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(Bipartite) Bell scenario

Alice Bob

??

<latexit sha1_base64="saIraad0x7VpAKB99vZ+7z82BpY=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIeqSxA1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ad3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoJbLxNRkhqMuI1YL0glNTFd9KUjoZAbObPAuBJ2S8onTDFu7FVKtr67WnYdOldV97paa9Uq9UZ+iCKcwTlcggs3UIcGNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3/WKoA==</latexit>x
<latexit sha1_base64="P40sGEXs1Ayg+wosgZ0SIIpuSqo=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXVZcNNlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dL/zeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmuDOy0WUpAYjbiPWC1JJTUwXfelYKORGZhYYV8JuSfmUKcaNvUrF1ndXy65D96ru3tSv29e1RrM4RBnO4BwuwYVbaEATWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD4XOKoQ==</latexit>y

<latexit sha1_base64="REiMRHuxhP9+0UNjq3Q0Drnx4B8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQmpaQro0PNId48JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiRTauO6XU9jY3NreKe6W9vYPDo/KxydtHaeKU4vHMlbdADVJEVHLCCOpmyjCMJDUCab3C7/zSEqLOHows4T8EMeRGAmOxo6aOChX3Kq7FFsHL4cK5GoMyp/9YczTkCLDJWrd89zE+BkqI7ikeamfakqQT3FMPYsRhqT9bLnonF2MYsXMhNjy/TubYaj1LAxsJkQz0aveYvif10vN6M7PRJSkhiJuI9YbpZKZmC36sqFQxI2cWUCuhN2S8Qkq5MZepWTre6tl16F9VfVuqtfN60qtnh+iCGdwDpfgwS3UoA4NaAEHgmd4g3dn6Dw5L87rT7Tg5H9O4Y+cj2+9o4qJ</latexit>a
<latexit sha1_base64="T5B6iMrS6n0IRvG3+84rFUkg8gg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQnpaQro0PNId40JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2iVMtsCViFetuwA0qGWGLJCnsJhp5GCjsBNP7hd95RG1kHD3QLEE/5ONIjqTgZEfNYFCuuFV3KbYOXg4VyNUYlD/7w1ikIUYkFDem57kJ+RnXJIXCeamfGky4mPIx9ixGPETjZ8tF5+xiFGtGE2TL9+9sxkNjZmFgMyGniVn1FsP/vF5Kozs/k1GSEkbCRqw3ShWjmC36sqHUKEjNLHChpd2SiQnXXJC9SsnW91bLrkP7qurdVK+b15VaPT9EEc7gHC7Bg1uoQR0a0AIBCM/wBu/O0HlyXpzXn2jByf+cwh85H9+/IYqK</latexit>

b

<latexit sha1_base64="gtye03WAGl1fqb93BNhVsqG0rNw=">AAAB63icbZDNTgIxFIXv+Iv4h7p000hMMCFkxhB1SeKGJSbyE2FCOqUDDW1n0naME+QpdGXUnW/jC/g2FpyFgmf19Z7T5J4bxJxp47pfzsrq2vrGZm4rv72zu7dfODhs6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2Mr2d++54qzSJ5a9KY+gIPJQsZwcaO7uISLgePD+X0rF8ouhV3LrQMXgZFyNToFz57g4gkgkpDONa667mx8SdYGUY4neZ7iaYxJmM8pF2LEguq/cl84yk6DSOFzIii+ft3doKF1qkIbEZgM9KL3mz4n9dNTHjlT5iME0MlsRHrhQlHJkKz4mjAFCWGpxYwUcxuicgIK0yMPU/e1vcWyy5D67ziXVSqN9VirZ4dIgfHcAIl8OASalCHBjSBgIRneIN3RzhPzovz+hNdcbI/R/BHzsc3bzWNyw==</latexit>

p(a, b|x, y)Correlation



Bell inequalities

Q <latexit sha1_base64="3/rl/EJPuRoNluTgoF7g31tLX6k="></latexit>

p(a, b|x, y) = tr(⇢AB Ma|x ⌦Nb|y)

L
<latexit sha1_base64="VmIA9jr/nhYJdyj1vaWRsQP5IyI=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VIIZREiroRCoJ0WcE+oCllMp22QycPZybSkPaL9FPc6MrXzh9xWiNq612de865cM9xQ0aFtKwXLbO0vLK6ll3PbWxube/ou3t1EUQckxoOWMCbLhKEUZ/UJJWMNENOkOcy0nCHF1O9cUu4oIF/LeOQtD3U92mPYiQV1dEvQwOZ7nhkxoVzh/oSdh2mrrvIMW+MFBYcEzqmMo5HP0xouOPY/N47et4qWrOBi8BOQR6kU+3oD043wJFHfIkZEqJlW6FsJ4hLihmZ5JxIkBDhIeqTloI+8ohoJ7O8E3jUCziUAwJn+29vgjwhYs9VHg/JgZjXpuR/WiuSvbN2Qv0wksTHyqK0XsSgDOC0NtilnGDJYgUQ5lR9CfEAcYSlKjen4tvzYRdB/bhonxRLV6V8uZIWkQUH4BAYwAanoAwqoApqAIN78ATewLt2pz1qz9rrlzWjpTf74M9oH5+5y6UM</latexit>

p(a, b|x, y) =
Z

d� q(�) p(a|x�) p(b|y,�)



Bell inequalities

<latexit sha1_base64="VmIA9jr/nhYJdyj1vaWRsQP5IyI=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VIIZREiroRCoJ0WcE+oCllMp22QycPZybSkPaL9FPc6MrXzh9xWiNq612de865cM9xQ0aFtKwXLbO0vLK6ll3PbWxube/ou3t1EUQckxoOWMCbLhKEUZ/UJJWMNENOkOcy0nCHF1O9cUu4oIF/LeOQtD3U92mPYiQV1dEvQwOZ7nhkxoVzh/oSdh2mrrvIMW+MFBYcEzqmMo5HP0xouOPY/N47et4qWrOBi8BOQR6kU+3oD043wJFHfIkZEqJlW6FsJ4hLihmZ5JxIkBDhIeqTloI+8ohoJ7O8E3jUCziUAwJn+29vgjwhYs9VHg/JgZjXpuR/WiuSvbN2Qv0wksTHyqK0XsSgDOC0NtilnGDJYgUQ5lR9CfEAcYSlKjen4tvzYRdB/bhonxRLV6V8uZIWkQUH4BAYwAanoAwqoApqAIN78ATewLt2pz1qz9rrlzWjpTf74M9oH5+5y6UM</latexit>

p(a, b|x, y) =
Z

d� q(�) p(a|x�) p(b|y,�)

<latexit sha1_base64="3/rl/EJPuRoNluTgoF7g31tLX6k="></latexit>

p(a, b|x, y) = tr(⇢AB Ma|x ⌦Nb|y)

<latexit sha1_base64="HuBvL2OgfQ205j3LcsUFecWgPSE=">AAACDXicbZDNTgIxFIU7+If4h7p000hM0BAyY4y6JHHjUhMBE4aQO+UCDZ0f2446GXkGfRldGXXnxhfwbSw4C0Xv6us9p8k9x4sEV9q2P63czOzc/EJ+sbC0vLK6VlzfaKgwlgzrLBShvPRAoeAB1jXXAi8jieB7Apve8GSsN69RKh4GFzqJsO1DP+A9zkCbVae456rY76Tg3SYjSm8ycitRGSre3W0l2XUFXlEXNXSKJbtqT4b+BSeDEsnmrFP8cLshi30MNBOgVMuxI91OQWrOBI4KbqwwAjaEPrYMBuCjaqeTTCO60wsl1QOkk/dPbwq+UonvGY8PeqCmtfHyP60V695xO+VBFGsMmLEYrRcLqkM6roZ2uUSmRWIAmOTmSsoGIIFpU2DBxHemw/6Fxn7VOawenB+UaqdZEXmyRbZJmTjkiNTIKTkjdcLIA3kir+TNurcerWfr5duas7I/m+TXWO9fNxOblg==</latexit>X

abxy

wabxy p(a, b|x, y)  ⌘



Device-independent formalism

??

