgkRa7YYlGYSoIxmT1P+kJzhnJiCWVa2FsJG1JNGdqIijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NICBhGd4hTdn7Lw4787HonXNyWdO4A+czx9iDo+J</latexit>

p̂1 � p̂3
<latexit sha1_base64="1RDVDN0V68I/bYSMTZl+CY9CWns=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuLEkraDLohuXFewF2hAm00k7dDIJMydKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdVWFvf2Nwqbpd2dvf2D+zyYVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6Z1TsPTGkey3uYJMyLyFDykFMCxvLtcn9EACe+e55D3bcrTtWZC6+Cm0MF5Wr69ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QxKEjHtZfPTp/jUOAMcxso8CXju/p7ISKT1JApMZ0RgpJdrM/O/Wi+F8MrLuExSYJIuFoWpwBDjWQ54wBWjICYGCFXc3IrpiChCwaRVMiG4y19ehXat6tartbuLSuM6j6OIjtEJOkMuukQNdIuaqIUoekTP6BW9WU/Wi/VufSxaC1Y+c4T+yPr8Aa/skvo=</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>

Correlations are consistent within all contexts, 
but cannot be explained globally

Contexts: subsets of 
compatible observables

{q̂2, p̂1 � p̂3}
<latexit sha1_base64="NjBzsYh+fela12LOE+4tIijta0g=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCStIIui25cVrAXaEKYTKft0MnFmROhhO7c+CpuXCji1ldw59s4TbPQ1h8GPv5zDmfO78eCK7Csb6OwtLyyulZcL21sbm3vmLt7LRUlkrImjUQkOz5RTPCQNYGDYJ1YMhL4grX90fW03n5gUvEovINxzNyADELe55SAtjzz0EmdIQF871VPM4g9+yyHmjPxzLJVsTLhRbBzKKNcDc/8cnoRTQIWAhVEqa5txeCmRAKngk1KTqJYTOiIDFhXY0gCptw0u2OCj7XTw/1I6hcCztzfEykJlBoHvu4MCAzVfG1q/lfrJtC/dFMexgmwkM4W9ROBIcLTUHCPS0ZBjDUQKrn+K6ZDIgkFHV1Jh2DPn7wIrWrFrlWqt+fl+lUeRxEdoCN0gmx0geroBjVQE1H0iJ7RK3oznowX4934mLUWjHxmH/2R8fkD8FqYEw==</latexit>

{q̂1, q̂2}
<latexit sha1_base64="7Upg6AkEvah2AXtcJbS3oHeTxC0=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuJCSVEGXRTcuK9gLNCFMppN26GQSZ06EEgq+ihsXirj1Odz5Nk7bLLT1h4GP/5zDOfOHqeAaHOfbWlpeWV1bL22UN7e2d3btvf2WTjJFWZMmIlGdkGgmuGRN4CBYJ1WMxKFg7XB4M6m3H5nSPJH3MEqZH5O+5BGnBIwV2Ide7g0I4IfAPSug5o0Du+JUnanwIrgFVFChRmB/eb2EZjGTQAXRuus6Kfg5UcCpYOOyl2mWEjokfdY1KEnMtJ9Pzx/jE+P0cJQo8yTgqft7Iiex1qM4NJ0xgYGer03M/2rdDKIrP+cyzYBJOlsUZQJDgidZ4B5XjIIYGSBUcXMrpgOiCAWTWNmE4M5/eRFatap7Xq3dXVTq10UcJXSEjtEpctElqqNb1EBNRFGOntErerOerBfr3fqYtS5ZxcwB+iPr8wfvZZTS</latexit>

