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Why levitated systems?

WHAT WE GAIN

Levitation does not remove the environment; it creates a different, 

highly engineerable system–environment interface.

WHAT COMES WITH IT

Tunable confinement & release

Trap shaping · release & retrap 
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From quantum control to fundamental tests

New interactions 
short-range gravity · dark matter · 5th forcesForce & inertial sensing 

acceleration · rotation · weak forces

Matter-wave interferometry 
Linearity tests · spatial coherence

Quantum-to-classical transition 
decoherence · collapse models

Gravity with quantum systems 
quantum sources · entanglement
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H
<latexit sha1_base64="qb8qujaPOHf/N8hRNcv0vBv66c4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFZLWNs2u2I3LFqwttKFMppN26GQSZiZCCMUPcKuf4E7c+i1+gb/h9CFY0QMXDufcy733+DGjUlnWh5Hb2Nza3snvFvb2Dw6PiscndzJKBCYdHLFI9HwkCaOcdBRVjPRiQVDoM9L1p825370nQtKI36o0Jl6IxpwGFCOlpXZzWCxZZrXiuJUKtMyaU3VtR5Nq2a27ZWib1gIlsEJrWPwcjCKchIQrzJCUfduKlZchoShmZFYYJJLECE/RmPQ15Sgk0ssWh87ghVZGMIiELq7gQv05kaFQyjT0dWeI1ET+9ubiX14/UUHdyyiPE0U4Xi4KEgZVBOdfwxEVBCuWaoKwoPpWiCdIIKx0Nmtb4kkqKZazgk7m+334P7krm3bNrLWvSo3rVUZ5cAbOwSWwgQMa4Aa0QAdgQMAjeALPxoPxYrwab8vWnLGaOQVrMN6/ABBoli4=</latexit>

C



New materials: Pentacene-doped naphthalene
Quantum 9, 1928 (2025) 

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>" Pentacene contains a short-live electronic 

triplet state that can be optically excited

Selection rules strongly favor the 

occupation of one of its three triplet states

Through dipole-dipole interactions polarisation

Transfer to the nuclear spin ensemble is possible

In bulk, > 80% nuclear spin polarization has 

been demonstrated, with a remarkable T1> 920 h

<latexit sha1_base64="j+CnXsKdUv6I9oo5SGG341NeE0k=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFZL0vSt202UF+4C2hMl00g6dTMLMRCghP+AHuNVPcCdu/Qu/wN9w+hCs6IELh3Pu5d57vIhRqSzrw8hsbe/s7mX3cweHR8cn+dOzrgxjgUkHhywUfQ9JwignHUUVI/1IEBR4jPS8WXPh9+6JkDTkd2oekVGAJpz6FCOlpWHTTRwnbbmJXUrdfMEyy8VqvViEllmplut2VZOyU6/VHWib1hIFsEbbzX8OxyGOA8IVZkjKgW1FapQgoShmJM0NY0kihGdoQgaachQQOUqWN6fwSitj6IdCF1dwqf6cSFAg5TzwdGeA1FT+9hbiX94gVn5tlFAexYpwvFrkxwyqEC4CgGMqCFZsrgnCgupbIZ4igbDSMW1siaZzSbFMczqZ7/fh/6TrmHbFrNyWCo2bdUZZcAEuwTWwQRU0QAu0QQdgEIFH8ASejQfjxXg13latGWM9cw42YLx/AbnKmls=</latexit>

C22H14

<latexit sha1_base64="RX8X5e0XLPf23rugtSMWqtgSHao=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFZLWNs2u6KbLFqwttKFMppN26GQSZiZCCMUPcKuf4E7c+i1+gb/h9CFY0QMXDufcy733+DGjUlnWh5Hb2Nza3snvFvb2Dw6PiscndzJKBCYdHLFI9HwkCaOcdBRVjPRiQVDoM9L1pzdzv3tPhKQRv1VpTLwQjTkNKEZKS+3msFiyzGrFcSsVaJk1p+rajibVslt3y9A2rQVKYIXWsPg5GEU4CQlXmCEp+7YVKy9DQlHMyKwwSCSJEZ6iMelrylFIpJctDp3BC62MYBAJXVzBhfpzIkOhlGno684QqYn87c3Fv7x+ooK6l1EeJ4pwvFwUJAyqCM6/hiMqCFYs1QRhQfWtEE+QQFjpbNa2xJNUUixnBZ3M9/vwf3JXNu2aWWtflRrXq4zy4Aycg0tgAwc0QBO0QAdgQMAjeALPxoPxYrwab8vWnLGaOQVrMN6/ABhlljM=</latexit>

H
<latexit sha1_base64="qb8qujaPOHf/N8hRNcv0vBv66c4=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFZLWNs2u2I3LFqwttKFMppN26GQSZiZCCMUPcKuf4E7c+i1+gb/h9CFY0QMXDufcy733+DGjUlnWh5Hb2Nza3snvFvb2Dw6PiscndzJKBCYdHLFI9HwkCaOcdBRVjPRiQVDoM9L1p825370nQtKI36o0Jl6IxpwGFCOlpXZzWCxZZrXiuJUKtMyaU3VtR5Nq2a27ZWib1gIlsEJrWPwcjCKchIQrzJCUfduKlZchoShmZFYYJJLECE/RmPQ15Sgk0ssWh87ghVZGMIiELq7gQv05kaFQyjT0dWeI1ET+9ubiX14/UUHdyyiPE0U4Xi4KEgZVBOdfwxEVBCuWaoKwoPpWiCdIIKx0Nmtb4kkqKZazgk7m+334P7krm3bNrLWvSo3rVUZ5cAbOwSWwgQMa4Aa0QAdgQMAjeALPxoPxYrwab8vWnLGaOQVrMN6/ABBoli4=</latexit>

C



Multi-spin Stern-Gerlach Interferometry



Multi-spin Stern-Gerlach Interferometry

π/2 pulse
<latexit sha1_base64="/wEkGKAatFhdV2Ap+UMkg9hAjXM="></latexit>

|"""i ! (|"i+ |#i)⌦ (|"i+ |#i)⌦ (|"i+ |#i)



Multi-spin Stern-Gerlach Interferometry

π/2 pulse
<latexit sha1_base64="/wEkGKAatFhdV2Ap+UMkg9hAjXM="></latexit>

|"""i ! (|"i+ |#i)⌦ (|"i+ |#i)⌦ (|"i+ |#i)
<latexit sha1_base64="X5WLBRepMTKAo0e99rVnh1LPHMU=">AAACJHicdZDLSsNAFIYnXmu9RV26GSyiIIQkSo0LoejGZQV7gTaUyXTSDp1cmJkIJeQRfA1fwK2+gTtx4calz+GkrcV6+WHg4z/ncOb8XsyokKb5ps3NLywuLRdWiqtr6xub+tZ2XUQJx6SGIxbxpocEYTQkNUklI82YExR4jDS8wWVeb9wSLmgU3shhTNwA9ULqU4yksjr6wTlsD4hMzQwejcmakj2l46yjl0zDth3HOYO/wTLMkUpgompH/2h3I5wEJJSYISFalhlLN0VcUsxIVmwngsQID1CPtBSGKCDCTUcHZXBfOV3oR1y9UMKR+30iRYEQw8BTnQGSffGzlpt/1VqJ9B03pWGcSBLi8SI/YVBGME8HdiknWLKhAoQ5VX+FuI84wlJlOLMl7g8FxSIP5ut6+D/UbcMqG+Xrk1LlYhJRAeyCPXAILHAKKuAKVEENYHAHHsAjeNLutWftRXsdt85pk5kdMCPt/RNwdaRX</latexit>

= |0i+ |1i+ |2i+ |3i

<latexit sha1_base64="uCSafi0m1Un8l3UYG7TMKNlgw38=">AAACHXicdVDLSsNAFJ34rPUVdelmsAiuQlKkxl3RjcsK9gFNKJPppB06mYSZiRJCt/6GP+BW/8CduBV/wO9w0lawVg9cOJxzL/feEySMSmXbH8bS8srq2nppo7y5tb2za+7tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC4Lv31LhKQxv1FZQvwIDTgNKUZKSz0TeiOici9NkBDxHVwg455Zsa1q1XXdc7hIHMueoAJmaPTMT68f4zQiXGGGpOw6dqL8HAlFMSPjspdKkiA8QgPS1ZSjiEg/n3wyhsda6cMwFrq4ghP150SOIimzKNCdEVJD+dsrxL+8bqpC188pT1JFOJ4uClMGVQyLWGCfCoIVyzRBWFB9K8RDJBBWOry5LckwkxTLIpjv7+H/pFW1nJpVuz6t1C9mEZXAITgCJ8ABZ6AOrkADNAEG9+ARPIFn48F4MV6Nt2nrkjGbOQBzMN6/ANQ0pGk=</latexit>

|"""i
<latexit sha1_base64="3BYDkM4zqXkvvdqIs8MJt6c3bZM="></latexit>

|""#i+ |"#"i+ |#""i}

Dicke states



Multi-spin Stern-Gerlach Interferometry

π/2 pulse
<latexit sha1_base64="/wEkGKAatFhdV2Ap+UMkg9hAjXM="></latexit>

|"""i ! (|"i+ |#i)⌦ (|"i+ |#i)⌦ (|"i+ |#i)

B = B0x

<latexit sha1_base64="X5WLBRepMTKAo0e99rVnh1LPHMU=">AAACJHicdZDLSsNAFIYnXmu9RV26GSyiIIQkSo0LoejGZQV7gTaUyXTSDp1cmJkIJeQRfA1fwK2+gTtx4calz+GkrcV6+WHg4z/ncOb8XsyokKb5ps3NLywuLRdWiqtr6xub+tZ2XUQJx6SGIxbxpocEYTQkNUklI82YExR4jDS8wWVeb9wSLmgU3shhTNwA9ULqU4yksjr6wTlsD4hMzQwejcmakj2l46yjl0zDth3HOYO/wTLMkUpgompH/2h3I5wEJJSYISFalhlLN0VcUsxIVmwngsQID1CPtBSGKCDCTUcHZXBfOV3oR1y9UMKR+30iRYEQw8BTnQGSffGzlpt/1VqJ9B03pWGcSBLi8SI/YVBGME8HdiknWLKhAoQ5VX+FuI84wlJlOLMl7g8FxSIP5ut6+D/UbcMqG+Xrk1LlYhJRAeyCPXAILHAKKuAKVEENYHAHHsAjeNLutWftRXsdt85pk5kdMCPt/RNwdaRX</latexit>

= |0i+ |1i+ |2i+ |3i

<latexit sha1_base64="uCSafi0m1Un8l3UYG7TMKNlgw38=">AAACHXicdVDLSsNAFJ34rPUVdelmsAiuQlKkxl3RjcsK9gFNKJPppB06mYSZiRJCt/6GP+BW/8CduBV/wO9w0lawVg9cOJxzL/feEySMSmXbH8bS8srq2nppo7y5tb2za+7tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC4Lv31LhKQxv1FZQvwIDTgNKUZKSz0TeiOici9NkBDxHVwg455Zsa1q1XXdc7hIHMueoAJmaPTMT68f4zQiXGGGpOw6dqL8HAlFMSPjspdKkiA8QgPS1ZSjiEg/n3wyhsda6cMwFrq4ghP150SOIimzKNCdEVJD+dsrxL+8bqpC188pT1JFOJ4uClMGVQyLWGCfCoIVyzRBWFB9K8RDJBBWOry5LckwkxTLIpjv7+H/pFW1nJpVuz6t1C9mEZXAITgCJ8ABZ6AOrkADNAEG9+ARPIFn48F4MV6Nt2nrkjGbOQBzMN6/ANQ0pGk=</latexit>

|"""i
<latexit sha1_base64="3BYDkM4zqXkvvdqIs8MJt6c3bZM="></latexit>

|""#i+ |"#"i+ |#""i}

Dicke states



<latexit sha1_base64="bsSdm1JDmocAvQwWKam3zgVqHiM=">AAACAnicdVDLSsNAFL2pr1pfVZduBovgKiRFatwV3bisYB/QhjKZTtohkwczEyGE7vwBt/oH7sStP+IP+B1O2grWx4ELh3Pu5d57vIQzqSzr3SitrK6tb5Q3K1vbO7t71f2DjoxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16wVXhd++okCyOblWWUDfE44j5jGClpe4goCq3psNqzTLrdcdxLtBvYpvWDDVYoDWsfgxGMUlDGinCsZR920qUm2OhGOF0WhmkkiaYBHhM+5pGOKTSzWfnTtGJVkbIj4WuSKGZ+n0ix6GUWejpzhCrifzpFeJfXj9VvuPmLEpSRSMyX+SnHKkYFb+jEROUKJ5pgolg+lZEJlhgonRCS1uSSSYZkUUwX9+j/0mnbtoNs3FzVmteLiIqwxEcwynYcA5NuIYWtIFAAA/wCE/GvfFsvBiv89aSsZg5hCUYb59/1Zjq</latexit>

|0i
<latexit sha1_base64="cBJMdCLVt2TLqwh1UDq2vgJl3MY=">AAACAnicdVDLSsNAFJ3UV62vqks3g0VwFZIiNe6KblxWsA9oQ5lMb9ohkwczEyGE7vwBt/oH7sStP+IP+B1O2grWx4ELh3Pu5d57vIQzqSzr3SitrK6tb5Q3K1vbO7t71f2DjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoesFV4XfvQMhWRzdqiwBNyTjiPmMEqWl7iAAldvTYbVmmfW64zgX+DexTWuGGlqgNax+DEYxTUOIFOVEyr5tJcrNiVCMcphWBqmEhNCAjKGvaURCkG4+O3eKT7Qywn4sdEUKz9TvEzkJpcxCT3eGRE3kT68Q//L6qfIdN2dRkiqI6HyRn3KsYlz8jkdMAFU804RQwfStmE6IIFTphJa2JJNMMiqLYL6+x/+TTt20G2bj5qzWvFxEVEZH6BidIhudoya6Ri3URhQF6AE9oifj3ng2XozXeWvJWMwcoiUYb5+Bbpjr</latexit>

|1i
<latexit sha1_base64="jY5O+wu7rxJnd9lx0/1Ejq36Gn8=">AAACAnicdVDLSsNAFL2pr1pfVZduBovgKiRBatwV3bisYB/QhjKZTtohkwczEyGE7vwBt/oH7sStP+IP+B1OH4L1ceDC4Zx7ufceP+VMKst6N0orq2vrG+XNytb2zu5edf+gLZNMENoiCU9E18eSchbTlmKK024qKI58Tjt+eDX1O3dUSJbEtypPqRfhUcwCRrDSUqcfUlU4k0G1ZpmO47ruBfpNbNOaoQYLNAfVj/4wIVlEY0U4lrJnW6nyCiwUI5xOKv1M0hSTEI9oT9MYR1R6xezcCTrRyhAFidAVKzRTv08UOJIyj3zdGWE1lj+9qfiX18tU4HoFi9NM0ZjMFwUZRypB09/RkAlKFM81wUQwfSsiYywwUTqhpS3pOJeMyGkwX9+j/0nbMe26Wb85qzUuFxGV4QiO4RRsOIcGXEMTWkAghAd4hCfj3ng2XozXeWvJWMwcwhKMt0+DB5js</latexit>

|2i
<latexit sha1_base64="d9GdeGSf76dzb9V1rGSzdQKc+gQ=">AAACAnicdVDLSsNAFL3xWeur6tLNYBFchaRKjbuiG5cV7APaUCbTSTtkMgkzEyGE7vwBt/oH7sStP+IP+B0mbQXr48CFwzn3cu89XsyZ0pb1biwtr6yurZc2yptb2zu7lb39tooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa84KrwO3dUKhaJW53G1A3xSDCfEaxzqdMPqM5OJ4NK1TJrNcdxLtBvYpvWFFWYozmofPSHEUlCKjThWKmebcXazbDUjHA6KfcTRWNMAjyivZwKHFLlZtNzJ+g4V4bIj2ReQqOp+n0iw6FSaejlnSHWY/XTK8S/vF6ifcfNmIgTTQWZLfITjnSEit/RkElKNE9zgolk+a2IjLHEROcJLWyJx6liRBXBfH2P/iftmmnXzfrNWbVxOY+oBIdwBCdgwzk04Bqa0AICATzAIzwZ98az8WK8zlqXjPnMASzAePsEhKCY7Q==</latexit>

|3i

Multi-spin Stern-Gerlach Interferometry

π/2 pulse
<latexit sha1_base64="/wEkGKAatFhdV2Ap+UMkg9hAjXM="></latexit>

|"""i ! (|"i+ |#i)⌦ (|"i+ |#i)⌦ (|"i+ |#i)

B = B0x

<latexit sha1_base64="X5WLBRepMTKAo0e99rVnh1LPHMU=">AAACJHicdZDLSsNAFIYnXmu9RV26GSyiIIQkSo0LoejGZQV7gTaUyXTSDp1cmJkIJeQRfA1fwK2+gTtx4calz+GkrcV6+WHg4z/ncOb8XsyokKb5ps3NLywuLRdWiqtr6xub+tZ2XUQJx6SGIxbxpocEYTQkNUklI82YExR4jDS8wWVeb9wSLmgU3shhTNwA9ULqU4yksjr6wTlsD4hMzQwejcmakj2l46yjl0zDth3HOYO/wTLMkUpgompH/2h3I5wEJJSYISFalhlLN0VcUsxIVmwngsQID1CPtBSGKCDCTUcHZXBfOV3oR1y9UMKR+30iRYEQw8BTnQGSffGzlpt/1VqJ9B03pWGcSBLi8SI/YVBGME8HdiknWLKhAoQ5VX+FuI84wlJlOLMl7g8FxSIP5ut6+D/UbcMqG+Xrk1LlYhJRAeyCPXAILHAKKuAKVEENYHAHHsAjeNLutWftRXsdt85pk5kdMCPt/RNwdaRX</latexit>

= |0i+ |1i+ |2i+ |3i

<latexit sha1_base64="uCSafi0m1Un8l3UYG7TMKNlgw38=">AAACHXicdVDLSsNAFJ34rPUVdelmsAiuQlKkxl3RjcsK9gFNKJPppB06mYSZiRJCt/6GP+BW/8CduBV/wO9w0lawVg9cOJxzL/feEySMSmXbH8bS8srq2nppo7y5tb2za+7tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC4Lv31LhKQxv1FZQvwIDTgNKUZKSz0TeiOici9NkBDxHVwg455Zsa1q1XXdc7hIHMueoAJmaPTMT68f4zQiXGGGpOw6dqL8HAlFMSPjspdKkiA8QgPS1ZSjiEg/n3wyhsda6cMwFrq4ghP150SOIimzKNCdEVJD+dsrxL+8bqpC188pT1JFOJ4uClMGVQyLWGCfCoIVyzRBWFB9K8RDJBBWOry5LckwkxTLIpjv7+H/pFW1nJpVuz6t1C9mEZXAITgCJ8ABZ6AOrkADNAEG9+ARPIFn48F4MV6Nt2nrkjGbOQBzMN6/ANQ0pGk=</latexit>

|"""i
<latexit sha1_base64="3BYDkM4zqXkvvdqIs8MJt6c3bZM="></latexit>

|""#i+ |"#"i+ |#""i}

Dicke states



<latexit sha1_base64="bsSdm1JDmocAvQwWKam3zgVqHiM=">AAACAnicdVDLSsNAFL2pr1pfVZduBovgKiRFatwV3bisYB/QhjKZTtohkwczEyGE7vwBt/oH7sStP+IP+B1O2grWx4ELh3Pu5d57vIQzqSzr3SitrK6tb5Q3K1vbO7t71f2DjoxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16wVXhd++okCyOblWWUDfE44j5jGClpe4goCq3psNqzTLrdcdxLtBvYpvWDDVYoDWsfgxGMUlDGinCsZR920qUm2OhGOF0WhmkkiaYBHhM+5pGOKTSzWfnTtGJVkbIj4WuSKGZ+n0ix6GUWejpzhCrifzpFeJfXj9VvuPmLEpSRSMyX+SnHKkYFb+jEROUKJ5pgolg+lZEJlhgonRCS1uSSSYZkUUwX9+j/0mnbtoNs3FzVmteLiIqwxEcwynYcA5NuIYWtIFAAA/wCE/GvfFsvBiv89aSsZg5hCUYb59/1Zjq</latexit>

|0i
<latexit sha1_base64="cBJMdCLVt2TLqwh1UDq2vgJl3MY=">AAACAnicdVDLSsNAFJ3UV62vqks3g0VwFZIiNe6KblxWsA9oQ5lMb9ohkwczEyGE7vwBt/oH7sStP+IP+B1O2grWx4ELh3Pu5d57vIQzqSzr3SitrK6tb5Q3K1vbO7t71f2DjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoesFV4XfvQMhWRzdqiwBNyTjiPmMEqWl7iAAldvTYbVmmfW64zgX+DexTWuGGlqgNax+DEYxTUOIFOVEyr5tJcrNiVCMcphWBqmEhNCAjKGvaURCkG4+O3eKT7Qywn4sdEUKz9TvEzkJpcxCT3eGRE3kT68Q//L6qfIdN2dRkiqI6HyRn3KsYlz8jkdMAFU804RQwfStmE6IIFTphJa2JJNMMiqLYL6+x/+TTt20G2bj5qzWvFxEVEZH6BidIhudoya6Ri3URhQF6AE9oifj3ng2XozXeWvJWMwcoiUYb5+Bbpjr</latexit>

|1i
<latexit sha1_base64="jY5O+wu7rxJnd9lx0/1Ejq36Gn8=">AAACAnicdVDLSsNAFL2pr1pfVZduBovgKiRBatwV3bisYB/QhjKZTtohkwczEyGE7vwBt/oH7sStP+IP+B1OH4L1ceDC4Zx7ufceP+VMKst6N0orq2vrG+XNytb2zu5edf+gLZNMENoiCU9E18eSchbTlmKK024qKI58Tjt+eDX1O3dUSJbEtypPqRfhUcwCRrDSUqcfUlU4k0G1ZpmO47ruBfpNbNOaoQYLNAfVj/4wIVlEY0U4lrJnW6nyCiwUI5xOKv1M0hSTEI9oT9MYR1R6xezcCTrRyhAFidAVKzRTv08UOJIyj3zdGWE1lj+9qfiX18tU4HoFi9NM0ZjMFwUZRypB09/RkAlKFM81wUQwfSsiYywwUTqhpS3pOJeMyGkwX9+j/0nbMe26Wb85qzUuFxGV4QiO4RRsOIcGXEMTWkAghAd4hCfj3ng2XozXeWvJWMwcwhKMt0+DB5js</latexit>

|2i
<latexit sha1_base64="d9GdeGSf76dzb9V1rGSzdQKc+gQ=">AAACAnicdVDLSsNAFL3xWeur6tLNYBFchaRKjbuiG5cV7APaUCbTSTtkMgkzEyGE7vwBt/oH7sStP+IP+B0mbQXr48CFwzn3cu89XsyZ0pb1biwtr6yurZc2yptb2zu7lb39tooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa84KrwO3dUKhaJW53G1A3xSDCfEaxzqdMPqM5OJ4NK1TJrNcdxLtBvYpvWFFWYozmofPSHEUlCKjThWKmebcXazbDUjHA6KfcTRWNMAjyivZwKHFLlZtNzJ+g4V4bIj2ReQqOp+n0iw6FSaejlnSHWY/XTK8S/vF6ifcfNmIgTTQWZLfITjnSEit/RkElKNE9zgolk+a2IjLHEROcJLWyJx6liRBXBfH2P/iftmmnXzfrNWbVxOY+oBIdwBCdgwzk04Bqa0AICATzAIzwZ98az8WK8zlqXjPnMASzAePsEhKCY7Q==</latexit>

|3i

Multi-spin Stern-Gerlach Interferometry

π/2 pulse
<latexit sha1_base64="/wEkGKAatFhdV2Ap+UMkg9hAjXM="></latexit>

|"""i ! (|"i+ |#i)⌦ (|"i+ |#i)⌦ (|"i+ |#i)