<latexit sha1_base64="saIraad0x7VpAKB99vZ+7z82BpY=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIeqSxA1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ad3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoJbLxNRkhqMuI1YL0glNTFd9KUjoZAbObPAuBJ2S8onTDFu7FVKtr67WnYdOldV97paa9Uq9UZ+iCKcwTlcggs3UIcGNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3/WKoA==</latexit>x
<latexit sha1_base64="P40sGEXs1Ayg+wosgZ0SIIpuSqo=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXVZcNNlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dL/zeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmuDOy0WUpAYjbiPWC1JJTUwXfelYKORGZhYYV8JuSfmUKcaNvUrF1ndXy65D96ru3tSv29e1RrM4RBnO4BwuwYVbaEATWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD4XOKoQ==</latexit>y

<latexit sha1_base64="REiMRHuxhP9+0UNjq3Q0Drnx4B8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQmpaQro0PNId48JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiRTauO6XU9jY3NreKe6W9vYPDo/KxydtHaeKU4vHMlbdADVJEVHLCCOpmyjCMJDUCab3C7/zSEqLOHows4T8EMeRGAmOxo6aOChX3Kq7FFsHL4cK5GoMyp/9YczTkCLDJWrd89zE+BkqI7ikeamfakqQT3FMPYsRhqT9bLnonF2MYsXMhNjy/TubYaj1LAxsJkQz0aveYvif10vN6M7PRJSkhiJuI9YbpZKZmC36sqFQxI2cWUCuhN2S8Qkq5MZepWTre6tl16F9VfVuqtfN60qtnh+iCGdwDpfgwS3UoA4NaAEHgmd4g3dn6Dw5L87rT7Tg5H9O4Y+cj2+9o4qJ</latexit>a
<latexit sha1_base64="T5B6iMrS6n0IRvG3+84rFUkg8gg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQnpaQro0PNId40JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2iVMtsCViFetuwA0qGWGLJCnsJhp5GCjsBNP7hd95RG1kHD3QLEE/5ONIjqTgZEfNYFCuuFV3KbYOXg4VyNUYlD/7w1ikIUYkFDem57kJ+RnXJIXCeamfGky4mPIx9ixGPETjZ8tF5+xiFGtGE2TL9+9sxkNjZmFgMyGniVn1FsP/vF5Kozs/k1GSEkbCRqw3ShWjmC36sqHUKEjNLHChpd2SiQnXXJC9SsnW91bLrkP7qurdVK+b15VaPT9EEc7gHC7Bg1uoQR0a0AIBCM/wBu/O0HlyXpzXn2jByf+cwh85H9+/IYqK</latexit>

b

<latexit sha1_base64="gtye03WAGl1fqb93BNhVsqG0rNw=">AAAB63icbZDNTgIxFIXv+Iv4h7p000hMMCFkxhB1SeKGJSbyE2FCOqUDDW1n0naME+QpdGXUnW/jC/g2FpyFgmf19Z7T5J4bxJxp47pfzsrq2vrGZm4rv72zu7dfODhs6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2Mr2d++54qzSJ5a9KY+gIPJQsZwcaO7uISLgePD+X0rF8ouhV3LrQMXgZFyNToFz57g4gkgkpDONa667mx8SdYGUY4neZ7iaYxJmM8pF2LEguq/cl84yk6DSOFzIii+ft3doKF1qkIbEZgM9KL3mz4n9dNTHjlT5iME0MlsRHrhQlHJkKz4mjAFCWGpxYwUcxuicgIK0yMPU/e1vcWyy5D67ziXVSqN9VirZ4dIgfHcAIl8OASalCHBjSBgIRneIN3RzhPzovz+hNdcbI/R/BHzsc3bzWNyw==</latexit>

p(a, b|x, y)Correlation

Devices treated as black boxes

Alice Bob



Device-independent paradigm

• Observing violation larger than  
witnesses entanglement and 
incompatibility 


• This witness is based only on the 
observed probability distribution 




• There is no trust whatsoever in any of 
the devices used in the experiment


• This form of witnessing is known as 
device-independent.

η

p(a, b |x, y) ??

<latexit sha1_base64="saIraad0x7VpAKB99vZ+7z82BpY=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIeqSxA1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ad3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoJbLxNRkhqMuI1YL0glNTFd9KUjoZAbObPAuBJ2S8onTDFu7FVKtr67WnYdOldV97paa9Uq9UZ+iCKcwTlcggs3UIcGNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3/WKoA==</latexit>x
<latexit sha1_base64="P40sGEXs1Ayg+wosgZ0SIIpuSqo=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXVZcNNlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dL/zeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmuDOy0WUpAYjbiPWC1JJTUwXfelYKORGZhYYV8JuSfmUKcaNvUrF1ndXy65D96ru3tSv29e1RrM4RBnO4BwuwYVbaEATWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD4XOKoQ==</latexit>y

<latexit sha1_base64="REiMRHuxhP9+0UNjq3Q0Drnx4B8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQmpaQro0PNId48JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiRTauO6XU9jY3NreKe6W9vYPDo/KxydtHaeKU4vHMlbdADVJEVHLCCOpmyjCMJDUCab3C7/zSEqLOHows4T8EMeRGAmOxo6aOChX3Kq7FFsHL4cK5GoMyp/9YczTkCLDJWrd89zE+BkqI7ikeamfakqQT3FMPYsRhqT9bLnonF2MYsXMhNjy/TubYaj1LAxsJkQz0aveYvif10vN6M7PRJSkhiJuI9YbpZKZmC36sqFQxI2cWUCuhN2S8Qkq5MZepWTre6tl16F9VfVuqtfN60qtnh+iCGdwDpfgwS3UoA4NaAEHgmd4g3dn6Dw5L87rT7Tg5H9O4Y+cj2+9o4qJ</latexit>a
<latexit sha1_base64="T5B6iMrS6n0IRvG3+84rFUkg8gg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQnpaQro0PNId40JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2iVMtsCViFetuwA0qGWGLJCnsJhp5GCjsBNP7hd95RG1kHD3QLEE/5ONIjqTgZEfNYFCuuFV3KbYOXg4VyNUYlD/7w1ikIUYkFDem57kJ+RnXJIXCeamfGky4mPIx9ixGPETjZ8tF5+xiFGtGE2TL9+9sxkNjZmFgMyGniVn1FsP/vF5Kozs/k1GSEkbCRqw3ShWjmC36sqHUKEjNLHChpd2SiQnXXJC9SsnW91bLrkP7qurdVK+b15VaPT9EEc7gHC7Bg1uoQR0a0AIBCM/wBu/O0HlyXpzXn2jByf+cwh85H9+/IYqK</latexit>

b

Alice Bob



??

<latexit sha1_base64="saIraad0x7VpAKB99vZ+7z82BpY=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIeqSxA1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ad3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoJbLxNRkhqMuI1YL0glNTFd9KUjoZAbObPAuBJ2S8onTDFu7FVKtr67WnYdOldV97paa9Uq9UZ+iCKcwTlcggs3UIcGNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3/WKoA==</latexit>x
<latexit sha1_base64="P40sGEXs1Ayg+wosgZ0SIIpuSqo=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXVZcNNlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dL/zeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmuDOy0WUpAYjbiPWC1JJTUwXfelYKORGZhYYV8JuSfmUKcaNvUrF1ndXy65D96ru3tSv29e1RrM4RBnO4BwuwYVbaEATWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD4XOKoQ==</latexit>y

<latexit sha1_base64="REiMRHuxhP9+0UNjq3Q0Drnx4B8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQmpaQro0PNId48JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiRTauO6XU9jY3NreKe6W9vYPDo/KxydtHaeKU4vHMlbdADVJEVHLCCOpmyjCMJDUCab3C7/zSEqLOHows4T8EMeRGAmOxo6aOChX3Kq7FFsHL4cK5GoMyp/9YczTkCLDJWrd89zE+BkqI7ikeamfakqQT3FMPYsRhqT9bLnonF2MYsXMhNjy/TubYaj1LAxsJkQz0aveYvif10vN6M7PRJSkhiJuI9YbpZKZmC36sqFQxI2cWUCuhN2S8Qkq5MZepWTre6tl16F9VfVuqtfN60qtnh+iCGdwDpfgwS3UoA4NaAEHgmd4g3dn6Dw5L87rT7Tg5H9O4Y+cj2+9o4qJ</latexit>a
<latexit sha1_base64="T5B6iMrS6n0IRvG3+84rFUkg8gg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQnpaQro0PNId40JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2iVMtsCViFetuwA0qGWGLJCnsJhp5GCjsBNP7hd95RG1kHD3QLEE/5ONIjqTgZEfNYFCuuFV3KbYOXg4VyNUYlD/7w1ikIUYkFDem57kJ+RnXJIXCeamfGky4mPIx9ixGPETjZ8tF5+xiFGtGE2TL9+9sxkNjZmFgMyGniVn1FsP/vF5Kozs/k1GSEkbCRqw3ShWjmC36sqHUKEjNLHChpd2SiQnXXJC9SsnW91bLrkP7qurdVK+b15VaPT9EEc7gHC7Bg1uoQR0a0AIBCM/wBu/O0HlyXpzXn2jByf+cwh85H9+/IYqK</latexit>

b

Self-testing
Strongest form of certification 

What is the shared state? What are the measurements?

<latexit sha1_base64="FnRBAXONvHnCokQuTcdRY9UJn1Q=">AAAB7XicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuqy4KbLCvYHOkPJpHfa0EwSkoxQxj6GrkTd+TK+gG9jWmehrWf15Z4TuOfGijNjff/LK62tb2xulbcrO7t7+wfVw6OOkZmm0KaSS92LiQHOBLQtsxx6SgNJYw7deHI797sPoA2T4t5OFUQpGQmWMEqsG4WPoTIs1ESMOAyqNb/uL4RXISighgq1BtXPcChploKwlBNj+oGvbJQTbRnlMKuEmQFF6ISMoO9QkBRMlC92nuGzRGpsx4AX79/ZnKTGTNPYZVJix2bZmw//8/qZTW6inAmVWRDURZyXZBxbiefV8ZBpoJZPHRCqmdsS0zHRhFp3oIqrHyyXXYXORT24ql/eXdYazeIQZXSCTtE5CtA1aqAmaqE2okihZ/SG3j3pPXkv3utPtOQVf47RH3kf30qvj48=</latexit>

| iAlice Bob



Rigidity / self-testing 

• Given that the violation larger than  witnesses 
entanglement, does  witness anything more?