{p̂1}
<latexit sha1_base64="0kTOrS9AgvkCHHW8dop89r3KNIc=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dJMvuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLlRQGXffbWVvf2NzaLu2Ud/f2Dw4rR8dtk2aa8RZLZaq7ITVcioS3UKDkXaU5jUPJO+H4buZ3nrg2Ik0ecaJ4ENNhIiLBKFrJ93N/RJGovudP+5WqW3PnIKvEK0gVCjT7lS9/kLIs5gkySY3pea7CIKcaBZN8WvYzwxVlYzrkPUsTGnMT5PObp+TcKgMSpdpWgmSu/p7IaWzMJA5tZ0xxZJa9mfif18swuglykagMecIWi6JMEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUtiF4yy+vkna95l3W6g9X1cZtEUcJTuEMLsCDa2jAPTShBQwUPMMrvDmZ8+K8Ox+L1jWnmDmBP3A+fwCQVZFf</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>

Contextuality



State: 
A physical system 

with multiple subsystems

Measurement scenario: 
A set of (CV) observables, 
not necessarily compatible

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

Quantum (CV) setting

p̂1
<latexit sha1_base64="BxPrR82IlvX/Q7J0lnlqoJ4Niss=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTm9EkSR9r1+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmnVqt5FtXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w9fBI+H</latexit>

q̂1
<latexit sha1_base64="pOVs/EKL+i5R4eT9fdRefxKs/nw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMY9r1cquxV3DrJKvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4vd1PCEshEd8I6likbc+Nn83ik5t0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophjd+JlSSIldssShMJcGYzJ4nfaE5QzmxhDIt7K2EDammDG1ERRuCt/zyKmlWK95lpfpwVa7d5nEU4BTO4AI8uIYa3EMdGsBAwjO8wpszdl6cd+dj0brm5DMn8AfO5w9gio+I</latexit>

q̂2
<latexit sha1_base64="a/5IvIUJVJNvhMO8y8QiJvBzRvw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSuzukSMa9aq9UdivuHGSVeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxa7qeEJZSM64B1LFY248bP5vVNybpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDG/8TKgkRa7YYlGYSoIxmT1P+kJzhnJiCWVa2FsJG1JNGdqIijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NICBhGd4hTdn7Lw4787HonXNyWdO4A+czx9iDo+J</latexit>

p̂1 � p̂3
<latexit sha1_base64="1RDVDN0V68I/bYSMTZl+CY9CWns=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuLEkraDLohuXFewF2hAm00k7dDIJMydKiX0UNy4UceuTuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdVWFvf2Nwqbpd2dvf2D+zyYVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOML6Z1TsPTGkey3uYJMyLyFDykFMCxvLtcn9EACe+e55D3bcrTtWZC6+Cm0MF5Wr69ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QxKEjHtZfPTp/jUOAMcxso8CXju/p7ISKT1JApMZ0RgpJdrM/O/Wi+F8MrLuExSYJIuFoWpwBDjWQ54wBWjICYGCFXc3IrpiChCwaRVMiG4y19ehXat6tartbuLSuM6j6OIjtEJOkMuukQNdIuaqIUoekTP6BW9WU/Wi/VufSxaC1Y+c4T+yPr8Aa/skvo=</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>

Contextuality

Contexts: subsets of 
compatible observables

{q̂2, p̂1 � p̂3}
<latexit sha1_base64="NjBzsYh+fela12LOE+4tIijta0g=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuNCStIIui25cVrAXaEKYTKft0MnFmROhhO7c+CpuXCji1ldw59s4TbPQ1h8GPv5zDmfO78eCK7Csb6OwtLyyulZcL21sbm3vmLt7LRUlkrImjUQkOz5RTPCQNYGDYJ1YMhL4grX90fW03n5gUvEovINxzNyADELe55SAtjzz0EmdIQF871VPM4g9+yyHmjPxzLJVsTLhRbBzKKNcDc/8cnoRTQIWAhVEqa5txeCmRAKngk1KTqJYTOiIDFhXY0gCptw0u2OCj7XTw/1I6hcCztzfEykJlBoHvu4MCAzVfG1q/lfrJtC/dFMexgmwkM4W9ROBIcLTUHCPS0ZBjDUQKrn+K6ZDIgkFHV1Jh2DPn7wIrWrFrlWqt+fl+lUeRxEdoCN0gmx0geroBjVQE1H0iJ7RK3oznowX4934mLUWjHxmH/2R8fkD8FqYEw==</latexit>

