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Talk Outline

PART 1: RETROCAUSALITY
• A basic way to think about experimental results in physics
• Emergent patterns in experimental results
• Powerful patterns
• No-backwards-in-time signalling
• Backwards-in-time influence
• Where we are now

PART 2: RETRODICTION
• Old results from a new standpoint we  won’t get there.



Disclaimers

• Many things I say in this talk will be almost true. My 
choice of words my o9en be non-op<mal.
• A few subtle<es will be glossed over.
• I will tell you things, and then correct them later. 
• It may help to try to abstract from things you already 

know, e.g., “this thing is like the shape of a ball”. This 
talk will be full of metaphors.



Different theories for different (relative) scales
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Black box scenario: a basic way to think about experimental results 
in physics

SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}



x y

SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

Black box scenario: a basic way to think about experimental results 
in physics



x y

a b
SCENARIO (2, 2, 2)

(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

Black box scenario: a basic way to think about experimental results 
in physics



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

Black box scenario: a basic way to think about experimental results 
in physics



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

Black box scenario: a basic way to think about experimental results 
in physics



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

Black box scenario



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

5. Black 
4. Black
3. Red
2. Black
1. Red

5. Red
4. Black
3. Red
2. Red
1. Black

1. Green
2. Yellow
3. Green

Black box scenario

1. Yellow
2. Green
3. Green



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

0
0
1
0
1

1
0
1
1
0

0
1
0
1
1 

0
1
1
1
0

Black box scenario



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="exfivx2uPNlznbo40n3KzSCnepM=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUpiRR1WXTjsoJ9QBPKZDpph04mYWYihtCNv+LGhSJu/Qx3/o3Tx0JbD1w4nHMv994TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GNxO//UClYrG411lC/QgPBAsZwdpIPfvosYKyCsIVFCCPCeTlTgW53rhnl52qMwVaJu6clGGORs/+8voxSSMqNOFYqa7rJNrPsdSMcDoueamiCSYjPKBdQwWOqPLz6QNjdGqUPgpjaUpoNFV/T+Q4UiqLAtMZYT1Ui95E/M/rpjq88nMmklRTQWaLwpQjHaNJGqjPJCWaZ4ZgIpm5FZEhlphok1nJhOAuvrxMWudV96Jau6uV69fzOIpwDCdwBi5cQh1uoQFNIDCGZ3iFN+vJerHerY9Za8GazxzCH1ifP9RKlAI=</latexit>

x, y, a, b 2 {0, 1}

0
0
1
0
1

1
0
1
1
0

0
1
1
0
0

0
1
1
1
0

DIFFERENT 
INPUTS 

SAME
OUTPUTS

Black box scenario



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

0
0
1
0
1

1
0
1
1
0

0
1
1
0
0

0
1
1
1
0

DIFFERENT 
INPUTS 

SAME
OUTPUTS

Black box scenario

<latexit sha1_base64="Te4LJ3TyM6bC9HXibsWnlb6plOk=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB/QXUo2TdvQbDYkWXFZ+ze8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+Oyura+sbm4Wt4vbO7t5+6eCwpeNEEdokMY9VJ8SaciZo0zDDaUcqiqOQ03Y4vpn67QeqNIvFvUklDSI8FGzACDZW8v1MVnD49Jie+ZNeqexW3RnQMvFyUoYcjV7py+/HJImoMIRjrbueK02QYWUY4XRS9BNNJSZjPKRdSwWOqA6y2c0TdGqVPhrEypYwaKb+nshwpHUahbYzwmakF72p+J/XTczgKsiYkImhgswXDRKOTIymAaA+U5QYnlqCiWL2VkRGWGFibExFG4K3+PIyaZ1XvYtq7a5Wrl/ncRTgGE6gAh5cQh1uoQFNICDhGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A+dHkZw=</latexit>