η
ηq



Rigidity / self-testing 

• Given that the violation larger than  witnesses entanglement, does 
 witness anything more?


• Maximal score in the CHSH game can be achieved only by measuring 
maximally entangled pair of qubits. [Tsirelson87, Popescu&Rohrlich92]


• Rigidity: a rigid collection  of mathematical objects (for instance 
sets of functions) is one in which every  is uniquely determined 
by less information about  than one would expect.

η
ηq

C
c ∈ C

c



Rigidity / self-testing 
• Given that the violation larger than  witnesses entanglement, does  

witness anything more?

• Maximal score in the CHSH game can be achieved only by measuring 

maximally entangled pair of qubits. [Tsirelson87, Popescu&Rohrlich92]


• Rigidity: a rigid collection  of mathematical objects (for instance sets 
of functions) is one in which every  is uniquely determined by 
less information about  than one would expect.

η ηq

C
c ∈ C

c

• Mayers-Yao (04): A state  can be self-tested if there 
exist quantum correlations  such 
that for any quantum realisation of them, there exists a 
set of   local quantum maps  that when 
applied to the unknown state of the system extract the 
state  

for some unknown 

|ψN⟩
P(a1, ⋯, aN |x1, ⋯, xN)

N τ1, ⋯, τN

|ψα
N⟩ = α |ψN⟩ ⊗ |0⟩N + 1 − α |ψ*N⟩ ⊗ |1⟩N

α ∈ [0,1]



Self-testing: isometries and complex conjugation

• There is a whole class of state and 
measurement transformations which 
leave the probability distributions 
invariant


• Local change of basis 



• Uncorrelated degrees of freedom to 
which measurements act trivially 




• These transformations are are 
supposed to be encompassed by the 
local extraction maps 

{UA ⊗ UB |ψ⟩, UAMa|xU†
A, UBNb|yU†

B} ⇔ { |ψ⟩, Ma|x, Nb|y}

{ |ψ⟩AB ⊗ |ϕ⟩A′￼B′￼, MA
a|x ⊗ 𝕀A′￼, NB

b|y ⊗ 𝕀B′￼} ⇔ { |ψ⟩, Ma|x, Nb|y}

τA ⊗ τB( |ψ′￼⟩) ⇔ |ψ⟩



Self-testing: isometries and complex conjugation

• There is a whole class of state and 
measurement transformations which 
leave the probability distributions 
invariant


• Local change of basis 



• Uncorrelated degrees of freedom to 
which measurements act trivially 




• These transformations are are 
supposed to be encompassed by the 
local extraction maps 

{UA ⊗ UB |ψ⟩, UAMa|xU†
A, UBNb|yU†

B} ⇔ { |ψ⟩, Ma|x, Nb|y}

{ |ψ⟩AB ⊗ |ϕ⟩A′￼B′￼, MA
a|x ⊗ 𝕀A′￼, NB

b|y ⊗ 𝕀B′￼} ⇔ { |ψ⟩, Ma|x, Nb|y}

τA ⊗ τB( |ψ′￼⟩) ⇔ |ψ⟩

• Simultaneous complex conjugation 
of states and measurements does not 
change the correlation probabilities


• 


• 


•

τ( |ψ′￼⟩) = |ψ⟩ ⊗ | junk0⟩ + |ψ*⟩ ⊗ | junk1⟩

⟨junk0 | junk0⟩ + ⟨junk1 | junk1⟩ = 1

⟨junk0 | junk1⟩ = 0



Self-testing from Bell inequalities

In some cases, self-testing can be proven from the maximal violation of 
some Bell inequality. 

<latexit sha1_base64="fL1RMfQls3ihP9FvyyiUd1NoW4o=">AAACSnicbZBdSwJBFIZn7cvsy+qymyEJgkh2Q6qbwOrG7ooyA1eW2fGog7MfzJyNZPEf2g/ob9RVVNBoRpmdq/e87zMw5/VjKTTa9pOVmZmdm1/ILuaWlldW1/LrG7c6ShSHKo9kpO58pkGKEKooUMJdrIAFvoSa3z0f5rV7UFpE4Q32YmgErB2KluAMjeXl2xde6iI8YHpeua70+yeuZGFbAj317DPPdtVo25twnWnX+WH3J9xv1ssX7KI9GjotnLEokPFcevmB24x4EkCIXDKt644dYyNlCgWX0M+5iYaY8S5rQ93IkAWgG+mokD7daUWKYgfoaP/NpizQuhf4hgkYdvTfbGj+l9UTbB03UhHGCULIDWKyViIpRnTYK20KBRxlzwjGlTC/pLzDFONo2s+Z852/x06L24Oic1gsXZUK5cq4iCzZIttklzjkiJRJhVySKuHkkbyQd/JhDaxn69V6+0Iz1vjNJpmYzOwn4l+xjQ==</latexit>

ICHSH = hA0B0i+ hA0B1i+ hA1B0i � hA1B1i

Maximally entangled state  CHSH inequality|ϕ+⟩ =
1

2
( |00⟩ + |11⟩)→

<latexit sha1_base64="SlBzCshqHq6OWrWi9qPT18X/718="></latexit>

Itilted = ↵hA0i+ hA0B0i+ hA0B1i+ hA1B0i � hA1B1i

Partially entangled states   tilted CHSH 
inequality

|ϕθ⟩ = cos(θ) |00⟩ + sin(θ) |11⟩ →



Self-testing
Known results

✓  Partially entangled qubits


✓  Qudit pure bipartite entangled


✓  Graph states


✓  GHZ states


✓  Dicke states

  All multipartite states?⟹

[Bamps, Pironio, 2015]


 [Coladangelo, Goh, Scarani, 2017]


 [McKague, 2014]


[Pál, Vértesi, Navascués, 2014]


[Šupić, Coladangelo, Augusiak, Acín, 2018]

Quantum networks self-test all entangled states 


[Šupić, Bowles, Renou, Acín, Hoban, 2023]



Motivation

• Understanding the relation between correlations on the level of density 
matrices and correlations in probability distributions 

• Aims to verify that a quantum device operates on a certain quantum state, 
and performs certain measurements on it, only from the generated 
correlations.

• Networks solve the problem, but what can we say in the standard Bell 
scenario



Motivation

Find a general way to self-test multipartite  qubit entangled states 

    GOAL    

• Only results for bipartite states and some multipartite.

• Multipartite is hard  the structure of multipartite entanglement is very 
diverse

→

• Self-test is tailored to the state, or a class of states sharing some symmetry



Scenario



Multipartite scenario

…

? ?
?? ?? ?? ??

<latexit sha1_base64="UQgtX5MkmDjHMZyiZbSDJLKurX4=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDFGXJG5YYpSfBCakU+5AQzszaTtGMuENdGXUnU/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5mfudB1Sax9G9mSboSzqKeMgZNXZ09zjwBuWKW3UXIqvg5VCBXM1B+bM/jFkqMTJMUK17npsYP6PKcCZwVuqnGhPKJnSEPYsRlaj9bLHqjJyFsSJmjGTx/p3NqNR6KgObkdSM9bI3H/7n9VITXvsZj5LUYMRsxHphKoiJybwxGXKFzIipBcoUt1sSNqaKMmPvUrL1veWyq9C+qHqX1dptrVJv5Icowgmcwjl4cAV1aEATWsBgBM/wBu9O6Dw5L87rT7Tg5H+O4Y+cj28CAItE</latexit>x1
<latexit sha1_base64="B1Z7+g+5/LjVS3di4xtkFp+xITw=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQtQliRuWGAVMoCHT4RYmTKfNzNRIGt5AV0bd+US+gG/jgF0oeFbf3HMmuecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0cdHaeKYZvFIlb3AdUouMS24UbgfaKQRoHAbjC5nvvdB1Sax/LOTBP0IzqSPOSMGju6fRzUBuWKW3UXIqvg5VCBXK1B+bM/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHqjJyFsSJmjGTx/p3NaKT1NApsJqJmrJe9+fA/r5ea8MrPuExSg5LZiPXCVBATk3ljMuQKmRFTC5QpbrckbEwVZcbepWTre8tlV6FTq3oX1fpNvdJo5ocowgmcwjl4cAkNaEIL2sBgBM/wBu9O6Dw5L87rT7Tg5H+O4Y+cj28DfotF</latexit>x2

