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Summary of the first lecture



We cannot communicate the word 
LEFT 

with any string of bits

0 1 0 1 1 1 0 0 0 1 1 1 0 1 0 1 1 0 

Unspeakable Information



We should send physical objects

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Alice Bob



I- Using Entangled States 
for setting up an SRF

 F. Rezazadeh, A. Mani, V. Karimipour,

Secure alignment of  coordinate systems using quantum correlations
 Phys. Rev. A, 96, 022310 (2017)



| i = 1p
2
(|01i � |10i)

↵

By calculating the correlations in their measurement result, 
Alice and Bob share a Reference Frame which is Secret.

The idea of Direction Sharing



II- Task Dependent resource theory

 F. Rezazadeh, A. Mani, V. Karimipour,
Power of a shared singlet state in comparison to a shared reference frame

Physical Review A, 100, 022329, 2019





The main idea of resource theory:

�
<latexit sha1_base64="xt5bG+WnUadgIXK6MKU8QYFtA0k=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMOsY4/</latexit>

1p
2
(|00i+ |11i)

<latexit sha1_base64="xzeZLu1me5hDYonr60rZ/w0u0Fk=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARWoQyqYIui25cVrAX6JSSSTNtaCYzJhmhTOcZ3Pgqblwo4taVO9/GtJ2Ftv4Q+PjPOZyc34s4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0IbJOShbHtYUc4EbWimOW1HkuLA47Tlja6n9dYDlYqF4k6PI9oN8EAwnxGsjdWzy64vMUlQmrjqXuqkmqalieO4EosBp6cThDIs9+yiU3FmgsuAMiiCTPWe/eX2QxIHVGjCsVId5ES6m2CpGeE0LbixohEmIzygHYMCB1R1k9lJKTwxTh/6oTRPaDhzf08kOFBqHHimM8B6qBZrU/O/WifW/mU3YSKKNRVkvsiPOdQhnOYD+0xSovnYACaSmb9CMsQmI21SLJgQ0OLJy9CsVtBZpXp7XqxdZXHkwRE4BiWAwAWogRtQBw1AwCN4Bq/gzXqyXqx362PemrOymUPwR9bnD98snZI=</latexit>

a|00i+ b|11i
<latexit sha1_base64="JMysN2/uyx54QmmNnuqtsVPzGz4=">AAACAHicbZBNS8NAEIY39avWr6gHD16CRRCEklRBj0UvHivYD2hDmWwn7dLNJuxuhNL24l/x4kERr/4Mb/4bt20O2vrCwsM7M8zOGyScKe2631ZuZXVtfSO/Wdja3tnds/cP6ipOJcUajXksmwEo5ExgTTPNsZlIhCjg2AgGt9N64xGlYrF40MME/Qh6goWMgjZWxz6Cseu2JYgex/Ng7HkZd+yiW3JncpbBy6BIMlU79le7G9M0QqEpB6VanptofwRSM8pxUminChOgA+hhy6CACJU/mh0wcU6N03XCWJontDNzf0+MIFJqGAWmMwLdV4u1qflfrZXq8NofMZGkGgWdLwpT7ujYmabhdJlEqvnQAFDJzF8d2gcJVJvMCiYEb/HkZaiXS95FqXx/WazcZHHkyTE5IWfEI1ekQu5IldQIJRPyTF7Jm/VkvVjv1se8NWdlM4fkj6zPH858lec=</latexit>

�
<latexit sha1_base64="xt5bG+WnUadgIXK6MKU8QYFtA0k=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMOsY4/</latexit>

R1
<latexit sha1_base64="HErLcL/a9neUsY2bI7BXdcXxFJ0=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue1yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfTC41+</latexit> R2

<latexit sha1_base64="+OqddXsH+7CYO2bp+cbETc6DFgE=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK955pXp3Ua5d53EU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/Uj41/</latexit>



�
<latexit sha1_base64="xt5bG+WnUadgIXK6MKU8QYFtA0k=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUG+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6XKcCZwVuqlGhPKxnSIXUsljVD70/mtM3JmlQEJY2VLGjJXf09MaaT1JApsZ0TNSC97mfif101NeO1PuUxSg5ItFoWpICYm2eNkwBUyIyaWUKa4vZWwEVWUGRtPyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwTO8wpsTOS/Ou/OxaC04+cwx/IHz+QMOsY4/</latexit>



Alice

Bob Charlie

↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

An example: Estimation of an angle

Information Gain=

S. D. Bartlett, T. Rudolph and  R. W. Spekkens,  PRA (2004).

0.0270
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Alice

Bob Charlie

↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

An example: Estimation of an angle

Information Gain= 0.0284
<latexit sha1_base64="oVNzMs5ujZMxBKoMClXD1qKM3uo=">AAAB7XicdZDNSgMxFIXv1L9a/6ou3QSL4GqYqVXrrujGZQXbCu1QMmmmjc0kQ5IRSuk7uHGhiFvfx51vY9qOoqIHApfv3EvuPWHCmTae9+7kFhaXllfyq4W19Y3NreL2TlPLVBHaIJJLdRNiTTkTtGGY4fQmURTHIaetcHgx9Vt3VGkmxbUZJTSIcV+wiBFsLGp6rleuVrrFkucee/7ZiY8smQl9ET8jJchU7xbfOj1J0pgKQzjWuu17iQnGWBlGOJ0UOqmmCSZD3KdtWwocUx2MZ9tO0IElPRRJZZ8waEa/T4xxrPUoDm1njM1A//am8C+vnZqoGoyZSFJDBZl/FKUcGYmmp6MeU5QYPrIFJorZXREZYIWJsQEVbAifl6L/i2bZ9Y/c8lWlVDvP4sjDHuzDIfhwCjW4hDo0gMAt3MMjPDnSeXCenZd5a87JZnbhh5zXD/N5jhI=</latexit>



Lecture 2

Bartlett, Rudolph and Spekkens, Rev. of Mod. Phys., 2007



III- Doing QKD in the absence of shared 
reference frames

 F. Rezazadeh, A. Mani, V. Karimipour,  

Quantum Key Distribution,  A simple reference frame independent method
arXiv:1903.08279



Z-Basis Z-Basis

|0i or |1i
<latexit sha1_base64="V6+s28QoYCPqcty0VfNxpC3wQkM=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxGQcugjWUE84DsEmYns8mQeSwzs0LYpLTxV2wsFLH1E+z8GyfJFpp44MLhnHu5954oYVQbz/t2Ciura+sbxc3S1vbO7p67f9DUMlWYNLBkUrUjpAmjgjQMNYy0E0UQjxhpRcObqd96IEpTKe7NKCEhR31BY4qRsVLXPR57gUKizwgMYBYoDqWaBHDs52rXLXsVbwa4TPyclEGOetf9CnoSp5wIgxnSuuN7iQkzpAzFjExKQapJgvAQ9UnHUoE40WE2e2QCT63Sg7FUtoSBM/X3RIa41iMe2U6OzEAvelPxP6+TmvgqzKhIUkMEni+KUwaNhNNUYI8qgg0bWYKwovZWiAdIIWxsdiUbgr/48jJpViv+eaV6d1GuXedxFMEROAFnwAeXoAZuQR00AAaP4Bm8gjfnyXlx3p2PeWvByWcOwR84nz/OCJk0</latexit>

