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Why QML for HEP?

Fundamental motivation 

Utilise information and correlations inherent in HEP data.

Exploit “quantum remnants” in data.

entanglement [1703.02989] spin correlations [1907.03729]

interference [2110.10112] Bell inequalities [2102.11883, 2203.05582]
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Motivating model-independent searches

Bias is not necessarily bad.  It can be great!

Higher bias          lower variance of the statistical model
[Cramér–Rao bound]

Summary SM measurements @ CMS [link]

[10.1016/j.physletb.2012.08.02]

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Bias is not necessarily bad.  It can be great!

Higher bias          lower variance of the statistical model
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assume SM + choose to test a signal hypothesis….

[Cramér–Rao bound]

Summary SM measurements @ CMS [link]

[10.1016/j.physletb.2012.08.02]

What if you don’t know where 
to look for new-physics? 

Look at nature with minimal bias.

One possible solution: 
Anomaly detection

Unsupervised 
ML models

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Unsupervised quantum kernel machines
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<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

“normal” data

“anomalous” data

support vectors
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Results

Finding new-physics in dijet events with QML
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Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event

Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum
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Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event

BSM anomalies: Graviton    &    New Scalar Boson
G ! W�W+

A ! HZ ! ZZZ

Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum
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Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event           Too many for current hardware.

BSM anomalies: Graviton    &    New Scalar Boson
G ! W�W+

A ! HZ ! ZZZ

Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum
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Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum

Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event           Too many for current hardware.

BSM anomalies: Graviton    &    New Scalar Boson
G ! W�W+

A ! HZ ! ZZZ
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Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum

Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event           Too many for current hardware.

BSM anomalies: Graviton    &    New Scalar Boson
G ! W�W+

A ! HZ ! ZZZ
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Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum

Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event           Too many for current hardware.

BSM anomalies: Graviton    &    New Scalar Boson
G ! W�W+

A ! HZ ! ZZZ
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Particle features

𝜼: Pseudorapidity

𝝓: azimuthal angle

𝒑𝑻: transverse 
momentum

Anomaly detection with quantum machine learning

Background: QCD dijet events. 600 features per event           Too many for current hardware.

BSM anomalies: Graviton    &    New Scalar Boson
G ! W�W+

A ! HZ ! ZZZ



29

Unsupervised quantum kernel machine 

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)
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Unsupervised quantum kernel machine 

Linear entanglement

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

...
...

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

|0i⌦n

G
�
⇡
2 , x0, x1

�
G (x0, x1, 0)

| (x)i

G
�
⇡
2 , x2, x3

�
G (x2, x3, 0)

G
�
⇡
2 , xn�1, xn

�
G (xn�1, xn, 0)

G(✓,�,�) 2 SU(2)

Designed data encoding circuit

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)
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Designed data encoding circuit

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

<latexit sha1_base64="Xw4VsBCjaVsWptDEqQMGvA0PQ+E=">AAACHXicbVC7SgNBFJ2Nr7i+opY2iyFgY9gVX2XQxsIignlAsobZyU0yZPbBzF0xLPsfdqL/Yie24q9YOUm2iIkHBg7n3Ms9c7xIcIW2/W3klpZXVtfy6+bG5tb2TmF3r67CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8HrsNx5BKh4G9ziKwPVpP+A9zihq6eG2jfCEyTFyH1TaKRTtsj2BtUicjBRJhmqn8NPuhiz2IUAmqFItx47QTahEzgSkZjtWEFE2pH1oaRpQfcVNJqlTq6SVrtULpX4BWhN1diOhvlIj39OTPsWBmvfG4r+eJ+kQMDVLsyLEAuRcIuxdugkPohghYNNAvVhYGFrjqqwul8BQjDShTHL9J4sNqKQMdaGmLsuZr2aR1E/Kznn57O60WLnKasuTA3JIjohDLkiF3JAqqRFGJHkmr+TNeDHejQ/jczqaM7KdffIHxtcvdtCjXQ==</latexit> L
-t
im

es

Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)
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⇡
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�
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Designed data encoding circuit Different qubit number

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

<latexit sha1_base64="Xw4VsBCjaVsWptDEqQMGvA0PQ+E=">AAACHXicbVC7SgNBFJ2Nr7i+opY2iyFgY9gVX2XQxsIignlAsobZyU0yZPbBzF0xLPsfdqL/Yie24q9YOUm2iIkHBg7n3Ms9c7xIcIW2/W3klpZXVtfy6+bG5tb2TmF3r67CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8HrsNx5BKh4G9ziKwPVpP+A9zihq6eG2jfCEyTFyH1TaKRTtsj2BtUicjBRJhmqn8NPuhiz2IUAmqFItx47QTahEzgSkZjtWEFE2pH1oaRpQfcVNJqlTq6SVrtULpX4BWhN1diOhvlIj39OTPsWBmvfG4r+eJ+kQMDVLsyLEAuRcIuxdugkPohghYNNAvVhYGFrjqqwul8BQjDShTHL9J4sNqKQMdaGmLsuZr2aR1E/Kznn57O60WLnKasuTA3JIjohDLkiF3JAqqRFGJHkmr+TNeDHejQ/jczqaM7KdffIHxtcvdtCjXQ==</latexit> L
-t
im

es

Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)
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Designed data encoding circuit Different qubit number