<latexit sha1_base64="DFzfl2/5fIjHJDvLDsDQUd3eTOU=">AAAB5HicbZDNTgIxFIXv+Iv4h7p000hMXJEZJeqSxA1LjPKTwIR0yh1o6EwnbcdIJryBroy684l8Ad/GgrNQ8Ky+3nOa3HODRHBtXPfLWVldW9/YLGwVt3d29/ZLB4ctLVPFsMmkkKoTUI2Cx9g03AjsJAppFAhsB+Obmd9+QKW5jO/NJEE/osOYh5xRY0d3j/2LfqnsVty5yDJ4OZQhV6Nf+uwNJEsjjA0TVOuu5ybGz6gynAmcFnupxoSyMR1i12JMI9R+Nl91Sk5DqYgZIZm/f2czGmk9iQKbiagZ6UVvNvzP66YmvPYzHiepwZjZiPXCVBAjyawxGXCFzIiJBcoUt1sSNqKKMmPvUrT1vcWyy9A6r3iXlepttVyr54cowDGcwBl4cAU1qEMDmsBgCM/wBu9O6Dw5L87rT3TFyf8cwR85H98E/ItG</latexit>x3
<latexit sha1_base64="Gt4qHdop0O9Ehy8mFdSmNWzyAeo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hM3EhmDFGXJG5YYiI/CUxIp9yBSqczaTtGMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+WdmSToR3QoecgZNXbUfuxn8tyb9ktlt+LORZbBy6EMuRr90mdvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQuxYljVD72XzdKTkNY0XMCMn8/Tub0UjrSRTYTETNSC96s+F/Xjc14bWfcZmkBiWzEeuFqSAmJrPWZMAVMiMmFihT3G5J2Igqyoy9TdHW9xbLLkProuJdVqq31XKtnh+iAMdwAmfgwRXUoA4NaAKDMTzDG7w7986T8+K8/kRXnPzPEfyR8/EN9imM/w==</latexit>xn�1

<latexit sha1_base64="TXyVzjmaVqewOVII0HxX9/Wl5X8=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9QliRuWmFgggYZMh1uYMJ02M1MjaXgFXRl15wP5Ar6NA3ah4Fl9c8+Z5J4bpoJr47pfTmltfWNzq7xd2dnd2z+oHh61dZIphj5LRKK6IdUouETfcCOwmyqkcSiwE05u537nAZXmibw30xSDmI4kjzijxo78x0EuZ4Nqza27C5FV8AqoQaHWoPrZHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp5FSWPUQb5YdkbOokQRM0ayeP/O5jTWehqHNhNTM9bL3nz4n9fLTHQT5FymmUHJbMR6USaISci8MxlyhcyIqQXKFLdbEjamijJjL1Ox9b3lsqvQvqh7V/XLu8tao1kcogwncArn4ME1NKAJLfCBAYdneIN3Z+w8OS/O60+05BR/juGPnI9vHAyMjQ==</latexit>xn

<latexit sha1_base64="nUCM8MLfCcp8svJMNsZAUCPkIvQ=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9QliRuWmFgggYZMh1uYMJ02M1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT03TAXXxnW/nNLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zeLfzuIyrNE/lgZikGMR1LHnFGjR35dJjL+bBac+vuUmQdvAJqUKg9rH4ORgnLYpSGCap133NTE+RUGc4EziuDTGNK2ZSOsW9R0hh1kC+XnZOLKFHETJAs37+zOY21nsWhzcTUTPSqtxj+5/UzE90GOZdpZlAyG7FelAliErLoTEZcITNiZoEyxe2WhE2ooszYy1RsfW+17Dp0ruredb1x36g1W8UhynAG53AJHtxAE1rQBh8YcHiGN3h3Js6T8+K8/kRLTvHnFP7I+fgG+U+Mdg==</latexit>an
<latexit sha1_base64="50sr7nlm8T6G70InyeIe7ib15eU=">AAAB6HicbZDNTgIxFIXv4B/iH+rSTSMxcSOZMURdkrhhiYn8JDAhnXIHKp3OpO2YkAnvoCuj7nweX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1NhRhw4yeeHNBuWKW3UXIqvg5VCBXM1B+bM/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHujJyFsSJmjGTx/p3NaKT1NApsJqJmrJe9+fA/r5ea8MbPuExSg5LZiPXCVBATk3lrMuQKmRFTC5QpbrckbEwVZcbepmTre8tlV6F9WfWuqrW7WqXeyA9RhBM4hXPw4Brq0IAmtIDBBJ7hDd6dB+fJeXFef6IFJ/9zDH/kfHwD002M6A==</latexit>an�1

<latexit sha1_base64="aobKTPRPIuG11fl+MjKBXyg+TF0=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9QliRuWmFgggYZMh1s6YfqTmakJaXgFXRl15wP5Ar6NQ+1CwbP65p4zyT3XTwVX2ra/rMrG5tb2TnW3trd/cHhUPz7pqSSTDF2WiEQOfKpQ8BhdzbXAQSqRRr7Avj+7W/r9R5SKJ/GDnqfoRXQa84Azqs3IpePcWYzrDbtpFyLr4JTQgFLdcf1zNElYFmGsmaBKDR071V5OpeZM4KI2yhSmlM3oFIcGYxqh8vJi2QW5CBJJdIikeP/O5jRSah75JhNRHapVbzn8zxtmOrj1ch6nmcaYmYjxgkwQnZBlZzLhEpkWcwOUSW62JCykkjJtLlMz9Z3VsuvQu2o6183WfavR7pSHqMIZnMMlOHADbehAF1xgwOEZ3uDdCq0n68V6/YlWrPLPKfyR9fENngyMOQ==</latexit>a1
<latexit sha1_base64="KbDsfwRqj+vWRE7i7MXdevOBLuE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQtAliRuWmFgggYZMh1s6YfqTmakJaXgFXRl15wP5Ar6NA3ah4Fl9c8+Z5J7rp4IrbdtfVmlre2d3r7xfOTg8Oj6pnp71VJJJhi5LRCIHPlUoeIyu5lrgIJVII19g35/dLf3+I0rFk/hBz1P0IjqNecAZ1Wbk0nHeWIyrNbtur0Q2wSmgBoW64+rnaJKwLMJYM0GVGjp2qr2cSs2ZwEVllClMKZvRKQ4NxjRC5eWrZRfkKkgk0SGS1ft3NqeRUvPIN5mI6lCte8vhf94w08Gtl/M4zTTGzESMF2SC6IQsO5MJl8i0mBugTHKzJWEhlZRpc5mKqe+sl92EXqPutOrN+2at3SkOUYYLuIRrcOAG2tCBLrjAgMMzvMG7FVpP1ov1+hMtWcWfc/gj6+Mbn4uMOg==</latexit>a2

<latexit sha1_base64="0RVAQhATpGyz3pDZYYbAk6DQiok=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJeiSxA1LTCyQQEOmwy2dMP3JzNSENLyCroy684F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w50/vFn7vEaXiSfygZyl6EZ3EPOCMajNy6Si/no+qNbtuL0XWwSmgBoU6o+rncJywLMJYM0GVGjh2qr2cSs2ZwHllmClMKZvSCQ4MxjRC5eXLZefkIkgk0SGS5ft3NqeRUrPIN5mI6lCteovhf94g08Gtl/M4zTTGzESMF2SC6IQsOpMxl8i0mBmgTHKzJWEhlZRpc5mKqe+sll2H7lXdadYb941aq10cogxncA6X4MANtKANHXCBAYdneIN3K7SerBfr9Sdasoo/p/BH1sc3oQqMOw==</latexit>a3

Correlation
<latexit sha1_base64="UYXnXpLcfT5zAirE3wqqd4h3xFE=">AAACAHicbVDLSsNAFJ3UV62vqEsRBotQoZREirosuOmygn1AW8LNdNoOnUzCzERaYjf6M7oSdec3+AP+jdPYhbae1bn3nAv3HD/iTGnH+bIyK6tr6xvZzdzW9s7unr1/0FBhLAmtk5CHsuWDopwJWtdMc9qKJIXA57Tpj65nevOOSsVCcasnEe0GMBCszwhos/Ls46gAnlvs9EKtiuCJ+7HnpgMee+LMs/NOyUmBl4k7J3k0R82zP80xiQMqNOGgVNt1It1NQGpGOJ3mOrGiEZARDGjbUAEBVd0kjTHFp/1QYj2kOJ1/exMIlJoEvvEEoIdqUZst/9Pase5fdRMmolhTQYzFaP2YYx3iWRu4xyQlmk8MASKZ+RKTIUgg2nSWM/HdxbDLpHFeci9K5ZtyvlKdF5FFR+gEFZCLLlEFVVEN1RFBj+gZvaF368F6sl6s1x9rxprfHKI/sD6+AZ5rlb4=</latexit>

p(a1, . . . , an|x1 . . . xn)

…

…



Multipartite scenario
The idea behind

Use successive self-testing of bipartite states for all possible bipartitions


  different sub-tests.→

Self-test the bipartite entangled state and the measurements.

To do this, project the rest of the parties + assume the bipartite state is 
entangled*.

[*] M. Zwerger, W. Dür, J-D. Bancal, and P. Sekatski. PRL, 122(6):060502, (2019).



Tripartite states



Tripartite states
Example

Consider the target state

Recipe for self-testing: Ask the first party to measure in the computational 
basis and make the two remaining parties play the CHSH game.