B = B0x

<latexit sha1_base64="X5WLBRepMTKAo0e99rVnh1LPHMU=">AAACJHicdZDLSsNAFIYnXmu9RV26GSyiIIQkSo0LoejGZQV7gTaUyXTSDp1cmJkIJeQRfA1fwK2+gTtx4calz+GkrcV6+WHg4z/ncOb8XsyokKb5ps3NLywuLRdWiqtr6xub+tZ2XUQJx6SGIxbxpocEYTQkNUklI82YExR4jDS8wWVeb9wSLmgU3shhTNwA9ULqU4yksjr6wTlsD4hMzQwejcmakj2l46yjl0zDth3HOYO/wTLMkUpgompH/2h3I5wEJJSYISFalhlLN0VcUsxIVmwngsQID1CPtBSGKCDCTUcHZXBfOV3oR1y9UMKR+30iRYEQw8BTnQGSffGzlpt/1VqJ9B03pWGcSBLi8SI/YVBGME8HdiknWLKhAoQ5VX+FuI84wlJlOLMl7g8FxSIP5ut6+D/UbcMqG+Xrk1LlYhJRAeyCPXAILHAKKuAKVEENYHAHHsAjeNLutWftRXsdt85pk5kdMCPt/RNwdaRX</latexit>

= |0i+ |1i+ |2i+ |3i

<latexit sha1_base64="uCSafi0m1Un8l3UYG7TMKNlgw38=">AAACHXicdVDLSsNAFJ34rPUVdelmsAiuQlKkxl3RjcsK9gFNKJPppB06mYSZiRJCt/6GP+BW/8CduBV/wO9w0lawVg9cOJxzL/feEySMSmXbH8bS8srq2nppo7y5tb2za+7tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC4Lv31LhKQxv1FZQvwIDTgNKUZKSz0TeiOici9NkBDxHVwg455Zsa1q1XXdc7hIHMueoAJmaPTMT68f4zQiXGGGpOw6dqL8HAlFMSPjspdKkiA8QgPS1ZSjiEg/n3wyhsda6cMwFrq4ghP150SOIimzKNCdEVJD+dsrxL+8bqpC188pT1JFOJ4uClMGVQyLWGCfCoIVyzRBWFB9K8RDJBBWOry5LckwkxTLIpjv7+H/pFW1nJpVuz6t1C9mEZXAITgCJ8ABZ6AOrkADNAEG9+ARPIFn48F4MV6Nt2nrkjGbOQBzMN6/ANQ0pGk=</latexit>

|"""i
<latexit sha1_base64="3BYDkM4zqXkvvdqIs8MJt6c3bZM="></latexit>

|""#i+ |"#"i+ |#""i}

Dicke states

<latexit sha1_base64="LpTOx2pkgmcQxhFvWNbVp7TsSGU=">AAAB/3icdVDLSsNAFL3xWeur6tLNYBHqJiRFatwV3bisYB/QhjKZTpuhk0mYmYghdOEPuNU/cCdu/RR/wO8waStYHwcuHM65l3vv8SLOlLasd2NpeWV1bb2wUdzc2t7ZLe3tt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjS9zv31LpWKhuNFJRN0AjwQbMoJ1LjUqdyf9Utkyq1XHcc7Rb2Kb1hRlmKPRL330BiGJAyo04Viprm1F2k2x1IxwOin2YkUjTMZ4RLsZFTigyk2nt07QcaYM0DCUWQmNpur3iRQHSiWBl3UGWPvqp5eLf3ndWA8dN2UiijUVZLZoGHOkQ5Q/jgZMUqJ5khFMJMtuRcTHEhOdxbOwJfITxYiaZMF8fY/+J62qadfM2vVpuX4xj6gAh3AEFbDhDOpwBQ1oAgEfHuARnox749l4MV5nrUvGfOYAFmC8fQJbI5cd</latexit>

P (x)

<latexit sha1_base64="Cq639FmTpOXkqfbCNhXVuHVwQqA=">AAAB/HicdVDLSsNAFL2pr1pfVZduBovgKiRFatwV3bhswT6gDWUynbRDJ5MwMxFDqT/gVv/Anbj1X/wBv8PpQ7A+Dlw4nHMv994TJJwp7TjvVm5ldW19I79Z2Nre2d0r7h80VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBWMrqZ+65ZKxWJxo7OE+hEeCBYygrWR6ne9Ysmxy2XP8y7Qb+LazgwlWKDWK350+zFJIyo04Vipjusk2h9jqRnhdFLopoommIzwgHYMFTiiyh/PDp2gE6P0URhLU0Kjmfp9YowjpbIoMJ0R1kP105uKf3mdVIeeP2YiSTUVZL4oTDnSMZp+jfpMUqJ5ZggmkplbERliiYk22SxtSYaZYkRNTDBf36P/SbNsuxW7Uj8rVS8XEeXhCI7hFFw4hypcQw0aQIDCAzzCk3VvPVsv1uu8NWctZg5hCdbbJ+nHll4=</latexit>x



<latexit sha1_base64="bsSdm1JDmocAvQwWKam3zgVqHiM=">AAACAnicdVDLSsNAFL2pr1pfVZduBovgKiRFatwV3bisYB/QhjKZTtohkwczEyGE7vwBt/oH7sStP+IP+B1O2grWx4ELh3Pu5d57vIQzqSzr3SitrK6tb5Q3K1vbO7t71f2DjoxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16wVXhd++okCyOblWWUDfE44j5jGClpe4goCq3psNqzTLrdcdxLtBvYpvWDDVYoDWsfgxGMUlDGinCsZR920qUm2OhGOF0WhmkkiaYBHhM+5pGOKTSzWfnTtGJVkbIj4WuSKGZ+n0ix6GUWejpzhCrifzpFeJfXj9VvuPmLEpSRSMyX+SnHKkYFb+jEROUKJ5pgolg+lZEJlhgonRCS1uSSSYZkUUwX9+j/0mnbtoNs3FzVmteLiIqwxEcwynYcA5NuIYWtIFAAA/wCE/GvfFsvBiv89aSsZg5hCUYb59/1Zjq</latexit>

|0i
<latexit sha1_base64="cBJMdCLVt2TLqwh1UDq2vgJl3MY=">AAACAnicdVDLSsNAFJ3UV62vqks3g0VwFZIiNe6KblxWsA9oQ5lMb9ohkwczEyGE7vwBt/oH7sStP+IP+B1O2grWx4ELh3Pu5d57vIQzqSzr3SitrK6tb5Q3K1vbO7t71f2DjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoesFV4XfvQMhWRzdqiwBNyTjiPmMEqWl7iAAldvTYbVmmfW64zgX+DexTWuGGlqgNax+DEYxTUOIFOVEyr5tJcrNiVCMcphWBqmEhNCAjKGvaURCkG4+O3eKT7Qywn4sdEUKz9TvEzkJpcxCT3eGRE3kT68Q//L6qfIdN2dRkiqI6HyRn3KsYlz8jkdMAFU804RQwfStmE6IIFTphJa2JJNMMiqLYL6+x/+TTt20G2bj5qzWvFxEVEZH6BidIhudoya6Ri3URhQF6AE9oifj3ng2XozXeWvJWMwcoiUYb5+Bbpjr</latexit>

|1i
<latexit sha1_base64="jY5O+wu7rxJnd9lx0/1Ejq36Gn8=">AAACAnicdVDLSsNAFL2pr1pfVZduBovgKiRBatwV3bisYB/QhjKZTtohkwczEyGE7vwBt/oH7sStP+IP+B1OH4L1ceDC4Zx7ufceP+VMKst6N0orq2vrG+XNytb2zu5edf+gLZNMENoiCU9E18eSchbTlmKK024qKI58Tjt+eDX1O3dUSJbEtypPqRfhUcwCRrDSUqcfUlU4k0G1ZpmO47ruBfpNbNOaoQYLNAfVj/4wIVlEY0U4lrJnW6nyCiwUI5xOKv1M0hSTEI9oT9MYR1R6xezcCTrRyhAFidAVKzRTv08UOJIyj3zdGWE1lj+9qfiX18tU4HoFi9NM0ZjMFwUZRypB09/RkAlKFM81wUQwfSsiYywwUTqhpS3pOJeMyGkwX9+j/0nbMe26Wb85qzUuFxGV4QiO4RRsOIcGXEMTWkAghAd4hCfj3ng2XozXeWvJWMwcwhKMt0+DB5js</latexit>

|2i
<latexit sha1_base64="d9GdeGSf76dzb9V1rGSzdQKc+gQ=">AAACAnicdVDLSsNAFL3xWeur6tLNYBFchaRKjbuiG5cV7APaUCbTSTtkMgkzEyGE7vwBt/oH7sStP+IP+B0mbQXr48CFwzn3cu89XsyZ0pb1biwtr6yurZc2yptb2zu7lb39tooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa84KrwO3dUKhaJW53G1A3xSDCfEaxzqdMPqM5OJ4NK1TJrNcdxLtBvYpvWFFWYozmofPSHEUlCKjThWKmebcXazbDUjHA6KfcTRWNMAjyivZwKHFLlZtNzJ+g4V4bIj2ReQqOp+n0iw6FSaejlnSHWY/XTK8S/vF6ifcfNmIgTTQWZLfITjnSEit/RkElKNE9zgolk+a2IjLHEROcJLWyJx6liRBXBfH2P/iftmmnXzfrNWbVxOY+oBIdwBCdgwzk04Bqa0AICATzAIzwZ98az8WK8zlqXjPnMASzAePsEhKCY7Q==</latexit>

|3i

Multi-spin Stern-Gerlach Interferometry

π/2 pulse
<latexit sha1_base64="/wEkGKAatFhdV2Ap+UMkg9hAjXM="></latexit>

|"""i ! (|"i+ |#i)⌦ (|"i+ |#i)⌦ (|"i+ |#i)

B = B0x

<latexit sha1_base64="X5WLBRepMTKAo0e99rVnh1LPHMU=">AAACJHicdZDLSsNAFIYnXmu9RV26GSyiIIQkSo0LoejGZQV7gTaUyXTSDp1cmJkIJeQRfA1fwK2+gTtx4calz+GkrcV6+WHg4z/ncOb8XsyokKb5ps3NLywuLRdWiqtr6xub+tZ2XUQJx6SGIxbxpocEYTQkNUklI82YExR4jDS8wWVeb9wSLmgU3shhTNwA9ULqU4yksjr6wTlsD4hMzQwejcmakj2l46yjl0zDth3HOYO/wTLMkUpgompH/2h3I5wEJJSYISFalhlLN0VcUsxIVmwngsQID1CPtBSGKCDCTUcHZXBfOV3oR1y9UMKR+30iRYEQw8BTnQGSffGzlpt/1VqJ9B03pWGcSBLi8SI/YVBGME8HdiknWLKhAoQ5VX+FuI84wlJlOLMl7g8FxSIP5ut6+D/UbcMqG+Xrk1LlYhJRAeyCPXAILHAKKuAKVEENYHAHHsAjeNLutWftRXsdt85pk5kdMCPt/RNwdaRX</latexit>

= |0i+ |1i+ |2i+ |3i

<latexit sha1_base64="uCSafi0m1Un8l3UYG7TMKNlgw38=">AAACHXicdVDLSsNAFJ34rPUVdelmsAiuQlKkxl3RjcsK9gFNKJPppB06mYSZiRJCt/6GP+BW/8CduBV/wO9w0lawVg9cOJxzL/feEySMSmXbH8bS8srq2nppo7y5tb2za+7tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC4Lv31LhKQxv1FZQvwIDTgNKUZKSz0TeiOici9NkBDxHVwg455Zsa1q1XXdc7hIHMueoAJmaPTMT68f4zQiXGGGpOw6dqL8HAlFMSPjspdKkiA8QgPS1ZSjiEg/n3wyhsda6cMwFrq4ghP150SOIimzKNCdEVJD+dsrxL+8bqpC188pT1JFOJ4uClMGVQyLWGCfCoIVyzRBWFB9K8RDJBBWOry5LckwkxTLIpjv7+H/pFW1nJpVuz6t1C9mEZXAITgCJ8ABZ6AOrkADNAEG9+ARPIFn48F4MV6Nt2nrkjGbOQBzMN6/ANQ0pGk=</latexit>

|"""i
<latexit sha1_base64="3BYDkM4zqXkvvdqIs8MJt6c3bZM="></latexit>

|""#i+ |"#"i+ |#""i}

Dicke states

<latexit sha1_base64="LpTOx2pkgmcQxhFvWNbVp7TsSGU=">AAAB/3icdVDLSsNAFL3xWeur6tLNYBHqJiRFatwV3bisYB/QhjKZTpuhk0mYmYghdOEPuNU/cCdu/RR/wO8waStYHwcuHM65l3vv8SLOlLasd2NpeWV1bb2wUdzc2t7ZLe3tt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjS9zv31LpWKhuNFJRN0AjwQbMoJ1LjUqdyf9Utkyq1XHcc7Rb2Kb1hRlmKPRL330BiGJAyo04Viprm1F2k2x1IxwOin2YkUjTMZ4RLsZFTigyk2nt07QcaYM0DCUWQmNpur3iRQHSiWBl3UGWPvqp5eLf3ndWA8dN2UiijUVZLZoGHOkQ5Q/jgZMUqJ5khFMJMtuRcTHEhOdxbOwJfITxYiaZMF8fY/+J62qadfM2vVpuX4xj6gAh3AEFbDhDOpwBQ1oAgEfHuARnox749l4MV5nrUvGfOYAFmC8fQJbI5cd</latexit>

P (x)

<latexit sha1_base64="Cq639FmTpOXkqfbCNhXVuHVwQqA=">AAAB/HicdVDLSsNAFL2pr1pfVZduBovgKiRFatwV3bhswT6gDWUynbRDJ5MwMxFDqT/gVv/Anbj1X/wBv8PpQ7A+Dlw4nHMv994TJJwp7TjvVm5ldW19I79Z2Nre2d0r7h80VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBWMrqZ+65ZKxWJxo7OE+hEeCBYygrWR6ne9Ysmxy2XP8y7Qb+LazgwlWKDWK350+zFJIyo04Vipjusk2h9jqRnhdFLopoommIzwgHYMFTiiyh/PDp2gE6P0URhLU0Kjmfp9YowjpbIoMJ0R1kP105uKf3mdVIeeP2YiSTUVZL4oTDnSMZp+jfpMUqJ5ZggmkplbERliiYk22SxtSYaZYkRNTDBf36P/SbNsuxW7Uj8rVS8XEeXhCI7hFFw4hypcQw0aQIDCAzzCk3VvPVsv1uu8NWctZg5hCdbbJ+nHll4=</latexit>x

<latexit sha1_base64="6pfjH4dpfqJbp3jfu3JbpHowfak=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFZIiNe6KunBZwT6gDWUyvWmHTiZhZiKW0KU/4Fb/wJ249UP8Ab/D6UOwPg5cOJxzL/feEyScKe0471ZuaXlldS2/XtjY3NreKe7uNVScSgp1GvNYtgKigDMBdc00h1YigUQBh2YwvJj4zVuQisXiRo8S8CPSFyxklGgjtTqXwDXBd91iybHLZc/zzvBv4trOFCU0R61b/Oj0YppGIDTlRKm26yTaz4jUjHIYFzqpgoTQIelD21BBIlB+Nr13jI+M0sNhLE0Jjafq94mMREqNosB0RkQP1E9vIv7ltVMden7GRJJqEHS2KEw51jGePI97TALVfGQIoZKZWzEdEEmoNhEtbEkGI8WoGptgvr7H/5NG2XYrduX6pFQ9n0eURwfoEB0jF52iKrpCNVRHFHH0gB7Rk3VvPVsv1uusNWfNZ/bRAqy3T8mXmQo=</latexit>

�x

<latexit sha1_base64="jMPx77s2dKmnvceSwYhLkS790p0=">AAACFnicdVDLSgMxFM3UV62vqitxEyyCqzJTpNZdUReupIJ9QKeUTJppQzMzMbkjlqH4G/6AW/0Dd+LWrT/gd5g+BOvjQOBwzr3cnONJwTXY9ruVmptfWFxKL2dWVtfWN7KbWzUdxYqyKo1EpBoe0UzwkFWBg2ANqRgJPMHqXv905NdvmNI8Cq9gIFkrIN2Q+5wSMFI7u+OeMQEE32JXqkhChF19rSC5GLazOTtfKJRKpWP8mzh5e4wcmqLSzn64nYjGAQuBCqJ107EltBKigFPBhhk31kwS2idd1jQ0JAHTrWQcYYj3jdLBfqTMCwGP1e8bCQm0HgSemQwI9PRPbyT+5TVj8EuthIcyBhbSySE/FtgkHfWBO1wxCmJgCKGKm79i2iOKUDCtzVyRvYHmVI+K+UqP/ye1Qt4p5ouXh7nyybSiNNpFe+gAOegIldE5qqAqougOPaBH9GTdW8/Wi/U6GU1Z051tNAPr7RPBqKCR</latexit>

�x /
p
N



<latexit sha1_base64="k9kdkIb3hgpCIgT+DvtUqJayzwA="></latexit>

ω̇(x, x→) =
i

⊋ →x| [Ĥ, ω̂] |x→↑ ↓ ε(ϑcsl, rcsl)(1↓ e
↑(x↑x→)2/r2csl)ω(x, x→)

Continuous Spontaneous Localization model



<latexit sha1_base64="k9kdkIb3hgpCIgT+DvtUqJayzwA="></latexit>

ω̇(x, x→) =
i

⊋ →x| [Ĥ, ω̂] |x→↑ ↓ ε(ϑcsl, rcsl)(1↓ e
↑(x↑x→)2/r2csl)ω(x, x→)

Continuous Spontaneous Localization model



<latexit sha1_base64="k9kdkIb3hgpCIgT+DvtUqJayzwA="></latexit>

ω̇(x, x→) =
i

⊋ →x| [Ĥ, ω̂] |x→↑ ↓ ε(ϑcsl, rcsl)(1↓ e
↑(x↑x→)2/r2csl)ω(x, x→)

Continuous Spontaneous Localization model



Three ways to strengthen quantum experiments

EXPLOIT  
THE PLATFORM

1

What resources can  
the physical platform give us?

· quantum resources ·

2

ASK THE  
RIGHT QUESTION

What does the experiment  
really need to demonstrate?

· operational certification ·

3

TAKE THE  
APPARATUS SERIOUSLY

What else can destroy  
or fake the signal?

