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Circuit

® A way to circumvent this is the use of an ancillary qubit

7_3

/\ <Z> <7') — _<¢prep| Sin(TH> |¢prep> — _T<wprep|H|¢prep> + F <¢prep|H3|¢prep> + 0(7-5) H

* Find optimal time step minimizing the total number of measurements for fixed precision

e Using proper error metric (MSE) is possible to find a relation

Niot = f(7,€) — minimizing — Topt

e Linear and cubic implementation reduced significantly the number of measurements
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Results (noise)

e Just blindingly applying OAM and the linear algorithm
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e Major source of error is readout error, how do we correct for it?
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\ Finite sample estimator of readout error rate
_Kandala et al. Nature (2017)
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THANK YOU!



Exact time evolution
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Last rotation can be avoided
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Scalings

€ Target accuracy

sQPE QPE
» Number of measurements | O(1/e*) | O0<r<l O(1/e)
e Circuit depth O(e"), w=>0 O(1/e)




Circuit depth

O(e") pu =0 U, — U,|| <6, Childs et. al (2018)
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Total # of measurements for 1% error
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Cubic algorithm

| Optimal design P,y = L Wsin(rapO)Y)
a/o 2

. L= 7 (WO W) + T2 (W[ 0| W) ,
. o a/b 6 5
Choose two time-steps: = + ( )

2 Ta /b

Get maximum likelihood estimates for means Hmle Nmle

Use inverse of Fisher information matrix to get the corresponding variances

4 0Py (1= P) + 7P (1~ Fa)

M T?Tz? (74 — Tz?)z

a a

Var [/1'771,1(1] —

144 7P, (1 — Py) + 73 P (1 = P,)
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Bayesian estimators for P..



Cubic algorithm

Define MSE at definite time steps ent (11 7a, ) = Var(pmie] + B; (Ta, )

Choose next two time steps minimizing quantity above

Start with random time-steps

Co. . 1 Tff + T?
Choose next ones to minimize the upper bound  Var [pmie] < — b
M T(f TI)Z <T(% o bz)

Choose next time-steps such that €', (y|7., 7) = Var(pmie] + (i +1)B2 (14, 1)

e

Minimum
Var|tmie] Cannot be calculated exactly
1 9P (1 Py) + 0P, (1 P.)

M rer (12 —1f)°

%[N’mle] —



Cublc algorlthm

. B s < CL
Upper bound bias 1B, (Ta, )| < 50 TaTh 2 1 |
Quantity minimized A; = E[Mmle] + (7 + 1)ij2(7@, )

Works pretty well for the deuteron

How does it go in general for randomly generated matrices?