{p(ab|xy)}



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

NO SIGNALLING 

Black box scenario



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="Te4LJ3TyM6bC9HXibsWnlb6plOk=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB/QXUo2TdvQbDYkWXFZ+ze8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+Oyura+sbm4Wt4vbO7t5+6eCwpeNEEdokMY9VJ8SaciZo0zDDaUcqiqOQ03Y4vpn67QeqNIvFvUklDSI8FGzACDZW8v1MVnD49Jie+ZNeqexW3RnQMvFyUoYcjV7py+/HJImoMIRjrbueK02QYWUY4XRS9BNNJSZjPKRdSwWOqA6y2c0TdGqVPhrEypYwaKb+nshwpHUahbYzwmakF72p+J/XTczgKsiYkImhgswXDRKOTIymAaA+U5QYnlqCiWL2VkRGWGFibExFG4K3+PIyaZ1XvYtq7a5Wrl/ncRTgGE6gAh5cQh1uoQFNICDhGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A+dHkZw=</latexit>

{p(ab|xy)}

Black box scenario

NO SIGNALLING 



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

<latexit sha1_base64="Te4LJ3TyM6bC9HXibsWnlb6plOk=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB/QXUo2TdvQbDYkWXFZ+ze8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+Oyura+sbm4Wt4vbO7t5+6eCwpeNEEdokMY9VJ8SaciZo0zDDaUcqiqOQ03Y4vpn67QeqNIvFvUklDSI8FGzACDZW8v1MVnD49Jie+ZNeqexW3RnQMvFyUoYcjV7py+/HJImoMIRjrbueK02QYWUY4XRS9BNNJSZjPKRdSwWOqA6y2c0TdGqVPhrEypYwaKb+nshwpHUahbYzwmakF72p+J/XTczgKsiYkImhgswXDRKOTIymAaA+U5QYnlqCiWL2VkRGWGFibExFG4K3+PIyaZ1XvYtq7a5Wrl/ncRTgGE6gAh5cQh1uoQFNICDhGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A+dHkZw=</latexit>

{p(ab|xy)}

<latexit sha1_base64="6hVtpsU7bFNZ25su4mBUcIfEwk0=">AAACNnicbZDLSgMxFIYz9VbHW9Wlm2AR2k2ZkaIiCEU3boQK9gKdUs6kaRuauZBkxKH2qdz4HO66caGIWx/BtDOgth4IfPnPf0jO74acSWVZEyOztLyyupZdNzc2t7Z3crt7dRlEgtAaCXggmi5IyplPa4opTpuhoOC5nDbc4dW037inQrLAv1NxSNse9H3WYwSUljq5G0dGXgdwWADsPj7guIgv9CXB8wTjouOYM58774Mfn8ZiJ5e3Stas8CLYKeRRWtVO7sXpBiTyqK8IBylbthWq9giEYoTTselEkoZAhtCnLY0+eFS2R7O1x/hIK13cC4Q+vsIz9ffECDwpY8/VTg/UQM73puJ/vVakemftEfPDSFGfJA/1Io5VgKcZ4i4TlCgeawAimP4rJgMQQJRO2tQh2PMrL0L9uGSflMq35XzlMo0jiw7QISogG52iCrpGVVRDBD2hCXpD78az8Wp8GJ+JNWOkM/voTxlf37hyp7I=</latexit> X

a

p(ab|xy) = p(b|xy) := p(b|y)

X

b

p(ab|xy) = p(a|xy) := p(a|x)

Black box scenario



Some experimental results can be explained 
by a theory



Some experimental results can be explained 
by a theory

patterns



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

0
0
1
0
1

1
0
1
1
0

0
1
1
0
0

0
1
1
1
0

DIFFERENT 
INPUTS 

SAME
OUTPUTS



In local (classical) physics we have a very good 
explanation of what happens inside the box. We have 
equations that can characterise the patterns and model 
the physical systems producing them. 



Local (classical) physics 

SCENARIO (2, 2, 2)
(parties, inputs, outputs)NO SIGNALLING 

If red then 
output 
yellow

If black then 
roll a dice to 
decide the 
light.



SCENARIO (2, 2, 2)
(parties, inputs, outputs)NO SIGNALLING 

If red then 
output 
yellow

If black then 
roll a dice to 
decide the 
light.

