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Quantum device characterization
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Quantum characterization and randomness and non-stabilizerness

. Exact and approximate unitary 2-designs and thes
fidelity estimation 5

Christoph Dankert, Richard Cleve, Joseph Emerson, and Etera Livine
Phys. Rev. A 80, 012304 — Published 6 July 2009
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Multiqubit Clifford groups are unitary 3-designs

Huangjun Zhu"

Shelby Kimmel, Marcus P, da Silva,.Colm.A.Ryan,Blake-R-dohnsom
Phys. Rev. X 4, 011050 — Published 25 March 2014; Erratum Phys. Rev.
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Classical shadows & IC POVMs
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Classical shadows & IC POVMs

{IL, = [x){x]|, xe€}}

(I, x glx)(x|g", x€F;geG)

[Scott 2006]

~ Tight frames and 2-designs

A positive-operator valued measure (POVM) is " 7
informationally complete (IC) if 7
g — d+1
S =) T, )T, | |
is invertible. —
i 8,X i d+1 |

G a unitary 2-design
Here ... G sub-set of the Clifford group!



Classical shadows ... surprisingly efficient

Protocol: iscot2006), ... By construction ...

1)Measure {II, } on state p Elo(g,x)] = (0,p)

2) Calculate and average |

o(g,x) = (0|57, ) € O(d)

od)

Theorem: For O = |y){y|and G a 3-design, /
[Huang, Kueng & Preskill 2020] Var[o] € O(1). Global Clifford rotations




Classical shadows ... what could possibly go wrong?

Noisy-frame operator: Gate-dependent noise!

§= ) IT ), | A®g)
X.8

Biased estimator:

E[0] = (O, p) + (d+ 1)(O,|S - S| p)

Large bias’!’?
(Definition : )
bias ~ k(d) X implementation error e.g. naive bound :
1as < 1d — oy
k(d) € O(1) otherwise y(d) .Q(dl/c) bias < (d + I)Teag 11d — Al
< “stable” “instable”  “Really instable” )




Instability . ..

, i2/4
Let O = |HYHI®" with |H)x|0)+e""|1) Fidelity estimation

and G local Clifford unitaries. with local shadows.

Thereexist A (g) = (1 —¢) id + eA(g)

gate-dependent noise such that

such that 14
bias = ke with k € Q(d"7)

‘“Really instable”




Are there classes of
stable shadow estimation ?

settings

Maybe less magic, please.



1l Ideal Pauli-di Lch |
Stablllty = Lemma: G C Clifford, it holds / cairatidiagenatenanne

(Definition: 1 )
10]|st = 7 Z |(64]0)| with s, € (0,1] and A, quantum channels.

a€F3n
“Stabiliser Renyi 1/2-entropy”

\

Theorem: G C Clifford, it holds Stable settings, e.g.

bias <}||O|| dmax || id — A(g)ll,, 4 Pauli observables

€G
¢ X [ Stabiliser states
Scaling function x(d) Implementation error ¢
[ Bounded-degree local

This bound is tight. Similar control over the variance. Hamiltonians




And ‘robust’ classical shadows? they are robust, right?

1

— s_| |7

Symmetry is preserved

nder noise! =
under noise p

(5= DL )AL, AR = D 1T (@A T(IT,)g " | A
X,g X8

Gate-independent left noise!

Idea: Empirically estimate parameter p using fidelity
estimation for trusted input state. [chen et al. 2021]

‘Robust’ classical shadow protocolj

“Really instable”

There exist gate-dependent noise such that
Ag) = (1 —e€)id +eA(g)

biasrobust shadow > <00>Q(d ee)

However!

Requires Pauli-spikiness of effective noise and
support of observable to conspire!

Stable, e.g. for Pauli-isotropic noise




Compressive Gate Set Tomography

Raphael Brieger, Ingo Roth, and Martin Kliesch

More robust classical shadows ...

Compressive Gate-set tomography
for robust shadows
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Robust super-shallow circuits



Consistent under-rotation ...

Estimated state fidelity

—
-
—
-
|

1.005 -

1.000 -

0.995 -~

0.990 -

0.985 -

5
||¢C||st = 1.000 10 shots\ /E
7
||tel|st = 1.223 Ex’
|tellst = 1.366 ’E/,

Optimal spoofing ~ Actual fidelity
L] 1 L] ] L] T T I ] 1 L] L] L]

103
Readout gate infidelity

/2-pulse
implementation of
fidelity estimation on
single qubit



Summary

> Semi-device dependence [ robustness is important

> In case you were worried, classical shadows are
surprisingly robust for ‘non-magic’ observables

> Mitigation can sometimes even do harm for gate-
dependent noise

Stability of classical shadows
under gate-dependent noise

> Noise assumption might be to simplistic!
More studies with gate-dependent noise & beyond!
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