<latexit sha1_base64="nFm5NHX/04sBe1UbH51apPzWt9k=">AAACO3icbZBLTwIxFIU7+EJ8jbp0M5GYmBDJjCHqxgRlwxITeSTMQDrlAg2dR9qOCRn4afoL/AOudWXUnXsLjgkCd3V6zte097gho0Ka5ouWWlldW99Ib2a2tnd29/T9g5oIIk6gSgIW8IaLBTDqQ1VSyaARcsCey6DuDkqTvP4AXNDAv5fDEBwP93zapQRLZbX1xsgOBbU59nsMrkdmoto3diCpB0LFfdrK/dnxbWmcG1lLKEFbZ7NUW8+aeXM6xqKwEpFFyVTa+rPdCUjkgS8Jw0I0LTOUToy5pITBOGNHAkJMBrgHTSV9rN514mkDY+OkG3BD9sGYnmfZGHtCDD1XMR6WfTGfTcxlWTOS3Ssnpn4YSfCJQlTWjZghA2NSpNGhHIhkQyUw4VT90iB9zDGRqu6MWt+aX3ZR1M7z1kW+cFfIFstJEWl0hI7RKbLQJSqiMqqgKiLoCb2hT/SlPWqv2rv28YumtOTOIfo32vcPMiiv8A==</latexit>

| i = |0iA ⌦ |�+iBC + |1iA ⌦ | �iBC

Obtain 0  project to 


    Max violates CHSH1

→
→

<latexit sha1_base64="etTImx3TjC4RDL/XArzPMGu4qhc=">AAAB73icbZDNSsNAFIVv/K31r+rSTbAIglASKeqy6MZlBfsDTVom05tm6GQSZyZCqX0OXYm68118Ad/Gac1CW8/qm3vOwD03SDlT2nG+rKXlldW19cJGcXNre2e3tLffVEkmKTZowhPZDohCzgQ2NNMc26lEEgccW8Hweuq3HlAqlog7PUrRj8lAsJBRos2o++ilEeueepKIAcdeqexUnJnsRXBzKEOueq/06fUTmsUoNOVEqY7rpNofE6kZ5TgpepnClNAhGWDHoCAxKn8823piH4eJtHWE9uz9OzsmsVKjODCZmOhIzXvT4X9eJ9PhpT9mIs00CmoixgszbuvEnpa3+0wi1XxkgFDJzJY2jYgkVJsTFU19d77sIjTPKu55pXpbLdeu8kMU4BCO4ARcuIAa3EAdGkBBwjO8wbt1bz1ZL9brT3TJyv8cwB9ZH99W1ZAb</latexit>

|�+i Obtain 1  project to 


    Max violates CHSH4

→
→

<latexit sha1_base64="1RaOKKJdpUnHeXCUZi//aKobagQ=">AAAB73icbZDLTsJAFIZPvSLeUJduJhITN5LWEHVJdOMSE7kktJDpcAoTphdnpiak8hy6MurOd/EFfBsH7ELBf/XN+f9Jzn/8RHClbfvLWlpeWV1bL2wUN7e2d3ZLe/tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dT/3WA0rF4+hOjxP0QjqIeMAZ1WbUfXQTxbunrqTRQGCvVLYr9kxkEZwcypCr3it9uv2YpSFGmgmqVMexE+1lVGrOBE6KbqowoWxEB9gxGNEQlZfNtp6Q4yCWRA+RzN6/sxkNlRqHvsmEVA/VvDcd/ud1Uh1cehmPklRjxEzEeEEqiI7JtDzpc4lMi7EByiQ3WxI2pJIybU5UNPWd+bKL0DyrOOeV6m21XLvKD1GAQziCE3DgAmpwA3VoAAMJz/AG79a99WS9WK8/0SUr/3MAf2R9fANqt5Ao</latexit>

| �i

If they win with certainty for both outcomes of the measurement on the first 
party certain entanglement structure is revealed.



Tripartite states
Example

This state is separable across the bipartition A|BC  Not the target state.→

We also need to establish that there is entanglement across A|BC.

However it is not enough: the state  

would also pass the test.

<latexit sha1_base64="+Eo86ONXsuxNqYgRcqe9GbmVMAA=">AAACWXicbVFbSwJBFJ7dbqZWlo+9DEkQSLIbUr0EQi8+GuQFXJXZ8egOze4sM7OCuP7D/kDUj2lWfTDtvMx3vgucc8aPOVPacb4s++Dw6Pgkd5ovFM/OL0qXVx0lEkmhTQUXsucTBZxF0NZMc+jFEkjoc+j6H6+Z3p2BVExE73oewyAk04hNGCXaUKPSzJOBeEkdT5JoysHjqwc7qSc0C0Hh1IsDNqzu6GsyrabujuBuBxUb3u8FMzIdlSpOzVkV3gfuBlTQplqj0qc3FjQJIdKUE6X6rhPrwYJIzSiHZd5LFMSEfpAp9A2MiBlhsFjdZ4lvJ0JiHQBe9dveBQmVmoe+8YREB2pXy8j/tH6iJ8+DBYviRENEjcVok4RjLXB2ZjxmEqjmcwMIlcxMiWlAJKHafEberO/uLrsPOg8197FWf6tXGs3NIXLoGt2gO+SiJ9RATdRCbUTRj2VbBatofduWnbPza6ttbTJl9Kfs8i+CEbR9</latexit>

⇢ = |0ih0|⌦ |�+ih�+|+ |1ih1|⌦ | �ih �|



Tripartite states
Example

The target state can also be written as: 

In this sub-test we can do the same: Charlie measures in the computational 
basis and the other parties perform CHSH games.

If they win every time, there is enough information to self-test the whole 
state. 

<latexit sha1_base64="jGtEqzIcFcyh/2dJx4EEgiCgobU=">AAACPXicbVDLTgIxFO34RHyhLt00EhMTIpkxRN2YoGxYYiKPyADplAs0dB5pOyZk4Nv0A/wBP0BXRt25teBoFDirc885N+09TsCZVKb5ZCwsLi2vrCbWkusbm1vbqZ3divRDQaFMfe6LmkMkcOZBWTHFoRYIIK7Doer0C2O/egdCMt+7UYMAGi7peqzDKFFaaqVuh3YgmS2I1+VwoYceax7HYyu6vBrZvmIuSDw0f9RCZrLTzMyNWb+xViptZs0J8CyxYpJGMUqt1KPd9mnogqcoJ1LWLTNQjYgIxSiHUdIOJQSE9kkX6pp6RD/YiCYdjPBhxxdY9QBP5r/ZiLhSDlxHZ1yienLaG4vzvHqoOueNiHlBqMCjOqK9Tsix8vG4StxmAqjiA00IFUz/EtMeEYQqXXhSn29NHztLKidZ6zSbu86l88W4iATaRwfoCFnoDOVREZVQGVH0gF7QO/ow7o1n49V4+44uGPHOHvoH4/MLFSiwRA==</latexit>

| i = |��iAB ⌦ |0iC + | +iAB ⌦ |1iC



??

Tripartite states
The simplest multipartite case

??

<latexit sha1_base64="saIraad0x7VpAKB99vZ+7z82BpY=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIeqSxA1LSOSSwIR0yhlo6FzSdoxkwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ad3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoJbLxNRkhqMuI1YL0glNTFd9KUjoZAbObPAuBJ2S8onTDFu7FVKtr67WnYdOldV97paa9Uq9UZ+iCKcwTlcggs3UIcGNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG3/WKoA==</latexit>x
<latexit sha1_base64="P40sGEXs1Ayg+wosgZ0SIIpuSqo=">AAAB4nicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZEXVZcNNlC/YC7VAy6Zk2NHMhyQjD0BfQlag7H8kX8G1M6yy09V99Of8fOP/xEym0cZwvUtrY3NreKe9W9vYPDo+qxyddHaeKY4fHMlZ9n2mUIsKOEUZiP1HIQl9iz5/dL/zeIyot4ujBZAl6IZtEIhCcGTtqZ6Nqzak7S9F1cAuoQaHWqPo5HMc8DTEyXDKtB66TGC9nyggucV4ZphoTxmdsggOLEQtRe/ly0Tm9CGJFzRTp8v07m7NQ6yz0bSZkZqpXvcXwP2+QmuDOy0WUpAYjbiPWC1JJTUwXfelYKORGZhYYV8JuSfmUKcaNvUrF1ndXy65D96ru3tSv29e1RrM4RBnO4BwuwYVbaEATWtABDgjP8AbvZEyeyAt5/YmWSPHnFP6IfHwD4XOKoQ==</latexit>y <latexit sha1_base64="oB0AUbvqiiirB9tqXvXYbnhzyKs=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMIeqSxA1LSOSSwIR0yhlo6FzSdkxwwgvoyqg7H8kX8G0sOAsF/9XX8/9Nzn/8RAptHOeLFDY2t7Z3irulvf2Dw6Py8UlHx6ni2OaxjFXPZxqliLBthJHYSxSy0JfY9ad3C7/7gEqLOLo3swS9kI0jEQjOjB21HoflilN1lqLr4OZQgVzNYflzMIp5GmJkuGRa910nMV7GlBFc4rw0SDUmjE/ZGPsWIxai9rLlonN6EcSKmgnS5ft3NmOh1rPQt5mQmYle9RbD/7x+aoJbLxNRkhqMuI1YL0glNTFd9KUjoZAbObPAuBJ2S8onTDFu7FVKtr67WnYdOldV97paa9Uq9UZ+iCKcwTlcggs3UIcGNKENHBCe4Q3eyYg8kRfy+hMtkPzPKfwR+fgG4vGKog==</latexit>z