· realistic modeling·
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Feynman thought experiment
1957 Chapel Hill Conference on the role of gravitation in physics 
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Source mass



Feynman thought experiment
1957 Chapel Hill Conference on the role of gravitation in physics 


Test mass

In modern quantum information parlance we call this entanglement


Source mass

<latexit sha1_base64="6MUoOPFYS9dE7dtBpeIWk81CrhA="></latexit>

| is ⌦ | 0it ! |Lis ⌦ |Lit + |Ris ⌦ |Rit

<latexit sha1_base64="T1czpHTsUYHSqEB4uZjITLkishM=">AAACBnicdVDLSsNAFJ34rPVVdelmsAiuQhJrW3dFNy5cVLAPbEOZTCft0MkkzEyEELL3A9zqJ7gTt/6GX+BvOE0rWNEDFw7n3Mu993gRo1JZ1oextLyyurZe2Chubm3v7Jb29tsyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8SaXU79zT4SkIb9VSUTcAI049SlGSkt3/QlR6XU2kHBQKlumc151KnWYk9PaWU4cp2JD27RylMEczUHpsz8McRwQrjBDUvZsK1JuioSimJGs2I8liRCeoBHpacpRQKSb5hdn8FgrQ+iHQhdXMFd/TqQokDIJPN0ZIDWWv72p+JfXi5Vfd1PKo1gRjmeL/JhBFcLp+3BIBcGKJZogLKi+FeIxEggrHdLClmicSIplVtTJfL8P/ydtx7SrZvWmUm5czDMqgENwBE6ADWqgAa5AE7QABhw8gifwbDwYL8ar8TZrXTLmMwdgAcb7FwyPmgo=</latexit>

|Lis
<latexit sha1_base64="vfSeWbrdthOGN7QiILE6WxGnHf0=">AAACBXicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OLBQwTzkGQJs5PZZMjsg5leYVly9gO86id4E69+h1/gbzjZRDCiBQ1FVTfdXW4kuALT/DCWlldW19ZzG/nNre2d3cLefkuFsaSsSUMRyo5LFBM8YE3gIFgnkoz4rmBtd3w59dv3TCoeBreQRMzxyTDgHqcEtHTXGzNIryd96BeKZsk+r9jlGs7IafUsI7ZdtrBVMjMU0RyNfuGzNwhp7LMAqCBKdS0zAiclEjgVbJLvxYpFhI7JkHU1DYjPlJNmB0/wsVYG2AulrgBwpv6cSImvVOK7utMnMFK/van4l9eNwas5KQ+iGFhAZ4u8WGAI8fR7POCSURCJJoRKrm/FdEQkoaAzWtgSjRLFqZrkdTLf7+P/ScsuWZVS5aZcrF/MM8qhQ3SETpCFqqiOrlADNRFFPnpET+jZeDBejFfjbda6ZMxnDtACjPcvsjqZ4Q==</latexit>

|Lit

<latexit sha1_base64="InmXKibUDSd1LLCR7o0TmXmlK6g=">AAACBXicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OIxinlIsoTZyWwyZPbBTK+wLDn7AV71E7yJV7/DL/A3nGwiGNGChqKqm+4uNxJcgWl+GEvLK6tr67mN/ObW9s5uYW+/pcJYUtakoQhlxyWKCR6wJnAQrBNJRnxXsLY7vpz67XsmFQ+DW0gi5vhkGHCPUwJauuuNGaQ3kz70C0WzZJ9X7HINZ+S0epYR2y5b2CqZGYpojka/8NkbhDT2WQBUEKW6lhmBkxIJnAo2yfdixSJCx2TIupoGxGfKSbODJ/hYKwPshVJXADhTf06kxFcq8V3d6RMYqd/eVPzL68bg1ZyUB1EMLKCzRV4sMIR4+j0ecMkoiEQTQiXXt2I6IpJQ0BktbIlGieJUTfI6me/38f+kZZesSqlyXS7WL+YZ5dAhOkInyEJVVEdXqIGaiCIfPaIn9Gw8GC/Gq/E2a10y5jMHaAHG+xe74pnn</latexit>

|Rit<latexit sha1_base64="swBJohi76v0ypIvuN5DpksUpbNQ=">AAACBXicdVDLSsNAFJ34rPVVdelmsAiuQhJrW3dFNy6r2Ie0oUymk3boTBJmJkIIWfsBbvUT3Ilbv8Mv8DecphWs6IELh3Pu5d57vIhRqSzrw1haXlldWy9sFDe3tnd2S3v7bRnGApMWDlkouh6ShNGAtBRVjHQjQRD3GOl4k8up37knQtIwuFVJRFyORgH1KUZKS3f9CVHpTTaQg1LZMp3zqlOpw5yc1s5y4jgVG9qmlaMM5mgOSp/9YYhjTgKFGZKyZ1uRclMkFMWMZMV+LEmE8ASNSE/TAHEi3TQ/OIPHWhlCPxS6AgVz9edEiriUCfd0J0dqLH97U/Evrxcrv+6mNIhiRQI8W+THDKoQTr+HQyoIVizRBGFB9a0Qj5FAWOmMFrZE40RSLLOiTub7ffg/aTumXTWr15Vy42KeUQEcgiNwAmxQAw1wBZqgBTDg4BE8gWfjwXgxXo23WeuSMZ85AAsw3r8AukmZ5g==</latexit>

|Ris



Feynman thought experiment
1957 Chapel Hill Conference on the role of gravitation in physics 


Test mass

In modern quantum information parlance we call this entanglement


If there is entanglement
 Gravitational evolution is 

NOT of LOCC form


Source mass

<latexit sha1_base64="6MUoOPFYS9dE7dtBpeIWk81CrhA="></latexit>

| is ⌦ | 0it ! |Lis ⌦ |Lit + |Ris ⌦ |Rit

<latexit sha1_base64="T1czpHTsUYHSqEB4uZjITLkishM=">AAACBnicdVDLSsNAFJ34rPVVdelmsAiuQhJrW3dFNy5cVLAPbEOZTCft0MkkzEyEELL3A9zqJ7gTt/6GX+BvOE0rWNEDFw7n3Mu993gRo1JZ1oextLyyurZe2Chubm3v7Jb29tsyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8SaXU79zT4SkIb9VSUTcAI049SlGSkt3/QlR6XU2kHBQKlumc151KnWYk9PaWU4cp2JD27RylMEczUHpsz8McRwQrjBDUvZsK1JuioSimJGs2I8liRCeoBHpacpRQKSb5hdn8FgrQ+iHQhdXMFd/TqQokDIJPN0ZIDWWv72p+JfXi5Vfd1PKo1gRjmeL/JhBFcLp+3BIBcGKJZogLKi+FeIxEggrHdLClmicSIplVtTJfL8P/ydtx7SrZvWmUm5czDMqgENwBE6ADWqgAa5AE7QABhw8gifwbDwYL8ar8TZrXTLmMwdgAcb7FwyPmgo=</latexit>

|Lis
<latexit sha1_base64="vfSeWbrdthOGN7QiILE6WxGnHf0=">AAACBXicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OLBQwTzkGQJs5PZZMjsg5leYVly9gO86id4E69+h1/gbzjZRDCiBQ1FVTfdXW4kuALT/DCWlldW19ZzG/nNre2d3cLefkuFsaSsSUMRyo5LFBM8YE3gIFgnkoz4rmBtd3w59dv3TCoeBreQRMzxyTDgHqcEtHTXGzNIryd96BeKZsk+r9jlGs7IafUsI7ZdtrBVMjMU0RyNfuGzNwhp7LMAqCBKdS0zAiclEjgVbJLvxYpFhI7JkHU1DYjPlJNmB0/wsVYG2AulrgBwpv6cSImvVOK7utMnMFK/van4l9eNwas5KQ+iGFhAZ4u8WGAI8fR7POCSURCJJoRKrm/FdEQkoaAzWtgSjRLFqZrkdTLf7+P/ScsuWZVS5aZcrF/MM8qhQ3SETpCFqqiOrlADNRFFPnpET+jZeDBejFfjbda6ZMxnDtACjPcvsjqZ4Q==</latexit>

|Lit

<latexit sha1_base64="InmXKibUDSd1LLCR7o0TmXmlK6g=">AAACBXicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OIxinlIsoTZyWwyZPbBTK+wLDn7AV71E7yJV7/DL/A3nGwiGNGChqKqm+4uNxJcgWl+GEvLK6tr67mN/ObW9s5uYW+/pcJYUtakoQhlxyWKCR6wJnAQrBNJRnxXsLY7vpz67XsmFQ+DW0gi5vhkGHCPUwJauuuNGaQ3kz70C0WzZJ9X7HINZ+S0epYR2y5b2CqZGYpojka/8NkbhDT2WQBUEKW6lhmBkxIJnAo2yfdixSJCx2TIupoGxGfKSbODJ/hYKwPshVJXADhTf06kxFcq8V3d6RMYqd/eVPzL68bg1ZyUB1EMLKCzRV4sMIR4+j0ecMkoiEQTQiXXt2I6IpJQ0BktbIlGieJUTfI6me/38f+kZZesSqlyXS7WL+YZ5dAhOkInyEJVVEdXqIGaiCIfPaIn9Gw8GC/Gq/E2a10y5jMHaAHG+xe74pnn</latexit>

|Rit<latexit sha1_base64="swBJohi76v0ypIvuN5DpksUpbNQ=">AAACBXicdVDLSsNAFJ34rPVVdelmsAiuQhJrW3dFNy6r2Ie0oUymk3boTBJmJkIIWfsBbvUT3Ilbv8Mv8DecphWs6IELh3Pu5d57vIhRqSzrw1haXlldWy9sFDe3tnd2S3v7bRnGApMWDlkouh6ShNGAtBRVjHQjQRD3GOl4k8up37knQtIwuFVJRFyORgH1KUZKS3f9CVHpTTaQg1LZMp3zqlOpw5yc1s5y4jgVG9qmlaMM5mgOSp/9YYhjTgKFGZKyZ1uRclMkFMWMZMV+LEmE8ASNSE/TAHEi3TQ/OIPHWhlCPxS6AgVz9edEiriUCfd0J0dqLH97U/Evrxcrv+6mNIhiRQI8W+THDKoQTr+HQyoIVizRBGFB9a0Qj5FAWOmMFrZE40RSLLOiTub7ffg/aTumXTWr15Vy42KeUQEcgiNwAmxQAw1wBZqgBTDg4BE8gWfjwXgxXo23WeuSMZ85AAsw3r8AukmZ5g==</latexit>

|Ris



Gravity as a dynamical map

Initial state Final state

map<latexit sha1_base64="I1oRyuA0mlpZsDOlWTl+SrL7jPE=">AAACGnicjVDLSgMxFM3UV62vUZciBIvgqkxFqsuiG5cVbCt0hpJJM21oJhmSO8IwdOVv+ANu9Q/ciVs3/oDfYfoArSh4IHA4517OzQkTwQ143rtTWFhcWl4prpbW1jc2t9ztnZZRqaasSZVQ+iYkhgkuWRM4CHaTaEbiULB2OLwY++1bpg1X8hqyhAUx6UsecUrASl133x8yyP3E8BH2FfCYGfwldd1yteJNgP8mZTRDo+t++D1F05hJoIIY06l6CQQ50cCpYKOSnxqWEDokfdaxVBKbF+STb4zwoVV6OFLaPgl4on7fyElsTBaHdjImMDA/vbH4m9dJIToLci6TFJik06AoFRgUHneCe1wzCiKzhFDN7a2YDogmFGxzcynJIDOcmn8W0zquVGuV2tVJuX4+q6iI9tABOkJVdIrq6BI1UBNRdIce0CN6cu6dZ+fFeZ2OFpzZzi6ag/P2CU80onA=</latexit>

| i ⌦ | i
<latexit sha1_base64="66yTpZHj0rAIgMP82XNn6fqokNM=">AAAB/3icjVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPppBk6mQkzEyGELvwBt/oH7sStn+IP+B1O2i6sKHjgwuGce7n3niDhTBvX/XBKK6tr6xvlzcrW9s7uXnX/oKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTK4Lv3tPlWZS3JksoX6Mx4KFjGBTSAMVyWG15tXdGdDfpAYLtIbVz8FIkjSmwhCOte57bmL8HCvDCKfTyiDVNMFkgse0b6nAMdV+Prt1ik6sMkKhVLaEQTP1+0SOY62zOLCdMTaR/ukV4m9ePzXhpZ8zkaSGCjJfFKYcGYmKx9GIKUoMzyzBRDF7KyIRVpgYG8/SliTKNCN6+r9gOmd1r1Fv3J7XmleLiMpwBMdwCh5cQBNuoAVtIBDBIzzBs/PgvDivztu8teQsZg5hCc77F5aKlz0=</latexit>

⇢
separable possibly entangled

(Evolution)



Gravity as a dynamical map

Initial state Final state

map<latexit sha1_base64="I1oRyuA0mlpZsDOlWTl+SrL7jPE=">AAACGnicjVDLSgMxFM3UV62vUZciBIvgqkxFqsuiG5cVbCt0hpJJM21oJhmSO8IwdOVv+ANu9Q/ciVs3/oDfYfoArSh4IHA4517OzQkTwQ143rtTWFhcWl4prpbW1jc2t9ztnZZRqaasSZVQ+iYkhgkuWRM4CHaTaEbiULB2OLwY++1bpg1X8hqyhAUx6UsecUrASl133x8yyP3E8BH2FfCYGfwldd1yteJNgP8mZTRDo+t++D1F05hJoIIY06l6CQQ50cCpYKOSnxqWEDokfdaxVBKbF+STb4zwoVV6OFLaPgl4on7fyElsTBaHdjImMDA/vbH4m9dJIToLci6TFJik06AoFRgUHneCe1wzCiKzhFDN7a2YDogmFGxzcynJIDOcmn8W0zquVGuV2tVJuX4+q6iI9tABOkJVdIrq6BI1UBNRdIce0CN6cu6dZ+fFeZ2OFpzZzi6ag/P2CU80onA=</latexit>

| i ⌦ | i
<latexit sha1_base64="66yTpZHj0rAIgMP82XNn6fqokNM=">AAAB/3icjVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPppBk6mQkzEyGELvwBt/oH7sStn+IP+B1O2i6sKHjgwuGce7n3niDhTBvX/XBKK6tr6xvlzcrW9s7uXnX/oKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTK4Lv3tPlWZS3JksoX6Mx4KFjGBTSAMVyWG15tXdGdDfpAYLtIbVz8FIkjSmwhCOte57bmL8HCvDCKfTyiDVNMFkgse0b6nAMdV+Prt1ik6sMkKhVLaEQTP1+0SOY62zOLCdMTaR/ukV4m9ePzXhpZ8zkaSGCjJfFKYcGYmKx9GIKUoMzyzBRDF7KyIRVpgYG8/SliTKNCN6+r9gOmd1r1Fv3J7XmleLiMpwBMdwCh5cQBNuoAVtIBDBIzzBs/PgvDivztu8teQsZg5hCc77F5aKlz0=</latexit>

⇢
separable possibly entangled

(Evolution)

Gravity induces  
the map



Gravity as a dynamical map

Initial state Final state

map<latexit sha1_base64="I1oRyuA0mlpZsDOlWTl+SrL7jPE=">AAACGnicjVDLSgMxFM3UV62vUZciBIvgqkxFqsuiG5cVbCt0hpJJM21oJhmSO8IwdOVv+ANu9Q/ciVs3/oDfYfoArSh4IHA4517OzQkTwQ143rtTWFhcWl4prpbW1jc2t9ztnZZRqaasSZVQ+iYkhgkuWRM4CHaTaEbiULB2OLwY++1bpg1X8hqyhAUx6UsecUrASl133x8yyP3E8BH2FfCYGfwldd1yteJNgP8mZTRDo+t++D1F05hJoIIY06l6CQQ50cCpYKOSnxqWEDokfdaxVBKbF+STb4zwoVV6OFLaPgl4on7fyElsTBaHdjImMDA/vbH4m9dJIToLci6TFJik06AoFRgUHneCe1wzCiKzhFDN7a2YDogmFGxzcynJIDOcmn8W0zquVGuV2tVJuX4+q6iI9tABOkJVdIrq6BI1UBNRdIce0CN6cu6dZ+fFeZ2OFpzZzi6ag/P2CU80onA=</latexit>

| i ⌦ | i
<latexit sha1_base64="66yTpZHj0rAIgMP82XNn6fqokNM=">AAAB/3icjVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPppBk6mQkzEyGELvwBt/oH7sStn+IP+B1O2i6sKHjgwuGce7n3niDhTBvX/XBKK6tr6xvlzcrW9s7uXnX/oKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTK4Lv3tPlWZS3JksoX6Mx4KFjGBTSAMVyWG15tXdGdDfpAYLtIbVz8FIkjSmwhCOte57bmL8HCvDCKfTyiDVNMFkgse0b6nAMdV+Prt1ik6sMkKhVLaEQTP1+0SOY62zOLCdMTaR/ukV4m9ePzXhpZ8zkaSGCjJfFKYcGYmKx9GIKUoMzyzBRDF7KyIRVpgYG8/SliTKNCN6+r9gOmd1r1Fv3J7XmleLiMpwBMdwCh5cQBNuoAVtIBDBIzzBs/PgvDivztu8teQsZg5hCc77F5aKlz0=</latexit>

⇢
separable possibly entangled

(Evolution)

Gravity induces  
the map

All possible maps

LOCC 
maps



Gravity as a dynamical map

Initial state Final state

map<latexit sha1_base64="I1oRyuA0mlpZsDOlWTl+SrL7jPE=">AAACGnicjVDLSgMxFM3UV62vUZciBIvgqkxFqsuiG5cVbCt0hpJJM21oJhmSO8IwdOVv+ANu9Q/ciVs3/oDfYfoArSh4IHA4517OzQkTwQ143rtTWFhcWl4prpbW1jc2t9ztnZZRqaasSZVQ+iYkhgkuWRM4CHaTaEbiULB2OLwY++1bpg1X8hqyhAUx6UsecUrASl133x8yyP3E8BH2FfCYGfwldd1yteJNgP8mZTRDo+t++D1F05hJoIIY06l6CQQ50cCpYKOSnxqWEDokfdaxVBKbF+STb4zwoVV6OFLaPgl4on7fyElsTBaHdjImMDA/vbH4m9dJIToLci6TFJik06AoFRgUHneCe1wzCiKzhFDN7a2YDogmFGxzcynJIDOcmn8W0zquVGuV2tVJuX4+q6iI9tABOkJVdIrq6BI1UBNRdIce0CN6cu6dZ+fFeZ2OFpzZzi6ag/P2CU80onA=</latexit>

| i ⌦ | i
<latexit sha1_base64="66yTpZHj0rAIgMP82XNn6fqokNM=">AAAB/3icjVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPppBk6mQkzEyGELvwBt/oH7sStn+IP+B1O2i6sKHjgwuGce7n3niDhTBvX/XBKK6tr6xvlzcrW9s7uXnX/oKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTK4Lv3tPlWZS3JksoX6Mx4KFjGBTSAMVyWG15tXdGdDfpAYLtIbVz8FIkjSmwhCOte57bmL8HCvDCKfTyiDVNMFkgse0b6nAMdV+Prt1ik6sMkKhVLaEQTP1+0SOY62zOLCdMTaR/ukV4m9ePzXhpZ8zkaSGCjJfFKYcGYmKx9GIKUoMzyzBRDF7KyIRVpgYG8/SliTKNCN6+r9gOmd1r1Fv3J7XmleLiMpwBMdwCh5cQBNuoAVtIBDBIzzBs/PgvDivztu8teQsZg5hCc77F5aKlz0=</latexit>

⇢
separable possibly entangled

(Evolution)

Gravity induces  
the map

All possible maps

LOCC 
maps

Local Operations and Classical Communication



Gravity as a dynamical map

Initial state Final state

map<latexit sha1_base64="I1oRyuA0mlpZsDOlWTl+SrL7jPE=">AAACGnicjVDLSgMxFM3UV62vUZciBIvgqkxFqsuiG5cVbCt0hpJJM21oJhmSO8IwdOVv+ANu9Q/ciVs3/oDfYfoArSh4IHA4517OzQkTwQ143rtTWFhcWl4prpbW1jc2t9ztnZZRqaasSZVQ+iYkhgkuWRM4CHaTaEbiULB2OLwY++1bpg1X8hqyhAUx6UsecUrASl133x8yyP3E8BH2FfCYGfwldd1yteJNgP8mZTRDo+t++D1F05hJoIIY06l6CQQ50cCpYKOSnxqWEDokfdaxVBKbF+STb4zwoVV6OFLaPgl4on7fyElsTBaHdjImMDA/vbH4m9dJIToLci6TFJik06AoFRgUHneCe1wzCiKzhFDN7a2YDogmFGxzcynJIDOcmn8W0zquVGuV2tVJuX4+q6iI9tABOkJVdIrq6BI1UBNRdIce0CN6cu6dZ+fFeZ2OFpzZzi6ag/P2CU80onA=</latexit>

| i ⌦ | i
<latexit sha1_base64="66yTpZHj0rAIgMP82XNn6fqokNM=">AAAB/3icjVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPppBk6mQkzEyGELvwBt/oH7sStn+IP+B1O2i6sKHjgwuGce7n3niDhTBvX/XBKK6tr6xvlzcrW9s7uXnX/oKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTK4Lv3tPlWZS3JksoX6Mx4KFjGBTSAMVyWG15tXdGdDfpAYLtIbVz8FIkjSmwhCOte57bmL8HCvDCKfTyiDVNMFkgse0b6nAMdV+Prt1ik6sMkKhVLaEQTP1+0SOY62zOLCdMTaR/ukV4m9ePzXhpZ8zkaSGCjJfFKYcGYmKx9GIKUoMzyzBRDF7KyIRVpgYG8/SliTKNCN6+r9gOmd1r1Fv3J7XmleLiMpwBMdwCh5cQBNuoAVtIBDBIzzBs/PgvDivztu8teQsZg5hCc77F5aKlz0=</latexit>