Bob measures exactly the same state that Alice has prepared.



|+i or |�i
<latexit sha1_base64="CYSYpTKr3mH1/gHodSjyTII27rI=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgZBEMNuFLQM2lhGMA/IhjA7mU2GzGOZmRXCJqWNv2JjoYitn2Dn3zhJttDEAxcO59zLvfeEMaPaeN63k1taXlldy68XNja3tnfc3b26lonCpIYlk6oZIk0YFaRmqGGkGSuCeMhIIxzcTPzGA1GaSnFvhjFpc9QTNKIYGSt13MPRaaCQ6DECA5gGikOpxgEcnWVqxy16JW8KuEj8jBRBhmrH/Qq6EiecCIMZ0rrle7Fpp0gZihkZF4JEkxjhAeqRlqUCcaLb6fSRMTy2ShdGUtkSBk7V3xMp4loPeWg7OTJ9Pe9NxP+8VmKiq3ZKRZwYIvBsUZQwaCScpAK7VBFs2NAShBW1t0LcRwphY7Mr2BD8+ZcXSb1c8s9L5buLYuU6iyMPDsAROAE+uAQVcAuqoAYweATP4BW8OU/Oi/PufMxac042sw/+wPn8Ab+3mSs=</latexit>

X-Basis X-Basis

Bob measures exactly the same state that Alice has prepared.



Half of the time Bob receives the same bit as Alice has prepared.

|+i = 1p
2
(|0i+ |1i)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|�i = 1p
2
(|0i � |1i)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Public Announcement of the bases

Accepted

Discarded

Accepted

Discarded



How do you do QKD 
When you do not know your coordinate system?

 g

⇢B = U(g)⇢AU
†(g)

<latexit sha1_base64="/fi+6eu8541e/YwyMH5Ykqezkmg=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEi1E1JqqAbodaNywqmLTQxTCbTdOjkwsxEKKE7N76KGxeKuPUV3Pk2TtMstPWHgY//nMOZ83sJo0IaxrdWWlpeWV0rr1c2Nre2d/TdvY6IU46JhWMW856HBGE0IpakkpFewgkKPUa63uh6Wu8+EC5oHN3JcUKcEAURHVCMpLJc/dDmw9htXVq14CTHK2jd2z4KAsKV5epVo27kgotgFlAFhdqu/mX7MU5DEknMkBB900ikkyEuKWZkUrFTQRKERyggfYURColwsvyOCTxWjg8HMVcvkjB3f09kKBRiHHqqM0RyKOZrU/O/Wj+Vgwsno1GSShLh2aJByqCM4TQU6FNOsGRjBQhzqv4K8RBxhKWKrqJCMOdPXoROo26e1hu3Z9Vmq4ijDA7AEagBE5yDJrgBbWABDB7BM3gFb9qT9qK9ax+z1pJWzOyDP9I+fwDUIJgB</latexit>



How do you do QKD 
When you do not know your coordinate system?

 g

⇢B = U(g)⇢AU
†(g)

<latexit sha1_base64="/fi+6eu8541e/YwyMH5Ykqezkmg=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEi1E1JqqAbodaNywqmLTQxTCbTdOjkwsxEKKE7N76KGxeKuPUV3Pk2TtMstPWHgY//nMOZ83sJo0IaxrdWWlpeWV0rr1c2Nre2d/TdvY6IU46JhWMW856HBGE0IpakkpFewgkKPUa63uh6Wu8+EC5oHN3JcUKcEAURHVCMpLJc/dDmw9htXVq14CTHK2jd2z4KAsKV5epVo27kgotgFlAFhdqu/mX7MU5DEknMkBB900ikkyEuKWZkUrFTQRKERyggfYURColwsvyOCTxWjg8HMVcvkjB3f09kKBRiHHqqM0RyKOZrU/O/Wj+Vgwsno1GSShLh2aJByqCM4TQU6FNOsGRjBQhzqv4K8RBxhKWKrqJCMOdPXoROo26e1hu3Z9Vmq4ijDA7AEagBE5yDJrgBbWABDB7BM3gFb9qT9qK9ax+z1pJWzOyDP9I+fwDUIJgB</latexit>



⇢B =

Z
dgU(g)⇢AU

†(g)
<latexit sha1_base64="0y19i4NhQ84wxdEOavlzN6dTBtU=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR6qYkVdCNUOvGZQXTFpoYJpNJOnRyYWYilNA3cOOruHGhiFu37nwbp2kX2vrDwM93zmHO+b2UUSEN41srLS2vrK6V1ysbm1vbO/ruXkckGcfEwglLeM9DgjAaE0tSyUgv5QRFHiNdb3g9qXcfCBc0ie/kKCVOhMKYBhQjqZCrH9t8kLitS5vGEvohtGrhSYGuoHVv+ygMCVfI1atG3SgEF405M1UwU9vVv2w/wVlEYokZEqJvGql0csQlxYyMK3YmSIrwEIWkr2yMIiKcvLhnDI8U8WGQcPXUWgX9PZGjSIhR5KnOCMmBmK9N4H+1fiaDCyencZpJEuPpR0HGoEzgJBzoU06wZCNlEOZU7QrxAHGEpYqwokIw509eNJ1G3TytN27Pqs3WLI4yOACHoAZMcA6a4Aa0gQUweATP4BW8aU/ai/aufUxbS9psZh/8kfb5A3D3mwM=</latexit>

⇢BU(h) = U(h)⇢B
<latexit sha1_base64="/vzVctU6ni6xSHsOW8RlBjgGQ4I=">AAAB/nicbVBNS8MwGE79nPOrKp68BIcwL6Odgl6EMS8eJ9htsJWSZukWliYlSYVRBv4VLx4U8erv8Oa/Md160M0HEp48z/vyvnnChFGlHefbWlldW9/YLG2Vt3d29/btg8O2EqnExMOCCdkNkSKMcuJpqhnpJpKgOGSkE45vc7/zSKSigj/oSUL8GA05jShG2kiBfdyXIxE0vero/Ca/5s/Arjg1Zwa4TNyCVECBVmB/9QcCpzHhGjOkVM91Eu1nSGqKGZmW+6kiCcJjNCQ9QzmKifKz2fpTeGaUAYyENIdrOFN/d2QoVmoSh6YyRnqkFr1c/M/rpTq69jPKk1QTjueDopRBLWCeBRxQSbBmE0MQltTsCvEISYS1SaxsQnAXv7xM2vWae1Gr319WGs0ijhI4AaegClxwBRrgDrSABzDIwDN4BW/Wk/VivVsf89IVq+g5An9gff4ARzKUZg==</latexit>

 g



With one particle we cannot send any information.