<latexit sha1_base64="fP7mJZrWrbUd1kI4/Nzgmip2asY=">AAACLXicbVBLSwMxGMzWV62vqkcvwSK0IGVXigoiFPXgsYJ9QLeUbDbbhmZ3Q5KVLm3/kBf/iggeKuLVv2HaLlRbBwKTmW9IvnE4o1KZ5thIrayurW+kNzNb2zu7e9n9g5oMI4FJFYcsFA0HScJoQKqKKkYaXBDkO4zUnd7txK8/ESFpGDyqmJOWjzoB9ShGSkvt7B3PI2fYjwvX0JaR37aZzroI2pzO+RXUU8P+KUyUAs87w3h+bWdzZtGcAi4TKyE5kKDSzr7ZbogjnwQKMyRl0zK5ag2QUBQzMsrYkSQc4R7qkKamAfKJbA2m247giVZc6IVCn0DBqfo7MUC+lLHv6Ekfqa5c9Cbif14zUt5la0ADHikS4NlDXsSgCuGkOuhSQbBisSYIC6r/CnEXCYSVLjijS7AWV14mtbOidV4sPZRy5ZukjjQ4AscgDyxwAcrgHlRAFWDwDF7BGHwYL8a78Wl8zUZTRpI5BH9gfP8AZdSm/w==</latexit>

p(ab|xy) =
X

�

⇡� p(a|x,�)p(b|y,�)

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

Local (classical) physics 



SCENARIO (2, 2, 2)
(parties, inputs, outputs)

Alice Bob

Black box scenario



In quantum physics we have a very good 
explanation of what happens inside the box. We 
have equations that can characterise the patterns 
and model the physical systems producing them. 
These patterns are all the classical ones and some 
more. 



In quantum physics we have a very good 
explanation of what happens inside the box. We 
have equations that can characterise the patterns 
and model the physical systems producing them. 
These patterns are all the classical ones and some 
more. 

PaCerns produced by 
quantum things can be 
disOnctly different to 
paCerns produced by 

classical things. 

J. S. Bell, Physics Physique Fizika 1, 195 (1964)



SCENARIO (2, 2, 2)
(parties, inputs, outputs)NO SIGNALLING 
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{p(ab|xy)}

Black box scenario: quantum inside



Some patterns … are just patterns.
There is no explanation for what is going on inside the box. We 
don’t have a model or a mechanism for how these patterns are 
generated. We are able to write down characterisations of these 
patterns. 



SCENARIO (2, 2, 2)
(parties, inputs, outputs)
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Some patterns are just that



Given some patterns, can I tell if they were produced by 
something classical or something quantum?



Given some patterns, can I tell if they were produced by 
something classical or something quantum?
In general no.



Just by looking at paDerns should it be, in principle, 
possible to tell if they were produced by something in 
quantum theory? 



Just by looking at patterns should it be, in principle, 
possible to tell if they were produced by something in 
quantum theory? 
We have no idea.



G. Brassard, H. Buhrman, N. Linden, A. A. Methot, A. Tapp and F. Unger, Phys. Rev. LeI., 96 250401, (2006).

Some patterns are extremely powerful



Alice Bob

• Q: is the number of days that we are both free even 
or odd?
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0   0   0   0   0   0   
0
…

The calendar problem 
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An extremely powerful pattern 
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Alice Bob
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An extremely powerful pattern 

S. Popescu and  D. Rohrlich , Foundations of Physics v 24, pages 379–385 (1994)

EVEN à NO. DAYS EVEN
ODD à NO. DAYS ODD.



W. van Dam, “Nonlocality & communica4on complexity”, D.Phil. Thesis, University of Oxford, Chap. 9 (2000).

Calendar problem 

• Classically:  Bob needs to communicate with  Alice 365 9mes (bits) to 
answer the ques9on
• Quantum: does no be?er for this problem.
• Other pa?erns: there exist pa?erns which solve this problem in 1 bit –

we call this trivial communica-on complexity.
à Pa?erns that we observe in Nature (our world) encode some kind of 
redundancy.



Story so far

• Thinking about the world in terms of patterns (correlations) has many 
advantages. One of these is that it is device independent.
• The restriction we considered on the patters was “no signaling” (no 

communication).
• Patterns obtained from quantum objects in experiments can be 

distinctly different to those in classical objects experiments. 



Black box scenario: add agents and labs



Add structure: two step procedure



a

Add structure: two step procedure



a

x

tA

Add structure: two step procedure



IQOQI Innsbruck / M. R. Knabl

a

“a is zero”



IQOQI Innsbruck / M. R. Knabl

a

NOW DO THAT OTHER 
EXPERIMENT AT THE 
BACK OF THE ROOM!  