⇢
separable possibly entangled

(Evolution)

Gravity induces  
the map

All possible maps

LOCC 
maps

Local Operations and Classical Communication

1

2

3

t



Gravity as a dynamical map

Initial state Final state

map<latexit sha1_base64="I1oRyuA0mlpZsDOlWTl+SrL7jPE=">AAACGnicjVDLSgMxFM3UV62vUZciBIvgqkxFqsuiG5cVbCt0hpJJM21oJhmSO8IwdOVv+ANu9Q/ciVs3/oDfYfoArSh4IHA4517OzQkTwQ143rtTWFhcWl4prpbW1jc2t9ztnZZRqaasSZVQ+iYkhgkuWRM4CHaTaEbiULB2OLwY++1bpg1X8hqyhAUx6UsecUrASl133x8yyP3E8BH2FfCYGfwldd1yteJNgP8mZTRDo+t++D1F05hJoIIY06l6CQQ50cCpYKOSnxqWEDokfdaxVBKbF+STb4zwoVV6OFLaPgl4on7fyElsTBaHdjImMDA/vbH4m9dJIToLci6TFJik06AoFRgUHneCe1wzCiKzhFDN7a2YDogmFGxzcynJIDOcmn8W0zquVGuV2tVJuX4+q6iI9tABOkJVdIrq6BI1UBNRdIce0CN6cu6dZ+fFeZ2OFpzZzi6ag/P2CU80onA=</latexit>

| i ⌦ | i
<latexit sha1_base64="66yTpZHj0rAIgMP82XNn6fqokNM=">AAAB/3icjVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPppBk6mQkzEyGELvwBt/oH7sStn+IP+B1O2i6sKHjgwuGce7n3niDhTBvX/XBKK6tr6xvlzcrW9s7uXnX/oKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTK4Lv3tPlWZS3JksoX6Mx4KFjGBTSAMVyWG15tXdGdDfpAYLtIbVz8FIkjSmwhCOte57bmL8HCvDCKfTyiDVNMFkgse0b6nAMdV+Prt1ik6sMkKhVLaEQTP1+0SOY62zOLCdMTaR/ukV4m9ePzXhpZ8zkaSGCjJfFKYcGYmKx9GIKUoMzyzBRDF7KyIRVpgYG8/SliTKNCN6+r9gOmd1r1Fv3J7XmleLiMpwBMdwCh5cQBNuoAVtIBDBIzzBs/PgvDivztu8teQsZg5hCc77F5aKlz0=</latexit>

⇢
separable possibly entangled

(Evolution)

Gravity induces  
the map

All possible maps

LOCC 
maps

Local Operations and Classical Communication

1

2

3

t No increase of entanglement



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

Entanglement is only one 

of the limitations of LOCC



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

Entanglement is only one 

of the limitations of LOCC <latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→
<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

swap

separable separable

non-LOCC



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

tGRAVITY

Q C

Build the 
statistics for 

<latexit sha1_base64="z3WY0gd3N7VaAwke4X5FibRnHh0=">AAAB/3icdVDLSsNAFJ3UV62vqks3g0Wom5D0kcRd0Y3LFuwD2lAm00kzdPJgZiKU0IU/4Fb/wJ249VP8Ab/D6UOwogcuHM65l3vv8RJGhTSMDy23sbm1vZPfLeztHxweFY9POiJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrTW7mfveecEHj6E5OE+KGaBxRn2Ik51Kz3LocFkuGXq/aVfsKGrpl1+pORZF6xbEdC5q6sUAJrNAcFj8HoxinIYkkZkiIvmkk0s0QlxQzMisMUkEShCdoTPqKRigkws0Wt87ghVJG0I+5qkjChfpzIkOhENPQU50hkoH47c3Fv7x+Kn3HzWiUpJJEeLnITxmUMZw/DkeUEyzZVBGEOVW3QhwgjrBU8axtSYKpoFjMVDDf38P/Saeim5ZutWqlxvUqojw4A+egDExggwa4BU3QBhgE4BE8gWftQXvRXrW3ZWtOW82cgjVo718PRpbt</latexit>

P (Q)

<latexit sha1_base64="/gfTMySQk8v6/JiyfqkoAuOckBs=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlN4sbcgl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaavWGxZJl1iuOfVHGllktVyrVWkZsx6nVsW1aC5TQCs1h8X0wimgSQKgoJ1L2bStWbkqEYpTDvDBIJMSETskY+pqGJADppotD5/hMKyPsR0JXqPBC/T6RkkDKWeDpzoCoifztZeJfXj9R/qWbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6RTNm3HdFrVUuNqFUcenaBTdI5sVEMNdIOaqI0oAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+fL7mNOQ==</latexit>

X

<latexit sha1_base64="Lciu234zBGO3ZV2fgI+/4jJnCbs=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNtndpd0Y3LFuwD2kEyaaaNzWSGJCOUoV/gxoUibv0kd/6N6UNQ0QOBwznnkntPkHCmtON8WCura+sbm7mt/PbO7t5+4eCwreJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDXzO/dUKhaLGz1JqB/hoWAhI1gbqdm4LRQdu1b23PMScuxKqVyuVGfE9bxqDbm2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6vPAzJpJUU0EWH4UpRzpGs6vRgElKNJ8YgolkZldERlhiok03eVPC16Xof9Iu2a5ne81KsX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEjmY0x</latexit>

P
<latexit sha1_base64="RQGltvNp54rSaOcpAvayorYKk5I=">AAACB3icdVDLSsNAFJ3UV62vqks3g0VwFdJXEndFNy4rWFtoQplMp+3QSTLMTIQQ+gH+gFv9A3fi1s/wB/wOJ20FK3rgwuGce7n3noAzKpVlfRiFtfWNza3idmlnd2//oHx4dCfjRGDSwTGLRS9AkjAakY6iipEeFwSFASPdYHqV+917IiSNo1uVcuKHaBzREcVIacnzpkRlHmJ8gmaDcsUym3Wn7lxAy7SdRtOtadKsuY5rw6ppzVEBS7QH5U9vGOMkJJHCDEnZr1pc+RkSimJGZiUvkYQjPEVj0tc0QiGRfja/eQbPtDKEo1joihScqz8nMhRKmYaB7gyRmsjfXi7+5fUTNXL9jEY8USTCi0WjhEEVwzwAOKSCYMVSTRAWVN8K8QQJhJWOaWULn6SSYpkH8/09/J/c1cyqbdo3jUrrchlREZyAU3AOqsABLXAN2qADMODgETyBZ+PBeDFejbdFa8FYzhyDFRjvX73wm0U=</latexit>

|ω→

<latexit sha1_base64="Pn4gbHSCYpXm364FZkV6fkWVt3w=">AAACBHicdVDLSsNAFJ34rPVVdelmsAiuYtJHEndFNy4r2Ie0oUwmk3bo5MHMRAihW3/Arf6BO3Hrf/gDfofTh2BFD1w4nHMu9+EljAppGB/ayura+sZmYau4vbO7t186OGyLOOWYtHDMYt71kCCMRqQlqWSkm3CCQo+Rjje+mvqde8IFjaNbmSXEDdEwogHFSCrpzjzvMxX20aBUNvR61a7aF9DQLbtWdyqK1CuO7VjQ1I0ZymCB5qD02fdjnIYkkpghIXqmkUg3R1xSzMik2E8FSRAeoyHpKRqhkAg3ny08gadK8WEQc1WRhDP1Z0eOQiGy0FPJEMmR+O1Nxb+8XioDx81plKSSRHg+KEgZlDGcXg99ygmWLFMEYU7VrhCPEEdYqh8tTUlGmaBYTNRjvq+H/5N2RTct3bqplRuXixcVwDE4AWfABDZogGvQBC2AQQgewRN41h60F+1Ve5tHV7RFzxFYgvb+BUaLmUo=</latexit>

1/ω

Choose two 

states from

<latexit sha1_base64="c9ArjdlzzymXzeJsRi50nvI/Pm4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI+krgrunFZwT6gCWUynbZDJ5MwMymU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyaMSmVZH0ZhY3Nre6e4W9rbPzg8Kh+fdGScCkzaOGax6IVIEkY5aSuqGOklgqAoZKQbTm9yvzsjQtKY36t5QoIIjTkdUYyUlnx/hgRJJGUxLw3KFcts1NyaewUt03HrDa+qSaPquZ4DbdNaogLWaA3K7/4wxmlEuMIMSdm3rUQFGRKKYkYWJT+VJEF4isakrylHEZFBtrx5AS+0MoSjWOjiCi7V7xMZiqScR6HujJCayN9eLv7l9VM18oKM8iRVhOPVolHKoIphHgAcUkGwYnNNEBZU3wrxBAmElY4pD+HrU/g/6VRN2zGdu3qleb2OowjOwDm4BDZwQRPcghZoAwwS8ACewLORGo/Gi/G6ai0Y65lT8APG2yeJq5IM</latexit>ω
Prepare two 
oscillators in 
these states

<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

Measure in a 
suitable basis

<latexit sha1_base64="lwd3Df6+lYmUHGMK7Z4WejrTp1o="></latexit>

|ω→
2→↑ω→

2|
<latexit sha1_base64="oN0offxCIIl0FbQcEJA9gPc23kE="></latexit>

|ω→
1→↑ω→

1|

Entanglement is only one 

of the limitations of LOCC <latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→
<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

swap

separable separable

non-LOCC



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

tGRAVITY

Q C

Build the 
statistics for 

<latexit sha1_base64="z3WY0gd3N7VaAwke4X5FibRnHh0=">AAAB/3icdVDLSsNAFJ3UV62vqks3g0Wom5D0kcRd0Y3LFuwD2lAm00kzdPJgZiKU0IU/4Fb/wJ249VP8Ab/D6UOwogcuHM65l3vv8RJGhTSMDy23sbm1vZPfLeztHxweFY9POiJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrTW7mfveecEHj6E5OE+KGaBxRn2Ik51Kz3LocFkuGXq/aVfsKGrpl1+pORZF6xbEdC5q6sUAJrNAcFj8HoxinIYkkZkiIvmkk0s0QlxQzMisMUkEShCdoTPqKRigkws0Wt87ghVJG0I+5qkjChfpzIkOhENPQU50hkoH47c3Fv7x+Kn3HzWiUpJJEeLnITxmUMZw/DkeUEyzZVBGEOVW3QhwgjrBU8axtSYKpoFjMVDDf38P/Saeim5ZutWqlxvUqojw4A+egDExggwa4BU3QBhgE4BE8gWftQXvRXrW3ZWtOW82cgjVo718PRpbt</latexit>

P (Q)

<latexit sha1_base64="/gfTMySQk8v6/JiyfqkoAuOckBs=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlN4sbcgl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaavWGxZJl1iuOfVHGllktVyrVWkZsx6nVsW1aC5TQCs1h8X0wimgSQKgoJ1L2bStWbkqEYpTDvDBIJMSETskY+pqGJADppotD5/hMKyPsR0JXqPBC/T6RkkDKWeDpzoCoifztZeJfXj9R/qWbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6RTNm3HdFrVUuNqFUcenaBTdI5sVEMNdIOaqI0oAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+fL7mNOQ==</latexit>

X

<latexit sha1_base64="Lciu234zBGO3ZV2fgI+/4jJnCbs=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNtndpd0Y3LFuwD2kEyaaaNzWSGJCOUoV/gxoUibv0kd/6N6UNQ0QOBwznnkntPkHCmtON8WCura+sbm7mt/PbO7t5+4eCwreJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDXzO/dUKhaLGz1JqB/hoWAhI1gbqdm4LRQdu1b23PMScuxKqVyuVGfE9bxqDbm2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6vPAzJpJUU0EWH4UpRzpGs6vRgElKNJ8YgolkZldERlhiok03eVPC16Xof9Iu2a5ne81KsX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEjmY0x</latexit>

P
<latexit sha1_base64="RQGltvNp54rSaOcpAvayorYKk5I=">AAACB3icdVDLSsNAFJ3UV62vqks3g0VwFdJXEndFNy4rWFtoQplMp+3QSTLMTIQQ+gH+gFv9A3fi1s/wB/wOJ20FK3rgwuGce7n3noAzKpVlfRiFtfWNza3idmlnd2//oHx4dCfjRGDSwTGLRS9AkjAakY6iipEeFwSFASPdYHqV+917IiSNo1uVcuKHaBzREcVIacnzpkRlHmJ8gmaDcsUym3Wn7lxAy7SdRtOtadKsuY5rw6ppzVEBS7QH5U9vGOMkJJHCDEnZr1pc+RkSimJGZiUvkYQjPEVj0tc0QiGRfja/eQbPtDKEo1joihScqz8nMhRKmYaB7gyRmsjfXi7+5fUTNXL9jEY8USTCi0WjhEEVwzwAOKSCYMVSTRAWVN8K8QQJhJWOaWULn6SSYpkH8/09/J/c1cyqbdo3jUrrchlREZyAU3AOqsABLXAN2qADMODgETyBZ+PBeDFejbdFa8FYzhyDFRjvX73wm0U=</latexit>

|ω→

<latexit sha1_base64="Pn4gbHSCYpXm364FZkV6fkWVt3w=">AAACBHicdVDLSsNAFJ34rPVVdelmsAiuYtJHEndFNy4r2Ie0oUwmk3bo5MHMRAihW3/Arf6BO3Hrf/gDfofTh2BFD1w4nHMu9+EljAppGB/ayura+sZmYau4vbO7t186OGyLOOWYtHDMYt71kCCMRqQlqWSkm3CCQo+Rjje+mvqde8IFjaNbmSXEDdEwogHFSCrpzjzvMxX20aBUNvR61a7aF9DQLbtWdyqK1CuO7VjQ1I0ZymCB5qD02fdjnIYkkpghIXqmkUg3R1xSzMik2E8FSRAeoyHpKRqhkAg3ny08gadK8WEQc1WRhDP1Z0eOQiGy0FPJEMmR+O1Nxb+8XioDx81plKSSRHg+KEgZlDGcXg99ygmWLFMEYU7VrhCPEEdYqh8tTUlGmaBYTNRjvq+H/5N2RTct3bqplRuXixcVwDE4AWfABDZogGvQBC2AQQgewRN41h60F+1Ve5tHV7RFzxFYgvb+BUaLmUo=</latexit>

1/ω

Choose two 

states from

<latexit sha1_base64="c9ArjdlzzymXzeJsRi50nvI/Pm4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI+krgrunFZwT6gCWUynbZDJ5MwMymU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyaMSmVZH0ZhY3Nre6e4W9rbPzg8Kh+fdGScCkzaOGax6IVIEkY5aSuqGOklgqAoZKQbTm9yvzsjQtKY36t5QoIIjTkdUYyUlnx/hgRJJGUxLw3KFcts1NyaewUt03HrDa+qSaPquZ4DbdNaogLWaA3K7/4wxmlEuMIMSdm3rUQFGRKKYkYWJT+VJEF4isakrylHEZFBtrx5AS+0MoSjWOjiCi7V7xMZiqScR6HujJCayN9eLv7l9VM18oKM8iRVhOPVolHKoIphHgAcUkGwYnNNEBZU3wrxBAmElY4pD+HrU/g/6VRN2zGdu3qleb2OowjOwDm4BDZwQRPcghZoAwwS8ACewLORGo/Gi/G6ai0Y65lT8APG2yeJq5IM</latexit>ω
Prepare two 
oscillators in 
these states

<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

Measure in a 
suitable basis

<latexit sha1_base64="lwd3Df6+lYmUHGMK7Z4WejrTp1o="></latexit>

|ω→
2→↑ω→

2|
<latexit sha1_base64="oN0offxCIIl0FbQcEJA9gPc23kE="></latexit>

|ω→
1→↑ω→

1|

<latexit sha1_base64="bbMkong/fKNiTPSArb6RFe3CpCI="></latexit>

P (Q) > F(ω, t) Gravity non-LOCC

Entanglement is only one 

of the limitations of LOCC <latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→
<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

swap

separable separable

non-LOCC



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

tGRAVITY

Q C

Build the 
statistics for 

<latexit sha1_base64="z3WY0gd3N7VaAwke4X5FibRnHh0=">AAAB/3icdVDLSsNAFJ3UV62vqks3g0Wom5D0kcRd0Y3LFuwD2lAm00kzdPJgZiKU0IU/4Fb/wJ249VP8Ab/D6UOwogcuHM65l3vv8RJGhTSMDy23sbm1vZPfLeztHxweFY9POiJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrTW7mfveecEHj6E5OE+KGaBxRn2Ik51Kz3LocFkuGXq/aVfsKGrpl1+pORZF6xbEdC5q6sUAJrNAcFj8HoxinIYkkZkiIvmkk0s0QlxQzMisMUkEShCdoTPqKRigkws0Wt87ghVJG0I+5qkjChfpzIkOhENPQU50hkoH47c3Fv7x+Kn3HzWiUpJJEeLnITxmUMZw/DkeUEyzZVBGEOVW3QhwgjrBU8axtSYKpoFjMVDDf38P/Saeim5ZutWqlxvUqojw4A+egDExggwa4BU3QBhgE4BE8gWftQXvRXrW3ZWtOW82cgjVo718PRpbt</latexit>

P (Q)

<latexit sha1_base64="/gfTMySQk8v6/JiyfqkoAuOckBs=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlN4sbcgl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaavWGxZJl1iuOfVHGllktVyrVWkZsx6nVsW1aC5TQCs1h8X0wimgSQKgoJ1L2bStWbkqEYpTDvDBIJMSETskY+pqGJADppotD5/hMKyPsR0JXqPBC/T6RkkDKWeDpzoCoifztZeJfXj9R/qWbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6RTNm3HdFrVUuNqFUcenaBTdI5sVEMNdIOaqI0oAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+fL7mNOQ==</latexit>

X

<latexit sha1_base64="Lciu234zBGO3ZV2fgI+/4jJnCbs=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNtndpd0Y3LFuwD2kEyaaaNzWSGJCOUoV/gxoUibv0kd/6N6UNQ0QOBwznnkntPkHCmtON8WCura+sbm7mt/PbO7t5+4eCwreJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDXzO/dUKhaLGz1JqB/hoWAhI1gbqdm4LRQdu1b23PMScuxKqVyuVGfE9bxqDbm2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6vPAzJpJUU0EWH4UpRzpGs6vRgElKNJ8YgolkZldERlhiok03eVPC16Xof9Iu2a5ne81KsX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEjmY0x</latexit>

P
<latexit sha1_base64="RQGltvNp54rSaOcpAvayorYKk5I=">AAACB3icdVDLSsNAFJ3UV62vqks3g0VwFdJXEndFNy4rWFtoQplMp+3QSTLMTIQQ+gH+gFv9A3fi1s/wB/wOJ20FK3rgwuGce7n3noAzKpVlfRiFtfWNza3idmlnd2//oHx4dCfjRGDSwTGLRS9AkjAakY6iipEeFwSFASPdYHqV+917IiSNo1uVcuKHaBzREcVIacnzpkRlHmJ8gmaDcsUym3Wn7lxAy7SdRtOtadKsuY5rw6ppzVEBS7QH5U9vGOMkJJHCDEnZr1pc+RkSimJGZiUvkYQjPEVj0tc0QiGRfja/eQbPtDKEo1joihScqz8nMhRKmYaB7gyRmsjfXi7+5fUTNXL9jEY8USTCi0WjhEEVwzwAOKSCYMVSTRAWVN8K8QQJhJWOaWULn6SSYpkH8/09/J/c1cyqbdo3jUrrchlREZyAU3AOqsABLXAN2qADMODgETyBZ+PBeDFejbdFa8FYzhyDFRjvX73wm0U=</latexit>

|ω→

<latexit sha1_base64="Pn4gbHSCYpXm364FZkV6fkWVt3w=">AAACBHicdVDLSsNAFJ34rPVVdelmsAiuYtJHEndFNy4r2Ie0oUwmk3bo5MHMRAihW3/Arf6BO3Hrf/gDfofTh2BFD1w4nHMu9+EljAppGB/ayura+sZmYau4vbO7t186OGyLOOWYtHDMYt71kCCMRqQlqWSkm3CCQo+Rjje+mvqde8IFjaNbmSXEDdEwogHFSCrpzjzvMxX20aBUNvR61a7aF9DQLbtWdyqK1CuO7VjQ1I0ZymCB5qD02fdjnIYkkpghIXqmkUg3R1xSzMik2E8FSRAeoyHpKRqhkAg3ny08gadK8WEQc1WRhDP1Z0eOQiGy0FPJEMmR+O1Nxb+8XioDx81plKSSRHg+KEgZlDGcXg99ygmWLFMEYU7VrhCPEEdYqh8tTUlGmaBYTNRjvq+H/5N2RTct3bqplRuXixcVwDE4AWfABDZogGvQBC2AQQgewRN41h60F+1Ve5tHV7RFzxFYgvb+BUaLmUo=</latexit>