{q̂1, q̂2}
<latexit sha1_base64="7Upg6AkEvah2AXtcJbS3oHeTxC0=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuJCSVEGXRTcuK9gLNCFMppN26GQSZ06EEgq+ihsXirj1Odz5Nk7bLLT1h4GP/5zDOfOHqeAaHOfbWlpeWV1bL22UN7e2d3btvf2WTjJFWZMmIlGdkGgmuGRN4CBYJ1WMxKFg7XB4M6m3H5nSPJH3MEqZH5O+5BGnBIwV2Ide7g0I4IfAPSug5o0Du+JUnanwIrgFVFChRmB/eb2EZjGTQAXRuus6Kfg5UcCpYOOyl2mWEjokfdY1KEnMtJ9Pzx/jE+P0cJQo8yTgqft7Iiex1qM4NJ0xgYGer03M/2rdDKIrP+cyzYBJOlsUZQJDgidZ4B5XjIIYGSBUcXMrpgOiCAWTWNmE4M5/eRFatap7Xq3dXVTq10UcJXSEjtEpctElqqNb1EBNRFGOntErerOerBfr3fqYtS5ZxcwB+iPr8wfvZZTS</latexit>

{p̂1}
<latexit sha1_base64="0kTOrS9AgvkCHHW8dop89r3KNIc=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dJMvuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLlRQGXffbWVvf2NzaLu2Ud/f2Dw4rR8dtk2aa8RZLZaq7ITVcioS3UKDkXaU5jUPJO+H4buZ3nrg2Ik0ecaJ4ENNhIiLBKFrJ93N/RJGovudP+5WqW3PnIKvEK0gVCjT7lS9/kLIs5gkySY3pea7CIKcaBZN8WvYzwxVlYzrkPUsTGnMT5PObp+TcKgMSpdpWgmSu/p7IaWzMJA5tZ0xxZJa9mfif18swuglykagMecIWi6JMEkzJLAAyEJozlBNLKNPC3krYiGrK0MZUtiF4yy+vkna95l3W6g9X1cZtEUcJTuEMLsCDa2jAPTShBQwUPMMrvDmZ8+K8Ox+L1jWnmDmBP3A+fwCQVZFf</latexit>

. . .
<latexit sha1_base64="D8NZwhGRc3SadH+lq9NyH2X2S6M=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIq6LHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpk37HsTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9wYJmn6l6tbcOcgq8QpShQLNfuXL5lgWc4VMUmO6nptikFONgkk+Lfcyw1PKxnTIu5YqGnMT5PNlp+TcKgMSJdo+hWSu/k7kNDZmEod2MqY4MsveTPzP62YY3QS5UGmGXLHFR1EmCSZkdjkZCM0ZyokllGlhdyVsRDVlaPsp2xK85ZNXSate8y5r9YerauO2qKMEp3AGF+DBNTTgHprgAwMBz/AKb45yXpx352MxuuYUmRP4A+fzB/K2jsY=</latexit>
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probability distribution
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The equivalence