Shur’s Lemma

⇢BU(h) = U(h)⇢B
<latexit sha1_base64="/vzVctU6ni6xSHsOW8RlBjgGQ4I=">AAAB/nicbVBNS8MwGE79nPOrKp68BIcwL6Odgl6EMS8eJ9htsJWSZukWliYlSYVRBv4VLx4U8erv8Oa/Md160M0HEp48z/vyvnnChFGlHefbWlldW9/YLG2Vt3d29/btg8O2EqnExMOCCdkNkSKMcuJpqhnpJpKgOGSkE45vc7/zSKSigj/oSUL8GA05jShG2kiBfdyXIxE0vero/Ca/5s/Arjg1Zwa4TNyCVECBVmB/9QcCpzHhGjOkVM91Eu1nSGqKGZmW+6kiCcJjNCQ9QzmKifKz2fpTeGaUAYyENIdrOFN/d2QoVmoSh6YyRnqkFr1c/M/rpTq69jPKk1QTjueDopRBLWCeBRxQSbBmE0MQltTsCvEISYS1SaxsQnAXv7xM2vWae1Gr319WGs0ijhI4AaegClxwBRrgDrSABzDIwDN4BW/Wk/VivVsf89IVq+g5An9gff4ARzKUZg==</latexit>



⇢B / I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

With one particle we cannot send any information.

Shur’s Lemma

⇢BU(h) = U(h)⇢B
<latexit sha1_base64="/vzVctU6ni6xSHsOW8RlBjgGQ4I=">AAAB/nicbVBNS8MwGE79nPOrKp68BIcwL6Odgl6EMS8eJ9htsJWSZukWliYlSYVRBv4VLx4U8erv8Oa/Md160M0HEp48z/vyvnnChFGlHefbWlldW9/YLG2Vt3d29/btg8O2EqnExMOCCdkNkSKMcuJpqhnpJpKgOGSkE45vc7/zSKSigj/oSUL8GA05jShG2kiBfdyXIxE0vero/Ca/5s/Arjg1Zwa4TNyCVECBVmB/9QcCpzHhGjOkVM91Eu1nSGqKGZmW+6kiCcJjNCQ9QzmKifKz2fpTeGaUAYyENIdrOFN/d2QoVmoSh6YyRnqkFr1c/M/rpTq69jPKk1QTjueDopRBLWCeBRxQSbBmE0MQltTsCvEISYS1SaxsQnAXv7xM2vWae1Gr319WGs0ijhI4AaegClxwBRrgDrSABzDIwDN4BW/Wk/VivVsf89IVq+g5An9gff4ARzKUZg==</latexit>



⇢B / I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

With one particle we cannot send any information.

Shur’s Lemma

⇢BU(h) = U(h)⇢B
<latexit sha1_base64="/vzVctU6ni6xSHsOW8RlBjgGQ4I=">AAAB/nicbVBNS8MwGE79nPOrKp68BIcwL6Odgl6EMS8eJ9htsJWSZukWliYlSYVRBv4VLx4U8erv8Oa/Md160M0HEp48z/vyvnnChFGlHefbWlldW9/YLG2Vt3d29/btg8O2EqnExMOCCdkNkSKMcuJpqhnpJpKgOGSkE45vc7/zSKSigj/oSUL8GA05jShG2kiBfdyXIxE0vero/Ca/5s/Arjg1Zwa4TNyCVECBVmB/9QcCpzHhGjOkVM91Eu1nSGqKGZmW+6kiCcJjNCQ9QzmKifKz2fpTeGaUAYyENIdrOFN/d2QoVmoSh6YyRnqkFr1c/M/rpTq69jPKk1QTjueDopRBLWCeBRxQSbBmE0MQltTsCvEISYS1SaxsQnAXv7xM2vWae1Gr319WGs0ijhI4AaegClxwBRrgDrSABzDIwDN4BW/Wk/VivVsf89IVq+g5An9gff4ARzKUZg==</latexit>



⇢B / I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

With one particle we cannot send any information.

Shur’s Lemma

⇢BU(h) = U(h)⇢B
<latexit sha1_base64="/vzVctU6ni6xSHsOW8RlBjgGQ4I=">AAAB/nicbVBNS8MwGE79nPOrKp68BIcwL6Odgl6EMS8eJ9htsJWSZukWliYlSYVRBv4VLx4U8erv8Oa/Md160M0HEp48z/vyvnnChFGlHefbWlldW9/YLG2Vt3d29/btg8O2EqnExMOCCdkNkSKMcuJpqhnpJpKgOGSkE45vc7/zSKSigj/oSUL8GA05jShG2kiBfdyXIxE0vero/Ca/5s/Arjg1Zwa4TNyCVECBVmB/9QcCpzHhGjOkVM91Eu1nSGqKGZmW+6kiCcJjNCQ9QzmKifKz2fpTeGaUAYyENIdrOFN/d2QoVmoSh6YyRnqkFr1c/M/rpTq69jPKk1QTjueDopRBLWCeBRxQSbBmE0MQltTsCvEISYS1SaxsQnAXv7xM2vWae1Gr319WGs0ijhI4AaegClxwBRrgDrSABzDIwDN4BW/Wk/VivVsf89IVq+g5An9gff4ARzKUZg==</latexit>



 g

The z-component is different.

But the total spin is the same. 



