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Bayesian optimization for state preparation via Markovian feedback control

3. The ground state  preparation of BH model

      Bose-Hubbard model hamiltonian: 

         

The measurement operate is:
 .

The feedback operator is :
. 

SME: 

where . Steady state , .
.

Target: optimizing  to minimize .
I) Gapped  system with strong onsite interaction:

  N=4,   M=4,   U/J=5;

II) Gapless system with strong onsite interaction:
N=3,   M=4,   U/J=5;

ĤBH = − J∑
i
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d ̂ρ = − i[Ĥ + Ĥfb, ̂ρ]dt + 𝒟[ ̂A] ̂ρdt + ℋ[ ̂A] ̂ρdW,
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2. Weak measurement in quantum channel with 
feedback control  


      First, consider a density matrix  and a set of measurement 
operator , where .


After measurement,   with .


For the weak measurement, measure operator:

.   

The weak measurement result: ,  
, .


So the whole evolution process is:


i). Applying measurement hamiltonian to the system .


    . 

    where  and .


ii). According the measurement result . 
Evolving the state with original hamiltonian and feedback 
operator:   .

̂ρ
{Ω̂m} ∑ Ω̂†

mΩ̂m = ̂I

̂ρm =
Ω̂m ̂ρΩ̂†

m

Tr[Ω̂m ̂ρΩ̂†
m]

Pm = Tr[Ω̂m ̂ρΩ̂†
m]

̂A(α) = (
4γΔt

π
)1/4 ∫

∞

−∞
e−2γΔt(c−α)2 |c⟩⟨c |dc ∝ e−2γΔt( ̂c−α)2

Ihom = Tr[( ̂c + ̂c†) ̂ρ] + ξ(t)
ξ(t) = ΔW/dt dW ∼ 𝒩(0, dt)

|ψ(t)⟩

|ψ(t + dt)⟩ ∝ e−dtγ( ̂c−cm)2+ γ( ̂c−cm)dW |ψ(t)⟩
cm = ⟨ψ(t) | ̂c + ̂c† |ψ(t)⟩/2 dW ∼ 𝒩(0, dt)

Ihom = cm + dW/dt

|ψ(t + dt)⟩ = e−i(Ĥ0+Ihom
̂F)dt |ψ(t)⟩

1. Bayesian optimization

				


Algorithm:

1.       = a pool of unlabeled instances

2.       = set of initial labeled instances

3.  for                   do

4.           = train (     )

5.        Select      in      with some selection rule.

6.        Query oracle to obtain label 

7.        Add              to labeled data set 

8.        Remove             from unlabeled data set 

9. end

4.Measurement induced phase transition

Measurement operator:  local operators;




Weak measurement strength: , volume law, 


Strong measurement strength: , area law, 


With feedback hamiltonian,  is the hopping of the nearest neighbor 
sites. Thus it will re-entangle the system again.


{ ̂c}
d ̂ρ = − i[Ĥ, ̂ρ]dt + 𝒟[ ̂A] ̂ρdt + ℋ[ ̂A] ̂ρdW, ̂A = γ( ̂c − i ̂F)