The equivalence

State: 
A physical system 

with multiple subsystems

Measurement scenario: 
All generalised quadrature measurements

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>



The equivalence

State: 
A physical system 

with multiple subsystems

Measurement scenario: 
All generalised quadrature measurements

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

W⇢ < 0
<latexit sha1_base64="2vso5844vHul6ks1gTz77FhB2oQ=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapipgl24KLpxWcE+oB1KJs20oZlkTDJCGfoTblwo4tbfceffmGkraNEDIYdz7uXee8KEM20879MprKyurW8UN0tb2zu7e+X9g5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OL7O/fYDVZpJcWcmCQ1iPBQsYgQbK3Xa/Z4ayUuvX654bs3LgTy3ukR8d/Z7FVig0S9/9AaSpDEVhnCsddf3EhNkWBlGOJ2WeqmmCSZjPKRdSwWOqQ6y2b5TdGKVAYqksk8YNFN/dmQ41noSh7Yyxmakl71c/MvrpiaqBRkTSWqoIPNBUcqRkSg/Hg2YosTwiSWYKGZ3RWSEFSbGRlSyIXxfiv4nrarrn7nV2/NK/WoRRxGO4BhOwYcLqMMNNKAJBDg8wjO8OPfOk/PqvM1LC86i5xB+wXn/AoYnj6E=</latexit>

,
<latexit sha1_base64="nFVGhvvq8SS4tEtCPZE7pLRLZ6M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZJa1GXRjQsXFewD2lAm00k7dDIJMzdKLf0SNy4UceunuPNvnLQpqOiByz2ccy9z5wSJ4Bpc99NaWl5ZXVsvbBQ3t7Z3SvbuXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLrM/NYdU5rH8hbGCfMjMpA85JSAkXp2qXvNQlB8MASiVHzfs8uuc+pmwK5TXZBc8ZxZd8soR71nf3T7MU0jJoEKonXHcxPwJ0QBp4JNi91Us4TQERmwjqGSREz7k9nhU3xklD4OY2VKAp6p3zcmJNJ6HAVmMiIw1L+9TPzL66QQnvsTLpMUmKTzh8JUYIhxlgLuc8UoiLEhhCpubsV0SBShYLIqmhAWP8X/k2bF8U6cyk21XLvI4yigA3SIjpGHzlANXaE6aiCKUvSIntGL9WA9Wa/W23x0ycp39tEPWO9fUNSThQ==</latexit>

contextuality

Main result



Proof technique

• Measure-theoretic tools

• Wigner function is the unique function which provides the right marginals 

• Main technicality: Wigner is a probability distribution over phase space, 
hidden-variables are distributed over contexts

Resolved using the linearity of value assignments



W⇢ < 0
<latexit sha1_base64="IqXi03LigQDf0L3LmOitwcllKug=">AAAB73icdVDLSgMxFL3js9ZX1aWbYBFcDTO1qAsXRTcuK9gHtEPJpJk2NJOMSUYopT/hxoUibv0dd/6NmXYKKnog5HDOvdx7T5hwpo3nfTpLyyura+uFjeLm1vbObmlvv6llqghtEMmlaodYU84EbRhmOG0niuI45LQVjq4zv/VAlWZS3JlxQoMYDwSLGMHGSu1Wr6uG8tLrlcqee+ZlQJ5bXZBc8d3Z75UhR71X+uj2JUljKgzhWOuO7yUmmGBlGOF0WuymmiaYjPCAdiwVOKY6mMz2naJjq/RRJJV9wqCZ+r1jgmOtx3FoK2Nshvq3l4l/eZ3URBfBhIkkNVSQ+aAo5chIlB2P+kxRYvjYEkwUs7siMsQKE2MjKtoQFpei/0mz4vqnbuW2Wq5d5XEU4BCO4AR8OIca3EAdGkCAwyM8w4tz7zw5r87bvHTJyXsO4Aec9y+LxY+l</latexit>

The equivalence

State: 
A physical system 

with multiple subsystems

Measurement scenario: 
All generalised quadrature measurements

⇢
<latexit sha1_base64="94wfdLRRBjCkyTC3Y5p5yTs2egQ=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOT2eyQeSwzs0II+QUvHhTx6g9582+cTfagiQUNRVU33V1Rypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obYUM5k7RlmeW0m2qKRcRpJxrf5X7niWrDlHy0k5SGAo8kixnBNpf6OlGDStWv+XOgVRIUpAoFmoPKV3+oSCaotIRjY3qBn9pwirVlhNNZuZ8ZmmIyxiPac1RiQU04nd86Q+dOGaJYaVfSorn6e2KKhTETEblOgW1ilr1c/M/rZTa+CadMppmlkiwWxRlHVqH8cTRkmhLLJ45gopm7FZEEa0ysi6fsQgiWX14l7XotuKzVH66qjdsijhKcwhlcQADX0IB7aEILCCTwDK/w5gnvxXv3Phata14xcwJ/4H3+ACD6jks=</latexit>