Toward QKD in the absence of SRF



1

2
⇥ 1

2
= 0 + 1

<latexit sha1_base64="j8G6oxlkp4ufeIWcc63FXUBUZ/4=">AAACCnicbVBNS8NAEJ34WetX1KOX1SIIQkmqoBeh6MVjBfsBTSib7aZdutmE3Y1QQs9e/CtePCji1V/gzX/jts2htj4YeLw3w8y8IOFMacf5sZaWV1bX1gsbxc2t7Z1de2+/oeJUElonMY9lK8CKciZoXTPNaSuRFEcBp81gcDv2m49UKhaLBz1MqB/hnmAhI1gbqWMfeaHEJHNHWWXkaRZRhWaUa+fM7dglp+xMgBaJm5MS5Kh17G+vG5M0okITjpVqu06i/QxLzQino6KXKppgMsA92jZUYLPUzyavjNCJUboojKUpodFEnZ3IcKTUMApMZ4R1X817Y/E/r53q8MrPmEhSTQWZLgpTjnSMxrmgLpOUaD40BBPJzK2I9LFJQpv0iiYEd/7lRdKolN3zcuX+olS9yeMowCEcwym4cAlVuIMa1IHAE7zAG7xbz9ar9WF9TluXrHzmAP7A+voFRH6Z9g==</latexit>



|0i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1

2
⇥ 1

2
= 0 + 1

<latexit sha1_base64="j8G6oxlkp4ufeIWcc63FXUBUZ/4=">AAACCnicbVBNS8NAEJ34WetX1KOX1SIIQkmqoBeh6MVjBfsBTSib7aZdutmE3Y1QQs9e/CtePCji1V/gzX/jts2htj4YeLw3w8y8IOFMacf5sZaWV1bX1gsbxc2t7Z1de2+/oeJUElonMY9lK8CKciZoXTPNaSuRFEcBp81gcDv2m49UKhaLBz1MqB/hnmAhI1gbqWMfeaHEJHNHWWXkaRZRhWaUa+fM7dglp+xMgBaJm5MS5Kh17G+vG5M0okITjpVqu06i/QxLzQino6KXKppgMsA92jZUYLPUzyavjNCJUboojKUpodFEnZ3IcKTUMApMZ4R1X817Y/E/r53q8MrPmEhSTQWZLgpTjnSMxrmgLpOUaD40BBPJzK2I9LFJQpv0iiYEd/7lRdKolN3zcuX+olS9yeMowCEcwym4cAlVuIMa1IHAE7zAG7xbz9ar9WF9TluXrHzmAP7A+voFRH6Z9g==</latexit>



|0i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

POVM = {⇧0 ,⇧1}
<latexit sha1_base64="XJ5iKsGb7eVGFOvZst3hAhEmNZk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuJCSVEE3QtGNGzGCvUATwmQ6aYfOJGFmIpSQnRtfxY0LRdz6Cu58GydtF9r6w8DHf87hzPmDhFGpLOvbKC0sLi2vlFcra+sbm1vm9k5LxqnApIljFotOgCRhNCJNRRUjnUQQxANG2sHwqqi3H4iQNI7u1SghHkf9iIYUI6Ut39zPXMGhc9u6yS/czHWob7nwGBZgQzf3zapVs8aC82BPoQqmcnzzy+3FOOUkUpghKbu2lSgvQ0JRzEhecVNJEoSHqE+6GiPEifSy8R05PNROD4ax0C9ScOz+nsgQl3LEA93JkRrI2Vph/lfrpio89zIaJakiEZ4sClMGVQyLUGCPCoIVG2lAWFD9V4gHSCCsdHQVHYI9e/I8tOo1+6RWvzutNi6ncZTBHjgAR8AGZ6ABroEDmgCDR/AMXsGb8WS8GO/Gx6S1ZExndsEfGZ8/JDWXjg==</latexit>



|0i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

{⇧0 ,⇧1}
<latexit sha1_base64="HQsKYvR2Jz5sIBrADVJIhv9Fx6E=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCElqYIui25cVrAXaEKYTCft0MmFmYlYQl7FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+f2EM6ks69uorK1vbG5Vt2s7u3v7B+ZhvSfjVBDaJTGPxcDHknIW0a5iitNBIigOfU77/vS2qPcfqZAsjh7ULKFuiMcRCxjBSlueWXcyp8M8y0HnqADbyT2zYTWtudAq2CU0oFTHM7+cUUzSkEaKcCzl0LYS5WZYKEY4zWtOKmmCyRSP6VBjhEMq3Wx+e45OtTNCQSz0ixSau78nMhxKOQt93RliNZHLtcL8rzZMVXDtZixKUkUjslgUpBypGBVBoBETlCg+04CJYPpWRCZYYKJ0XDUdgr385VXotZr2RbN1f9lo35RxVOEYTuAMbLiCNtxBB7pA4Ame4RXejNx4Md6Nj0VrxShnjuCPjM8fCL2TJA==</latexit>

{⇧0 ,⇧1}
<latexit sha1_base64="HQsKYvR2Jz5sIBrADVJIhv9Fx6E=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCElqYIui25cVrAXaEKYTCft0MmFmYlYQl7FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+f2EM6ks69uorK1vbG5Vt2s7u3v7B+ZhvSfjVBDaJTGPxcDHknIW0a5iitNBIigOfU77/vS2qPcfqZAsjh7ULKFuiMcRCxjBSlueWXcyp8M8y0HnqADbyT2zYTWtudAq2CU0oFTHM7+cUUzSkEaKcCzl0LYS5WZYKEY4zWtOKmmCyRSP6VBjhEMq3Wx+e45OtTNCQSz0ixSau78nMhxKOQt93RliNZHLtcL8rzZMVXDtZixKUkUjslgUpBypGBVBoBETlCg+04CJYPpWRCZYYKJ0XDUdgr385VXotZr2RbN1f9lo35RxVOEYTuAMbLiCNtxBB7pA4Ame4RXejNx4Md6Nj0VrxShnjuCPjM8fCL2TJA==</latexit>



|0i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

But we need two different bases!

{⇧0 ,⇧1}
<latexit sha1_base64="HQsKYvR2Jz5sIBrADVJIhv9Fx6E=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCElqYIui25cVrAXaEKYTCft0MmFmYlYQl7FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+f2EM6ks69uorK1vbG5Vt2s7u3v7B+ZhvSfjVBDaJTGPxcDHknIW0a5iitNBIigOfU77/vS2qPcfqZAsjh7ULKFuiMcRCxjBSlueWXcyp8M8y0HnqADbyT2zYTWtudAq2CU0oFTHM7+cUUzSkEaKcCzl0LYS5WZYKEY4zWtOKmmCyRSP6VBjhEMq3Wx+e45OtTNCQSz0ixSau78nMhxKOQt93RliNZHLtcL8rzZMVXDtZixKUkUjslgUpBypGBVBoBETlCg+04CJYPpWRCZYYKJ0XDUdgr385VXotZr2RbN1f9lo35RxVOEYTuAMbLiCNtxBB7pA4Ame4RXejNx4Md6Nj0VrxShnjuCPjM8fCL2TJA==</latexit>