1/ω

Choose two 

states from

<latexit sha1_base64="c9ArjdlzzymXzeJsRi50nvI/Pm4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI+krgrunFZwT6gCWUynbZDJ5MwMymU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyaMSmVZH0ZhY3Nre6e4W9rbPzg8Kh+fdGScCkzaOGax6IVIEkY5aSuqGOklgqAoZKQbTm9yvzsjQtKY36t5QoIIjTkdUYyUlnx/hgRJJGUxLw3KFcts1NyaewUt03HrDa+qSaPquZ4DbdNaogLWaA3K7/4wxmlEuMIMSdm3rUQFGRKKYkYWJT+VJEF4isakrylHEZFBtrx5AS+0MoSjWOjiCi7V7xMZiqScR6HujJCayN9eLv7l9VM18oKM8iRVhOPVolHKoIphHgAcUkGwYnNNEBZU3wrxBAmElY4pD+HrU/g/6VRN2zGdu3qleb2OowjOwDm4BDZwQRPcghZoAwwS8ACewLORGo/Gi/G6ai0Y65lT8APG2yeJq5IM</latexit>ω
Prepare two 
oscillators in 
these states

<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

Measure in a 
suitable basis

<latexit sha1_base64="lwd3Df6+lYmUHGMK7Z4WejrTp1o="></latexit>

|ω→
2→↑ω→

2|
<latexit sha1_base64="oN0offxCIIl0FbQcEJA9gPc23kE="></latexit>

|ω→
1→↑ω→

1|

<latexit sha1_base64="bbMkong/fKNiTPSArb6RFe3CpCI="></latexit>

P (Q) > F(ω, t) Gravity non-LOCC

No entanglement required

No large delocalization required

Entanglement is only one 

of the limitations of LOCC <latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→
<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

swap

separable separable

non-LOCC



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

tGRAVITY

Q C

Build the 
statistics for 

<latexit sha1_base64="z3WY0gd3N7VaAwke4X5FibRnHh0=">AAAB/3icdVDLSsNAFJ3UV62vqks3g0Wom5D0kcRd0Y3LFuwD2lAm00kzdPJgZiKU0IU/4Fb/wJ249VP8Ab/D6UOwogcuHM65l3vv8RJGhTSMDy23sbm1vZPfLeztHxweFY9POiJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrTW7mfveecEHj6E5OE+KGaBxRn2Ik51Kz3LocFkuGXq/aVfsKGrpl1+pORZF6xbEdC5q6sUAJrNAcFj8HoxinIYkkZkiIvmkk0s0QlxQzMisMUkEShCdoTPqKRigkws0Wt87ghVJG0I+5qkjChfpzIkOhENPQU50hkoH47c3Fv7x+Kn3HzWiUpJJEeLnITxmUMZw/DkeUEyzZVBGEOVW3QhwgjrBU8axtSYKpoFjMVDDf38P/Saeim5ZutWqlxvUqojw4A+egDExggwa4BU3QBhgE4BE8gWftQXvRXrW3ZWtOW82cgjVo718PRpbt</latexit>

P (Q)

<latexit sha1_base64="/gfTMySQk8v6/JiyfqkoAuOckBs=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlN4sbcgl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaavWGxZJl1iuOfVHGllktVyrVWkZsx6nVsW1aC5TQCs1h8X0wimgSQKgoJ1L2bStWbkqEYpTDvDBIJMSETskY+pqGJADppotD5/hMKyPsR0JXqPBC/T6RkkDKWeDpzoCoifztZeJfXj9R/qWbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6RTNm3HdFrVUuNqFUcenaBTdI5sVEMNdIOaqI0oAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+fL7mNOQ==</latexit>

X

<latexit sha1_base64="Lciu234zBGO3ZV2fgI+/4jJnCbs=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNtndpd0Y3LFuwD2kEyaaaNzWSGJCOUoV/gxoUibv0kd/6N6UNQ0QOBwznnkntPkHCmtON8WCura+sbm7mt/PbO7t5+4eCwreJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDXzO/dUKhaLGz1JqB/hoWAhI1gbqdm4LRQdu1b23PMScuxKqVyuVGfE9bxqDbm2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6vPAzJpJUU0EWH4UpRzpGs6vRgElKNJ8YgolkZldERlhiok03eVPC16Xof9Iu2a5ne81KsX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEjmY0x</latexit>

P
<latexit sha1_base64="RQGltvNp54rSaOcpAvayorYKk5I=">AAACB3icdVDLSsNAFJ3UV62vqks3g0VwFdJXEndFNy4rWFtoQplMp+3QSTLMTIQQ+gH+gFv9A3fi1s/wB/wOJ20FK3rgwuGce7n3noAzKpVlfRiFtfWNza3idmlnd2//oHx4dCfjRGDSwTGLRS9AkjAakY6iipEeFwSFASPdYHqV+917IiSNo1uVcuKHaBzREcVIacnzpkRlHmJ8gmaDcsUym3Wn7lxAy7SdRtOtadKsuY5rw6ppzVEBS7QH5U9vGOMkJJHCDEnZr1pc+RkSimJGZiUvkYQjPEVj0tc0QiGRfja/eQbPtDKEo1joihScqz8nMhRKmYaB7gyRmsjfXi7+5fUTNXL9jEY8USTCi0WjhEEVwzwAOKSCYMVSTRAWVN8K8QQJhJWOaWULn6SSYpkH8/09/J/c1cyqbdo3jUrrchlREZyAU3AOqsABLXAN2qADMODgETyBZ+PBeDFejbdFa8FYzhyDFRjvX73wm0U=</latexit>

|ω→

<latexit sha1_base64="Pn4gbHSCYpXm364FZkV6fkWVt3w=">AAACBHicdVDLSsNAFJ34rPVVdelmsAiuYtJHEndFNy4r2Ie0oUwmk3bo5MHMRAihW3/Arf6BO3Hrf/gDfofTh2BFD1w4nHMu9+EljAppGB/ayura+sZmYau4vbO7t186OGyLOOWYtHDMYt71kCCMRqQlqWSkm3CCQo+Rjje+mvqde8IFjaNbmSXEDdEwogHFSCrpzjzvMxX20aBUNvR61a7aF9DQLbtWdyqK1CuO7VjQ1I0ZymCB5qD02fdjnIYkkpghIXqmkUg3R1xSzMik2E8FSRAeoyHpKRqhkAg3ny08gadK8WEQc1WRhDP1Z0eOQiGy0FPJEMmR+O1Nxb+8XioDx81plKSSRHg+KEgZlDGcXg99ygmWLFMEYU7VrhCPEEdYqh8tTUlGmaBYTNRjvq+H/5N2RTct3bqplRuXixcVwDE4AWfABDZogGvQBC2AQQgewRN41h60F+1Ve5tHV7RFzxFYgvb+BUaLmUo=</latexit>

1/ω

Choose two 

states from

<latexit sha1_base64="c9ArjdlzzymXzeJsRi50nvI/Pm4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI+krgrunFZwT6gCWUynbZDJ5MwMymU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyaMSmVZH0ZhY3Nre6e4W9rbPzg8Kh+fdGScCkzaOGax6IVIEkY5aSuqGOklgqAoZKQbTm9yvzsjQtKY36t5QoIIjTkdUYyUlnx/hgRJJGUxLw3KFcts1NyaewUt03HrDa+qSaPquZ4DbdNaogLWaA3K7/4wxmlEuMIMSdm3rUQFGRKKYkYWJT+VJEF4isakrylHEZFBtrx5AS+0MoSjWOjiCi7V7xMZiqScR6HujJCayN9eLv7l9VM18oKM8iRVhOPVolHKoIphHgAcUkGwYnNNEBZU3wrxBAmElY4pD+HrU/g/6VRN2zGdu3qleb2OowjOwDm4BDZwQRPcghZoAwwS8ACewLORGo/Gi/G6ai0Y65lT8APG2yeJq5IM</latexit>ω
Prepare two 
oscillators in 
these states

<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

Measure in a 
suitable basis

<latexit sha1_base64="lwd3Df6+lYmUHGMK7Z4WejrTp1o="></latexit>

|ω→
2→↑ω→

2|
<latexit sha1_base64="oN0offxCIIl0FbQcEJA9gPc23kE="></latexit>

|ω→
1→↑ω→

1|

<latexit sha1_base64="bbMkong/fKNiTPSArb6RFe3CpCI="></latexit>

P (Q) > F(ω, t) Gravity non-LOCC

No entanglement required

No large delocalization required

Entanglement is only one 

of the limitations of LOCC <latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→
<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

swap

separable separable

non-LOCC



LOCC simulation fidelity
L. Lami, J. S. Pedernales, and M. B. Plenio, Phys. Rev. X 14, 021022 (2024)

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

tGRAVITY

Q C

Build the 
statistics for 

<latexit sha1_base64="z3WY0gd3N7VaAwke4X5FibRnHh0=">AAAB/3icdVDLSsNAFJ3UV62vqks3g0Wom5D0kcRd0Y3LFuwD2lAm00kzdPJgZiKU0IU/4Fb/wJ249VP8Ab/D6UOwogcuHM65l3vv8RJGhTSMDy23sbm1vZPfLeztHxweFY9POiJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrTW7mfveecEHj6E5OE+KGaBxRn2Ik51Kz3LocFkuGXq/aVfsKGrpl1+pORZF6xbEdC5q6sUAJrNAcFj8HoxinIYkkZkiIvmkk0s0QlxQzMisMUkEShCdoTPqKRigkws0Wt87ghVJG0I+5qkjChfpzIkOhENPQU50hkoH47c3Fv7x+Kn3HzWiUpJJEeLnITxmUMZw/DkeUEyzZVBGEOVW3QhwgjrBU8axtSYKpoFjMVDDf38P/Saeim5ZutWqlxvUqojw4A+egDExggwa4BU3QBhgE4BE8gWftQXvRXrW3ZWtOW82cgjVo718PRpbt</latexit>

P (Q)

<latexit sha1_base64="/gfTMySQk8v6/JiyfqkoAuOckBs=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlN4sbcgl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaavWGxZJl1iuOfVHGllktVyrVWkZsx6nVsW1aC5TQCs1h8X0wimgSQKgoJ1L2bStWbkqEYpTDvDBIJMSETskY+pqGJADppotD5/hMKyPsR0JXqPBC/T6RkkDKWeDpzoCoifztZeJfXj9R/qWbsjBOFIR0uchPOFYRzr7GIyaAKj7ThFDB9K2YToggVOlsCjqEr0/x/6RTNm3HdFrVUuNqFUcenaBTdI5sVEMNdIOaqI0oAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+fL7mNOQ==</latexit>

X

<latexit sha1_base64="Lciu234zBGO3ZV2fgI+/4jJnCbs=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDTNtndpd0Y3LFuwD2kEyaaaNzWSGJCOUoV/gxoUibv0kd/6N6UNQ0QOBwznnkntPkHCmtON8WCura+sbm7mt/PbO7t5+4eCwreJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDXzO/dUKhaLGz1JqB/hoWAhI1gbqdm4LRQdu1b23PMScuxKqVyuVGfE9bxqDbm2M0cRljD59/4gJmlEhSYcK9VznUT7GZaaEU6n+X6qaILJGA9pz1CBI6r8bL7oFJ0aZYDCWJonNJqr3ycyHCk1iQKTjLAeqd/eTPzL66U6vPAzJpJUU0EWH4UpRzpGs6vRgElKNJ8YgolkZldERlhiok03eVPC16Xof9Iu2a5ne81KsX65rCMHx3ACZ+BCFepwDQ1oAQEKD/AEz9ad9Wi9WK+L6Iq1nDmCH7DePgEjmY0x</latexit>

P
<latexit sha1_base64="RQGltvNp54rSaOcpAvayorYKk5I=">AAACB3icdVDLSsNAFJ3UV62vqks3g0VwFdJXEndFNy4rWFtoQplMp+3QSTLMTIQQ+gH+gFv9A3fi1s/wB/wOJ20FK3rgwuGce7n3noAzKpVlfRiFtfWNza3idmlnd2//oHx4dCfjRGDSwTGLRS9AkjAakY6iipEeFwSFASPdYHqV+917IiSNo1uVcuKHaBzREcVIacnzpkRlHmJ8gmaDcsUym3Wn7lxAy7SdRtOtadKsuY5rw6ppzVEBS7QH5U9vGOMkJJHCDEnZr1pc+RkSimJGZiUvkYQjPEVj0tc0QiGRfja/eQbPtDKEo1joihScqz8nMhRKmYaB7gyRmsjfXi7+5fUTNXL9jEY8USTCi0WjhEEVwzwAOKSCYMVSTRAWVN8K8QQJhJWOaWULn6SSYpkH8/09/J/c1cyqbdo3jUrrchlREZyAU3AOqsABLXAN2qADMODgETyBZ+PBeDFejbdFa8FYzhyDFRjvX73wm0U=</latexit>

|ω→

<latexit sha1_base64="Pn4gbHSCYpXm364FZkV6fkWVt3w=">AAACBHicdVDLSsNAFJ34rPVVdelmsAiuYtJHEndFNy4r2Ie0oUwmk3bo5MHMRAihW3/Arf6BO3Hrf/gDfofTh2BFD1w4nHMu9+EljAppGB/ayura+sZmYau4vbO7t186OGyLOOWYtHDMYt71kCCMRqQlqWSkm3CCQo+Rjje+mvqde8IFjaNbmSXEDdEwogHFSCrpzjzvMxX20aBUNvR61a7aF9DQLbtWdyqK1CuO7VjQ1I0ZymCB5qD02fdjnIYkkpghIXqmkUg3R1xSzMik2E8FSRAeoyHpKRqhkAg3ny08gadK8WEQc1WRhDP1Z0eOQiGy0FPJEMmR+O1Nxb+8XioDx81plKSSRHg+KEgZlDGcXg99ygmWLFMEYU7VrhCPEEdYqh8tTUlGmaBYTNRjvq+H/5N2RTct3bqplRuXixcVwDE4AWfABDZogGvQBC2AQQgewRN41h60F+1Ve5tHV7RFzxFYgvb+BUaLmUo=</latexit>

1/ω

Choose two 

states from

<latexit sha1_base64="c9ArjdlzzymXzeJsRi50nvI/Pm4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI+krgrunFZwT6gCWUynbZDJ5MwMymU0N9w40IRt/6MO//GSVtBRQ9cOJxzL/feEyaMSmVZH0ZhY3Nre6e4W9rbPzg8Kh+fdGScCkzaOGax6IVIEkY5aSuqGOklgqAoZKQbTm9yvzsjQtKY36t5QoIIjTkdUYyUlnx/hgRJJGUxLw3KFcts1NyaewUt03HrDa+qSaPquZ4DbdNaogLWaA3K7/4wxmlEuMIMSdm3rUQFGRKKYkYWJT+VJEF4isakrylHEZFBtrx5AS+0MoSjWOjiCi7V7xMZiqScR6HujJCayN9eLv7l9VM18oKM8iRVhOPVolHKoIphHgAcUkGwYnNNEBZU3wrxBAmElY4pD+HrU/g/6VRN2zGdu3qleb2OowjOwDm4BDZwQRPcghZoAwwS8ACewLORGo/Gi/G6ai0Y65lT8APG2yeJq5IM</latexit>ω
Prepare two 
oscillators in 
these states

<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

Measure in a 
suitable basis

<latexit sha1_base64="lwd3Df6+lYmUHGMK7Z4WejrTp1o="></latexit>

|ω→
2→↑ω→

2|
<latexit sha1_base64="oN0offxCIIl0FbQcEJA9gPc23kE="></latexit>

|ω→
1→↑ω→

1|

<latexit sha1_base64="bbMkong/fKNiTPSArb6RFe3CpCI="></latexit>

P (Q) > F(ω, t) Gravity non-LOCC

No entanglement required

No large delocalization required

Entanglement is only one 

of the limitations of LOCC <latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→
<latexit sha1_base64="M7SUUxbQGuecMRd9VNKHyYgDx+w=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ac0tUym02boZBJmJkII/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jxcxKpVlfRi5tfWNza38dmFnd2//oHh41JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN73K/O49EZKG/FYlERkEaMLpmGKktHTnTolKXcQiHw3t2bBYssxaxak4F9Ay60611ihrUis3nEYd2qY1Rwks0RoWP91RiOOAcIUZkrJvW5EapEgoihmZFdxYkgjhKZqQvqYcBUQO0vnVM3imlREch0IXV3Cu/pxIUSBlEni6M0DKl7+9TPzL68dq3BiklEexIhwvFo1jBlUIswjgiAqCFUs0QVhQfSvEPhIIKx3UypbITyTFMgvm+3v4P+mUTbtu1m+qpeblMqI8OAGn4BzYwAFNcA1aoA0wEOARPIFn48F4MV6Nt0VrzljOHIMVGO9f94ab6Q==</latexit>

|ω1→
<latexit sha1_base64="NF12jlhXU0jxIg/E+kuuj86iz5c=">AAACCXicdVDLSsNAFJ3UV62vqks3g0VwFdJXUndFNy4r2Ac0sUymk3boZBJmJkIJ/QJ/wK3+gTtx61f4A36Hk7aCFT1w4XDOvdx7jx8zKpVlfRi5tfWNza38dmFnd2//oHh41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nK/O49EZJG/FZNY+KFaMRpQDFSWrpzJ0SlLmLxGA0qs0GxZJn1qlN1LqBl2k6t3qhoUq80nIYNy6Y1Rwks0RoUP91hhJOQcIUZkrJftmLlpUgoihmZFdxEkhjhCRqRvqYchUR66fzqGTzTyhAGkdDFFZyrPydSFEo5DX3dGSI1lr+9TPzL6ycqaHgp5XGiCMeLRUHCoIpgFgEcUkGwYlNNEBZU3wrxGAmElQ5qZUs8nkqKZRbM9/fwf9KpmGXbtG9qpeblMqI8OAGn4ByUgQOa4Bq0QBtgIMAjeALPxoPxYrwab4vWnLGcOQYrMN6/APkfm+o=</latexit>

|ω2→

swap

separable separable

non-LOCC



Three ways to strengthen quantum experiments

EXPLOIT  
THE PLATFORM

1

What resources can  
the physical platform give us?

· quantum resources ·

2

ASK THE  
RIGHT QUESTION

What does the experiment  
really need to demonstrate?

· operational certification ·

3

TAKE THE  
APPARATUS SERIOUSLY

What else can destroy  
or fake the signal?

· realistic modeling·
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Stability thresholds
Initially mixed state

Mixed initial State

Same Hamiltonian generates evolution 
for all realizations

Run-to-run variations of the setup geometry

with

Pure state

We consider the cases of  distance       and 

orientation      variations



Shield variations on Gaussian states



Shield variations on Gaussian states
Stability depends on 
the orientation



The gravitational signal can demand extreme geometric stability

ANGULAR STABILITY (rad) POSITION STABILITY (m)

more stringent more stringent

10-13 10-810-12 10-11 10-10 10-9 10-18 10-1310-17 10-16 10-15 10-14

magnetic Casimir magnetic Casimir
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Shape of vibrational eigenmodes, labeled by         :

with

~ related to zeros of Bessel functions
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Initial state

with

Hamiltonian evolution

Entanglement
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Non-gravitationally mediated entanglement
Entanglement mediated through the shield

Casimir / mag. 
Dipole interactions

Thermally populated 
quantum mediator

Parallel orientation



Take home message

EXPLOIT  
THE PLATFORM

1

Use all available  
physical resources

2

ASK THE  
RIGHT QUESTION

Find the simplest sufficient  
operational signature.

3

TAKE THE  
APPARATUS SERIOUSLY

Model enough of the real  
experiment to know  

what the signal means.

Internal degrees of freedom can  
enlarge the quantum-control toolbox  

and the states we can access.

The witness can be a design  
degree of freedom:  

e. g., entanglement-free tests of gravity

Unwanted interactions can suppress 
the target signal, or even provide an 

alternative mechanism for it.