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

<latexit sha1_base64="Xw4VsBCjaVsWptDEqQMGvA0PQ+E=">AAACHXicbVC7SgNBFJ2Nr7i+opY2iyFgY9gVX2XQxsIignlAsobZyU0yZPbBzF0xLPsfdqL/Yie24q9YOUm2iIkHBg7n3Ms9c7xIcIW2/W3klpZXVtfy6+bG5tb2TmF3r67CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8HrsNx5BKh4G9ziKwPVpP+A9zihq6eG2jfCEyTFyH1TaKRTtsj2BtUicjBRJhmqn8NPuhiz2IUAmqFItx47QTahEzgSkZjtWEFE2pH1oaRpQfcVNJqlTq6SVrtULpX4BWhN1diOhvlIj39OTPsWBmvfG4r+eJ+kQMDVLsyLEAuRcIuxdugkPohghYNNAvVhYGFrjqqwul8BQjDShTHL9J4sNqKQMdaGmLsuZr2aR1E/Kznn57O60WLnKasuTA3JIjohDLkiF3JAqqRFGJHkmr+TNeDHejQ/jczqaM7KdffIHxtcvdtCjXQ==</latexit> L
-t
im

es

Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)
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<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

<latexit sha1_base64="Xw4VsBCjaVsWptDEqQMGvA0PQ+E=">AAACHXicbVC7SgNBFJ2Nr7i+opY2iyFgY9gVX2XQxsIignlAsobZyU0yZPbBzF0xLPsfdqL/Yie24q9YOUm2iIkHBg7n3Ms9c7xIcIW2/W3klpZXVtfy6+bG5tb2TmF3r67CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8HrsNx5BKh4G9ziKwPVpP+A9zihq6eG2jfCEyTFyH1TaKRTtsj2BtUicjBRJhmqn8NPuhiz2IUAmqFItx47QTahEzgSkZjtWEFE2pH1oaRpQfcVNJqlTq6SVrtULpX4BWhN1diOhvlIj39OTPsWBmvfG4r+eJ+kQMDVLsyLEAuRcIuxdugkPohghYNNAvVhYGFrjqqwul8BQjDShTHL9J4sNqKQMdaGmLsuZr2aR1E/Kznn57O60WLnKasuTA3JIjohDLkiF3JAqqRFGJHkmr+TNeDHejQ/jczqaM7KdffIHxtcvdtCjXQ==</latexit> L
-t
im

es

Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)
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Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

Are quantum effects utilized by the model? 

<latexit sha1_base64="Xw4VsBCjaVsWptDEqQMGvA0PQ+E=">AAACHXicbVC7SgNBFJ2Nr7i+opY2iyFgY9gVX2XQxsIignlAsobZyU0yZPbBzF0xLPsfdqL/Yie24q9YOUm2iIkHBg7n3Ms9c7xIcIW2/W3klpZXVtfy6+bG5tb2TmF3r67CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8HrsNx5BKh4G9ziKwPVpP+A9zihq6eG2jfCEyTFyH1TaKRTtsj2BtUicjBRJhmqn8NPuhiz2IUAmqFItx47QTahEzgSkZjtWEFE2pH1oaRpQfcVNJqlTq6SVrtULpX4BWhN1diOhvlIj39OTPsWBmvfG4r+eJ+kQMDVLsyLEAuRcIuxdugkPohghYNNAvVhYGFrjqqwul8BQjDShTHL9J4sNqKQMdaGmLsuZr2aR1E/Kznn57O60WLnKasuTA3JIjohDLkiF3JAqqRFGJHkmr+TNeDHejQ/jczqaM7KdffIHxtcvdtCjXQ==</latexit> L
-t
im

es
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Unsupervised quantum kernel machine 

Linear entanglement

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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...

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

|0i⌦n

G
�
⇡
2 , x0, x1

�
G (x0, x1, 0)

| (x)i

G
�
⇡
2 , x2, x3

�
G (x2, x3, 0)

G
�
⇡
2 , xn�1, xn

�
G (xn�1, xn, 0)

G(✓,�,�) 2 SU(2)

Designed data encoding circuit Different BSM scenariosDifferent qubit number

Kij = | h0|U†(~xi)U(~xj)|0i |2
<latexit sha1_base64="w8397lcDk2g+cHjpS81LomYr/Ww=">AAACGnicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnFPqANZTK9bYdOMmHmRimhn+FO9F/ciVs3/oorp20WtfXAhcM598K5J4gF1+i631ZuZXVtfSO/aW9t7+zuFfYP6lomikGNSSFVM6AaBI+ghhwFNGMFNAwENILhzcRvPILSXEYPOIrBD2k/4j3OKBqp1b7n/QFSpeRTp1B0y+4UzjLxMlIkGaqdwk+7K1kSQoRMUK1bnhujn1KFnAkY2+1EQ0zZkPahZWhEQ9B+Oo08dkpG6To9qcxE6EzV+YuUhlqPwsBshhQHetGbiP96gaJDwLFdmhchEaAWEmHvyk95FCcIEZsF6iXCQelMenK6XAFDMTKEMsXNTw4bUEUZmjZtU5a3WM0yqZ+WvYvy+d1ZsXKd1ZYnR+SYnBCPXJIKuSVVUiOMSPJMXsmb9WK9Wx/W52w1Z2U3h+QPrK9f/lSiEA==</latexit>)