{⇧0 ,⇧1}
<latexit sha1_base64="HQsKYvR2Jz5sIBrADVJIhv9Fx6E=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCElqYIui25cVrAXaEKYTCft0MmFmYlYQl7FjQtF3Poi7nwbJ20W2vrDwMd/zuGc+f2EM6ks69uorK1vbG5Vt2s7u3v7B+ZhvSfjVBDaJTGPxcDHknIW0a5iitNBIigOfU77/vS2qPcfqZAsjh7ULKFuiMcRCxjBSlueWXcyp8M8y0HnqADbyT2zYTWtudAq2CU0oFTHM7+cUUzSkEaKcCzl0LYS5WZYKEY4zWtOKmmCyRSP6VBjhEMq3Wx+e45OtTNCQSz0ixSau78nMhxKOQt93RliNZHLtcL8rzZMVXDtZixKUkUjslgUpBypGBVBoBETlCg+04CJYPpWRCZYYKJ0XDUdgr385VXotZr2RbN1f9lo35RxVOEYTuAMbLiCNtxBB7pA4Ame4RXejNx4Md6Nj0VrxShnjuCPjM8fCL2TJA==</latexit>



1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>0

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�
1
2 ⇥ 1

2

�
⇥ 1

2 = (0 + 1)⇥ 1
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

=
1

2
+

1

2

0
+

3

2
<latexit sha1_base64="MPhQN0niHMWg7+rOR6akZEIm3kk=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6UoCCVpfS6EohuXFewD2lAm00k7dDIJMxOhhHyBG3/FjQtF3Lp25984aaNU0QMD555zL3fucUNGpbKsDyM3N7+wuJRfLqysrq1vmJtbTRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o8vUb90SIWnAb9Q4JI6PBpx6FCOlpZ5ZOu96AuHYTuJKcjDD97KimhY9s2iVjyz77NiGVtmaAH4rdqYUQYZ6z3zv9gMc+YQrzJCUHdsKlRMjoShmJCl0I0lChEdoQDqacuQT6cSTcxJY0kofeoHQjys4UWcnYuRLOfZd3ekjNZS/vVT8y+tEyjt1YsrDSBGOp4u8iEEVwDQb2KeCYMXGmiAsqP4rxEOkU1A6wYIO4etS+D9pVsp2tVy5PizWLrI48mAH7IJ9YIMTUANXoA4aAIM78ACewLNxbzwaL8brtDVnZDPb4AeMt0+4KZvq</latexit>

1

2
<latexit sha1_base64="VQrNOcMffiZ+DdxmoBX3EN9QPNg=">AAAB8nicdZDLSsNAFIYn9VbrrerSzWARXIWk3ndFNy4r2AukoUymk3boZBJmToQS8hhuXCji1qdx59s4baOo6A8Dh+8/hznnDxLBNTjOu1VaWFxaXimvVtbWNza3qts7bR2nirIWjUWsugHRTHDJWsBBsG6iGIkCwTrB+Grqd+6Y0jyWtzBJmB+RoeQhpwQM8nqhIjRz86ye96s1xz5x3ItTFzu2MxP+Im5BaqhQs1996w1imkZMAhVEa891EvAzooBTwfJKL9UsIXRMhswzpSQR0342WznHB4YMcBgr8yTgGf0+kZFI60kUmM6IwEj/9qbwL89LITz3My6TFJik84/CVGCI8fR+POCKURATUxCquNkV0xExKYBJqWJC+LwU/1+067Z7ZNdvjmuNyyKOMtpD++gQuegMNdA1aqIWoihG9+gRPVlgPVjP1su8tWQVM7voh6zXD3o2kWM=</latexit>

1

2
<latexit sha1_base64="VQrNOcMffiZ+DdxmoBX3EN9QPNg=">AAAB8nicdZDLSsNAFIYn9VbrrerSzWARXIWk3ndFNy4r2AukoUymk3boZBJmToQS8hhuXCji1qdx59s4baOo6A8Dh+8/hznnDxLBNTjOu1VaWFxaXimvVtbWNza3qts7bR2nirIWjUWsugHRTHDJWsBBsG6iGIkCwTrB+Grqd+6Y0jyWtzBJmB+RoeQhpwQM8nqhIjRz86ye96s1xz5x3ItTFzu2MxP+Im5BaqhQs1996w1imkZMAhVEa891EvAzooBTwfJKL9UsIXRMhswzpSQR0342WznHB4YMcBgr8yTgGf0+kZFI60kUmM6IwEj/9qbwL89LITz3My6TFJik84/CVGCI8fR+POCKURATUxCquNkV0xExKYBJqWJC+LwU/1+067Z7ZNdvjmuNyyKOMtpD++gQuegMNdA1aqIWoihG9+gRPVlgPVjP1su8tWQVM7voh6zXD3o2kWM=</latexit>

|0i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

How does Alice prepare her states?



1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1

2
<latexit sha1_base64="VQrNOcMffiZ+DdxmoBX3EN9QPNg=">AAAB8nicdZDLSsNAFIYn9VbrrerSzWARXIWk3ndFNy4r2AukoUymk3boZBJmToQS8hhuXCji1qdx59s4baOo6A8Dh+8/hznnDxLBNTjOu1VaWFxaXimvVtbWNza3qts7bR2nirIWjUWsugHRTHDJWsBBsG6iGIkCwTrB+Grqd+6Y0jyWtzBJmB+RoeQhpwQM8nqhIjRz86ye96s1xz5x3ItTFzu2MxP+Im5BaqhQs1996w1imkZMAhVEa891EvAzooBTwfJKL9UsIXRMhswzpSQR0342WznHB4YMcBgr8yTgGf0+kZFI60kUmM6IwEj/9qbwL89LITz3My6TFJik84/CVGCI8fR+POCKURATUxCquNkV0xExKYBJqWJC+LwU/1+067Z7ZNdvjmuNyyKOMtpD++gQuegMNdA1aqIWoihG9+gRPVlgPVjP1su8tWQVM7voh6zXD3o2kWM=</latexit>

1

2
<latexit sha1_base64="VQrNOcMffiZ+DdxmoBX3EN9QPNg=">AAAB8nicdZDLSsNAFIYn9VbrrerSzWARXIWk3ndFNy4r2AukoUymk3boZBJmToQS8hhuXCji1qdx59s4baOo6A8Dh+8/hznnDxLBNTjOu1VaWFxaXimvVtbWNza3qts7bR2nirIWjUWsugHRTHDJWsBBsG6iGIkCwTrB+Grqd+6Y0jyWtzBJmB+RoeQhpwQM8nqhIjRz86ye96s1xz5x3ItTFzu2MxP+Im5BaqhQs1996w1imkZMAhVEa891EvAzooBTwfJKL9UsIXRMhswzpSQR0342WznHB4YMcBgr8yTgGf0+kZFI60kUmM6IwEj/9qbwL89LITz3My6TFJik84/CVGCI8fR+POCKURATUxCquNkV0xExKYBJqWJC+LwU/1+067Z7ZNdvjmuNyyKOMtpD++gQuegMNdA1aqIWoihG9+gRPVlgPVjP1su8tWQVM7voh6zXD3o2kWM=</latexit>

|+i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|�i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

But they need two different bases.