IQOQI Innsbruck / M. R. Knabl

a

NOW ADJUST ALL THE 
KNOBS ON THE OTHER 
EXPERIMENT AT THE 
BACK OF THE ROOM!  



tA

a

x

p(a|x) = p(a)

No-backwards-in-?me-signalling

The outcome a, that Alice gets, does
not depend on the future input x.

a does not depend on x



t

A → B

y

b

a

x



German Federal Government/Bergmann



Bob’s local probability 
can depend on Alice
p(b|a,x)

Alice’s local probability 
cannot depend on her 
future operation
p(a|x) =  p(a).

t

A → B

y

b

a

x

{ p(ab|xy) }

b does not depend on y
(but it can depend on a 
and x)

a does not depend on x
(and b and y)



t

A → B

y

b

a

x

b does not depend on y 
(but it can depend on a 
and x)

{ p(ab|xy) }

0 0 1 0 1

1 0 1 1 0

0 1 1 0 0

0 1 1 1 0

We consider all the pa?erns 
compa9ble with this restric9on

a does not depend on x
(and b and y)



a does not depend on x 
b does not depend on y

t

A → B

b

y
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x
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B → A
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OR
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A → B

b

y

a

x

t

B → A

b

y

a

x

Some fraction of the time Aà B Some fraction of the time Bà A

OR

Sequential order
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a

x

Indefinite order (parallel)
tA tB

a does not depend on x
b does not depend on y



a does not depend on x
b does not depend on y

Indefinite order (parallel)

b

y

a

x



Indefinite order (parallel)

b

y

a

x

0 0 1 0 1

0 1 1 0 0

0 0 1

0 1 1

a does not depend on x
b does not depend on y



Backwards-in-?me influence without backwards in 
?me signalling

• Monday: the results of Alice and Bob’s 
measurements depend on the external 
inputs x and y that they receive on 
Tuesday. 

• However, this dependence can only be 
observed on Wednesday when Alice and 
Bob emerge from their labs and com-
pare their results to check their 
correlations. 

b

y

a

x
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y

a

x

Backwards-in-time influence without backwards in 
time signalling

Monday Monday

Tuesday Tuesday

Wednesday

• the results of Alice and Bob’s 
measurements on Monday depend on 
the external inputs x and y that they 
receive on Tuesday. 

• However, this dependence can only be 
observed on Wednesday when Alice and 
Bob emerge from their labs and com-
pare their results to check their 
correlaDons. 



b

y

a

x

Backwards-in-time influence without backwards in 
time signalling

• The outcome a is independent of x (and y).

• The outcome b is independent of y (and x).

• The outcomes a together with b depend 
on both x and y.  Only when they come 
together on Wednesday and look across 
their results, do see this structure. 

Monday Monday

Tuesday Tuesday

Wednesday



Does this type of situation occur in our world? Are we 
receiving backwards-in-time influence without backwards 
in time signalling? 



Does this type of situation occur in our world? Are we 
receiving backwards-in-time influence without backwards 
in time signalling? No.



Does this type of situaIon occur in our world? Are we 
receiving backwards-in-Ime influence without backwards 
in Ime signalling? No.

All patterns produced in quantum theory in this paradigm 
are compatible with sometimes Aà B, sometimes B à A. 

YG, R Silva, A J. Short, P Skrzypczyk, N Brunner and S Popescu. Quantum 3, 211, (2019).
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Some fraction of the time Aà B Some fracOon of the Ome Bà A

OR

Sequen?al order



Does this type of situation occur in our world? Are we 
receiving backwards-in-time influence without backwards 
in time signalling? No.
We can come up with patterns that do this though. These 
patterns don’t seem to belong to our world.



Where does this leave us?

• Assume a local time for Alice and Bob in their labs respectively, and 
that there is no-backwards-in-time signalling, then in the quantum 
world there is no backwards in time influence. 
• It is theoretically possible to have situations in which the future 

affects the past, but in such a way that the effect can only be 
discovered later, thereby avoiding paradoxes such as killing one’s 
own grandfather. 
• Thinking about correlations with certain restrictions can help 

elucidate more about the world we live in. So far a complete 
characterization of the limits has not been found. 



THANK YOU FOR YOUR 
ATTENTION



Poten?al paradoxes 
a ⊕ b = x ⊕ y ⊕ 1 


