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“Quantum state tomography is learning a classical description of a quantum state”
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Techniques (1/3) — learning observables
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Setting:
@ Two bounds:

o |5 <
o 5= ol < I3l + ol =2

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

February 6th, 2023

6/8



Techniques (3/3) — norm conversion

Setting:
@ Two bounds:
o [ pllo<e.
o [lp=plly < llplly + ol = 2.
o Let o(p —p) = {\}iy,
then || — pllg = [|All4-

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

February 6th, 2023

6/8



Techniques (3/3) — norm conversion

High-precision regime

Setting: . _
o Two bounds: Low—prec:srfan regime
o IF—pll. <e. (e big) (e small)
o [lp=rply <Al +lloll, =2
o Let o(5— p) = ()2,
then [l5— plly = I\, 177N

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

I, < V2r e

February 6th, 2023

6/8



Techniques (3/3) — norm conversion

Setting:
@ Two bounds:
o [ pllo<e.
o [lp=plly < llplly + ol = 2.
o Let o(p—p) = {\}7y,
then || — pllg = [|All4-

Low-precision regime
(e big)

High-precision regime
(e small)

Ny
NN
2

1Ml < v2e

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

I, < V2r e

February 6th, 2023

6/8



Techniques (3/3) — norm conversion

Setting:
@ Two bounds:
o [ pllo<e.
o [lp=plly < llplly + ol = 2.
o Let o(p—p) = {\}7y,
then || — pllg = [|All4-

1 1
Result:  |lp— pll, < min {5175, rEg}.

Low-precision regime
(e big)

High-precision regime
(e small)

1Ml < V2e

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

I, < Var e

February 6th, 2023 6/8



Techniques (3/3) — norm conversion

Setting:
@ Two bounds:

o 5= pllo <.
o [l5—plly < 18l + lloll, = 2.

o Let o(p— p) = {N}7y,
then [|p — pll, = [IAll4-

1 1
Result:  |lp— pll, < min {5175, rEg}.

@ Source of all regimes.

Low-precision regime
(e big)

High-precision regime
(e small)

1Ml < V2e

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

I, < Var e

February 6th, 2023 6/8



Techniques (3/3) — norm conversion

Setting:
@ Two bounds:
o [ pllo<e.
o [lp=plly < llplly + ol = 2.
o Let o(p—p) = {\}7y,
then || — pllg = [|All4-

1 1
Result:  |lp— pll, < min {5175, rEg}.

@ Source of all regimes.
@ Also relevant for lower bound proofs.

Low-precision regime
(e big)

High-precision regime
(e small)

1Ml < v2e

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

I, < V2r e

February 6th, 2023 6/8



Quantum state tomography — mixed states — algorithm analysis

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries February 6th, 2023



Quantum state tomography — mixed states — algorithm analysis

||8>>;\ ﬁ |¢>AB ||8>>;\ ﬁ W>AB Want to learn: p = Trg[|¥)¢]]

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries February 6th, 2023



Quantum state tomography — mixed states — algorithm analysis

ﬁ %) A5 |O>A ﬁ 1) g Want to learn: p = Trg[|¥)¢]]

Learn/ng observab/es 6(@) queries
lp = pllmax <e

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries February 6th, 2023



Quantum state tomography — mixed states — algorithm analysis

ﬁ %) A5 |0>A ﬁ 1) g Want to learn: p = Trg[|¥)¢]]

= d _
Learn/ng observab/es O(%*) queries
lp— pllmax <
ok Unbiased phase estimation
17 = plloe < Ve’

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries February 6th, 2023



Quantum state tomography — mixed states — algorithm analysis

ﬁ %) A5 |O>A ﬁ 1) g Want to learn: p = Trg[|¥)¢]]

= Jd _
Learn/ng observab/es O(%*) queries
1P — pllmax <¢
ok Unbiased phase estimation
17— pllo S Vde'
U Norm conversion

15— pll, S min{(Vde')' "5, ra/de'}

=€

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries February 6th, 2023



Quantum state tomography — mixed states — algorithm analysis

ﬁ %) A5 |O>A ﬁ 1) g Want to learn: p = Trg[|¥)¢]]

= Jd _
Learn/ng observables O(%*) queries
1P — pllmax <¢
ok Unbiased phase estimation
17— pllo S Vde'
U Norm conversion

15— pll, S min{(Vde')' "5, ra/de'}

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries February 6th, 2023



Quantum state tomography — mixed states — algorithm analysis
ﬁ e

|0>A ﬁ ) 4p

Learn/ng observables
P — pllmax <

Want to learn: p = Trg[|¥)¢]]
6(@) queries
/
ok Unbiased phase estimation
17— pllo S Vde
U Norm conversion
12— pll

min{(Vde')\ "4, rav/de'}

1
d ,’Eq}) queries.
1

elTa

February 6th, 2023

T = O | min
raivd
A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries



Summary

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

February 6th, 2023

8/8



Summary

@ Results: Tight complexities

o Pure-state case: sampling + unitary
o Mixed-state case: unitary

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

February 6th, 2023

8/8



Summary

@ Results: Tight complexities

o Pure-state case: sampling + unitary
o Mixed-state case: unitary

@ Techniques:

e Learning observables
o Unbiased phase estimation
e Norm conversion

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

February 6th, 2023

8/8



Summary

@ Results: Tight complexities
o Pure-state case: sampling + unitary
e Mixed-state case: unitary
@ Techniques:
e Learning observables
o Unbiased phase estimation
e Norm conversion
o Other paper contents:
e Algorithms for the pure-state case
e Time complexities
e Lower bounding techniques

A.J. Cornelissen (QuSoft, IBM) Quantum tomography using state-preparation unitaries

February 6th, 2023

8/8



Summary

@ Results: Tight complexities
o Pure-state case: sampling + unitary
o Mixed-state case: unitary

@ Techniques:

e Learning observables
o Unbiased phase estimation
e Norm conversion

o Other paper contents:

e Algorithms for the pure-state case
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Open problems:

@ Sampling complexities in other Schatten
norms.
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Thanks for your attention!
arjan@cwi.nl
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