⇧0 ⌦ I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇧1 ⌦ I
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

I ⌦⇧0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

I ⌦⇧1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

How does Bob measure his states?



✓
|+i
|�i

◆
= 1

2

✓
1

p
3p

3 �1

◆✓
|0i
|1i

◆

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

The two bases are related as follows.



Running the protocol

Exactly as in BB84

Alice and Bob only announce the pairs and not their values.



Running the protocol

Exactly as in BB84

Accepted



Running the protocol

Exactly as in BB84

Accepted

Discarded



Running the protocol

Exactly as in BB84

Accepted

Discarded

Accepted



Running the protocol

Exactly as in BB84

Accepted

Discarded

Accepted

Discarded



✓
|+i
|�i

◆
= 1

2

✓
1

p
3p

3 �1

◆✓
|0i
|1i

◆

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Intervention of Eve leads to her detection 
with a probability of 

3
16

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Which is only slightly lower than 1/4 for the BB84 protocol. 



The six state protocol

x
<latexit sha1_base64="ze+WcU7V23dwaMcDXxVk0US2TPs=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdWGgjBm0sEzAXSEKYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1IoF96RQrLj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/R22QPg==</latexit>

y
<latexit sha1_base64="mD8nt4ZgEgy3Vn1eRg9xFNmear4=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7sdAyaGOZgLlAsoTZyUkyZvbCzKywLCmtbCwUsfUp8hx2PoMv4eRSaOIPAx//fw5zzvEiwZW27S8rs7K6tr6R3cxtbe/s7uX3D+oqjCXDGgtFKJseVSh4gDXNtcBmJJH6nsCGN7yZ5I0HlIqHwZ1OInR92g94jzOqjVVNOvmCXbSnIsvgzKFQPh5Xvx9PxpVO/rPdDVnsY6CZoEq1HDvSbkql5kzgKNeOFUaUDWkfWwYD6qNy0+mgI3JmnC7phdK8QJOp+7sjpb5Sie+ZSp/qgVrMJuZ/WSvWvSs35UEUawzY7KNeLIgOyWRr0uUSmRaJAcokN7MSNqCSMm1ukzNHcBZXXoZ6qehcFEtVp1C+hpmycASncA4OXEIZbqECNWCA8AQv8GrdW8/Wm/U+K81Y855D+CPr4wfWWpCp</latexit>

z
<latexit sha1_base64="ztTKofmwa1Sxx/+C2XSpW6t12q0=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdWGgjBm0sEzAXSEKYnZxNxsxemJkV4pInsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOFwuutON8W5ml5ZXVtey6vbG5tb2T292rqSiRDKssEpFseFSh4CFWNdcCG7FEGngC697gapzX71AqHoU3ehhjO6C9kPucUW2syn0nl3cKzkRkEdwZ5C8+7PP4/csud3KfrW7EkgBDzQRVquk6sW6nVGrOBI7sVqIwpmxAe9g0GNIAVTudDDoiR8bpEj+S5oWaTNzfHSkNlBoGnqkMqO6r+Wxs/pc1E+2ftVMexonGkE0/8hNBdETGW5Mul8i0GBqgTHIzK2F9KinT5ja2OYI7v/Ii1IoF96RQrLj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn69Z6tF6s12lpxpr17MMfWW8/SnWQQA==</latexit>



IV- Sending Relative information with 
Entangled States

A Beheshti, S. Raeisi and V.Karimipour, Phys. Rev. A 99, 042330 (2019)



✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓0
<latexit sha1_base64="Jubye08n3HN8cDEVnM9grAcHQy8=">AAAB7nicdZDJSgNBEIZ7XGPcoh69NAbR0zAT91vQi8cIZoFkCD2dmqRJz0J3jRCGPIQXD4p49Xm8+TZ2klFU9IeG4vur6KrfT6TQ6Djv1tz8wuLScmGluLq2vrFZ2tpu6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+8mvjNO1BaxNEtjhLwQtaPRCA4Q4OaHRwAsoNuqezYJ457cepSx3amol/EzUmZ5Kp1S2+dXszTECLkkmnddp0EvYwpFFzCuNhJNSSMD1kf2qaMWAjay6brjum+IT0axMq8COmUfp/IWKj1KPRNZ8hwoH97E/iX104xOPcyESUpQsRnHwWppBjTye20JxRwlCNTMK6E2ZXyAVOMo0moaEL4vJT+XzQqtntkV26Oy9XLPI4C2SV75JC45IxUyTWpkTrhZEjuySN5shLrwXq2Xmatc1Y+s0N+yHr9AEd4j4k=</latexit>



✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Relative parameters

and

Global Parameters

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

 Bartlett, Rudolph, and Spekkens Phys. Rev. A (2004)



✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Optimal Measurements by Bob

E0 = ⇧0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

E1 = ⇧1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Total Spin Measurement



What if Alice sends entangled states to Bob?

| i = a|0, 0i+ b|0, 1i+ c|1, 0i+ d|1, 1i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(U ⌦ U) : | i �! | 0i
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

7
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

4
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

3 Relative Parameters
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

No. of 
Parameters



The relative parameters of an entangled state

| i = cos↵|m,ni+ ei sin↵|�m,�ni
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

A Beheshti, S. Raeisi and V.Karimipour, Phys. Rev. A 99, 042330 (2019)

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

-

-

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(✓ ↵  )
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



| i = cos↵|m,ni+ ei sin↵|�m,�ni
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Question 1: Which of the three parameters 

carries more information?

↵ , ✓ ,  
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



| i = cos↵|m,ni+ ei sin↵|�m,�ni
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Question 2:  At what value should we fix the other two parameters? 



| i = cos↵|m,ni+ ei sin↵|�m,�ni
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Question 3:  How Alice tunes her relative parameters? 

z
<latexit sha1_base64="F7HCzRxYWiqymHEkiENXoV22dcQ=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YguBpm4nsXdOMyAWMCyRB6OpWkTc+D7h4hDvkCNy4UcesnufNv7CSjqOiFhuLcKrrq+rHgSjvOu5Wbm19YXMovF1ZW19Y3iptb1ypKJMM6i0Qkmz5VKHiIdc21wGYskQa+wIY/vJj4jVuUikfhlR7F6AW0H/IeZ1QbVLvrFEuOfeS4Z8cucWxnKvJF3IyUIFO1U3xrdyOWBBhqJqhSLdeJtZdSqTkTOC60E4UxZUPax5YpQxqg8tLpomOyZ0iX9CJpXqjJlH6fSGmg1CjwTWdA9UD99ibwL6+V6N6pl/IwTjSGbPZRLxFER2RyNelyiUyLkSkok9zsStiASsq0yaZgQvi8lPxfXJdt98Au1w5LlfMsjjzswC7sgwsnUIFLqEIdGCDcwyM8WTfWg/Vsvcxac1Y2sw0/ZL1+ACpGjS4=</latexit>

