Bayesian optimization for state preparation via Markovian feedback control
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1. Bayesian optimization
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" Algorithm:

' 1. U =apool of unlabeled instances

1 2. L =set of initial labeled instances

. fort=12.do o PObY) _ POIYPW
4 0 = train ([1 ) | ALY P(y) P(y)

5 Select ™ in U with some selection rule.

- 6. Query oracle to obtain label ¥

7. Add (#*,4%) to labeled data set L

8 Remove (77, ¥") from unlabeled data set {/

9.

end

2. Weak measurement in quantum channel with
feedback control

| First, consider a density matrix p and a set of measurement
- operator {2}, where Z Q' Q =1

Vo

Tr[€2,pQh ]

' After measurement, p, = with P, = Tr[flm ﬁg};;t]

. For the weak measurement, measure operator:

A 4y At > A
; Ala) = ( 4 )1/4J e—ZyAt(c—a)z‘ M| de o —2rAt(C—a)*
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? The weak measurement result: [, =~ = Tr[(¢C + e + E(F),
E() = AW/dt, dW ~ ¥ (0,4/db).

So the whole evolution process 1s:
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L 1). Applying measurement hamiltonian to the system |w(?)).
i+ dn) o T MTETHVIEEXY )
where ¢, = (y(£) | & + &7 |w(1))/2 and dW ~ N0,/ db1).

/ i1). According the measurement result /, .~ = ¢, + dW/dr.
. Evolving the state with original hamiltonian and feedback

Noperator: |y (t 4 dt)) = g ~i(Ho+ Iy, F)dt w(t)). ‘

3. The ground state preparation of BH model
Bose-Hubbard model hamiltonian:

\ U
HBH=—JZ&j&i+1+h.c.+EZﬁi(ﬁi— ).

' The measurement operate is:

6= ) we, {&=h=aa)}.

, The feedback operator 1s F = qlﬁ  + qzﬁ )

{Fl —_ ZZ&Z&H'I +h.C.,F2 — iZZ&;dl+1 —hC}

' SME: dp = — i[H + Hp, pldt + D[Alpdt + FH[AlpaW,

l where A = ¢é — iF. Steady state \l/fs),A ly,) = 0.

' min(GS|AA|GS) — minu"Mu, M; = (GS|¢l¢;| GS).
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" Target: optimizing {w;, g;} to minimize (W(T) | Hgy | w(T)).

_ I) Gapped system with strong onsite interaction:

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

N=3, M=4, U/J=5;
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4.Measurement induced phase transition

Entropy without FB

5

subsystem

U

. Measurement operator: {C} local operators;

A\

Entropy with FB

' dp = — i[H, pldi + D[Alpdr + HApdW, A = y(@ — iF)

f Weak measurement strength: y/J < 1, volume law, S, &« L.,

subsystem

: Strong measurement strength: y/J > 1, area law, S, = constant

'; With feedback hamiltonian, F is the hopping of the nearest neighbor
| sites. Thus 1t will re-entangle the system again.
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