“…every saint and sinner in the history of our species lived there
-on a mote of dust suspended in a sunbeam.”
Carl Sagan, Pale Blue Dot

Credit: J. Adam Fenster, University of Rochester, CC BY-SA
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Thank You!
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Bottom up

Clamped resonators

Levitated solids

Optically levitated 

silica nanoparticles

LIGO

Heaviest object

cooled to the GS

Prepared in a superposition

 larger than their size

Cooled to their motional 

ground state

Trapping and quantum control  
of single solid-state objects

Top down
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Magic-angle spinning 

to suppress internuclear interactions
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Magic-angle spinning 

to suppress internuclear interactions
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A levitated arrangement is ideal for rotation  
Levitated nanoparticles hold the record for the fastest rotor ever 
made, spinning at frequencies in the GHz
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Levitated nanoparticles hold the record for the fastest rotor ever 
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Gravitational entanglement

Vint(x̂a, x̂b) =
Gmamb

|D + x̂a � x̂b|
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ma mb

x̂a x̂b

J. S. Pedernales and M. B. Plenio, Contemporary Physics, 64:2, 147-163 (2023)
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|↵Ai ⌦ |↵Bi

<latexit sha1_base64="KbUdWmt9T/UCeg2wpAaazO/23xs=">AAACGXicdVDLSsNAFJ34rPUVddnNYBHcGBPR2u6KbrqsYB/QxDCZTtqhkwczEyGELPwOP8CtfoI7cevKL/A3nD4E6+PAhcM593LvPV7MqJCm+a4tLC4tr6wW1orrG5tb2/rObltECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vNHl2O/cEi5oFF7LNCZOgAYh9SlGUkmuXiI3GTyCFDbczOYB9EQO5bE99BDPXb1sGlatelapwd/EMswJymCGpqt/2P0IJwEJJWZIiJ5lxtLJEJcUM5IX7USQGOERGpCeoiEKiHCyyRM5PFBKH/oRVxVKOFG/T2QoECINPNUZIDkUP72x+JfXS6RfdTIaxokkIZ4u8hMGZQTHicA+5QRLliqCMKfqVoiHiCMsVW5zW+JhKigWeVEl8/U+/J+0TwyrYlSuTsv1i1lGBVAC++AQWOAc1EEDNEELYHAHHsAjeNLutWftRXudti5os5k9MAft7RMtC6Bq</latexit>

e�iHbst/~
Initial coherent states 

do not get entangled!!

<latexit sha1_base64="j+3MKKiblDmI2JUHpaR412v7WcY="></latexit>

|(cos(⌘t)↵A � i sin(⌘t)↵B)i ⌦ |(cos(⌘t)↵B � i sin(⌘t)↵A)i



Can I run the experiment with initial coherent states?

<latexit sha1_base64="fqMkcsEO4rRfFEjgdal/WJCX0sg="></latexit>

⌘ =
Gm

D3p!a!b

H = !aa
†
a+ !bb

†
b+ ⌘(a+ a

†)(b+ b
†)

<latexit sha1_base64="L81QKoSBS5WWoDn8wc0mWcGlhK8="></latexit>

= !aa
†a+ !bb

†b+ ⌘(ab† + a†b) + ⌘(ab+ a†b†)

Beam-splitter Two-mode

Squeezing

non-resonantresonant

RWA <latexit sha1_base64="B5OX8xsVYvDT/gGlHMkMMuUUsWM="></latexit>

Hbs ⇡ !aa
†
a+ !bb

†
b+ ⌘(ab† + a

†
b)

Can I determine the LOCC character in the absence of entanglement?

<latexit sha1_base64="6ksF3uI9AA6eth8c7c3zTYymATw=">AAACI3icdVDJSgNBFOyJW4xb1KOXxhDwFGZEY3KL8eIxglkgMww9nU7SpGeh+40QhvkCv8MP8Kqf4E28ePDsb9hZhMSloKGoeo/qV14kuALTfDcyK6tr6xvZzdzW9s7uXn7/oKXCWFLWpKEIZccjigkesCZwEKwTSUZ8T7C2N7qa+O07JhUPg1sYR8zxySDgfU4JaMnNF+0Rg8QmIhoS9zLFdgjcZwovyvXUzRfMklWtnJer+DexSuYUBTRHw81/2r2Qxj4LgAqiVNcyI3ASIoFTwdKcHSsWEToiA9bVNCA600mm56S4qJUe7odSvwDwVF3cSIiv1Nj39KRPYKh+ehPxL68bQ7/iJDyIYmABnQX1Y4EhxJNucI9LRkGMNSFUcv1XTIdEEgq6waWUaDhWnKo0p5v5Ph//T1qnJatcKt+cFWr1eUdZdISO0Qmy0AWqoWvUQE1E0T16RE/o2XgwXoxX4202mjHmO4doCcbHF29/pfQ=</latexit>

|↵Ai ⌦ |↵Bi

<latexit sha1_base64="KbUdWmt9T/UCeg2wpAaazO/23xs=">AAACGXicdVDLSsNAFJ34rPUVddnNYBHcGBPR2u6KbrqsYB/QxDCZTtqhkwczEyGELPwOP8CtfoI7cevKL/A3nD4E6+PAhcM593LvPV7MqJCm+a4tLC4tr6wW1orrG5tb2/rObltECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vNHl2O/cEi5oFF7LNCZOgAYh9SlGUkmuXiI3GTyCFDbczOYB9EQO5bE99BDPXb1sGlatelapwd/EMswJymCGpqt/2P0IJwEJJWZIiJ5lxtLJEJcUM5IX7USQGOERGpCeoiEKiHCyyRM5PFBKH/oRVxVKOFG/T2QoECINPNUZIDkUP72x+JfXS6RfdTIaxokkIZ4u8hMGZQTHicA+5QRLliqCMKfqVoiHiCMsVW5zW+JhKigWeVEl8/U+/J+0TwyrYlSuTsv1i1lGBVAC++AQWOAc1EEDNEELYHAHHsAjeNLutWftRXudti5os5k9MAft7RMtC6Bq</latexit>

e�iHbst/~
Initial coherent states 

do not get entangled!!

<latexit sha1_base64="j+3MKKiblDmI2JUHpaR412v7WcY="></latexit>

|(cos(⌘t)↵A � i sin(⌘t)↵B)i ⌦ |(cos(⌘t)↵B � i sin(⌘t)↵A)i
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An operational way of setting the problem

My guess is that gravity is 
<latexit sha1_base64="nKQNSMAbNkZsCBsEL0E6d7GwFRk=">AAACB3icdVDLSsNAFJ34rPVVdelmsAiuQlLU6q7oxmUF0xaaUCbTSTt0MhlmJoUQ+gH+gFv9A3fi1s/wB/wOJ20F6+PAhcM593LvPaFgVGnHebeWlldW19ZLG+XNre2d3crefkslqcTEwwlLZCdEijDKiaepZqQjJEFxyEg7HF0XfntMpKIJv9OZIEGMBpxGFCNtJN/r5b6M4UCi8aRXqTp2re7WLl34m7i2M0UVzNHsVT78foLTmHCNGVKq6zpCBzmSmmJGJmU/VUQgPEID0jWUo5ioIJ/ePIHHRunDKJGmuIZT9ftEjmKlsjg0nTHSQ/XTK8S/vG6qo4sgp1ykmnA8WxSlDOoEFgHAPpUEa5YZgrCk5laIh0girE1MC1vEMFMUqyKYr+/h/6RVs91z++z2tNq4mkdUAofgCJwAF9RBA9yAJvAABgI8gEfwZN1bz9aL9TprXbLmMwdgAdbbJxoomt0=</latexit>

Ugrav

Ludovico Lami, Julen Pedernales, and Martin Plenio, PRX 14, 021022 (2024)



An operational way of setting the problem

<latexit sha1_base64="Bt/sH63QgqzJTB3NnGJj6YY0gA0="></latexit>

E = {p↵, | ↵i}↵
<latexit sha1_base64="Vc1QiKHjAUMAZ7cyGYy2In2LRsY="></latexit>

| 0
↵i = Ugrav | ↵i

My guess is that gravity is 
<latexit sha1_base64="nKQNSMAbNkZsCBsEL0E6d7GwFRk=">AAACB3icdVDLSsNAFJ34rPVVdelmsAiuQlLU6q7oxmUF0xaaUCbTSTt0MhlmJoUQ+gH+gFv9A3fi1s/wB/wOJ20F6+PAhcM593LvPaFgVGnHebeWlldW19ZLG+XNre2d3crefkslqcTEwwlLZCdEijDKiaepZqQjJEFxyEg7HF0XfntMpKIJv9OZIEGMBpxGFCNtJN/r5b6M4UCi8aRXqTp2re7WLl34m7i2M0UVzNHsVT78foLTmHCNGVKq6zpCBzmSmmJGJmU/VUQgPEID0jWUo5ioIJ/ePIHHRunDKJGmuIZT9ftEjmKlsjg0nTHSQ/XTK8S/vG6qo4sgp1ykmnA8WxSlDOoEFgHAPpUEa5YZgrCk5laIh0girE1MC1vEMFMUqyKYr+/h/6RVs91z++z2tNq4mkdUAofgCJwAF9RBA9yAJvAABgI8gEfwZN1bz9aL9TprXbLmMwdgAdbbJxoomt0=</latexit>

Ugrav

<latexit sha1_base64="TxZr6oFql/uws2mSYvGucJiZGVk=">AAACDnicdVDLSsNAFJ3UV62vVJduBovgKiRFre6KblxWsA9oQphMJ+3QyWSYmSgh9B/8Abf6B+7Erb/gD/gdJm0F6+PAhcM593LvPYFgVGnbfjdKS8srq2vl9crG5tb2jlnd7ag4kZi0ccxi2QuQIoxy0tZUM9ITkqAoYKQbjC8Lv3tLpKIxv9GpIF6EhpyGFCOdS75ZdcdEZ65Q1HcREyM08c2abdUbTv3cgb+JY9lT1MAcLd/8cAcxTiLCNWZIqb5jC+1lSGqKGZlU3EQRgfAYDUk/pxxFRHnZ9PQJPMyVAQxjmRfXcKp+n8hQpFQaBXlnhPRI/fQK8S+vn+jwzMsoF4kmHM8WhQmDOoZFDnBAJcGapTlBWNL8VohHSCKs87QWtohRqihWRTBf38P/SaduOafWyfVxrXkxj6gM9sEBOAIOaIAmuAIt0AYY3IEH8AiejHvj2XgxXmetJWM+swcWYLx9AhLHnYo=</latexit>

| ↵i <latexit sha1_base64="VOKieOVi6cV897fAj5LG9IoAckc="></latexit>

{| 0
↵ih 0

↵| ,1� | 0
↵ih 0

↵|}Gravity
( are you in 

<latexit sha1_base64="4NZsgeBiEk6P0Jhuju2YY6TK0xo=">AAACJXicdVDLSsNAFJ3UV62vWJduBovoKiRFre6KblxWsLbQhDCZTtqhk2SYmYgh9Ffc1p9xJ4Irf8SFk7aC9XFg4HDOvXcOJ+CMSmXbb0ZpaXllda28XtnY3NreMXerdzJJBSZtnLBEdAMkCaMxaSuqGOlyQVAUMNIJRleF37knQtIkvlUZJ16EBjENKUZKS75ZdUdE5S6X9Mh3EeNDNPbNmm3VG079woG/iWPZU9TAHC3f/HD7CU4jEivMkJQ9x+bKy5FQFDMyrripJBzhERqQnqYxioj08mn2MTzUSh+GidAvVnCqft/IUSRlFgV6MkJqKH96hfiX10tVeO7lNOapIjGefRSmDKoEFkXAPhUEK5ZpgrCgOitcuN2XRSC9h4dIIKx0iQs+H2aSYlnU9dUJ/J/c1S3nzDq9Oak1L+fFlcE+OADHwAEN0ATXoAXaAIMH8Agm4MmYGM/Gi/E6Gy0Z8509sADj/RMJ5qaJ</latexit>

| 0
↵i ? )

Q C

<latexit sha1_base64="K5nwQuXdMb2DiilDQlgTDm516vg=">AAACAHicdVDLSsNAFL2pr1pfVZduBovgKiSitd0V3bisYGuhDWUynTZDJzNhZiKE0I0f4FY/wZ249U/8An/DpK1gfRy4cDjnXu69x48408Zx3q3C0vLK6lpxvbSxubW9U97da2sZK0JbRHKpOj7WlDNBW4YZTjuRojj0Ob31x5e5f3tHlWZS3Jgkol6IR4INGcEml3oqkP1yxbHdeu2sWke/iWs7U1Rgjma//NEbSBKHVBjCsdZd14mMl2JlGOF0UurFmkaYjPGIdjMqcEi1l05vnaCjTBmgoVRZCYOm6veJFIdaJ6GfdYbYBPqnl4t/ed3YDGteykQUGyrIbNEw5shIlD+OBkxRYniSEUwUy25FJMAKE5PFs7AlChLNiJ6UsmS+3kf/k/aJ7Vbt6vVppXExz6gIB3AIx+DCOTTgCprQAgIBPMAjPFn31rP1Yr3OWgvWfGYfFmC9fQLMz5e8</latexit>⇢

Ludovico Lami, Julen Pedernales, and Martin Plenio, PRX 14, 021022 (2024)



An operational way of setting the problem

<latexit sha1_base64="Bt/sH63QgqzJTB3NnGJj6YY0gA0="></latexit>

E = {p↵, | ↵i}↵
<latexit sha1_base64="Vc1QiKHjAUMAZ7cyGYy2In2LRsY="></latexit>

| 0
↵i = Ugrav | ↵i

My guess is that gravity is 
<latexit sha1_base64="nKQNSMAbNkZsCBsEL0E6d7GwFRk=">AAACB3icdVDLSsNAFJ34rPVVdelmsAiuQlLU6q7oxmUF0xaaUCbTSTt0MhlmJoUQ+gH+gFv9A3fi1s/wB/wOJ20F6+PAhcM593LvPaFgVGnHebeWlldW19ZLG+XNre2d3crefkslqcTEwwlLZCdEijDKiaepZqQjJEFxyEg7HF0XfntMpKIJv9OZIEGMBpxGFCNtJN/r5b6M4UCi8aRXqTp2re7WLl34m7i2M0UVzNHsVT78foLTmHCNGVKq6zpCBzmSmmJGJmU/VUQgPEID0jWUo5ioIJ/ePIHHRunDKJGmuIZT9ftEjmKlsjg0nTHSQ/XTK8S/vG6qo4sgp1ykmnA8WxSlDOoEFgHAPpUEa5YZgrCk5laIh0girE1MC1vEMFMUqyKYr+/h/6RVs91z++z2tNq4mkdUAofgCJwAF9RBA9yAJvAABgI8gEfwZN1bz9aL9TprXbLmMwdgAdbbJxoomt0=</latexit>

Ugrav

<latexit sha1_base64="xvLnXgzY8U9ryTja+8LeVAFNGJo="></latexit>

P (Q|Ugrav) =
X

↵

p↵ Tr
⇥
| 0

↵ih 0
↵|Ugrav | ↵ih ↵|U†

grav

⇤
= 1

<latexit sha1_base64="TxZr6oFql/uws2mSYvGucJiZGVk=">AAACDnicdVDLSsNAFJ3UV62vVJduBovgKiRFre6KblxWsA9oQphMJ+3QyWSYmSgh9B/8Abf6B+7Erb/gD/gdJm0F6+PAhcM593LvPYFgVGnbfjdKS8srq2vl9crG5tb2jlnd7ag4kZi0ccxi2QuQIoxy0tZUM9ITkqAoYKQbjC8Lv3tLpKIxv9GpIF6EhpyGFCOdS75ZdcdEZ65Q1HcREyM08c2abdUbTv3cgb+JY9lT1MAcLd/8cAcxTiLCNWZIqb5jC+1lSGqKGZlU3EQRgfAYDUk/pxxFRHnZ9PQJPMyVAQxjmRfXcKp+n8hQpFQaBXlnhPRI/fQK8S+vn+jwzMsoF4kmHM8WhQmDOoZFDnBAJcGapTlBWNL8VohHSCKs87QWtohRqihWRTBf38P/SaduOafWyfVxrXkxj6gM9sEBOAIOaIAmuAIt0AYY3IEH8AiejHvj2XgxXmetJWM+swcWYLx9AhLHnYo=</latexit>

| ↵i <latexit sha1_base64="VOKieOVi6cV897fAj5LG9IoAckc="></latexit>

{| 0
↵ih 0

↵| ,1� | 0
↵ih 0

↵|}Gravity
( are you in 

<latexit sha1_base64="4NZsgeBiEk6P0Jhuju2YY6TK0xo=">AAACJXicdVDLSsNAFJ3UV62vWJduBovoKiRFre6KblxWsLbQhDCZTtqhk2SYmYgh9Ffc1p9xJ4Irf8SFk7aC9XFg4HDOvXcOJ+CMSmXbb0ZpaXllda28XtnY3NreMXerdzJJBSZtnLBEdAMkCaMxaSuqGOlyQVAUMNIJRleF37knQtIkvlUZJ16EBjENKUZKS75ZdUdE5S6X9Mh3EeNDNPbNmm3VG079woG/iWPZU9TAHC3f/HD7CU4jEivMkJQ9x+bKy5FQFDMyrripJBzhERqQnqYxioj08mn2MTzUSh+GidAvVnCqft/IUSRlFgV6MkJqKH96hfiX10tVeO7lNOapIjGefRSmDKoEFkXAPhUEK5ZpgrCgOitcuN2XRSC9h4dIIKx0iQs+H2aSYlnU9dUJ/J/c1S3nzDq9Oak1L+fFlcE+OADHwAEN0ATXoAXaAIMH8Agm4MmYGM/Gi/E6Gy0Z8509sADj/RMJ5qaJ</latexit>

| 0
↵i ? )

Q C

<latexit sha1_base64="K5nwQuXdMb2DiilDQlgTDm516vg=">AAACAHicdVDLSsNAFL2pr1pfVZduBovgKiSitd0V3bisYGuhDWUynTZDJzNhZiKE0I0f4FY/wZ249U/8An/DpK1gfRy4cDjnXu69x48408Zx3q3C0vLK6lpxvbSxubW9U97da2sZK0JbRHKpOj7WlDNBW4YZTjuRojj0Ob31x5e5f3tHlWZS3Jgkol6IR4INGcEml3oqkP1yxbHdeu2sWke/iWs7U1Rgjma//NEbSBKHVBjCsdZd14mMl2JlGOF0UurFmkaYjPGIdjMqcEi1l05vnaCjTBmgoVRZCYOm6veJFIdaJ6GfdYbYBPqnl4t/ed3YDGteykQUGyrIbNEw5shIlD+OBkxRYniSEUwUy25FJMAKE5PFs7AlChLNiJ6UsmS+3kf/k/aJ7Vbt6vVppXExz6gIB3AIx+DCOTTgCprQAgIBPMAjPFn31rP1Yr3OWgvWfGYfFmC9fQLMz5e8</latexit>⇢

Ludovico Lami, Julen Pedernales, and Martin Plenio, PRX 14, 021022 (2024)



An operational way of setting the problem

<latexit sha1_base64="Bt/sH63QgqzJTB3NnGJj6YY0gA0="></latexit>

E = {p↵, | ↵i}↵
<latexit sha1_base64="Vc1QiKHjAUMAZ7cyGYy2In2LRsY="></latexit>

| 0
↵i = Ugrav | ↵i

My guess is that gravity is 
<latexit sha1_base64="nKQNSMAbNkZsCBsEL0E6d7GwFRk=">AAACB3icdVDLSsNAFJ34rPVVdelmsAiuQlLU6q7oxmUF0xaaUCbTSTt0MhlmJoUQ+gH+gFv9A3fi1s/wB/wOJ20F6+PAhcM593LvPaFgVGnHebeWlldW19ZLG+XNre2d3crefkslqcTEwwlLZCdEijDKiaepZqQjJEFxyEg7HF0XfntMpKIJv9OZIEGMBpxGFCNtJN/r5b6M4UCi8aRXqTp2re7WLl34m7i2M0UVzNHsVT78foLTmHCNGVKq6zpCBzmSmmJGJmU/VUQgPEID0jWUo5ioIJ/ePIHHRunDKJGmuIZT9ftEjmKlsjg0nTHSQ/XTK8S/vG6qo4sgp1ykmnA8WxSlDOoEFgHAPpUEa5YZgrCk5laIh0girE1MC1vEMFMUqyKYr+/h/6RVs91z++z2tNq4mkdUAofgCJwAF9RBA9yAJvAABgI8gEfwZN1bz9aL9TprXbLmMwdgAdbbJxoomt0=</latexit>

Ugrav

<latexit sha1_base64="xvLnXgzY8U9ryTja+8LeVAFNGJo="></latexit>

P (Q|Ugrav) =
X

↵

p↵ Tr
⇥
| 0

↵ih 0
↵|Ugrav | ↵ih ↵|U†

grav

⇤
= 1

<latexit sha1_base64="CZDkzH8QEGgT4S+w0bUK6gF2kww="></latexit>

P (Q|LOCC) =
X

↵

p↵ Tr[| 0
↵ih 0

↵|⇤LOCC(| ↵ih ↵|)]  F(E , Ugrav)