,
<latexit sha1_base64="nFVGhvvq8SS4tEtCPZE7pLRLZ6M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZJa1GXRjQsXFewD2lAm00k7dDIJMzdKLf0SNy4UceunuPNvnLQpqOiByz2ccy9z5wSJ4Bpc99NaWl5ZXVsvbBQ3t7Z3SvbuXlPHqaKsQWMRq3ZANBNcsgZwEKydKEaiQLBWMLrM/NYdU5rH8hbGCfMjMpA85JSAkXp2qXvNQlB8MASiVHzfs8uuc+pmwK5TXZBc8ZxZd8soR71nf3T7MU0jJoEKonXHcxPwJ0QBp4JNi91Us4TQERmwjqGSREz7k9nhU3xklD4OY2VKAp6p3zcmJNJ6HAVmMiIw1L+9TPzL66QQnvsTLpMUmKTzh8JUYIhxlgLuc8UoiLEhhCpubsV0SBShYLIqmhAWP8X/k2bF8U6cyk21XLvI4yigA3SIjpGHzlANXaE6aiCKUvSIntGL9WA9Wa/W23x0ycp39tEPWO9fUNSThQ==</latexit>

contextuality

for this measurement scenarioMain result



Open questions

• Quantitative version of the theorem: Contextuality Fraction vs Negativity Volume

• Minimal number of quadratures such that the result holds?

• Genuine CV Bell inequalities and CV contextuality inequalities: fi




Thank you!

QuiDiQua

R. I. Booth, U. Chabaud, P.-E. Emeriau
Physical Review Letters 129 (23), 230401 (2022)   

arXiv: 2111.13218



• Konrad Banaszek and Krzysztof Wódkiewicz. “Nonlocality of the Einstein-Podolsky-Rosen State in the Wigner Representation”. 
In: Physical Review A 58.6, pp. 4345–4347 (Dec. 1998)

• Zeng-Bing Chen et al. “Maximal Violation of Bell’s Inequalities for Continuous Variable Systems”. In: Physical Review Letters 
88.4, p. 040406 (Jan. 2002)

• Robert W Spekkens. “Negativity and contextuality are equivalent notions of nonclassicality”. In: Physical Review Letters 
101.2, p. 020401 (July 2008)

Wigner positivity sometimes implies non-contextuality

Equivalence results in DV
• Mark Howard et al. “Contextuality Supplies the Magic for Quantum Computation”. In: Nature 510.7505, pp. 351–355 (June 

2014)
• Robert Raussendorf et al. “Contextuality and Wigner Function Negativity in Qubit Quantum Computation”. In: Physical 

Review A 95.5, p. 052334 (May 2017)
• Nicolas Delfosse et al. “Equivalence between Contextuality and Negativity of the Wigner Function for Qudits”. en. In: New 

Journal of Physics 19.12, p. 123024 (Dec. 2017)

Equivalence results in CV
• Robert I. Booth, Ulysse Chabaud and Pierre-Emmanuel Emeriau. “Contextuality and Wigner negativity are equivalent for 

continuous-variable quantum measurements”. In: PRL 129 (23), p. 230401 (Nov. 2021)
• Jonas Haferkamp and Juani Bermejo-Vega, “Equivalence of contextuality and Wigner function negativity in continuous-

variable quantum optics”. In: arXiv:2112.14788 (Dec. 2021)

References