γ/J ≤ 1 Ssub ∝ Lsub

γ/J ≥ 1 Ssub = constant
̂F

Oracle 

Labeled data set

L U

Machine learning 
Model

Unlabeled data set
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x⇤
<latexit sha1_base64="YiRZs5q3m6nAmh7GmtPXycyl+/E=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoN6KXjxWtLbQxrLZbtqlm03YnYgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM15nsYx1M6CGS6F4HQVK3kw0p1EgeSMYXI39xiPXRsTqDocJ9yPaUyIUjKKVbp8ejjulsltxJyDzxMtJGXLUOqWvdjdmacQVMkmNaXlugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QheLMvz5P6SeWi4t6clquXeRoF2IcDOAIPzqAK11CDOjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QNtCo1r</latexit><latexit sha1_base64="YiRZs5q3m6nAmh7GmtPXycyl+/E=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoN6KXjxWtLbQxrLZbtqlm03YnYgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM15nsYx1M6CGS6F4HQVK3kw0p1EgeSMYXI39xiPXRsTqDocJ9yPaUyIUjKKVbp8ejjulsltxJyDzxMtJGXLUOqWvdjdmacQVMkmNaXlugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QheLMvz5P6SeWi4t6clquXeRoF2IcDOAIPzqAK11CDOjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QNtCo1r</latexit><latexit sha1_base64="YiRZs5q3m6nAmh7GmtPXycyl+/E=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KIoN6KXjxWtLbQxrLZbtqlm03YnYgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM15nsYx1M6CGS6F4HQVK3kw0p1EgeSMYXI39xiPXRsTqDocJ9yPaUyIUjKKVbp8ejjulsltxJyDzxMtJGXLUOqWvdjdmacQVMkmNaXlugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QheLMvz5P6SeWi4t6clquXeRoF2IcDOAIPzqAK11CDOjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QNtCo1r</latexit>

y⇤
<latexit sha1_base64="syJ/iHjfpCKNBDgwpNhwMhvoKug=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBPVW9OKxorGFNpbNdtMu3eyG3Y0QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7D1qmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up74rSeqNJPi3mQJDWI8ECxiBBsr3WWPJ71qza27U6BF4hWkBgWavepXty9JGlNhCMdadzw3MUGOlWGE03Glm2qaYDLCA9qxVOCY6iCfnjpGR1bpo0gqW8Kgqfp7Isex1lkc2s4Ym6Ge9ybif14nNdFFkDORpIYKMlsUpRwZiSZ/oz5TlBieWYKJYvZWRIZYYWJsOhUbgjf/8iLxT+uXdff2rNa4KtIowwEcwjF4cA4NuIEm+EBgAM/wCm8Od16cd+dj1lpyipl9+APn8wduj41s</latexit><latexit sha1_base64="syJ/iHjfpCKNBDgwpNhwMhvoKug=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBPVW9OKxorGFNpbNdtMu3eyG3Y0QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7D1qmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up74rSeqNJPi3mQJDWI8ECxiBBsr3WWPJ71qza27U6BF4hWkBgWavepXty9JGlNhCMdadzw3MUGOlWGE03Glm2qaYDLCA9qxVOCY6iCfnjpGR1bpo0gqW8Kgqfp7Isex1lkc2s4Ym6Ge9ybif14nNdFFkDORpIYKMlsUpRwZiSZ/oz5TlBieWYKJYvZWRIZYYWJsOhUbgjf/8iLxT+uXdff2rNa4KtIowwEcwjF4cA4NuIEm+EBgAM/wCm8Od16cd+dj1lpyipl9+APn8wduj41s</latexit><latexit sha1_base64="syJ/iHjfpCKNBDgwpNhwMhvoKug=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBPVW9OKxorGFNpbNdtMu3eyG3Y0QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7D1qmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up74rSeqNJPi3mQJDWI8ECxiBBsr3WWPJ71qza27U6BF4hWkBgWavepXty9JGlNhCMdadzw3MUGOlWGE03Glm2qaYDLCA9qxVOCY6iCfnjpGR1bpo0gqW8Kgqfp7Isex1lkc2s4Ym6Ge9ybif14nNdFFkDORpIYKMlsUpRwZiSZ/oz5TlBieWYKJYvZWRIZYYWJsOhUbgjf/8iLxT+uXdff2rNa4KtIowwEcwjF4cA4NuIEm+EBgAM/wCm8Od16cd+dj1lpyipl9+APn8wduj41s</latexit>