<latexit sha1_base64="TxZr6oFql/uws2mSYvGucJiZGVk=">AAACDnicdVDLSsNAFJ3UV62vVJduBovgKiRFre6KblxWsA9oQphMJ+3QyWSYmSgh9B/8Abf6B+7Erb/gD/gdJm0F6+PAhcM593LvPYFgVGnbfjdKS8srq2vl9crG5tb2jlnd7ag4kZi0ccxi2QuQIoxy0tZUM9ITkqAoYKQbjC8Lv3tLpKIxv9GpIF6EhpyGFCOdS75ZdcdEZ65Q1HcREyM08c2abdUbTv3cgb+JY9lT1MAcLd/8cAcxTiLCNWZIqb5jC+1lSGqKGZlU3EQRgfAYDUk/pxxFRHnZ9PQJPMyVAQxjmRfXcKp+n8hQpFQaBXlnhPRI/fQK8S+vn+jwzMsoF4kmHM8WhQmDOoZFDnBAJcGapTlBWNL8VohHSCKs87QWtohRqihWRTBf38P/SaduOafWyfVxrXkxj6gM9sEBOAIOaIAmuAIt0AYY3IEH8AiejHvj2XgxXmetJWM+swcWYLx9AhLHnYo=</latexit>

| ↵i <latexit sha1_base64="VOKieOVi6cV897fAj5LG9IoAckc="></latexit>

{| 0
↵ih 0

↵| ,1� | 0
↵ih 0

↵|}Gravity
( are you in 

<latexit sha1_base64="4NZsgeBiEk6P0Jhuju2YY6TK0xo=">AAACJXicdVDLSsNAFJ3UV62vWJduBovoKiRFre6KblxWsLbQhDCZTtqhk2SYmYgh9Ffc1p9xJ4Irf8SFk7aC9XFg4HDOvXcOJ+CMSmXbb0ZpaXllda28XtnY3NreMXerdzJJBSZtnLBEdAMkCaMxaSuqGOlyQVAUMNIJRleF37knQtIkvlUZJ16EBjENKUZKS75ZdUdE5S6X9Mh3EeNDNPbNmm3VG079woG/iWPZU9TAHC3f/HD7CU4jEivMkJQ9x+bKy5FQFDMyrripJBzhERqQnqYxioj08mn2MTzUSh+GidAvVnCqft/IUSRlFgV6MkJqKH96hfiX10tVeO7lNOapIjGefRSmDKoEFkXAPhUEK5ZpgrCgOitcuN2XRSC9h4dIIKx0iQs+H2aSYlnU9dUJ/J/c1S3nzDq9Oak1L+fFlcE+OADHwAEN0ATXoAXaAIMH8Agm4MmYGM/Gi/E6Gy0Z8509sADj/RMJ5qaJ</latexit>

| 0
↵i ? )

Q C

<latexit sha1_base64="K5nwQuXdMb2DiilDQlgTDm516vg=">AAACAHicdVDLSsNAFL2pr1pfVZduBovgKiSitd0V3bisYGuhDWUynTZDJzNhZiKE0I0f4FY/wZ249U/8An/DpK1gfRy4cDjnXu69x48408Zx3q3C0vLK6lpxvbSxubW9U97da2sZK0JbRHKpOj7WlDNBW4YZTjuRojj0Ob31x5e5f3tHlWZS3Jgkol6IR4INGcEml3oqkP1yxbHdeu2sWke/iWs7U1Rgjma//NEbSBKHVBjCsdZd14mMl2JlGOF0UurFmkaYjPGIdjMqcEi1l05vnaCjTBmgoVRZCYOm6veJFIdaJ6GfdYbYBPqnl4t/ed3YDGteykQUGyrIbNEw5shIlD+OBkxRYniSEUwUy25FJMAKE5PFs7AlChLNiJ6UsmS+3kf/k/aJ7Vbt6vVppXExz6gIB3AIx+DCOTTgCprQAgIBPMAjPFn31rP1Yr3OWgvWfGYfFmC9fQLMz5e8</latexit>⇢

Ludovico Lami, Julen Pedernales, and Martin Plenio, PRX 14, 021022 (2024)



An operational way of setting the problem

<latexit sha1_base64="Bt/sH63QgqzJTB3NnGJj6YY0gA0="></latexit>

E = {p↵, | ↵i}↵
<latexit sha1_base64="Vc1QiKHjAUMAZ7cyGYy2In2LRsY="></latexit>

| 0
↵i = Ugrav | ↵i

My guess is that gravity is 
<latexit sha1_base64="nKQNSMAbNkZsCBsEL0E6d7GwFRk=">AAACB3icdVDLSsNAFJ34rPVVdelmsAiuQlLU6q7oxmUF0xaaUCbTSTt0MhlmJoUQ+gH+gFv9A3fi1s/wB/wOJ20F6+PAhcM593LvPaFgVGnHebeWlldW19ZLG+XNre2d3crefkslqcTEwwlLZCdEijDKiaepZqQjJEFxyEg7HF0XfntMpKIJv9OZIEGMBpxGFCNtJN/r5b6M4UCi8aRXqTp2re7WLl34m7i2M0UVzNHsVT78foLTmHCNGVKq6zpCBzmSmmJGJmU/VUQgPEID0jWUo5ioIJ/ePIHHRunDKJGmuIZT9ftEjmKlsjg0nTHSQ/XTK8S/vG6qo4sgp1ykmnA8WxSlDOoEFgHAPpUEa5YZgrCk5laIh0girE1MC1vEMFMUqyKYr+/h/6RVs91z++z2tNq4mkdUAofgCJwAF9RBA9yAJvAABgI8gEfwZN1bz9aL9TprXbLmMwdgAdbbJxoomt0=</latexit>

Ugrav

<latexit sha1_base64="xvLnXgzY8U9ryTja+8LeVAFNGJo="></latexit>

P (Q|Ugrav) =
X

↵

p↵ Tr
⇥
| 0

↵ih 0
↵|Ugrav | ↵ih ↵|U†

grav

⇤
= 1

<latexit sha1_base64="CZDkzH8QEGgT4S+w0bUK6gF2kww="></latexit>

P (Q|LOCC) =
X

↵

p↵ Tr[| 0
↵ih 0

↵|⇤LOCC(| ↵ih ↵|)]  F(E , Ugrav)

<latexit sha1_base64="1yrRUt5axSAYnunOXf7fIcn7CbM="></latexit>

F(E , Ugrav) = sup
⇤2LOCC

X

↵

p↵ Tr[| 0
↵ih 0

↵|⇤LOCC(| ↵ih ↵|)]Simulation fidelity

<latexit sha1_base64="TxZr6oFql/uws2mSYvGucJiZGVk=">AAACDnicdVDLSsNAFJ3UV62vVJduBovgKiRFre6KblxWsA9oQphMJ+3QyWSYmSgh9B/8Abf6B+7Erb/gD/gdJm0F6+PAhcM593LvPYFgVGnbfjdKS8srq2vl9crG5tb2jlnd7ag4kZi0ccxi2QuQIoxy0tZUM9ITkqAoYKQbjC8Lv3tLpKIxv9GpIF6EhpyGFCOdS75ZdcdEZ65Q1HcREyM08c2abdUbTv3cgb+JY9lT1MAcLd/8cAcxTiLCNWZIqb5jC+1lSGqKGZlU3EQRgfAYDUk/pxxFRHnZ9PQJPMyVAQxjmRfXcKp+n8hQpFQaBXlnhPRI/fQK8S+vn+jwzMsoF4kmHM8WhQmDOoZFDnBAJcGapTlBWNL8VohHSCKs87QWtohRqihWRTBf38P/SaduOafWyfVxrXkxj6gM9sEBOAIOaIAmuAIt0AYY3IEH8AiejHvj2XgxXmetJWM+swcWYLx9AhLHnYo=</latexit>

| ↵i <latexit sha1_base64="VOKieOVi6cV897fAj5LG9IoAckc="></latexit>

{| 0
↵ih 0

↵| ,1� | 0
↵ih 0

↵|}Gravity
( are you in 

<latexit sha1_base64="4NZsgeBiEk6P0Jhuju2YY6TK0xo=">AAACJXicdVDLSsNAFJ3UV62vWJduBovoKiRFre6KblxWsLbQhDCZTtqhk2SYmYgh9Ffc1p9xJ4Irf8SFk7aC9XFg4HDOvXcOJ+CMSmXbb0ZpaXllda28XtnY3NreMXerdzJJBSZtnLBEdAMkCaMxaSuqGOlyQVAUMNIJRleF37knQtIkvlUZJ16EBjENKUZKS75ZdUdE5S6X9Mh3EeNDNPbNmm3VG079woG/iWPZU9TAHC3f/HD7CU4jEivMkJQ9x+bKy5FQFDMyrripJBzhERqQnqYxioj08mn2MTzUSh+GidAvVnCqft/IUSRlFgV6MkJqKH96hfiX10tVeO7lNOapIjGefRSmDKoEFkXAPhUEK5ZpgrCgOitcuN2XRSC9h4dIIKx0iQs+H2aSYlnU9dUJ/J/c1S3nzDq9Oak1L+fFlcE+OADHwAEN0ATXoAXaAIMH8Agm4MmYGM/Gi/E6Gy0Z8509sADj/RMJ5qaJ</latexit>

| 0
↵i ? )

Q C

<latexit sha1_base64="K5nwQuXdMb2DiilDQlgTDm516vg=">AAACAHicdVDLSsNAFL2pr1pfVZduBovgKiSitd0V3bisYGuhDWUynTZDJzNhZiKE0I0f4FY/wZ249U/8An/DpK1gfRy4cDjnXu69x48408Zx3q3C0vLK6lpxvbSxubW9U97da2sZK0JbRHKpOj7WlDNBW4YZTjuRojj0Ob31x5e5f3tHlWZS3Jgkol6IR4INGcEml3oqkP1yxbHdeu2sWke/iWs7U1Rgjma//NEbSBKHVBjCsdZd14mMl2JlGOF0UurFmkaYjPGIdjMqcEi1l05vnaCjTBmgoVRZCYOm6veJFIdaJ6GfdYbYBPqnl4t/ed3YDGteykQUGyrIbNEw5shIlD+OBkxRYniSEUwUy25FJMAKE5PFs7AlChLNiJ6UsmS+3kf/k/aJ7Vbt6vVppXExz6gIB3AIx+DCOTTgCprQAgIBPMAjPFn31rP1Yr3OWgvWfGYfFmC9fQLMz5e8</latexit>⇢

Ludovico Lami, Julen Pedernales, and Martin Plenio, PRX 14, 021022 (2024)



…

1 2 3 N



…

1 2 3 N

<latexit sha1_base64="2oGi2YaPVVt869CAUxcF9ftg18I="></latexit>

E = {p�(↵), |↵ih↵|}
<latexit sha1_base64="onjUeadYHfs5XR8pQDiFAk6iVS8="></latexit>

p�(↵) =
�

⇡
e��|↵|2

<latexit sha1_base64="bmFLDqDwSxARR+MDB8VNLalt/9w="></latexit>

H =
X

i<j

⌘ij(aia
†
j + a

†
iaj)

<latexit sha1_base64="M2HHgh+uGDhsPtF8cZDmcSt9IHE=">AAACG3icdVDNS8MwHE3n15xfU49egkPwVNqhTm9DLx4n2DncykjTdAtL0pKkQin7L7zOf8abePXg/+LBdJvg/HgQeLz3e8kvL0gYVdpx3q3S0vLK6lp5vbKxubW9U93da6s4lZh4OGax7ARIEUYF8TTVjHQSSRAPGLkLRleFf/dApKKxuNVZQnyOBoJGFCNtpHuvn/ckhwEf96s1x6433PqFC38T13amqIE5Wv3qRy+MccqJ0Jghpbquk2g/R1JTzMi40ksVSRAeoQHpGioQJ8rPpxuP4ZFRQhjF0hyh4VT9nsgRVyrjgZnkSA/VT68Q//K6qY7O/ZyKJNVE4NlDUcqgjmHxfRhSSbBmmSEIS2p2hQt3h6pYyOTwEEmEtaluwU+GmaJYFXV9dQL/J+267Z7ZpzcnteblvLgyOACH4Bi4oAGa4Bq0gAcwEOARTMCTNbGerRfrdTZasuaZfbAA6+0To5+itg==</latexit>

Ubm

Initial coherent 

state ensamble with

Beam-splitter 

type of evolution

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P



…

1 2 3 N

<latexit sha1_base64="2oGi2YaPVVt869CAUxcF9ftg18I="></latexit>

E = {p�(↵), |↵ih↵|}
<latexit sha1_base64="onjUeadYHfs5XR8pQDiFAk6iVS8="></latexit>

p�(↵) =
�

⇡
e��|↵|2

<latexit sha1_base64="bmFLDqDwSxARR+MDB8VNLalt/9w="></latexit>

H =
X

i<j

⌘ij(aia
†
j + a

†
iaj)

<latexit sha1_base64="M2HHgh+uGDhsPtF8cZDmcSt9IHE=">AAACG3icdVDNS8MwHE3n15xfU49egkPwVNqhTm9DLx4n2DncykjTdAtL0pKkQin7L7zOf8abePXg/+LBdJvg/HgQeLz3e8kvL0gYVdpx3q3S0vLK6lp5vbKxubW9U93da6s4lZh4OGax7ARIEUYF8TTVjHQSSRAPGLkLRleFf/dApKKxuNVZQnyOBoJGFCNtpHuvn/ckhwEf96s1x6433PqFC38T13amqIE5Wv3qRy+MccqJ0Jghpbquk2g/R1JTzMi40ksVSRAeoQHpGioQJ8rPpxuP4ZFRQhjF0hyh4VT9nsgRVyrjgZnkSA/VT68Q//K6qY7O/ZyKJNVE4NlDUcqgjmHxfRhSSbBmmSEIS2p2hQt3h6pYyOTwEEmEtaluwU+GmaJYFXV9dQL/J+267Z7ZpzcnteblvLgyOACH4Bi4oAGa4Bq0gAcwEOARTMCTNbGerRfrdTZasuaZfbAA6+0To5+itg==</latexit>

Ubm

Initial coherent 

state ensamble with

Beam-splitter 

type of evolution

<latexit sha1_base64="jozg/VscivjWrUWPSEP/EscoDM4="></latexit>

F(E , Ubm, )  fn(�, t)

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P



Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"



<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"



<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

t

Let them 
interact 

gravitationally 
for a time t

<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"



<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

t

Let them 
interact 

gravitationally 
for a time t

Measure in a 
suitable basis

<latexit sha1_base64="yDkCIXaiYOLgT6Mlrr60oUem2Ic=">AAACG3icdVDJSgNBEO1xjXEb9ShCYxA9hRnRmNyCXjxGMAskYajp9CRNeha6e4RhmJPf4Qd41U/wJl49+AX+hp1FSFweFDzeq6KqnhtxJpVlfRgLi0vLK6u5tfz6xubWtrmz25BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHV6N/OYdFZKFwa1KItr1oR8wjxFQWnLMg86QKldA2gEeDcCxj7MZ6pgFq2hXyuelCv5N7KI1RgFNUXPMz04vJLFPA0U4SNm2rUh1UxCKEU6zfCeWNAIyhD5taxqAT2U3Hb+R4SOt9LAXCl2BwmN1diIFX8rEd3WnD2ogf3oj8S+vHSuv3E1ZEMWKBmSyyIs5ViEeZYJ7TFCieKIJEMH0rZgMQABROrm5LdEgkYzILK+T+X4f/08ap0W7VCzdnBWql9OMcmgfHaITZKMLVEXXqIbqiKB79Iie0LPxYLwYr8bbpHXBmM7soTkY719p7KI5</latexit>

|↵0
1ih↵0

1|
<latexit sha1_base64="dVDtrWTjyd+xCG8DAxn0YMGkcWI=">AAACG3icdVDJSgNBEO2JW4xb1KMIjUH0NMwEjckt6MVjBLNAZgg1nZ6kSc9Cd48Qhpz8Dj/Aq36CN/HqwS/wN+wsQuLyoODxXhVV9byYM6ks68PILC2vrK5l13Mbm1vbO/ndvYaMEkFonUQ8Ei0PJOUspHXFFKetWFAIPE6b3uBq7DfvqJAsCm/VMKZuAL2Q+YyA0lInf+gMqPIEpA7wuA+d4slojnbyBcu0K+XzUgX/JrZpTVBAM9Q6+U+nG5EkoKEiHKRs21as3BSEYoTTUc5JJI2BDKBH25qGEFDpppM3RvhYK13sR0JXqPBEnZ9IIZByGHi6MwDVlz+9sfiX106UX3ZTFsaJoiGZLvITjlWEx5ngLhOUKD7UBIhg+lZM+iCAKJ3cwpa4P5SMyFFOJ/P9Pv6fNIqmXTJLN2eF6uUsoyw6QEfoFNnoAlXRNaqhOiLoHj2iJ/RsPBgvxqvxNm3NGLOZfbQA4/0LbS2iOw==</latexit>

|↵0
2ih↵0

2|

<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"



<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

t

Let them 
interact 

gravitationally 
for a time t

Measure in a 
suitable basis

<latexit sha1_base64="yDkCIXaiYOLgT6Mlrr60oUem2Ic=">AAACG3icdVDJSgNBEO1xjXEb9ShCYxA9hRnRmNyCXjxGMAskYajp9CRNeha6e4RhmJPf4Qd41U/wJl49+AX+hp1FSFweFDzeq6KqnhtxJpVlfRgLi0vLK6u5tfz6xubWtrmz25BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHV6N/OYdFZKFwa1KItr1oR8wjxFQWnLMg86QKldA2gEeDcCxj7MZ6pgFq2hXyuelCv5N7KI1RgFNUXPMz04vJLFPA0U4SNm2rUh1UxCKEU6zfCeWNAIyhD5taxqAT2U3Hb+R4SOt9LAXCl2BwmN1diIFX8rEd3WnD2ogf3oj8S+vHSuv3E1ZEMWKBmSyyIs5ViEeZYJ7TFCieKIJEMH0rZgMQABROrm5LdEgkYzILK+T+X4f/08ap0W7VCzdnBWql9OMcmgfHaITZKMLVEXXqIbqiKB79Iie0LPxYLwYr8bbpHXBmM7soTkY719p7KI5</latexit>

|↵0
1ih↵0

1|
<latexit sha1_base64="dVDtrWTjyd+xCG8DAxn0YMGkcWI=">AAACG3icdVDJSgNBEO2JW4xb1KMIjUH0NMwEjckt6MVjBLNAZgg1nZ6kSc9Cd48Qhpz8Dj/Aq36CN/HqwS/wN+wsQuLyoODxXhVV9byYM6ks68PILC2vrK5l13Mbm1vbO/ndvYaMEkFonUQ8Ei0PJOUspHXFFKetWFAIPE6b3uBq7DfvqJAsCm/VMKZuAL2Q+YyA0lInf+gMqPIEpA7wuA+d4slojnbyBcu0K+XzUgX/JrZpTVBAM9Q6+U+nG5EkoKEiHKRs21as3BSEYoTTUc5JJI2BDKBH25qGEFDpppM3RvhYK13sR0JXqPBEnZ9IIZByGHi6MwDVlz+9sfiX106UX3ZTFsaJoiGZLvITjlWEx5ngLhOUKD7UBIhg+lZM+iCAKJ3cwpa4P5SMyFFOJ/P9Pv6fNIqmXTJLN2eF6uUsoyw6QEfoFNnoAlXRNaqhOiLoHj2iJ/RsPBgvxqvxNm3NGLOZfbQA4/0LbS2iOw==</latexit>

|↵0
2ih↵0

2|

<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

Q C

Build the 
statistics for 

<latexit sha1_base64="T8aB7bQp4/WOAxsUThBuFeduCS8=">AAACAHicdVDLSsNAFL2pr1pfVZduBotQNyERre2u6MZlC/YBbSiT6aQdOpmEmYkQQjd+gFv9BHfi1j/xC/wNk7aC9XHgwuGce7n3HjfkTGnLejdyK6tr6xv5zcLW9s7uXnH/oK2CSBLaIgEPZNfFinImaEszzWk3lBT7Lqcdd3Kd+Z07KhULxK2OQ+r4eCSYxwjWmdQoN08HxZJl2rXqRaWGfhPbtGYowQKNQfGjPwxI5FOhCcdK9Wwr1E6CpWaE02mhHykaYjLBI9pLqcA+VU4yu3WKTlJliLxApiU0mqnfJxLsKxX7btrpYz1WP71M/MvrRdqrOgkTYaSpIPNFXsSRDlD2OBoySYnmcUowkSy9FZExlpjoNJ6lLeE4VoyoaSFN5ut99D9pn5l2xaw0z0v1q0VGeTiCYyiDDZdQhxtoQAsIjOEBHuHJuDeejRfjdd6aMxYzh7AE4+0TrfaXCQ==</latexit>

P (Q)



