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Collapse operators ¢; D[Alp = ApAT — (ATAp + pATA)/2

J|Alp = Ap + pAT —tr[p(A + A)]p
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Take each part individually
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contribution
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Cauchy-Schwarz

L. Mandelstam and |. Tamm, J. Phys., 9 249 (1945)



Bounding Fidelity

dF = (Up), dt +{(Dp), dt+(7p)

Y, { dW] }

(UpY,, = — iy | [Ho p(D] |l yr) < 20HA/F(1 — F)

Constraints are

(AHc)z = <l//T| Hg ‘ WT> o <WT‘ Hc ‘ l//T>2 < (AH)z

necessary

L. Mandelstam and |. Tamm, J. Phys., 9 249 (1945)
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dF = (Up), dt +{(Dp), dt+(7p)

Y, { de }

(UpY,, = — iy | [Ho p(D] |l yr) < 20HA/F(1 — F)

Now take the average

E [(%)WT] < 2AHE [\/m] <2MH\/F(1 — F)

L. Mandelstam and |. Tamm, J. Phys., 9 249 (1945)
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dF = (Up), di+(Dp),, dt+ (7 p)

Y, { dW] }

(UpY,, = — iy | [Ho p(D] |l yr) < 20HA/F(1 — F)

Now take the average

E [WPM] < 2AHE [\/m] <2MAH\/F(1 — )

L. Mandelstam and |. Tamm, J. Phys., 9 249 (1945)
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dF = (Up), di+(Dp),, dt+ (7 p)

Y, { dW] }

Identify the optimal orthogonal state

) =V F lyp) + e\ 1 = F |yt
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Bounding Fidelity

dF _ - > >
— < - FA)* + (1 - A)I* + (B* +20HN | F(1 - F)
[
4
Solving for — = ()

dt

DA (A + (AP + (B + 2AH) ((9?* + 20H) 4[4 5882 + (B* + 2AH)2>
‘O;T'SS < BQ =

2 ((* 4+ (AG)2)2 + (B* + 2AH)?)

K. Kobayashi and N. Yamamoto, Phys. Rev. A, 99 052347 (2019)



Bounding Fidelity

dF . - > Z
— < - FA)* + (1 - A)I* + (B* +20HN | F(1 - F)
[
2A*(d* + (A€)) + (B* + 2AH) ((9?* +2AH) + \/ 4/*(A)° + (B* + 2AH)’ )
‘O;Trss SBQE

2 ((* + (A& + (B* + 2AH)?)

Kobayashi and Yamamoto [1] derive a bound, By, under the
same assumptions, we prove that B, < bgy

[1] K. Kobayashi and N. Yamamoto, Phys. Rev. A, 99 052347 (2019)



Bounding Fidelity

dF _ _ [ 5 ;
— < —FA) + (1 = F)A* + (B*+2AH\/ F(1 — F)

= = 4(AH)?
By < 4 e

This Is also independent of the orthogonal state




Dicke states

dp(t) = —i[H_, pldt +kD|J lpdt +yD|J_lp + ...

N = 2/ non-interacting spins

Dicke states:
common eigenstates of

ov: Collective damping rate

2 _
Jo1Lm) = UL+ 1) [1,m), e K. Collective dephasing rate

J|l,m)=m|l m)



Dicke states

dp(t) = —i[H_, pldt +kD|J lpdt +yD|J_lp + ...

H, = u()J, H. = u(t)(cos ¢(1)J. + sin ¢(t)Jy)
Fixed-phase (FP) Optimized-phase (OP)

u: Control strength, |u(?)| < i



Dicke states

dp(t) = —i[H_, pldt +kD|J lpdt +yD|J_lp + ...

H, = u(t)J, H. = u(t)(cos H(0)J + sin gb(t)Jy)
Fixed-phase (FP) Optimized-phase (OP)

u: Control strength, |u(?)| < i

N =1 F <




Dicke states

Only Jensen gap

Phase optimization
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Dicke states

Target state
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|1, 1) "
large /V limit

Maximally excited

1,0)

Highly entangled 4 + 2N(N + 2) (4

_ ]
Assumption: — « N

<



Dicke states
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Tighter bounds for Dicke state preparation

A tighter bound requires stricter constraints

dp(t) = —i[H_, pldt +kD|J lpdt +yD|J_]p + ...

Collapse operators

Homdyne Heterodyne



Tighter bounds for Dicke state preparation

A tighter bound requires stricter constraints

dp(t) = —i[H_, pldt +kD|J lpdt +yD|J_]p + ...

Collapse operators N NiZ2A
H. = u(t)(cos ¢(t)J . + sin ¢(t)Jy) Collective control




Tighter bounds for Dicke state preparation

Transfer occurs only between Dicke states with
neighbouring angular momentum

[

W) = ) eO\[a, @)l m)

m=—I|

da,, = (T, —T,_,)dt +dS



Tighter bounds for Dicke state preparation

da,, = (T, —T,_,)dt +dS

2
T, =u/a,a,.,cos(a,)h, +ya,, h, Transfer rate

Where a,, = 0(t) — (P, — Dpy1) — g

h =+/U—m){I+m+ 1)




Tighter bounds for Dicke state preparation

da,, = (T, —T,_,)dt +dS

2
T, =u/a,a,.cos(a,h, +ya,, h, Transfer rate

Best case:

IU
Where  a,=0() — (¢, — P,,01) — 5
All transitions

hy, =/ (L =m)([+m+ 1) drive towards

the target state
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Tighter bounds for Dicke state preparation

E[—m] =0 Vm = E[Tm]zO Vm

_ 1

D | (hky )2

h =+/U—m){I+m+ 1)



Tighter bounds for Dicke state preparation

da,,
E[7] =0 Vm = [E[Tm]zO Vm

1

D | (hky )2

h,=+/(l—m)(I+m+1) Independent of «



Dicke states
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Conclusions
-0

e Our bounds can be informative without the
need for intensive numerical simulation

* [hey highlight scaling behaviour

e [ighter bounds require stricter constraints



Control

The bound highlights
the optimal control

u(t) = sgn (Tr —o,.p] ) i

|0
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