<latexit sha1_base64="XcAAlqDukr+qxC4tv9jSScIO1pU=">AAACFHicbVDLSsNAFJ3UV62vqODGTbCIdVMSKeqy6MZlBdMW2lgmk5t26OTBzEQsMb/hB7jVT3Anbt37Bf6Gk7YL23rgwuGce7mH48aMCmma31phaXllda24XtrY3Nre0Xf3miJKOAGbRCzibRcLYDQEW1LJoB1zwIHLoOUOr3O/9QBc0Ci8k6MYnAD3Q+pTgqWSevqBXekGWA5cP33MTk7vux7u94H39LJZNccwFok1JWU0RaOn/3S9iCQBhJIwLETHMmPppJhLShhkpW4iIMZkiPvQUTTEAQgnHefPjGOleIYfcTWhNMbq34sUB0KMAldt5lnFvJeL/3mdRPqXTkrDOJEQkskjP2GGjIy8DMOjHIhkI0Uw4VRlNcgAc0ykqqw088bleAgyK6lmrPkeFknzrGqdV2u3tXL9atpRER2iI1RBFrpAdXSDGshGBD2hF/SK3rRn7V370D4nqwVterOPZqB9/QKxR543</latexit>

U
(x

0) †

<latexit sha1_base64="jPAFPaXCw+R4TcaUXX3LDmk27jM=">AAACCXicbVDLSsNAFJ3UV42vqks3g0Wom5JIUZdFNy4rmFZoQ5lMb9qhk4czE7GEfIEf4FY/wZ249Sv8An/DSZuFbT1w4XDOvdzD8WLOpLKsb6O0srq2vlHeNLe2d3b3KvsHbRklgoJDIx6Je49I4CwERzHF4T4WQAKPQ8cbX+d+5xGEZFF4pyYxuAEZhsxnlCgtuU6tFxA18vz0KTvtV6pW3ZoCLxO7IFVUoNWv/PQGEU0CCBXlRMqubcXKTYlQjHLIzF4iISZ0TIbQ1TQkAUg3nYbO8IlWBtiPhJ5Q4an69yIlgZSTwNObeUS56OXif143Uf6lm7IwThSEdPbITzhWEc4bwAMmgCo+0YRQwXRWTEdEEKp0T+bcG0+QMajM1M3Yiz0sk/ZZ3T6vN24b1eZV0VEZHaFjVEM2ukBNdINayEEUPaAX9IrejGfj3fgwPmerJaO4OURzML5+AW09mmE=</latexit>

U(x)⋮⋮ ⋮

⋯
⋯
⋯

⋯
⋯
⋯

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i
<latexit sha1_base64="sjTOtH4DIq5yEDXnCAr6Wfd25Fo=">AAACA3icbVDLSgNBEOyNr7i+oh69DAbBU9gVUY9BLx4jmAckS5id9CbDzj6YmRXCkqMf4FU/wZt49UP8An/DSbIHk1jQUFR1093lp4Ir7TjfVmltfWNzq7xt7+zu7R9UDo9aKskkwyZLRCI7PlUoeIxNzbXATiqRRr7Ath/eTf32E0rFk/hRj1P0IjqMecAZ1UZq90LUuTPpV6pOzZmBrBK3IFUo0OhXfnqDhGURxpoJqlTXdVLt5VRqzgRO7F6mMKUspEPsGhrTCJWXz86dkDOjDEiQSFOxJjP170ROI6XGkW86I6pHatmbiv953UwHN17O4zTTGLP5oiATRCdk+jsZcIlMi7EhlElubiVsRCVl2iRkL6zxJTXRTGyTjLucwyppXdTcq9rlw2W1fltkVIYTOIVzcOEa6nAPDWgCgxBe4BXerGfr3fqwPuetJauYOYYFWF+/HDmYCQ==</latexit>

|0i

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

<latexit sha1_base64="STqSOvrrvMmAE0u8E1r8rvSXuM0="></latexit>

a)

b)