x
<latexit sha1_base64="4VeQUTS4xpj+Tyorr0RrBFkwnr0=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YguBpm4nsXdOMyAWMCyRB6OpWkTc+D7h4xDPkCNy4UcesnufNv7CSjqOiFhuLcKrrq+rHgSjvOu5Wbm19YXMovF1ZW19Y3iptb1ypKJMM6i0Qkmz5VKHiIdc21wGYskQa+wIY/vJj4jVuUikfhlR7F6AW0H/IeZ1QbVLvrFEuOfeS4Z8cucWxnKvJF3IyUIFO1U3xrdyOWBBhqJqhSLdeJtZdSqTkTOC60E4UxZUPax5YpQxqg8tLpomOyZ0iX9CJpXqjJlH6fSGmg1CjwTWdA9UD99ibwL6+V6N6pl/IwTjSGbPZRLxFER2RyNelyiUyLkSkok9zsStiASsq0yaZgQvi8lPxfXJdt98Au1w5LlfMsjjzswC7sgwsnUIFLqEIdGCDcwyM8WTfWg/Vsvcxac1Y2sw0/ZL1+ACc+jSw=</latexit>

y
<latexit sha1_base64="rmn2JwUVnDJH7QA7TU9pASa8NvU=">AAAB6HicdZDLSsNAFIZP6q3WW9Wlm8EiuApJve+Kbly2YC/QhjKZTtqxk0mYmQgh9AncuFDErY/kzrdx2kZR0R8GDt9/DnPO78ecKe0471ZhYXFpeaW4Wlpb39jcKm/vtFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6+mfvuOSsUicaPTmHohHgoWMIK1QY20X6449onjXpy6yLGdmdAXcXNSgVz1fvmtN4hIElKhCcdKdV0n1l6GpWaE00mplygaYzLGQ9o1pcAhVV42W3SCDgwZoCCS5gmNZvT7RIZDpdLQN50h1iP125vCv7xuooNzL2MiTjQVZP5RkHCkIzS9Gg2YpETz1BSYSGZ2RWSEJSbaZFMyIXxeiv4vWlXbPbKrjeNK7TKPowh7sA+H4MIZ1OAa6tAEAhTu4RGerFvrwXq2XuatBSuf2YUfsl4/ACjCjS0=</latexit>



Average Information Gain in ✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> ✓

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

↵0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

| i = cos↵0|m,ni+ sin↵0|�m,�ni)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇡

<latexit sha1_base64="iN4ewfpSS7109AG9YhXhBSlDhn8=">AAAB6nicdVBNS8NAEJ3Ur1o/WvXoZbEInkJSC7W3ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7dfrhwcdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz66Wfu+eSsUicafnMfVCPBEsYARrI90OYzaqVB27mQGtSKOek6aLXNvJUIUc7VHlfTiOSBJSoQnHSg1cJ9ZeiqVmhNNFaZgoGmMywxM6MFTgkCovzU5doFOjjFEQSVNCo0z9PpHiUKl56JvOEOup+u0txb+8QaKDCy9lIk40FWS1KEg40hFa/o3GTFKi+dwQTCQztyIyxRITbdIpmRC+PkX/k27Nds/t2k292rrM4yjCMZzAGbjQgBZcQxs6QGACD/AEzxa3Hq0X63XVWrDymSP4AevtEyZFjmQ=</latexit>

⇡

<latexit sha1_base64="PGk4pLxgASQIC2fCSLoeZI6MdIk=">AAAB6nicdZDLSgMxFIYzXut4q7p0EyyCq2GmCrULsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxnamgoj8EPv7/HHLOCQSjSrvuhzU3v7C4tFxYsVfX1jc2i1vbTRUnEpMGjlks2wFShFFOGppqRtpCEhQFjLSC0fk0b90QqWjMr/VYED9CA05DipE21lVX0F6x5DrVTDCHytEMqh70HDdT6fTVPhHP73a9V3zr9mOcRIRrzJBSHc8V2k+R1BQzMrG7iSIC4REakI5BjiKi/DQbdQL3jdOHYSzN4xpm7veOFEVKjaPAVEZID9XvbGr+lXUSHR77KeUi0YTj/KMwYVDHcLo37FNJsGZjAwhLamaFeIgkwtpcxzZH+NoU/g/NsuMdOuVLr1Q7A7kKYBfsgQPggQqogQtQBw2AwQDcgnvwYDHrznq0nvLSOWvWswN+yHr5BIYckaI=</latexit>

⇡
<latexit sha1_base64="hB+RJgRByc2S0zH40DJeTXQ+IBY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVm6kI3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiXS/5JqXzjFyuXMFUeDuAQjsGHU6jANVShBgR68ABP8Oxw59F5cV6npTln1rMPf+S8/wCw4pEP</latexit>

⇡
4

<latexit sha1_base64="UpgPFm3ubP1u5mFoEnE5gfett18=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBF0U5Iq6LIqiMsK9gFNKJPppB06mcSZSaGEfIcbBUXc+jHu/APXfoHTx0JbD1w4nHMv997jx5wpbduf1sLi0vLKam4tv76xubVd2NmtqyiRhNZIxCPZ9LGinAla00xz2owlxaHPacPvX438xoBKxSJxp4cx9ULcFSxgBGsjeW4gMUndmGXpadYuFO2SPQaaJ86UFCvH9vXX99NFtV34cDsRSUIqNOFYqZZjx9pLsdSMcJrl3UTRGJM+7tKWoQKHVHnp+OgMHRqlg4JImhIajdXfEykOlRqGvukMse6pWW8k/ue1Eh2ceykTcaKpIJNFQcKRjtAoAdRhkhLNh4ZgIpm5FZEeNjlok1PehODMvjxP6uWSc1Iq3zrFyiVMkIN9OIAjcOAMKnADVagBgXt4gGd4sQbWo/VqvU1aF6zpzB78gfX+A+08leU=</latexit>



Average Information Gain in  
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

↵0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

| i = cos↵0|m,�mi+ sin↵0e
I |�m,mi)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= �m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇡

<latexit sha1_base64="iN4ewfpSS7109AG9YhXhBSlDhn8=">AAAB6nicdVBNS8NAEJ3Ur1o/WvXoZbEInkJSC7W3ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7dfrhwcdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz66Wfu+eSsUicafnMfVCPBEsYARrI90OYzaqVB27mQGtSKOek6aLXNvJUIUc7VHlfTiOSBJSoQnHSg1cJ9ZeiqVmhNNFaZgoGmMywxM6MFTgkCovzU5doFOjjFEQSVNCo0z9PpHiUKl56JvOEOup+u0txb+8QaKDCy9lIk40FWS1KEg40hFa/o3GTFKi+dwQTCQztyIyxRITbdIpmRC+PkX/k27Nds/t2k292rrM4yjCMZzAGbjQgBZcQxs6QGACD/AEzxa3Hq0X63XVWrDymSP4AevtEyZFjmQ=</latexit>