<latexit sha1_base64="REiMRHuxhP9+0UNjq3Q0Drnx4B8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQmpaQro0PNId48JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiRTauO6XU9jY3NreKe6W9vYPDo/KxydtHaeKU4vHMlbdADVJEVHLCCOpmyjCMJDUCab3C7/zSEqLOHows4T8EMeRGAmOxo6aOChX3Kq7FFsHL4cK5GoMyp/9YczTkCLDJWrd89zE+BkqI7ikeamfakqQT3FMPYsRhqT9bLnonF2MYsXMhNjy/TubYaj1LAxsJkQz0aveYvif10vN6M7PRJSkhiJuI9YbpZKZmC36sqFQxI2cWUCuhN2S8Qkq5MZepWTre6tl16F9VfVuqtfN60qtnh+iCGdwDpfgwS3UoA4NaAEHgmd4g3dn6Dw5L87rT7Tg5H9O4Y+cj2+9o4qJ</latexit>a
<latexit sha1_base64="T5B6iMrS6n0IRvG3+84rFUkg8gg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQnpaQro0PNId40JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2iVMtsCViFetuwA0qGWGLJCnsJhp5GCjsBNP7hd95RG1kHD3QLEE/5ONIjqTgZEfNYFCuuFV3KbYOXg4VyNUYlD/7w1ikIUYkFDem57kJ+RnXJIXCeamfGky4mPIx9ixGPETjZ8tF5+xiFGtGE2TL9+9sxkNjZmFgMyGniVn1FsP/vF5Kozs/k1GSEkbCRqw3ShWjmC36sqHUKEjNLHChpd2SiQnXXJC9SsnW91bLrkP7qurdVK+b15VaPT9EEc7gHC7Bg1uoQR0a0AIBCM/wBu/O0HlyXpzXn2jByf+cwh85H9+/IYqK</latexit>

b
<latexit sha1_base64="pmthQnIcqwXMO22c04DWvG/3srk=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9QliRuWkMgjgQnpaQro0PNId40JmfADujLqzk/yB/wbG5yFgnd1uu7tpG4FiZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2iVMtsCViFetuwA0qGWGLJCnsJhp5GCjsBNP7hd95RG1kHD3QLEE/5ONIjqTgZEdNMShX3Kq7FFsHL4cK5GoMyp/9YSzSECMSihvT89yE/IxrkkLhvNRPDSZcTPkYexYjHqLxs+Wic3YxijWjCbLl+3c246ExszCwmZDTxKx6i+F/Xi+l0Z2fyShJCSNhI9YbpYpRzBZ92VBqFKRmFrjQ0m7JxIRrLshepWTre6tl16F9VfVuqtfN60qtnh+iCGdwDpfgwS3UoA4NaIEAhGd4g3dn6Dw5L87rT7Tg5H9O4Y+cj2/An4qL</latexit>c

What is the shared state?
<latexit sha1_base64="VNMtL7D376IP8C2a7FIt0UAy9FI=">AAACEnicbVBLTsMwFHTKr5RfgCWbiAqJVUlQBWyQKrHpskj0IzVR5LgvramdRLaDVKW9BVwGVgjY9QLcBrfNAlpmYc17M7Y8EySMSmXb30ZhbX1jc6u4XdrZ3ds/MA+PWjJOBYEmiVksOgGWwGgETUUVg04iAPOAQTsY3s309hMISePoQY0S8DjuRzSkBCu98s2LsZtI6goc9RncujLlfkYfhxOX6Td6eDGM9ZFbfLNsV+w5rFXi5KSMcjR8c+r2YpJyiBRhWMquYyfKy7BQlDCYlNxUQoLJEPehq2mEOUgvmwebWGdhLCw1AGs+//ZmmEs54oH2cKwGclmbLf/TuqkKb7yMRkmqICLaorUwZZaKrVk/Vo8KIIqNNMFEUP1LiwywwETpFks6vrMcdpW0LivOVaV6Xy3X6nkRRXSCTtE5ctA1qqE6aqAmIugFvaFP9GU8G6/Gu/GxsBaM/M4x+gNj+gPyj5+C</latexit>

| i =
X

ijk

�ijk|ijki



Tripartite states
The idea behind

There are 3 possible sub-tests: A|BC, B|AC, C|AB.

Show that all the bases have to be the same to construct the isometry.

Self-test the states and the measurements for every sub-test.

Each of the remaining bipartite state is entangled*.

[*] M. Zwerger, W. Dür, J-D. Bancal, and P. Sekatski. Physical review letters, 122(6):060502, (2019).



Tool 1: Tilted CHSH inequality
The idea behind

Set of 3 Bell inequalities with 3 inputs on Alice’s side and 6 inputs on Bob’s 

side in total  2 tilted CHSH + 1 CHSH.→

E. Woodhead, J. Kaniewski, B. Bourdoncle, A. Salavrakos, J. Bowles, R. Augusiak, and A. Acín. Phys. Rev. Research 2, 042028(R), (2020). 

It can be used to self-test the partially entangled pair of qubits and three 
Pauli observables on Alice’s side (up to the complex conjugation 
uncertainty).



What do we expect?

Making the 3 sub-tests we should obtain:

 When party C makes computational basis measurement the remaining 
two parties are projected to  and .∑

i,j

λi,j,0 | ij⟩ ∑
i,j

λi,j,1 | ij⟩

 When party B makes computational basis measurement the remaining 
two parties are projected to  and ∑

i,k

λi,0,k | ik⟩ ∑
i,k

λi,1,k | ik⟩

 When party A makes computational basis measurement the remaining 
two parties are projected to  and ∑

j,k

λ0,j,k | jk⟩ ∑
j,k

λ1,j,k | jk⟩



What we get?
Making the 3 sub-tests we know that:

 When party C makes some unknown measurement the remaining two 
parties are projected to                        and                        in an unknown basis.

<latexit sha1_base64="UIwRGthPjWK843YcGmem56DZKAw=">AAACMnicbVBLTwIxGOziC/G16tFLIzHxQMiuIeqRxAs3MZFHwpJNt/sBle4jbdeErPwr/Rf+AfVk1Js/woJLosCcpjPTpjNezJlUlvVi5FZW19Y38puFre2d3T1z/6Apo0RQaNCIR6LtEQmchdBQTHFoxwJI4HFoecOrid+6ByFZFN6qUQzdgPRD1mOUKC255rUjk8BNHcW4D/iulJHhGDtcv+KTJV7JGuOHmToTHUHCPgfXLFplawq8SOyMFFGGums+O35EkwBCRTmRsmNbseqmRChGOYwLTiIhJnRI+tDRNCQByG46LT7GJ71IYDUAPD3/zaYkkHIUeDoTEDWQ895EXOZ1EtW77KYsjBMFIdUR7fUSjlWEJ/thnwmgio80IVQw/UtMB0QQqvTKBV3fni+7SJpnZfu8XLmpFKu1bIg8OkLH6BTZ6AJVUQ3VUQNR9ITe0Cf6Mh6NV+Pd+PiN5ozsziH6B+P7BxCLqpk=</latexit>X

j̃,k̃

�j̃,k̃,0|j̃k̃i
<latexit sha1_base64="7idMJ/kEhs7CbYiE5+vGuuS56Zg=">AAACMnicbVBLTwIxGOziC/G16tFLIzHxQMiuIeqRxAs3MZFHwpJNt/sBle4jbdeErPwr/Rf+AfVk1Js/woJLosCcpjPTpjNezJlUlvVi5FZW19Y38puFre2d3T1z/6Apo0RQaNCIR6LtEQmchdBQTHFoxwJI4HFoecOrid+6ByFZFN6qUQzdgPRD1mOUKC255rUjk8BNHcW4D/iulJHhGDtcv+KTJV7JHuOHmToTHUHCPgfXLFplawq8SOyMFFGGums+O35EkwBCRTmRsmNbseqmRChGOYwLTiIhJnRI+tDRNCQByG46LT7GJ71IYDUAPD3/zaYkkHIUeDoTEDWQ895EXOZ1EtW77KYsjBMFIdUR7fUSjlWEJ/thnwmgio80IVQw/UtMB0QQqvTKBV3fni+7SJpnZfu8XLmpFKu1bIg8OkLH6BTZ6AJVUQ3VUQNR9ITe0Cf6Mh6NV+Pd+PiN5ozsziH6B+P7BxIjqpo=</latexit>X

j̃,k̃

�j̃,k̃,1|j̃k̃i

 When party B makes some unknown measurement the remaining two 
parties are projected to                        and                        in an unknown basis.