<latexit sha1_base64="SqkyRmDzKtWTe8pdP0Nq5QiGlRU=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9aYfOTMLMpFhCvsKd6L+4E7fu/BVXTtsstPXAhcM598K5J4gZVdp1v6zCyura+kZx097a3tndK+0fNFWUSAINErFItgOsgFEBDU01g3YsAfOAQSsY3Uz91hikopG415MYfI4HgoaUYG2kh+4YSPqY9WivVHar7gzOMvFyUkY56r3Sd7cfkYSD0IRhpTqeG2s/xVJTwiCzu4mCGJMRHkDHUIE5KD+dBc6cilH6ThhJM0I7M/X3RYq5UhMemE2O9VAtelPxXy+QeAQ6syu/RUgYyIVEOrzyUyriRIMg80BhwhwdOdOWnD6VQDSbGIKJpOYnhwyxxESbLm1TlrdYzTJpnla9i+r53Vm5dp3XVkRH6BidIA9dohq6RXXUQARx9IRe0Kv1bL1Z79bHfLVg5TeH6A+szx+CZ6FJ</latexit>

~x
i

<latexit sha1_base64="J0QKZHegX0l1QPsAZHwo8ev+GbI=">AAACGHicbVDLSsNAFJ3UV42vqks3wVJwVRLxtSy6cVnBPqQNZTK9bcfOTMLMpFhCvsKd6L+4E7fu/BVXTtssauuBC4dz7oVzTxAxqrTrflu5ldW19Y38pr21vbO7V9g/qKswlgRqJGShbAZYAaMCappqBs1IAuYBg0YwvJn4jRFIRUNxr8cR+Bz3Be1RgrWRHtojIMlT2nnsFIpu2Z3CWSZeRoooQ7VT+Gl3QxJzEJowrFTLcyPtJ1hqShikdjtWEGEyxH1oGSowB+Un08CpUzJK1+mF0ozQzlSdv0gwV2rMA7PJsR6oRW8i/usFEg9Bp3ZpXoSYgVxIpHtXfkJFFGsQZBaoFzNHh86kJadLJRDNxoZgIqn5ySEDLDHRpkvblOUtVrNM6qdl76J8fndWrFxnteXRETpGJ8hDl6iCblEV1RBBHD2jV/RmvVjv1of1OVvNWdnNIfoD6+sXhBOhSg==</latexit>

~xj

Are quantum effects utilized by the model? 
Yes!

<latexit sha1_base64="Xw4VsBCjaVsWptDEqQMGvA0PQ+E=">AAACHXicbVC7SgNBFJ2Nr7i+opY2iyFgY9gVX2XQxsIignlAsobZyU0yZPbBzF0xLPsfdqL/Yie24q9YOUm2iIkHBg7n3Ms9c7xIcIW2/W3klpZXVtfy6+bG5tb2TmF3r67CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8HrsNx5BKh4G9ziKwPVpP+A9zihq6eG2jfCEyTFyH1TaKRTtsj2BtUicjBRJhmqn8NPuhiz2IUAmqFItx47QTahEzgSkZjtWEFE2pH1oaRpQfcVNJqlTq6SVrtULpX4BWhN1diOhvlIj39OTPsWBmvfG4r+eJ+kQMDVLsyLEAuRcIuxdugkPohghYNNAvVhYGFrjqqwul8BQjDShTHL9J4sNqKQMdaGmLsuZr2aR1E/Kznn57O60WLnKasuTA3JIjohDLkiF3JAqqRFGJHkmr+TNeDHejQ/jczqaM7KdffIHxtcvdtCjXQ==</latexit> L
-t
im

es
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Quantum circuit properties vs. performance

Importance of intrinsically quantum 
properties of the feature map.
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Quantum circuit properties vs. performance

Importance of intrinsically quantum 
properties of the feature map.

More expressive

<latexit sha1_base64="Cwp1kzVnCWYxM2EGgY/Oe9OrYJo="></latexit>

�QC("s) =
"�1
b ("s;Q)

"�1
b ("s;C)

<latexit sha1_base64="Bnu3Ry8Cc5uoDWRPcWG5SPM0LnY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsezqbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezoCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPEzLpPUoGTzRWEqiInJNAHS4wqZEWNLKFPc3krYgCrKjM2paEPwFl9eJo3zindVuXy4KFdv8zgKcAwncAYeXEMV7qEGdWDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz9PBJJ3</latexit>"s
<latexit sha1_base64="0F4APEXEhWV4w8xS0wEqoPw0bOg=">AAAB/XicbVDLSsNAFL3xWesrPnZugkVwY0nE17LoxmUF+4A2hsl00g6dzISZSaGG4K+4caGIW//DnX/j9LHQ1gMXDufcy733hAmjSrvut7WwuLS8slpYK65vbG5t2zu7dSVSiUkNCyZkM0SKMMpJTVPNSDORBMUhI42wfzPyGwMiFRX8Xg8T4seoy2lEMdJGCuz99gBJkijKBH/ITrw8yMI8sEtu2R3DmSfelJRgimpgf7U7Aqcx4RozpFTLcxPtZ0hqihnJi+1UkQThPuqSlqEcxUT52fj63DkySseJhDTFtTNWf09kKFZqGIemM0a6p2a9kfif10p1dOVnlCepJhxPFkUpc7RwRlE4HSoJ1mxoCMKSmlsd3EMSYW0CK5oQvNmX50n9tOxdlM/vzkqV62kcBTiAQzgGDy6hArdQhRpgeIRneIU368l6sd6tj0nrgjWd2YM/sD5/AOpMlYk=</latexit>

"�1
b

Signal efficiency = True Positive Rate (TPR)

Background Rejection = Inverse of False Positive Rate
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Quantum circuit properties vs. performance

Importance of intrinsically quantum 
properties of the feature map.