⇡

<latexit sha1_base64="PGk4pLxgASQIC2fCSLoeZI6MdIk=">AAAB6nicdZDLSgMxFIYzXut4q7p0EyyCq2GmCrULsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxnamgoj8EPv7/HHLOCQSjSrvuhzU3v7C4tFxYsVfX1jc2i1vbTRUnEpMGjlks2wFShFFOGppqRtpCEhQFjLSC0fk0b90QqWjMr/VYED9CA05DipE21lVX0F6x5DrVTDCHytEMqh70HDdT6fTVPhHP73a9V3zr9mOcRIRrzJBSHc8V2k+R1BQzMrG7iSIC4REakI5BjiKi/DQbdQL3jdOHYSzN4xpm7veOFEVKjaPAVEZID9XvbGr+lXUSHR77KeUi0YTj/KMwYVDHcLo37FNJsGZjAwhLamaFeIgkwtpcxzZH+NoU/g/NsuMdOuVLr1Q7A7kKYBfsgQPggQqogQtQBw2AwQDcgnvwYDHrznq0nvLSOWvWswN+yHr5BIYckaI=</latexit>

⇡
<latexit sha1_base64="hB+RJgRByc2S0zH40DJeTXQ+IBY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVm6kI3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiXS/5JqXzjFyuXMFUeDuAQjsGHU6jANVShBgR68ABP8Oxw59F5cV6npTln1rMPf+S8/wCw4pEP</latexit>

⇡
4

<latexit sha1_base64="UpgPFm3ubP1u5mFoEnE5gfett18=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBF0U5Iq6LIqiMsK9gFNKJPppB06mcSZSaGEfIcbBUXc+jHu/APXfoHTx0JbD1w4nHMv997jx5wpbduf1sLi0vLKam4tv76xubVd2NmtqyiRhNZIxCPZ9LGinAla00xz2owlxaHPacPvX438xoBKxSJxp4cx9ULcFSxgBGsjeW4gMUndmGXpadYuFO2SPQaaJ86UFCvH9vXX99NFtV34cDsRSUIqNOFYqZZjx9pLsdSMcJrl3UTRGJM+7tKWoQKHVHnp+OgMHRqlg4JImhIajdXfEykOlRqGvukMse6pWW8k/ue1Eh2ceykTcaKpIJNFQcKRjtAoAdRhkhLNh4ZgIpm5FZEeNjlok1PehODMvjxP6uWSc1Iq3zrFyiVMkIN9OIAjcOAMKnADVagBgXt4gGd4sQbWo/VqvU1aF6zpzB78gfX+A+08leU=</latexit>



Average Information Gain in ↵<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>| i = cos↵|m,ni+ sin↵|�m,�ni)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇡

<latexit sha1_base64="iN4ewfpSS7109AG9YhXhBSlDhn8=">AAAB6nicdVBNS8NAEJ3Ur1o/WvXoZbEInkJSC7W3ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7dfrhwcdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz66Wfu+eSsUicafnMfVCPBEsYARrI90OYzaqVB27mQGtSKOek6aLXNvJUIUc7VHlfTiOSBJSoQnHSg1cJ9ZeiqVmhNNFaZgoGmMywxM6MFTgkCovzU5doFOjjFEQSVNCo0z9PpHiUKl56JvOEOup+u0txb+8QaKDCy9lIk40FWS1KEg40hFa/o3GTFKi+dwQTCQztyIyxRITbdIpmRC+PkX/k27Nds/t2k292rrM4yjCMZzAGbjQgBZcQxs6QGACD/AEzxa3Hq0X63XVWrDymSP4AevtEyZFjmQ=</latexit>

⇡
<latexit sha1_base64="hB+RJgRByc2S0zH40DJeTXQ+IBY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVm6kI3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiXS/5JqXzjFyuXMFUeDuAQjsGHU6jANVShBgR68ABP8Oxw59F5cV6npTln1rMPf+S8/wCw4pEP</latexit>



1- There are unspeakable types of information. 

2- Entangled states can be used to set up secure shared reference frames.  

Summary of the two lectures:



↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

3- For some tasks, shared singlet states are better than
 shared reference frames. 

4- QKD can be done in complete absence of 
any shared coordinate system.  



✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇡

<latexit sha1_base64="iN4ewfpSS7109AG9YhXhBSlDhn8=">AAAB6nicdVBNS8NAEJ3Ur1o/WvXoZbEInkJSC7W3ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoKIPBh7vzTAzz485U9pxPqzC2vrG5lZxu7Szu7dfrhwcdlWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tnz66Wfu+eSsUicafnMfVCPBEsYARrI90OYzaqVB27mQGtSKOek6aLXNvJUIUc7VHlfTiOSBJSoQnHSg1cJ9ZeiqVmhNNFaZgoGmMywxM6MFTgkCovzU5doFOjjFEQSVNCo0z9PpHiUKl56JvOEOup+u0txb+8QaKDCy9lIk40FWS1KEg40hFa/o3GTFKi+dwQTCQztyIyxRITbdIpmRC+PkX/k27Nds/t2k292rrM4yjCMZzAGbjQgBZcQxs6QGACD/AEzxa3Hq0X63XVWrDymSP4AevtEyZFjmQ=</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>�

<latexit sha1_base64="KPb3jUfy7FWKDAjFsKzghEIEkAY=">AAAB63icbZC7TsMwFIadcivlVi4bi0WFxFQlZYCxgoWBoUj0IqVR5bgnrVXbCbaDVEV9BRYGEGLlRXgENt4Gp+0ALb9k6dP/nyOfc8KEM21c99sprKyurW8UN0tb2zu7e+X9g5aOU0WhSWMeq05INHAmoWmY4dBJFBARcmiHo+s8bz+C0iyW92acQCDIQLKIUWJyqzuAh1654lbdqfAyeHOo1I9uPxuq6Dd65a9uP6apAGkoJ1r7npuYICPKMMphUuqmGhJCR2QAvkVJBOggm846wafW6eMoVvZJg6fu746MCK3HIrSVgpihXsxy87/MT010GWRMJqkBSWcfRSnHJsb54rjPFFDDxxYIVczOiumQKEKNPU/JHsFbXHkZWrWqd16t3XmV+hWaqYiO0Qk6Qx66QHV0gxqoiSgaoif0gl4d4Tw7b877rLTgzHsO0R85Hz90WZDD</latexit>

5- Entangled states can carry a higher amount of relative information.   



Thank you for your attention