<latexit sha1_base64="FOLgHGbMggG/ORPaRqahUyO6NzA=">AAACJnicbVDLTgIxFO34RHyNunTTSExcGDJjiLokYcMSE3kkDCF3ygUqnUfajgkZ+R/9F6Mro+z8FMsjRMGz6bnnnDY9148FV9pxxtba+sbm1nZmJ7u7t39waB8d11SUSIZVFolINnxQKHiIVc21wEYsEQJfYN0flCZ+/RGl4lF4r4cxtgLohbzLGWgjte2Sp5KgnXo+SPpwOT0GI+oJ80IHFrqzcJ5mymz0JIQ9gW075+SdKegqceckR+aotO1XrxOxJMBQMwFKNV0n1q0UpOZM4CjrJQpjYAPoYdPQEAJUrXRadkTPu5Gkuo90Ov/OphAoNQx8kwlA99WyNxH/85qJ7t62Uh7GicaQmYjxuomgOqKTndEOl8i0GBoCTHLzS8r6IIFps9msqe8ul10ltau8e50v3BVyxfJ8ERlySs7IBXHJDSmSMqmQKmHkhbyTLzK2nq0368P6nEXXrPmdE/IH1vcPM7Ck8w==</latexit>X

j̄,k̄

�j̄,0,k̄|j̄k̄i
<latexit sha1_base64="P8wT31wgtc8sZikqCceCVZosAp8=">AAACJnicbVDLTgIxFO34RHyNunTTSExcGDJjiLokYcMSE3kkDCF3ygUqnUfajgkZ+R/9F6Mro+z8FMsjRMGz6bnnnDY9148FV9pxxtba+sbm1nZmJ7u7t39waB8d11SUSIZVFolINnxQKHiIVc21wEYsEQJfYN0flCZ+/RGl4lF4r4cxtgLohbzLGWgjte2Sp5KgnXo+SPpwOT0GI+oJ80IHFrq7cJ5mymz0JIQ9gW075+SdKegqceckR+aotO1XrxOxJMBQMwFKNV0n1q0UpOZM4CjrJQpjYAPoYdPQEAJUrXRadkTPu5Gkuo90Ov/OphAoNQx8kwlA99WyNxH/85qJ7t62Uh7GicaQmYjxuomgOqKTndEOl8i0GBoCTHLzS8r6IIFps9msqe8ul10ltau8e50v3BVyxfJ8ERlySs7IBXHJDSmSMqmQKmHkhbyTLzK2nq0368P6nEXXrPmdE/IH1vcPNUuk9A==</latexit>X

j̄,k̄

�j̄,1,k̄|j̄k̄i

 When party A makes some unknown measurement the remaining two 
parties are projected to                        and                        in an unknown basis.

<latexit sha1_base64="uC0hlT+bMmVdiev+FyYjiUQOA7w=">AAACJnicbVDLTgIxFO3gC/GFunTTSExcEDJjiLokYcMSE3kkDJncKReodB5pOyZk5H/0X4yujLLzUyyPhYJn03PvOW16jh8LrrRtT63MxubW9k52N7e3f3B4lD8+aaookQwbLBKRbPugUPAQG5prge1YIgS+wJY/qs701iNKxaPwXo9j7AYwCHmfM9Bm5eWrrkoCL3WHoOlDcX6MJtQV5oUeeKldXFGeFvNidCWEA4FevmCX7DnoOnGWpECWqHv5V7cXsSTAUDMBSnUcO9bdFKTmTOAk5yYKY2AjGGDH0BACVN10HnZCL/qRpHqIdD7/9qYQKDUOfOMJQA/VqjZb/qd1Et2/7aY8jBONITMWo/UTQXVEZ53RHpfItBgbAkxy80vKhiCBadNszsR3VsOuk+ZVybkule/KhUptWUSWnJFzckkcckMqpEbqpEEYeSHv5ItMrWfrzfqwPhfWjLW8c0r+wPr+AX9epSM=</latexit>X

ĵ,k̂

�0,ĵ,k̂|ĵk̂i
<latexit sha1_base64="+U2I0pr+EYal8RW2lY6G4dYCJlA=">AAACJnicbVDLTgIxFO3gC/GFunTTSExcEDJjiLokYcMSE3kkDJncKReodB5pOyZk5H/0X4yujLLzUyyPhYJn03PvOW16jh8LrrRtT63MxubW9k52N7e3f3B4lD8+aaookQwbLBKRbPugUPAQG5prge1YIgS+wJY/qs701iNKxaPwXo9j7AYwCHmfM9Bm5eWrrkoCL3WHoOlDcX6MJtQV5oUeeKlTXFGeFvNidCWEA4FevmCX7DnoOnGWpECWqHv5V7cXsSTAUDMBSnUcO9bdFKTmTOAk5yYKY2AjGGDH0BACVN10HnZCL/qRpHqIdD7/9qYQKDUOfOMJQA/VqjZb/qd1Et2/7aY8jBONITMWo/UTQXVEZ53RHpfItBgbAkxy80vKhiCBadNszsR3VsOuk+ZVybkule/KhUptWUSWnJFzckkcckMqpEbqpEEYeSHv5ItMrWfrzfqwPhfWjLW8c0r+wPr+AYEApSQ=</latexit>X

ĵ,k̂

�1,ĵ,k̂|ĵk̂i



Tripartite states

Need to understand the relation between the measurements the parties use 
to project and those they use when they are maximally violating the tilted 
CHSH inequality.

If we knew the bases this marginal problem would be easy to solve, the only 

state that could pass all the sub-tests would be our target state  but we 
don’t know the bases.

→

How do we combine the three tests and make sure that the six marginal 
states correspond to the target state?



Tool 2: The measurement lemma

<latexit sha1_base64="wM0v95nDbnEScVLSVSiDJBrTN7s=">AAACJXicbVDLSsNAFJ34rPVVdelmsAiuSiKibgTRTZcVTBWaECbjTTt28mDmRiyx36Mfo67Ex8pfcVoj+Lqrc885w9xzwkwKjbb9Zk1MTk3PzFbmqvMLi0vLtZXVtk5zxcHlqUzVecg0SJGAiwIlnGcKWBxKOAv7xyP97AqUFmlyioMM/Jh1ExEJztBQQe3IDS69FEUMmrpB/8bLtPAUS7oSDsZLUHjYA2TDki3NN971ly+o1e2GPR76FzglqJNyWkHt3rtIeR5DglwyrTuOnaFfMIWCSxhWvVxDxnifdaFjYMLMf34xzjqkm1GqqLmIjvfv3oLFWg/i0Hhihj39WxuR/2mdHKN9vxBJliMk3FiMFuWSYkpHldELoYCjHBjAuBLmSsp7TDGOptiqie/8DvsXtLcbzm5j52Snftgsi6iQdbJBtohD9sghaZIWcQknd+SRvJBX69Z6sJ6s50/rhFW+WSM/xnr/AFe3p6A=</latexit>

Uj ⌦ Uk| i = | ✓i ⌦ |⇠i
<latexit sha1_base64="ozC4CEiE8fDRh4uBCpw9LciW634=">AAACFnicbVDLTsJAFJ3iC/GFunTTSExwQ1ol6sYE4wZ3mFgg0tJMh0sZmD4yMzUhTf9Df0ZXRk1cuPVvHJCFomd15p4zufccL2ZUSMP41HILi0vLK/nVwtr6xuZWcXunKaKEE7BIxCLe9rAARkOwJJUM2jEHHHgMWt7ocqK37oALGoU3chyDE2A/pH1KsFQjt3hsucML1+im5eFhpng3tXvY94Fn57agfoDdWzuSNABhB1gOPC+9ytxiyagYU+h/iTkjJTRDwy2+272IJAGEkjAsRMc0YumkmEtKGGQFOxEQYzLCPnQUDbFa56TTcJl+0I+4LgegT98/vSkOhBgHnvJMbhPz2mT4n9ZJZP/MSWkYJxJCoixK6ydMl5E+6UjvUQ5EsrEimHCqrtTJAHNMpGqyoOKb82H/kuZRxTypVK+rpVp9VkQe7aF9VEYmOkU1VEcNZCGCHtATekVv2r32qD1rL9/WnDb7s4t+Qfv4AvTKn+E=</latexit>

UjA
(j)
0 U†

j = �Z ⌦ I

<latexit sha1_base64="jVNN/V1dkUnDwojmsMmfMErKs2s=">AAACFnicbVDLTsJAFJ3iC/GFunTTSExwQ1ol6sYE4wZ3mMgjodBMh9syMH1kZmpCmv6H/oyujJq4cOvfOGAXCp7VmXvO5N5znIhRIQ3jS8stLa+sruXXCxubW9s7xd29lghjTqBJQhbyjoMFMBpAU1LJoBNxwL7DoO2Mr6d6+x64oGFwJycR9HzsBdSlBEs1sounTXt0ZZv9pDw6ThXvJ9YAex7w9NIS1POx3bFCSX0Qlo/l0HGSm9QuloyKMYO+SMyMlFCGhl38sAYhiX0IJGFYiK5pRLKXYC4pYZAWrFhAhMkYe9BVNMBqXS+ZhUv1IzfkuhyCPnv/9ibYF2LiO8ozvU3Ma9Phf1o3lu5FL6FBFEsIiLIozY2ZLkN92pE+oByIZBNFMOFUXamTIeaYSNVkQcU358MuktZJxTyrVG+rpVo9KyKPDtAhKiMTnaMaqqMGaiKCHtEzekPv2oP2pL1orz/WnJb92Ud/oH1+A/NXn+A=</latexit>

UjA
(j)
1 U †

j = �X ⌦ I
<latexit sha1_base64="j2oYf9y5I2hAHKzeXKZwa+m5VEk=">AAACEHicbZDLTgIxGIU7XhFvqEs3jcQEF5IZQtSNCcQNS0zkFgYmnfIzFDqXtB0TMuEl9GV0ZdSd8QV8GwuyUPBfff3Padpz3IgzqUzzy1hZXVvf2Extpbd3dvf2MweHdRnGgkKNhjwUTZdI4CyAmmKKQzMSQHyXQ8Md3Uz1xj0IycLgTo0j6PjEC1ifUaL0ysmc15xh2Sl0k9zwbKK5m9g94nkgJte2ZJ5PnJYdKuaDxGWn5WSyZt6cDV4Gaw5ZNJ+qk/m0eyGNfQgU5UTKtmVGqpMQoRjlMEnbsYSI0BHxoK0xIPqhTjKLNcGn/VBgNQA8O//2JsSXcuy72uMTNZCL2nT5n9aOVf+qk7AgihUEVFu01o85ViGetoN7TABVfKyBUMH0LzEdEEGo0h2mdXxrMewy1At56yJfvC1mS5V5ESl0jE5QDlnoEpVQBVVRDVH0iJ7RG3o3Hown48V4/bGuGPM7R+jPGB/fQxuctA==</latexit>

UjA
(j)
2 U†

j = �Y ⌦AY
Suppose that

where , then we have α2 + β2 + γ2 = 1
<latexit sha1_base64="VsaWAu8BjNnkgEneAH8cpdEItkI="></latexit>

UkA
(k)U †

k = ↵�Z ⌦ I+ ��X ⌦ I+ ��Y ⌦ B̄Y

Let       be a bipartite state and                          dichotomic observables. 