More expressive

<latexit sha1_base64="Cwp1kzVnCWYxM2EGgY/Oe9OrYJo="></latexit>

�QC("s) =
"�1
b ("s;Q)

"�1
b ("s;C)

No entanglement

<latexit sha1_base64="Bnu3Ry8Cc5uoDWRPcWG5SPM0LnY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsezqbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezoCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPEzLpPUoGTzRWEqiInJNAHS4wqZEWNLKFPc3krYgCrKjM2paEPwFl9eJo3zindVuXy4KFdv8zgKcAwncAYeXEMV7qEGdWDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz9PBJJ3</latexit>"s
<latexit sha1_base64="0F4APEXEhWV4w8xS0wEqoPw0bOg=">AAAB/XicbVDLSsNAFL3xWesrPnZugkVwY0nE17LoxmUF+4A2hsl00g6dzISZSaGG4K+4caGIW//DnX/j9LHQ1gMXDufcy733hAmjSrvut7WwuLS8slpYK65vbG5t2zu7dSVSiUkNCyZkM0SKMMpJTVPNSDORBMUhI42wfzPyGwMiFRX8Xg8T4seoy2lEMdJGCuz99gBJkijKBH/ITrw8yMI8sEtu2R3DmSfelJRgimpgf7U7Aqcx4RozpFTLcxPtZ0hqihnJi+1UkQThPuqSlqEcxUT52fj63DkySseJhDTFtTNWf09kKFZqGIemM0a6p2a9kfif10p1dOVnlCepJhxPFkUpc7RwRlE4HSoJ1mxoCMKSmlsd3EMSYW0CK5oQvNmX50n9tOxdlM/vzkqV62kcBTiAQzgGDy6hArdQhRpgeIRneIU368l6sd6tj0nrgjWd2YM/sD5/AOpMlYk=</latexit>

"�1
b

Signal efficiency = True Positive Rate (TPR)

Background Rejection = Inverse of False Positive Rate
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Quantum circuit properties vs. performance

Importance of intrinsically quantum 
properties of the feature map.

Up to five times the performance of the 
classical benchmark for 16 qubits!

More expressive

<latexit sha1_base64="Cwp1kzVnCWYxM2EGgY/Oe9OrYJo="></latexit>

�QC("s) =
"�1
b ("s;Q)

"�1
b ("s;C)

No entanglement

<latexit sha1_base64="Bnu3Ry8Cc5uoDWRPcWG5SPM0LnY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsezqbqnsVtwZyDLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwUuykGhPKhrSPbUsljVD72ezoCTm1So+EsbIlDZmpvycyGmk9jgLbGVEz0IveVPzPa6cmvPEzLpPUoGTzRWEqiInJNAHS4wqZEWNLKFPc3krYgCrKjM2paEPwFl9eJo3zindVuXy4KFdv8zgKcAwncAYeXEMV7qEGdWDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz9PBJJ3</latexit>"s
<latexit sha1_base64="0F4APEXEhWV4w8xS0wEqoPw0bOg=">AAAB/XicbVDLSsNAFL3xWesrPnZugkVwY0nE17LoxmUF+4A2hsl00g6dzISZSaGG4K+4caGIW//DnX/j9LHQ1gMXDufcy733hAmjSrvut7WwuLS8slpYK65vbG5t2zu7dSVSiUkNCyZkM0SKMMpJTVPNSDORBMUhI42wfzPyGwMiFRX8Xg8T4seoy2lEMdJGCuz99gBJkijKBH/ITrw8yMI8sEtu2R3DmSfelJRgimpgf7U7Aqcx4RozpFTLcxPtZ0hqihnJi+1UkQThPuqSlqEcxUT52fj63DkySseJhDTFtTNWf09kKFZqGIemM0a6p2a9kfif10p1dOVnlCepJhxPFkUpc7RwRlE4HSoJ1mxoCMKSmlsd3EMSYW0CK5oQvNmX50n9tOxdlM/vzkqV62kcBTiAQzgGDy6hArdQhRpgeIRneIU368l6sd6tj0nrgjWd2YM/sD5/AOpMlYk=</latexit>

"�1
b

Signal efficiency = True Positive Rate (TPR)

Background Rejection = Inverse of False Positive Rate
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Quantum hardware runs

Submit jobs to a real machine (ibm_toronto) using IBMQ cloud. 

Minimal instance 100 + 100 (train + test) datapoints. 

