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Problem Statement/Setup

Goal:

* Optimal information transfer in quantum devices
* High fidelity & high robustness , =

Network :

|¥(0)) =|1) = [100000)

®* N spins
* Spin- % particles with states |0) & |1)

* Nearby spins interact with couplings J;;
* Single excitation subspace
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Problem Statement/Setup

Dynamics:

e External control input on spin #i is d;
e Hamiltonian Hy = YN_.d,Z, + XN Join XX + YY)

dy Jiz 0 ]
o H, = J21 d.z J23 0

L ]Nl 0 0 dN_
* Schrodinger's equation: ihi—i] = —Hp\¥Y

* Fidelity: F,(4) = |(0UT|e~"a|IN)|*
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Problem Statement/Setup

Formulation: Fidelity
« Find A = diag{H,} =[d{, d, -+~ d,,]"
* Minimize fidelity error: mAh} (1 — F;(4))
 Subjectto |
e Dias field bounds: d; < d; < dy
e tr<T
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Robustness

Uncertainties:

e Bias controls d,,
« Couplings J;;

Goal:

« Solution robust against uncertainties
* Precisely, low fidelity error & low sensitivity
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Large-Scale Differential 6

Minimize fidelity error & worst-case large-scale sensitivity
(mixed sensitivity):

* min a(l-F)+ 1 -a)lldF)llw

At \
o aE[O,l] worst-case

, turbati
. Subject to perturbation

* Dbias field bounds: d; <d; < dy
i tf <T

New metric:

e Large-scale differential : ||6F:(A)]|

« Large-scale version of dF,(A) = maxyp=1|VF.(A) - h|
« “Flat” fidelity peaks
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Unit sphere

Fidelity Differential

Forward difference of the Fidelity: L e

1. Perturbation I:
e W.It.e; 6FF(A) = Ft(A+€e;‘)—Ft(A) h
2. Perturbation Il /’
e w.rt. h:8FR(A) = Ft(A+sr(zg =T (D) 2,

3. Hamiltonian Perturbation:
FP (8)—-F(A)

e W.I.t. Hy: SEF(Q) =

O¢
N
*  Hy =XM1dnZn+ ) Jma(1+ &) KnXpm + YiVn)
2
_igP
- FP(B) = ‘<0UT‘€ lHAt‘”VM h h drawn from
. e,~N(0,0,) —— 0-mean Gauss
”h” distribution
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Results
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“good” outliers

o Statistically, we do see a “hyperbola” limiting the fidelity versus
robustness conflicting objectives.

* |In a sea of outliers, we can always find some high fidelity/high robustness

controllers!
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Results
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Results

Perturbation Il F(A)

Fidelity error (1 — F¢(A))
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Results

Hamiltonian Perturbations 0FF (A)

Fidelity error (1 — F(A)) Differential (||aFf (A)]])
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Results

Hamiltonian Perturbations 0FF (A)

Fidelity error (1 — F¢(A)) Differential (||aFf (A)]])
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Fidelity error T & differential T as o, T
Mixed sensitivity offers robustness with slightly greater fidelity error
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Concluding Remarks

« Optimization method to balance between low fidelity error and robustness
« Defined “Large-scale” differential for robustness
* Lack of error vs sensitivity conflict

Future work

e “Fair” sampling of h in the unit sphere
e Second - order differential of the fidelity (Hessian)
* Information transfer and robustness under decoherence
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Thank you!
Questions?
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