Suppose there exists unitaries       and       such that:

<latexit sha1_base64="Pt3r6kribVcDOnpkz3RrlWLPiCU=">AAAB7nicbZC9TsMwFIWd8lfKX4GRxaJCYqoSVAFjJZaORaI/UhNVjnvTWnUcYztIVehrwISAjYfhBXgbnJIBWs70+Z5j6Z4bSs60cd0vp7S2vrG5Vd6u7Ozu7R9UD4+6OkkVhQ5NeKL6IdHAmYCOYYZDXyogccihF05vcr/3AEqzRNyZmYQgJmPBIkaJsaPg0Zea+YqIMYfKsFpz6+5CeBW8AmqoUHtY/fRHCU1jEIZyovXAc6UJMqIMoxzmFT/VIAmdkjEMLAoSgw6yxdJzfBYlCpsJ4MX7dzYjsdazOLSZmJiJXvby4X/eIDXRdZAxIVMDgtqI9aKUY5PgvDseMQXU8JkFQhWzW2I6IYpQYy+U1/eWy65C96LuXdYbt41as1UcooxO0Ck6Rx66Qk3UQm3UQRTdo2f0ht4d6Tw5L87rT7TkFH+O0R85H9+DiI+j</latexit>

| i
<latexit sha1_base64="4X6VQ3xhq48dIu4DNEePN2MK+wQ=">AAACAHicbZDLSgMxFIYzXmu9jboUIViEClJmSlGXLW66rGAv0I5DJj1tYzMXkoxQhm70ZXQl6s5n8AV8G9N2EG09qy/n/wPn/72IM6ks68tYWl5ZXVvPbGQ3t7Z3ds29/YYMY0GhTkMeipZHJHAWQF0xxaEVCSC+x6HpDa8mevMehGRhcKNGETg+6QesxyhReuWaRxXXuk3yd6fjs4pr/1BxRq6ZswrWdPAi2CnkUDo11/zsdEMa+xAoyomUbduKlJMQoRjlMM52YgkRoUPSh7bGgPggnWQaY4xPeqHAagB4+v7tTYgv5cj3tMcnaiDntcnyP60dq96lk7AgihUEVFu01os5ViGetIG7TABVfKSBUMH0lZgOiCBU6c6yOr49H3YRGsWCfV4oXZdy5WpaRAYdomOURza6QGVURTVURxQ9omf0ht6NB+PJeDFeZ9YlI/1zgP6M8fENmRKUbw==</latexit>

A(j)
0 , A(j)

1 , A(j)
2

<latexit sha1_base64="PRLmZ84aad09mnveYJdEUlkWAVA=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9QliRuWGC2QQEOmwy2MTH8yMzVpGt5AV0bd+US+gG/jgF0oeFbf3HMmuef6ieBK2/aXVVpb39jcKm9Xdnb39g+qh0cdFaeSoctiEcueTxUKHqGruRbYSyTS0BfY9ac3c7/7iFLxOLrXWYJeSMcRDzij2ozu3OHDsFqz6/ZCZBWcAmpQqD2sfg5GMUtDjDQTVKm+Yyfay6nUnAmcVQapwoSyKR1j32BEQ1Revlh1Rs6CWBI9QbJ4/87mNFQqC32TCameqGVvPvzP66c6uPZyHiWpxoiZiPGCVBAdk3ljMuISmRaZAcokN1sSNqGSMm3uUjH1neWyq9C5qDuX9cZto9ZsFYcowwmcwjk4cAVNaEEbXGAwhmd4g3crsJ6sF+v1J1qyij/H8EfWxzcijota</latexit>

Uj
<latexit sha1_base64="txpOFjB/q0i55j2hEo5Cw2VkcHE=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9QliRuWGC2QQEOmwy1MmE6bmakJaXgDXRl15xP5Ar6NA3ah4Fl9c8+Z5J4bpoJr47pfTmltfWNzq7xd2dnd2z+oHh61dZIphj5LRKK6IdUouETfcCOwmyqkcSiwE05u537nEZXmiXww0xSDmI4kjzijxo7u/cFkUK25dXchsgpeATUo1BpUP/vDhGUxSsME1brnuakJcqoMZwJnlX6mMaVsQkfYsyhpjDrIF6vOyFmUKGLGSBbv39mcxlpP49BmYmrGetmbD//zepmJboKcyzQzKJmNWC/KBDEJmTcmQ66QGTG1QJnidkvCxlRRZuxdKra+t1x2FdoXde+qfnl3WWs0i0OU4QRO4Rw8uIYGNKEFPjAYwTO8wbsTOU/Oi/P6Ey05xZ9j+CPn4xskDItb</latexit>

Uk

Allows us to fix a “measurement reference frame”

⟨ψ |A( j)
0 ⊗ A(k) |ψ⟩ = α

⟨ψ |A( j)
1 ⊗ A(k) |ψ⟩ = β sin 2θ

⟨ψ |A( j)
2 ⊗ A(k) |ψ⟩ = γ sin 2θ

⟨ψ | 𝕀( j) ⊗ A(k) |ψ⟩ = α cos 2θ



Tripartite states

Measurement lemma: allowing us to fix a “measurement reference frame”.

How do we proceed then?

Each of the measurements used to project are also self-tested: reveals the 
relation between measurements used to self-test and measurements used 
to project, or ensuring that they are related in the way we expect. 



Tripartite states
Final statement

In the end, we are able to certify that

<latexit sha1_base64="JKwn+yNKFFip096FKxbGio3ceOQ="></latexit>

| iABCP = | iA0B0C0 ⌦ |�+iA00B00C00P + | ⇤iA0B0C0 ⌦ |��iA00B00C00P

<latexit sha1_base64="VNMtL7D376IP8C2a7FIt0UAy9FI=">AAACEnicbVBLTsMwFHTKr5RfgCWbiAqJVUlQBWyQKrHpskj0IzVR5LgvramdRLaDVKW9BVwGVgjY9QLcBrfNAlpmYc17M7Y8EySMSmXb30ZhbX1jc6u4XdrZ3ds/MA+PWjJOBYEmiVksOgGWwGgETUUVg04iAPOAQTsY3s309hMISePoQY0S8DjuRzSkBCu98s2LsZtI6goc9RncujLlfkYfhxOX6Td6eDGM9ZFbfLNsV+w5rFXi5KSMcjR8c+r2YpJyiBRhWMquYyfKy7BQlDCYlNxUQoLJEPehq2mEOUgvmwebWGdhLCw1AGs+//ZmmEs54oH2cKwGclmbLf/TuqkKb7yMRkmqICLaorUwZZaKrVk/Vo8KIIqNNMFEUP1LiwywwETpFks6vrMcdpW0LivOVaV6Xy3X6nkRRXSCTtE5ctA1qqE6aqAmIugFvaFP9GU8G6/Gu/GxsBaM/M4x+gNj+gPyj5+C</latexit>

| i =
X

ijk

�ijk|ijki  LU-equivalent to its 
complex conjugate

 It is possible to self-test every pure entangled state of 3 qubits locally 
unitarilly equivalent to its complex conjugate
⟹



Multipartite states



Multipartite states
How to generalize the tripartite case

Perform the sub-tests for all possible partitions.

Problem: the total number of measurements (at least for 1 party) will grow 
exponentially.

Consider the multipartite state:
<latexit sha1_base64="QYmYpK1EWrszMM1ctVsMjPrfEiI="></latexit>

| i =
X

~x2{0,1}⌦N

�~x |~xi



Multipartite states
How to generalize the tripartite case

All the bases are the same  We can construct the isometry→

We can self-test multipartite entangled state of qubits which is equivalent to 
its complex conjugate.

<latexit sha1_base64="0GnfWGGY0fE2EGBoXJbP3FfWniA="></latexit>

�[| i] = | i ⌦ |junk0i+ | ⇤i ⌦ |junk1i

For any state which is not equivalent to its complex conjugate, we exhibit a 
correlation that singles out the state up to complex conjugation. 



Summary



Summary

• Self-testing: way of certifying the state and the measurements only from 

the correlations  device-independent.


• There was no generic way of self-test any multipartite state.


• We can self-test multipartite states using a set of sub-tests.

→

Thank you!