6 17

0 1 4 7 10 12 15 18 21 23

2 13 24

3 5 8 11 14 16 19 22 25 26

9 20

Superconducting qubits connectivity topology
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Quantum hardware runs

6 17

0 1 4 7 10 12 15 18 21 23

2 13 24

3 5 8 11 14 16 19 22 25 26

9 20

Purity of fully mixed state: 
<latexit sha1_base64="GKhVFBnBy3tYpjszNIMhvCQJy0o=">AAACE3icbVDLSgMxFM3UV62vqks3wSKI4DhT37uiG5cV7AM67ZBJ0zY0yYxJRizD/IMbf8WNC0XcunHn35g+Flo9cOFwzr3ce08QMaq043xZmZnZufmF7GJuaXlldS2/vlFVYSwxqeCQhbIeIEUYFaSiqWakHkmCeMBILehfDv3aHZGKhuJGDyLS5KgraIdipI3k5/fcg2LL40j3JE+Ef5t6KIpkeA8d+/Dc05QTBV2nlewXUz9fcGxnBPiXuBNSABOU/fyn1w5xzInQmCGlGq4T6WaCpKaYkTTnxYpECPdRlzQMFcgsayajn1K4Y5Q27ITSlNBwpP6cSBBXasAD0zm8Xk17Q/E/rxHrzlkzoSKKNRF4vKgTM6hDOAwItqkkWLOBIQhLam6FuIckwtrEmDMhuNMv/yXVou2e2MfXR4XSxSSOLNgC22AXuOAUlMAVKIMKwOABPIEX8Go9Ws/Wm/U+bs1Yk5lN8AvWxzf8hpz4</latexit>

1/2nq ⇡ 0.39⇥ 10�2

<latexit sha1_base64="YIiPNdw1EZsVyI1ngX2jf0SETUk="></latexit>

htr⇢2i = hK(xi, xi)i
⇢(xi) = U(xi)|0ih0|U †(xi)

Superconducting qubits connectivity topology

Submit jobs to a real machine (ibm_toronto) using IBMQ cloud. 

Minimal instance 100 + 100 (train + test) datapoints. 
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Quantum hardware runs

6 17

0 1 4 7 10 12 15 18 21 23

2 13 24

3 5 8 11 14 16 19 22 25 26

9 20

Purity of fully mixed state: 

Proposed data encoding circuit realistic and 
suitable for current devices

<latexit sha1_base64="GKhVFBnBy3tYpjszNIMhvCQJy0o=">AAACE3icbVDLSgMxFM3UV62vqks3wSKI4DhT37uiG5cV7AM67ZBJ0zY0yYxJRizD/IMbf8WNC0XcunHn35g+Flo9cOFwzr3ce08QMaq043xZmZnZufmF7GJuaXlldS2/vlFVYSwxqeCQhbIeIEUYFaSiqWakHkmCeMBILehfDv3aHZGKhuJGDyLS5KgraIdipI3k5/fcg2LL40j3JE+Ef5t6KIpkeA8d+/Dc05QTBV2nlewXUz9fcGxnBPiXuBNSABOU/fyn1w5xzInQmCGlGq4T6WaCpKaYkTTnxYpECPdRlzQMFcgsayajn1K4Y5Q27ITSlNBwpP6cSBBXasAD0zm8Xk17Q/E/rxHrzlkzoSKKNRF4vKgTM6hDOAwItqkkWLOBIQhLam6FuIckwtrEmDMhuNMv/yXVou2e2MfXR4XSxSSOLNgC22AXuOAUlMAVKIMKwOABPIEX8Go9Ws/Wm/U+bs1Yk5lN8AvWxzf8hpz4</latexit>

1/2nq ⇡ 0.39⇥ 10�2

<latexit sha1_base64="YIiPNdw1EZsVyI1ngX2jf0SETUk="></latexit>

htr⇢2i = hK(xi, xi)i
⇢(xi) = U(xi)|0ih0|U †(xi)

Superconducting qubits connectivity topology

Submit jobs to a real machine (ibm_toronto) using IBMQ cloud. 

Minimal instance 100 + 100 (train + test) datapoints. 
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Summary

QML + HEP : very promising results and interplay (sandbox).

§ Utilize data generated by a quantum process.

§ New inductive biases?

Data analysis

  T
heory        S

imulation     Detector effects  RECO...
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Summary

QML + HEP : very promising results and interplay (sandbox).

§ Utilize data generated by a quantum process.

§ New inductive biases?

For more details checkout:

[K.A. Wozniak*, VB*, E. Puljak* et al., 2301.10780]
[VB, S. González-Castillo, et al., 2104.07692]
[J. Shuhmacher, L. Bogia, VB, et al., 2301.10787]
[T. Muser, E. Zapusek, VB, F. Reiter, 2309.14406]
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Summary

QML + HEP : very promising results and interplay (sandbox).

§ Utilize data generated by a quantum process.

§ New inductive biases?

For more details checkout:

[K.A. Wozniak*, VB*, E. Puljak* et al., 2301.10780]
[VB, S. González-Castillo, et al., 2104.07692]
[J. Shuhmacher, L. Bogia, VB, et al., 2301.10787]
[T. Muser, E. Zapusek, VB, F. Reiter, 2309.14406]

Any cool ideas? 
Questions?

Credit: Rigetti Computing.