<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

t

Let them 
interact 

gravitationally 
for a time t

Measure in a 
suitable basis

<latexit sha1_base64="yDkCIXaiYOLgT6Mlrr60oUem2Ic=">AAACG3icdVDJSgNBEO1xjXEb9ShCYxA9hRnRmNyCXjxGMAskYajp9CRNeha6e4RhmJPf4Qd41U/wJl49+AX+hp1FSFweFDzeq6KqnhtxJpVlfRgLi0vLK6u5tfz6xubWtrmz25BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHV6N/OYdFZKFwa1KItr1oR8wjxFQWnLMg86QKldA2gEeDcCxj7MZ6pgFq2hXyuelCv5N7KI1RgFNUXPMz04vJLFPA0U4SNm2rUh1UxCKEU6zfCeWNAIyhD5taxqAT2U3Hb+R4SOt9LAXCl2BwmN1diIFX8rEd3WnD2ogf3oj8S+vHSuv3E1ZEMWKBmSyyIs5ViEeZYJ7TFCieKIJEMH0rZgMQABROrm5LdEgkYzILK+T+X4f/08ap0W7VCzdnBWql9OMcmgfHaITZKMLVEXXqIbqiKB79Iie0LPxYLwYr8bbpHXBmM7soTkY719p7KI5</latexit>

|↵0
1ih↵0

1|
<latexit sha1_base64="dVDtrWTjyd+xCG8DAxn0YMGkcWI=">AAACG3icdVDJSgNBEO2JW4xb1KMIjUH0NMwEjckt6MVjBLNAZgg1nZ6kSc9Cd48Qhpz8Dj/Aq36CN/HqwS/wN+wsQuLyoODxXhVV9byYM6ks68PILC2vrK5l13Mbm1vbO/ndvYaMEkFonUQ8Ei0PJOUspHXFFKetWFAIPE6b3uBq7DfvqJAsCm/VMKZuAL2Q+YyA0lInf+gMqPIEpA7wuA+d4slojnbyBcu0K+XzUgX/JrZpTVBAM9Q6+U+nG5EkoKEiHKRs21as3BSEYoTTUc5JJI2BDKBH25qGEFDpppM3RvhYK13sR0JXqPBEnZ9IIZByGHi6MwDVlz+9sfiX106UX3ZTFsaJoiGZLvITjlWEx5ngLhOUKD7UBIhg+lZM+iCAKJ3cwpa4P5SMyFFOJ/P9Pv6fNIqmXTJLN2eF6uUsoyw6QEfoFNnoAlXRNaqhOiLoHj2iJ/RsPBgvxqvxNm3NGLOZfbQA4/0LbS2iOw==</latexit>

|↵0
2ih↵0

2|

<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

If                               gravity non-LOCC
<latexit sha1_base64="1UeL6P20spVPqWIgwLiJC54t4vM="></latexit>

P (Q) > F(", t)

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

Q C

Build the 
statistics for 

<latexit sha1_base64="T8aB7bQp4/WOAxsUThBuFeduCS8=">AAACAHicdVDLSsNAFL2pr1pfVZduBotQNyERre2u6MZlC/YBbSiT6aQdOpmEmYkQQjd+gFv9BHfi1j/xC/wNk7aC9XHgwuGce7n3HjfkTGnLejdyK6tr6xv5zcLW9s7uXnH/oK2CSBLaIgEPZNfFinImaEszzWk3lBT7Lqcdd3Kd+Z07KhULxK2OQ+r4eCSYxwjWmdQoN08HxZJl2rXqRaWGfhPbtGYowQKNQfGjPwxI5FOhCcdK9Wwr1E6CpWaE02mhHykaYjLBI9pLqcA+VU4yu3WKTlJliLxApiU0mqnfJxLsKxX7btrpYz1WP71M/MvrRdqrOgkTYaSpIPNFXsSRDlD2OBoySYnmcUowkSy9FZExlpjoNJ6lLeE4VoyoaSFN5ut99D9pn5l2xaw0z0v1q0VGeTiCYyiDDZdQhxtoQAsIjOEBHuHJuDeejRfjdd6aMxYzh7AE4+0TrfaXCQ==</latexit>

P (Q)



<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

t

Let them 
interact 

gravitationally 
for a time t

Measure in a 
suitable basis

<latexit sha1_base64="yDkCIXaiYOLgT6Mlrr60oUem2Ic=">AAACG3icdVDJSgNBEO1xjXEb9ShCYxA9hRnRmNyCXjxGMAskYajp9CRNeha6e4RhmJPf4Qd41U/wJl49+AX+hp1FSFweFDzeq6KqnhtxJpVlfRgLi0vLK6u5tfz6xubWtrmz25BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHV6N/OYdFZKFwa1KItr1oR8wjxFQWnLMg86QKldA2gEeDcCxj7MZ6pgFq2hXyuelCv5N7KI1RgFNUXPMz04vJLFPA0U4SNm2rUh1UxCKEU6zfCeWNAIyhD5taxqAT2U3Hb+R4SOt9LAXCl2BwmN1diIFX8rEd3WnD2ogf3oj8S+vHSuv3E1ZEMWKBmSyyIs5ViEeZYJ7TFCieKIJEMH0rZgMQABROrm5LdEgkYzILK+T+X4f/08ap0W7VCzdnBWql9OMcmgfHaITZKMLVEXXqIbqiKB79Iie0LPxYLwYr8bbpHXBmM7soTkY719p7KI5</latexit>

|↵0
1ih↵0

1|
<latexit sha1_base64="dVDtrWTjyd+xCG8DAxn0YMGkcWI=">AAACG3icdVDJSgNBEO2JW4xb1KMIjUH0NMwEjckt6MVjBLNAZgg1nZ6kSc9Cd48Qhpz8Dj/Aq36CN/HqwS/wN+wsQuLyoODxXhVV9byYM6ks68PILC2vrK5l13Mbm1vbO/ndvYaMEkFonUQ8Ei0PJOUspHXFFKetWFAIPE6b3uBq7DfvqJAsCm/VMKZuAL2Q+YyA0lInf+gMqPIEpA7wuA+d4slojnbyBcu0K+XzUgX/JrZpTVBAM9Q6+U+nG5EkoKEiHKRs21as3BSEYoTTUc5JJI2BDKBH25qGEFDpppM3RvhYK13sR0JXqPBEnZ9IIZByGHi6MwDVlz+9sfiX106UX3ZTFsaJoiGZLvITjlWEx5ngLhOUKD7UBIhg+lZM+iCAKJ3cwpa4P5SMyFFOJ/P9Pv6fNIqmXTJLN2eF6uUsoyw6QEfoFNnoAlXRNaqhOiLoHj2iJ/RsPBgvxqvxNm3NGLOZfbQA4/0LbS2iOw==</latexit>

|↵0
2ih↵0

2|

No large delocalisations required

No entanglement required

<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

If                               gravity non-LOCC
<latexit sha1_base64="1UeL6P20spVPqWIgwLiJC54t4vM="></latexit>

P (Q) > F(", t)

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

Q C

Build the 
statistics for 

<latexit sha1_base64="T8aB7bQp4/WOAxsUThBuFeduCS8=">AAACAHicdVDLSsNAFL2pr1pfVZduBotQNyERre2u6MZlC/YBbSiT6aQdOpmEmYkQQjd+gFv9BHfi1j/xC/wNk7aC9XHgwuGce7n3HjfkTGnLejdyK6tr6xv5zcLW9s7uXnH/oK2CSBLaIgEPZNfFinImaEszzWk3lBT7Lqcdd3Kd+Z07KhULxK2OQ+r4eCSYxwjWmdQoN08HxZJl2rXqRaWGfhPbtGYowQKNQfGjPwxI5FOhCcdK9Wwr1E6CpWaE02mhHykaYjLBI9pLqcA+VU4yu3WKTlJliLxApiU0mqnfJxLsKxX7btrpYz1WP71M/MvrRdqrOgkTYaSpIPNFXsSRDlD2OBoySYnmcUowkSy9FZExlpjoNJ6lLeE4VoyoaSFN5ut99D9pn5l2xaw0z0v1q0VGeTiCYyiDDZdQhxtoQAsIjOEBHuHJuDeejRfjdd6aMxYzh7AE4+0TrfaXCQ==</latexit>

P (Q)



<latexit sha1_base64="lF0/Zu3Z7Mz5zMw6XtuIDwXs76c=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZq6H6x5NhutXJRruLfxLWdGUpogXq/+NEbRDQJQWjKiVJd14m1lxGpGeUwKfQSBTGhYzKErqGChKC8bHboBJ8YZYCDSJoSGs/U7xMZCZVKQ990hkSP1E9vKv7ldRMdVLyMiTjRIOh8UZBwrCM8/RoPmASqeWoIoZKZWzEdEUmoNtksbYlHqWJUTQomma/38f+kdWa7ZbvcOC/VrhYZ5dEROkanyEWXqIZuUB01EUWAHtAjerLurWfrxXqdt+asxcwhWoL19gl0F5Zt</latexit>

t

Let them 
interact 

gravitationally 
for a time t

Measure in a 
suitable basis

<latexit sha1_base64="yDkCIXaiYOLgT6Mlrr60oUem2Ic=">AAACG3icdVDJSgNBEO1xjXEb9ShCYxA9hRnRmNyCXjxGMAskYajp9CRNeha6e4RhmJPf4Qd41U/wJl49+AX+hp1FSFweFDzeq6KqnhtxJpVlfRgLi0vLK6u5tfz6xubWtrmz25BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHV6N/OYdFZKFwa1KItr1oR8wjxFQWnLMg86QKldA2gEeDcCxj7MZ6pgFq2hXyuelCv5N7KI1RgFNUXPMz04vJLFPA0U4SNm2rUh1UxCKEU6zfCeWNAIyhD5taxqAT2U3Hb+R4SOt9LAXCl2BwmN1diIFX8rEd3WnD2ogf3oj8S+vHSuv3E1ZEMWKBmSyyIs5ViEeZYJ7TFCieKIJEMH0rZgMQABROrm5LdEgkYzILK+T+X4f/08ap0W7VCzdnBWql9OMcmgfHaITZKMLVEXXqIbqiKB79Iie0LPxYLwYr8bbpHXBmM7soTkY719p7KI5</latexit>

|↵0
1ih↵0

1|
<latexit sha1_base64="dVDtrWTjyd+xCG8DAxn0YMGkcWI=">AAACG3icdVDJSgNBEO2JW4xb1KMIjUH0NMwEjckt6MVjBLNAZgg1nZ6kSc9Cd48Qhpz8Dj/Aq36CN/HqwS/wN+wsQuLyoODxXhVV9byYM6ks68PILC2vrK5l13Mbm1vbO/ndvYaMEkFonUQ8Ei0PJOUspHXFFKetWFAIPE6b3uBq7DfvqJAsCm/VMKZuAL2Q+YyA0lInf+gMqPIEpA7wuA+d4slojnbyBcu0K+XzUgX/JrZpTVBAM9Q6+U+nG5EkoKEiHKRs21as3BSEYoTTUc5JJI2BDKBH25qGEFDpppM3RvhYK13sR0JXqPBEnZ9IIZByGHi6MwDVlz+9sfiX106UX3ZTFsaJoiGZLvITjlWEx5ngLhOUKD7UBIhg+lZM+iCAKJ3cwpa4P5SMyFFOJ/P9Pv6fNIqmXTJLN2eF6uUsoyw6QEfoFNnoAlXRNaqhOiLoHj2iJ/RsPBgvxqvxNm3NGLOZfbQA4/0LbS2iOw==</latexit>

|↵0
2ih↵0

2|

No large delocalisations required

No entanglement required Long coherence times required

Prepare and detect coherent states with sufficient precision

<latexit sha1_base64="L7AQlCur6NpAIxyLhNjMgrug1eQ=">AAACDXicdVDLSsNAFJ3UV62PRl26GSyCq5CI1nZXdOOygn1AE8JkOmmGTiZhZiKE0G/wA9zqJ7gTt36DX+BvOH0I1seBC4dz7uXee4KUUals+90orayurW+UNytb2zu7VXNvvyuTTGDSwQlLRD9AkjDKSUdRxUg/FQTFASO9YHw19Xt3REia8FuVp8SL0YjTkGKktOSbVXdMVOEilkbIdybQN2u25TQb5/Um/E0cy56hBhZo++aHO0xwFhOuMENSDhw7VV6BhKKYkUnFzSRJER6jERloylFMpFfMDp/AY60MYZgIXVzBmfp9okCxlHkc6M4YqUj+9KbiX94gU2HDKyhPM0U4ni8KMwZVAqcpwCEVBCuWa4KwoPpWiCMkEFY6q6UtaZRLiuWkopP5eh/+T7qnllO36jdntdblIqMyOARH4AQ44AK0wDVogw7AIAMP4BE8GffGs/FivM5bS8Zi5gAswXj7BHLznGA=</latexit>

|↵1i
<latexit sha1_base64="4nGFwIUXl+Rc8rfDjG6vgSw8UKI=">AAACDXicdVDLSsNAFJ34rPXRqEs3g0VwFZKitd0V3bisYB/QhDCZTtqhk0mYmQgh5Bv8ALf6Ce7Erd/gF/gbTh+C9XHgwuGce7n3niBhVCrbfjdWVtfWNzZLW+Xtnd29irl/0JVxKjDp4JjFoh8gSRjlpKOoYqSfCIKigJFeMLma+r07IiSN+a3KEuJFaMRpSDFSWvLNijshKncRS8bIrxXQN6u25TQb5/Um/E0cy56hChZo++aHO4xxGhGuMENSDhw7UV6OhKKYkaLsppIkCE/QiAw05Sgi0stnhxfwRCtDGMZCF1dwpn6fyFEkZRYFujNCaix/elPxL2+QqrDh5ZQnqSIczxeFKYMqhtMU4JAKghXLNEFYUH0rxGMkEFY6q6UtyTiTFMuirJP5eh/+T7o1y6lb9ZuzautykVEJHIFjcAoccAFa4Bq0QQdgkIIH8AiejHvj2XgxXuetK8Zi5hAswXj7BHSOnGE=</latexit>

|↵2i

Prepare two 
oscillators in these 

states

If                               gravity non-LOCC
<latexit sha1_base64="1UeL6P20spVPqWIgwLiJC54t4vM="></latexit>

P (Q) > F(", t)

Entanglement-free test with 2 levitated nanoparticles 

<latexit sha1_base64="Xo5BNX9DbvzQChL6eV7sY11Auq4=">AAACBXicdVDLSsNAFL3xWeur6tLNYBFcxUS0truiG5cV7EPaUCaTaTt0MgkzEyGErv0At/oJ7sSt3+EX+BtOH4L1ceDC4ZxzuQ8/5kxpx3m3FhaXlldWc2v59Y3Nre3Czm5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wcuw376hULBI3Oo2pF+K+YD1GsDbSrXvc4SYc4G6h6NhupXxWqqDfxLWdCYowQ61b+OgEEUlCKjThWKm268Tay7DUjHA6yncSRWNMhrhP24YKHFLlZZOFR+jQKAHqRdKU0Giifu/IcKhUGvomGWI9UD+9sfiX1050r+xlTMSJpoJMB/USjnSExtejgElKNE8NwUQysysiAywx0eZHc1PiQaoYUaO8+czX+eh/0jix3ZJduj4tVi9mP8rBPhzAEbhwDlW4ghrUgUAID/AIT9a99Wy9WK/T6II169mDOVhvn+drmWY=</latexit>

1/�

<latexit sha1_base64="+iT0R0mxx+yxQMqMFrdFF20Q1ls=">AAACCHicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6KblxWsLXQhDKZTpqhk8kwMxFCyA/4AW71E9yJW//CL/A3nD4E6+PAhcM593LvPYFgVGnHebdKS8srq2vl9crG5tb2TnV3r6uSVGLSwQlLZC9AijDKSUdTzUhPSILigJHbYHw58W/viFQ04Tc6E8SP0YjTkGKkjeR5Y6JzDzERoWJQrTm222yc1ZvwN3FtZ4oamKM9qH54wwSnMeEaM6RU33WE9nMkNcWMFBUvVUQgPEYj0jeUo5goP5/eXMAjowxhmEhTXMOp+n0iR7FSWRyYzhjpSP30JuJfXj/VYcPPKRepJhzPFoUpgzqBkwDgkEqCNcsMQVhScyvEEZIIaxPTwhYRZYpiVVRMMl/vw/9J98R263b9+rTWuphnVAYH4BAcAxecgxa4Am3QARgI8AAewZN1bz1bL9brrLVkzWf2wQKst09gv5th</latexit>

|↵i

<latexit sha1_base64="shApCQ84RtKBFDRlQ7og7nd1ibY=">AAAB/XicdVDLSsNAFJ3UV62vqks3g0VwFRLR2u6Kbly2YB/QhjKZ3rRDJ5MwMxFCKH6AW/0Ed+LWb/EL/A2nD8H6OHDhcM693HuPH3OmtOO8W7mV1bX1jfxmYWt7Z3evuH/QUlEiKTRpxCPZ8YkCzgQ0NdMcOrEEEvoc2v74euq370AqFolbncbghWQoWMAo0UZqdPrFkmO71cpFuYp/E9d2ZiihBer94kdvENEkBKEpJ0p1XSfWXkakZpTDpNBLFMSEjskQuoYKEoLystmhE3xilAEOImlKaDxTv09kJFQqDX3TGRI9Uj+9qfiX1010UPEyJuJEg6DzRUHCsY7w9Gs8YBKo5qkhhEpmbsV0RCSh2mSztCUepYpRNSmYZL7ex/+T1pntlu1y47xUu1pklEdH6BidIhddohq6QXXURBQBekCP6Mm6t56tF+t13pqzFjOHaAnW2ydHW5ZR</latexit>

X

<latexit sha1_base64="vOQaX7DS6ltklhPpzmj0w3xTDdM=">AAAB/XicdVBJSgNBFP3tGOMUdemmMAiumm7RmOyCblwmYAZIGqmu/CRFqgeqqoWmCR7ArR7Bnbj1LJ7Aa1gZBOPw4MPjvff5gx8LrrTjvFtLyyura+u5jfzm1vbObmFvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z5o6uJ37pDqXgU3ug0Ri+gg5D3OaPaSPXabaHo2G6lfF6qkN/EtZ0pijCHyX90exFLAgw1E1SpjuvE2suo1JwJHOe7icKYshEdYMfQkAaovGy66JgcG6VH+pE0FWoyVb93ZDRQKg18kwyoHqqf3kT8y+skul/2Mh7GicaQzQb1E0F0RCZXkx6XyLRIDaFMcrMrYUMqKdPmNwtT4mGqOFPjvPnM1/nkf9I8td2SXaqfFauX8x/l4BCO4ARcuIAqXEMNGsAA4QEe4cm6t56tF+t1Fl2y5j0HsADr7RM6k5ZJ</latexit>

P

Choose two states 

from

<latexit sha1_base64="rY5uwlaX1xHcQnyz4mnuy3aBCOA=">AAACB3icdVDLSgMxFM3UV62vqks3wSK4GmZEa7srunFZwT6gHUomzbShmSQkmcIw9AP8ALf6Ce7ErZ/hF/gbpg/B+jhw4XDOvdx7TygZ1cbz3p3cyura+kZ+s7C1vbO7V9w/aGqRKEwaWDCh2iHShFFOGoYaRtpSERSHjLTC0fXUb42J0lTwO5NKEsRowGlEMTJW6nTHSBGpKRO8Vyx5rl+tXJSr8DfxXW+GElig3it+dPsCJzHhBjOkdcf3pAkypAzFjEwK3UQTifAIDUjHUo5iooNsdvIEnlilDyOhbHEDZ+r3iQzFWqdxaDtjZIb6pzcV//I6iYkqQUa5TAzheL4oShg0Ak7/h32qCDYstQRhRe2tEA+RQtjYlJa2yGGqKdaTgk3m6334P2meuX7ZLd+el2pXi4zy4Agcg1Pgg0tQAzegDhoAAwEewCN4cu6dZ+fFeZ235pzFzCFYgvP2CaYWmvw=</latexit>"

Q C

Build the 
statistics for 

<latexit sha1_base64="T8aB7bQp4/WOAxsUThBuFeduCS8=">AAACAHicdVDLSsNAFL2pr1pfVZduBotQNyERre2u6MZlC/YBbSiT6aQdOpmEmYkQQjd+gFv9BHfi1j/xC/wNk7aC9XHgwuGce7n3HjfkTGnLejdyK6tr6xv5zcLW9s7uXnH/oK2CSBLaIgEPZNfFinImaEszzWk3lBT7Lqcdd3Kd+Z07KhULxK2OQ+r4eCSYxwjWmdQoN08HxZJl2rXqRaWGfhPbtGYowQKNQfGjPwxI5FOhCcdK9Wwr1E6CpWaE02mhHykaYjLBI9pLqcA+VU4yu3WKTlJliLxApiU0mqnfJxLsKxX7btrpYz1WP71M/MvrRdqrOgkTYaSpIPNFXsSRDlD2OBoySYnmcUowkSy9FZExlpjoNJ6lLeE4VoyoaSFN5ut99D9pn5l2xaw0z0v1q0VGeTiCYyiDDZdQhxtoQAsIjOEBHuHJuDeejRfjdd6aMxYzh7AE4+0TrfaXCQ==</latexit>

P (Q)
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New
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Levitodynamics
Quantum control of the mechanical degrees of freedom 

of nano- and micro-scale particles suspended in a vacuum

Credit: J. Adam Fenster, University of Rochester, CC BY-SA



silica, diamond,  ….

~ [10-7 – 10-5] m

~ [10-17 – 10-11] Kg

~ [108 – 1014] # atoms

Optical tweezers, Paul traps, 

magneto-gravitational …

Levitodynamics
Quantum control of the mechanical degrees of freedom 

of nano- and micro-scale particles suspended in a vacuum

Credit: J. Adam Fenster, University of Rochester, CC BY-SA



Credit: J. Adam Fenster, University of Rochester, CC BY-SA

(some) sources of noise

Collisions with surrounding gas molecules

Fluctuations of the trapping potentials

Black-body radiation

Internal heating

Magnetic defects, dipole moments…

Gravitational noise

Surface noise

Vibrational noise