(x⇤, y⇤)
<latexit sha1_base64="WT+ibmwP3fKNDkWSvlQD+eZZXEA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahFimJCOqt6MVjBWOLbVo22227dLMJuxsxhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3tLyyupZfL2xsbm3vFHf37lUYS0JdEvJQNn2sKGeCupppTpuRpDjwOW34o+uJ33ikUrFQ3Okkol6AB4L1GcHaSA/lp07lBCWdynG3WLKr9hRokTgZKUGGerf41e6FJA6o0IRjpVqOHWkvxVIzwum40I4VjTAZ4QFtGSpwQJWXTi8eoyOj9FA/lKaERlP190SKA6WSwDedAdZDNe9NxP+8Vqz7F17KRBRrKshsUT/mSIdo8j7qMUmJ5okhmEhmbkVkiCUm2oRUMCE48y8vEve0elm1b89KtassjTwcwCGUwYFzqMEN1MEFAgKe4RXeLGW9WO/Wx6w1Z2Uz+/AH1ucP7KGPTw==</latexit><latexit sha1_base64="WT+ibmwP3fKNDkWSvlQD+eZZXEA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahFimJCOqt6MVjBWOLbVo22227dLMJuxsxhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3tLyyupZfL2xsbm3vFHf37lUYS0JdEvJQNn2sKGeCupppTpuRpDjwOW34o+uJ33ikUrFQ3Okkol6AB4L1GcHaSA/lp07lBCWdynG3WLKr9hRokTgZKUGGerf41e6FJA6o0IRjpVqOHWkvxVIzwum40I4VjTAZ4QFtGSpwQJWXTi8eoyOj9FA/lKaERlP190SKA6WSwDedAdZDNe9NxP+8Vqz7F17KRBRrKshsUT/mSIdo8j7qMUmJ5okhmEhmbkVkiCUm2oRUMCE48y8vEve0elm1b89KtassjTwcwCGUwYFzqMEN1MEFAgKe4RXeLGW9WO/Wx6w1Z2Uz+/AH1ucP7KGPTw==</latexit><latexit sha1_base64="WT+ibmwP3fKNDkWSvlQD+eZZXEA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahFimJCOqt6MVjBWOLbVo22227dLMJuxsxhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3tLyyupZfL2xsbm3vFHf37lUYS0JdEvJQNn2sKGeCupppTpuRpDjwOW34o+uJ33ikUrFQ3Okkol6AB4L1GcHaSA/lp07lBCWdynG3WLKr9hRokTgZKUGGerf41e6FJA6o0IRjpVqOHWkvxVIzwum40I4VjTAZ4QFtGSpwQJWXTi8eoyOj9FA/lKaERlP190SKA6WSwDedAdZDNe9NxP+8Vqz7F17KRBRrKshsUT/mSIdo8j7qMUmJ5okhmEhmbkVkiCUm2oRUMCE48y8vEve0elm1b89KtassjTwcwCGUwYFzqMEN1MEFAgKe4RXeLGW9WO/Wx6w1Z2Uz+/AH1ucP7KGPTw==</latexit>

(x⇤, y⇤)
<latexit sha1_base64="WT+ibmwP3fKNDkWSvlQD+eZZXEA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahFimJCOqt6MVjBWOLbVo22227dLMJuxsxhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3tLyyupZfL2xsbm3vFHf37lUYS0JdEvJQNn2sKGeCupppTpuRpDjwOW34o+uJ33ikUrFQ3Okkol6AB4L1GcHaSA/lp07lBCWdynG3WLKr9hRokTgZKUGGerf41e6FJA6o0IRjpVqOHWkvxVIzwum40I4VjTAZ4QFtGSpwQJWXTi8eoyOj9FA/lKaERlP190SKA6WSwDedAdZDNe9NxP+8Vqz7F17KRBRrKshsUT/mSIdo8j7qMUmJ5okhmEhmbkVkiCUm2oRUMCE48y8vEve0elm1b89KtassjTwcwCGUwYFzqMEN1MEFAgKe4RXeLGW9WO/Wx6w1Z2Uz+/AH1ucP7KGPTw==</latexit><latexit sha1_base64="WT+ibmwP3fKNDkWSvlQD+eZZXEA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahFimJCOqt6MVjBWOLbVo22227dLMJuxsxhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3tLyyupZfL2xsbm3vFHf37lUYS0JdEvJQNn2sKGeCupppTpuRpDjwOW34o+uJ33ikUrFQ3Okkol6AB4L1GcHaSA/lp07lBCWdynG3WLKr9hRokTgZKUGGerf41e6FJA6o0IRjpVqOHWkvxVIzwum40I4VjTAZ4QFtGSpwQJWXTi8eoyOj9FA/lKaERlP190SKA6WSwDedAdZDNe9NxP+8Vqz7F17KRBRrKshsUT/mSIdo8j7qMUmJ5okhmEhmbkVkiCUm2oRUMCE48y8vEve0elm1b89KtassjTwcwCGUwYFzqMEN1MEFAgKe4RXeLGW9WO/Wx6w1Z2Uz+/AH1ucP7KGPTw==</latexit><latexit sha1_base64="WT+ibmwP3fKNDkWSvlQD+eZZXEA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahFimJCOqt6MVjBWOLbVo22227dLMJuxsxhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3tLyyupZfL2xsbm3vFHf37lUYS0JdEvJQNn2sKGeCupppTpuRpDjwOW34o+uJ33ikUrFQ3Okkol6AB4L1GcHaSA/lp07lBCWdynG3WLKr9hRokTgZKUGGerf41e6FJA6o0IRjpVqOHWkvxVIzwum40I4VjTAZ4QFtGSpwQJWXTi8eoyOj9FA/lKaERlP190SKA6WSwDedAdZDNe9NxP+8Vqz7F17KRBRrKshsUT/mSIdo8j7qMUmJ5okhmEhmbkVkiCUm2oRUMCE48y8vEve0elm1b89KtassjTwcwCGUwYFzqMEN1MEFAgKe4RXeLGW9WO/Wx6w1Z2Uz+/AH1ucP7KGPTw==</latexit>