Data analysis

  T
heory        S

imulation     Detector effects  RECO...
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Summary & Conclusions

Backup slides
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...

... ...... ...

...

ℓ

Convolutional autoencoder architecture

Quantum clustering algorithmsUnsupervised kernel machine 
Linear entanglement

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

...
...

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

|0i⌦n

G
�
⇡
2 , x0, x1

�
G (x0, x1, 0)

| (x)i

G
�
⇡
2 , x2, x3

�
G (x2, x3, 0)

G
�
⇡
2 , xn�1, xn

�
G (xn�1, xn, 0)

Training size:
<latexit sha1_base64="moiQUyMudIrNLnncuIP1OIDsGro=">AAACTHicbVDLSgNBEJyN7/iKevSyGAPxYNj1fRS9eFPBqGBi6J10dMjs7DrTK8Rlf8Cv8aof4d3/8CaCk8chRgsGiqruobqCWApDnvfh5MbGJyanpmfys3PzC4uFpeVLEyWaY5VHMtLXARiUQmGVBEm8jjVCGEi8CtrHXf/qEbURkbqgToz1EO6UaAkOZKVGYb0WAt1zkOlpVva9262NzRFleyPfKBS9iteD+5f4A1JkA5w1lpxCrRnxJERFXIIxN74XUz0FTYJLzPK1xGAMvA13eGOpghBNPe2dk7klqzTdVqTtU+T21OGNFEJjOmFgJ7tRzajXFf/1Ag1tpCxfGhYxkahHElHroJ4KFSeEivcDtRLpUuR2O3SbQiMn2bEEuBb2JpffgwZOtunfvz8koEi0nzLboT/a2F9yuVXx9yq75zvFw6NBm9Nsla2xMvPZPjtkJ+yMVRlnz+yFvbI35935dL6c7/5ozhnsrLBfyE3+AKAAsgE=</latexit>

O(102)�O(103)
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Quantum clustering for anomaly detection

7/11

,*, ,*. ,*0 ,*2 ,*4 -*,
PLN

-,,

-,-

-,.

-,/

-,0

BL
N
͍- Mq]jpqi

?h]ooe_]h

=Q?� Mq]jpqi� �?h]ooe_]h
�52*/3��,*./�x�53*.-��,*-3
�40*/3��,*0-�x�43*-.��,*/2
�05*,.��,*05�x�05*30��,*11

=jki]hu�oecj]pqna
J]nnks�C�͉�SS�/*1�PaR
=�͉�DV�͉�VVV�/*1�PaR
>nk]`�C�͉�SS�-*1�PaR

=jki]hu�oecj]pqna
J]nnks�C�͉�SS�/*1�PaR
=�͉�DV�͉�VVV�/*1�PaR
>nk]`�C�͉�SS�-*1�PaR

Construct clusters in the Hilbert space

Quantum distance calculation from clusters

Minimise the distance with quantum (QK-means) or 
hybrid/classical (QK-medians) optimisation algorithms

Quantum K-medians Quantum K-means

Quantum and classical anomaly detection has 
similar performance.

[K.A. Wozniak*, VB*, E. Puljak*, et al., arXiv: 2301.10780]
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Expressibility and entanglement capability

Expressibility & Entanglement capability of our data encoding circuit

Expressibility [S. Sim, et al., Adv. Quantum Technol. 2 (2019) 1900070]
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Sparsity of the distributions in hardware

All models have sparse output distributions
when training size is low.
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Performance Metric
l The normalised data samples are split into training, validation, and testing data sets.
l Classification power metric: Receiver Operating Characteristic (ROC) curve.
l More compact metric: Area Under Curve (AUC) of the ROC curve.
l More practical metric: working point of an analysis

<latexit sha1_base64="SKv7G/7Sn5UhpJIGQr7i6gD8sCo=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEaqLMiNFXZa6cVnRXqAdSybNtKGZzJBkhDLUja/ixoUibn0Ld76N6QXR6g+Bj/+cw8n5/ZgzpR3n08osLC4tr2RXc2vrG5tb9vZOXUWJJLRGIh7Jpo8V5UzQmmaa02YsKQ59Thv+4GJcb9xRqVgkbvQwpl6Ie4IFjGBtrI6916axYtxgpfCN17fHRx077xSdidBfcGeQh5mqHfuj3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyKHBIlZdOLhihQ+N0URBJ84RGE/fnRIpDpYahbzpDrPtqvjY2/6u1Eh2ceykTcaKpINNFQcKRjtA4DtRlkhLNhwYwkcz8FZE+lphoE1rOhODOn/wX6idF97RYuirly5VZHFnYhwMogAtnUIZLqEINCNzDIzzDi/VgPVmv1tu0NWPNZnbhl6z3L9JGlnw=</latexit>

✏B(✏
⇤
S)