L
<latexit sha1_base64="HNRULtJCYl7OQyr3WNykLdPI9WA=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevHgoYJrC9ulZNNsG5pNliQrlKU/w4sHFa/+G2/+G7PtHrR1IDDMvEfmTZRypo3rfjuVldW19Y3qZm1re2d3r75/8Khlpgj1ieRSdSOsKWeC+oYZTrupojiJOO1E45vC7zxRpZkUD2aS0jDBQ8FiRrCxUtBLsBkRzPO7ab/ecJvuDGiZeCVpQIl2v/7VG0iSJVQYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLBU6oDvNZ5Ck6scoAxVLZJwyaqb83cpxoPUkiO1lE1IteIf7nBZmJL8OciTQzVJD5R3HGkZGouB8NmKLE8IklmChmsyIywgoTY1uq2RK8xZOXiX/WvGq69+eN1nXZRhWO4BhOwYMLaMEttMEHAhKe4RXeHOO8OO/Ox3y04pQ7h/AHzucP6v6RNQ==</latexit><latexit sha1_base64="HNRULtJCYl7OQyr3WNykLdPI9WA=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevHgoYJrC9ulZNNsG5pNliQrlKU/w4sHFa/+G2/+G7PtHrR1IDDMvEfmTZRypo3rfjuVldW19Y3qZm1re2d3r75/8Khlpgj1ieRSdSOsKWeC+oYZTrupojiJOO1E45vC7zxRpZkUD2aS0jDBQ8FiRrCxUtBLsBkRzPO7ab/ecJvuDGiZeCVpQIl2v/7VG0iSJVQYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLBU6oDvNZ5Ck6scoAxVLZJwyaqb83cpxoPUkiO1lE1IteIf7nBZmJL8OciTQzVJD5R3HGkZGouB8NmKLE8IklmChmsyIywgoTY1uq2RK8xZOXiX/WvGq69+eN1nXZRhWO4BhOwYMLaMEttMEHAhKe4RXeHOO8OO/Ox3y04pQ7h/AHzucP6v6RNQ==</latexit><latexit sha1_base64="HNRULtJCYl7OQyr3WNykLdPI9WA=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevHgoYJrC9ulZNNsG5pNliQrlKU/w4sHFa/+G2/+G7PtHrR1IDDMvEfmTZRypo3rfjuVldW19Y3qZm1re2d3r75/8Khlpgj1ieRSdSOsKWeC+oYZTrupojiJOO1E45vC7zxRpZkUD2aS0jDBQ8FiRrCxUtBLsBkRzPO7ab/ecJvuDGiZeCVpQIl2v/7VG0iSJVQYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLBU6oDvNZ5Ck6scoAxVLZJwyaqb83cpxoPUkiO1lE1IteIf7nBZmJL8OciTQzVJD5R3HGkZGouB8NmKLE8IklmChmsyIywgoTY1uq2RK8xZOXiX/WvGq69+eN1nXZRhWO4BhOwYMLaMEttMEHAhKe4RXeHOO8OO/Ox3y04pQ7h/AHzucP6v6RNQ==</latexit>

U
<latexit sha1_base64="TJ7pzWPyPCHaaQ/p1ttoG3cMDf4=">AAAB8XicbVBNS8NAFHypX7V+VT16CRbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7YfRFK6M/w4kHFq//Gm//GTZuDVgcWhpn32HkTpYIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo0ZQFVQuluRAwTXLIAOQrWTTUjSSRYJ5rcFH7nkWnDlbzHacrChIwkjzklaKVePyE4pkTkwWxQb3hNbw73L/FL0oAS7UH9sz9UNEuYRCqIMT3fSzHMiUZOBZvV+plhKaETMmI9SyVJmAnzeeSZe2KVoRsrbZ9Ed67+3MhJYsw0iexkEdEse4X4n9fLML4Mcy7TDJmki4/iTLio3OJ+d8g1oyimlhCquc3q0jHRhKJtqWZL8JdP/kuCs+ZV07s7b7SuyzaqcATHcAo+XEALbqENAVBQ8AQv8Oqg8+y8Oe+L0YpT7hzCLzgf3/iikT4=</latexit><latexit sha1_base64="TJ7pzWPyPCHaaQ/p1ttoG3cMDf4=">AAAB8XicbVBNS8NAFHypX7V+VT16CRbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7YfRFK6M/w4kHFq//Gm//GTZuDVgcWhpn32HkTpYIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo0ZQFVQuluRAwTXLIAOQrWTTUjSSRYJ5rcFH7nkWnDlbzHacrChIwkjzklaKVePyE4pkTkwWxQb3hNbw73L/FL0oAS7UH9sz9UNEuYRCqIMT3fSzHMiUZOBZvV+plhKaETMmI9SyVJmAnzeeSZe2KVoRsrbZ9Ed67+3MhJYsw0iexkEdEse4X4n9fLML4Mcy7TDJmki4/iTLio3OJ+d8g1oyimlhCquc3q0jHRhKJtqWZL8JdP/kuCs+ZV07s7b7SuyzaqcATHcAo+XEALbqENAVBQ8AQv8Oqg8+y8Oe+L0YpT7hzCLzgf3/iikT4=</latexit><latexit sha1_base64="TJ7pzWPyPCHaaQ/p1ttoG3cMDf4=">AAAB8XicbVBNS8NAFHypX7V+VT16CRbBU0lEUG9FLx4rGFtoQ9lsN+3SzW7YfRFK6M/w4kHFq//Gm//GTZuDVgcWhpn32HkTpYIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo0ZQFVQuluRAwTXLIAOQrWTTUjSSRYJ5rcFH7nkWnDlbzHacrChIwkjzklaKVePyE4pkTkwWxQb3hNbw73L/FL0oAS7UH9sz9UNEuYRCqIMT3fSzHMiUZOBZvV+plhKaETMmI9SyVJmAnzeeSZe2KVoRsrbZ9Ed67+3MhJYsw0iexkEdEse4X4n9fLML4Mcy7TDJmki4/iTLio3OJ+d8g1oyimlhCquc3q0jHRhKJtqWZL8JdP/kuCs+ZV07s7b7SuyzaqcATHcAo+XEALbqENAVBQ8AQv8Oqg8+y8Oe+L0YpT7hzCLzgf3/iikT4=</latexit>

P(x |y) =
P(x, y)
P(y)

=
P(y |x)P(x)

P(y)

Per: 0.0032
BO: 0.0042
Meig 0.0020

Per: 6.745E-05
BO: 0.00011
Meig 5.4918E-05
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