<latexit sha1_base64="vdio0JHnBydYsO2wrNFN3QfAqoU=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIsgHsquFPVY9OKxov2Adi3ZdLYNzSZrki2Upb/DiwdFvPpjvPlvzLY9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPGlomikKdSi5VKyAaOBNQN8xwaMUKSBRwaAbDm8xvjkBpJsWDGcfgR6QvWMgoMVbyOxBrxqXo3j+eFbrFklt2p8DLxJuTEpqj1i1+dXqSJhEIQznRuu25sfFTogyjHCaFTqIhJnRI+tC2VJAItJ9Oj57gE6v0cCiVLWHwVP09kZJI63EU2M6ImIFe9DLxP6+dmPDKT5mIEwOCzhaFCcdG4iwB3GMKqOFjSwhVzN6K6YAoQo3NKQvBW3x5mTTOy95FuXJXKVWv53Hk0RE6RqfIQ5eoim5RDdURRU/oGb2iN2fkvDjvzsesNefMZw7RHzifPwfTkZ8=</latexit>

✏⇤S

Test Statistic

Signal

Background
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Performance Metric
l The normalised data samples are split into training, validation, and testing data sets.
l Classification power metric: Receiver Operating Characteristic (ROC) curve.
l More compact metric: Area Under Curve (AUC) of the ROC curve.
l More practical metric: working point of an analysis

<latexit sha1_base64="SKv7G/7Sn5UhpJIGQr7i6gD8sCo=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEaqLMiNFXZa6cVnRXqAdSybNtKGZzJBkhDLUja/ixoUibn0Ld76N6QXR6g+Bj/+cw8n5/ZgzpR3n08osLC4tr2RXc2vrG5tb9vZOXUWJJLRGIh7Jpo8V5UzQmmaa02YsKQ59Thv+4GJcb9xRqVgkbvQwpl6Ie4IFjGBtrI6916axYtxgpfCN17fHRx077xSdidBfcGeQh5mqHfuj3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyKHBIlZdOLhihQ+N0URBJ84RGE/fnRIpDpYahbzpDrPtqvjY2/6u1Eh2ceykTcaKpINNFQcKRjtA4DtRlkhLNhwYwkcz8FZE+lphoE1rOhODOn/wX6idF97RYuirly5VZHFnYhwMogAtnUIZLqEINCNzDIzzDi/VgPVmv1tu0NWPNZnbhl6z3L9JGlnw=</latexit>

✏B(✏
⇤
S)

Test Statistic
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Background
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Performance Metric
l The normalised data samples are split into training, validation, and testing data sets.
l Classification power metric: Receiver Operating Characteristic (ROC) curve.
l More compact metric: Area Under Curve (AUC) of the ROC curve.
l More practical metric: working point of an analysis

Test Statistic

Signal

Background

<latexit sha1_base64="SKv7G/7Sn5UhpJIGQr7i6gD8sCo=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEaqLMiNFXZa6cVnRXqAdSybNtKGZzJBkhDLUja/ixoUibn0Ld76N6QXR6g+Bj/+cw8n5/ZgzpR3n08osLC4tr2RXc2vrG5tb9vZOXUWJJLRGIh7Jpo8V5UzQmmaa02YsKQ59Thv+4GJcb9xRqVgkbvQwpl6Ie4IFjGBtrI6916axYtxgpfCN17fHRx077xSdidBfcGeQh5mqHfuj3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyKHBIlZdOLhihQ+N0URBJ84RGE/fnRIpDpYahbzpDrPtqvjY2/6u1Eh2ceykTcaKpINNFQcKRjtA4DtRlkhLNhwYwkcz8FZE+lphoE1rOhODOn/wX6idF97RYuirly5VZHFnYhwMogAtnUIZLqEINCNzDIzzDi/VgPVmv1tu0NWPNZnbhl6z3L9JGlnw=</latexit>

✏B(✏
⇤
S)
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Performance Metric
l The normalised data samples are split into training, validation, and testing data sets.
l Classification power metric: Receiver Operating Characteristic (ROC) curve.
l More compact metric: Area Under Curve (AUC) of the ROC curve.
l More practical metric: working point of an analysis

Test Statistic

Signal

Background

<latexit sha1_base64="SKv7G/7Sn5UhpJIGQr7i6gD8sCo=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEaqLMiNFXZa6cVnRXqAdSybNtKGZzJBkhDLUja/ixoUibn0Ld76N6QXR6g+Bj/+cw8n5/ZgzpR3n08osLC4tr2RXc2vrG5tb9vZOXUWJJLRGIh7Jpo8V5UzQmmaa02YsKQ59Thv+4GJcb9xRqVgkbvQwpl6Ie4IFjGBtrI6916axYtxgpfCN17fHRx077xSdidBfcGeQh5mqHfuj3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyKHBIlZdOLhihQ+N0URBJ84RGE/fnRIpDpYahbzpDrPtqvjY2/6u1Eh2ceykTcaKpINNFQcKRjtA4DtRlkhLNhwYwkcz8FZE+lphoE1rOhODOn/wX6idF97RYuirly5VZHFnYhwMogAtnUIZLqEINCNzDIzzDi/VgPVmv1tu0NWPNZnbhl6z3L9JGlnw=</latexit>

✏B(✏
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