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Quantum state tomography: The problem

® Full quantum state tomography is essential for present
and future quantum devices

Quantum simulator: Preparation of elaborate states
and operations on them

* Has the intended state indeed been prepared!?
* Do the operations do what they are supposed to?
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Compressed sensing

“a technique that may

be the hottest topic in
applied math today”

“paradigm-busting field in
mathemartics that’s
reshaping the way people
work with large data sets”

“Only six years old, compressed
sensing has already inspired more
than a thousand papers and pulled in
millions of dollars in federal grants”

W I [Z1E 8] February 2010
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Pioneered by Donoho, Candes, Tao; an introduction: E.|. Candes and
M.B.Wakin, IEEE Sig. Proc. Mag. 25, 21 (2008); a quantum version:
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Singular Value Thresholding

reconstruct

Initialize Y, (e.g., by zero matrix), proceed inductively

oSingular value decompositionY,,_; = UXV
* Thresholding X,, = Umax{0,% — 17}VT
oV, =Y, 1 +6,Po(M — X,,)

Converges provably to solution for
sufficiently small §,, and 7 > 1

J-F Cai, E.J. Candes, and Z. Shen, arXiv:0810.3286
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Instead of threshold, keep largest singular value
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Quantum state tomography: A solution?

Initialize Y; (e.g., by zero matrix), proceed inductively

* Thresholding | X,,) = ||Y,,—1|| - argmax |(¢|Y,—1|¢)]

A

oY, =Y, 1+6, ZkEQ pk_<X5]|VPk|Xn> Py

— Ekeﬂ akpk, ar € IR
Iocah?miltonian”, find ground state,
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Quantum state tomography: A solution?

Initialize Y; (e.g., by zero matrix), proceed inductively

* Thresholding | X,,) = ||Y,,—1|| - argmax |(¢|Y,—1|¢)]

oY, =Y, {1+, ZkEQ pk_<X§]|Vpk|Xn> pk

— Zkeﬂ arPr, ap € R

Iocaﬁhﬁmiltonian” ind ground state,

compute expectation values efficiently
DMRG, MPS methods

M. Fannes, B. Nachtergaele, and R.EFWerner, Comm. Math. Phys. 144,443 (1992),
U. Schollwock, Rev. Mod. Phys. 77,259 (2005),
D. Perez-Garcia, F-Verstraete, M.M.Wolf, and ].I. Cirac, Quant. Inf. Comp. 7,401 (2007).
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Quantum state tomography: A solution?

Initialize Y; (e.g., by zero matrix), proceed inductively

* Thresholding | X,,) = ||Y,,_1|| - argmax |(¢|Y,_1|®)]

= 2 ke @klk, ar € R

local iltonian’’find ground state,
compute expectation values efficiently

DMRG, MPS methods

M. Fannes, B. Nachtergaele, and R.EFWerner, Comm. Math. Phys. 144,443 (1992), D X D
U. Schollwock, Rev. Mod. Phys. 77,259 (2005),
D. Perez-Garcia, F-Verstraete, M.M.Wolf, and ].I. Cirac, Quant. Inf. Comp. 7,401 (2007). I

Matrix Product State |MPS) = Z tr|Aq[s1] AN[S:[H |51 sN)
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Quantum state tomography: A solution!

ll'ake only ~N

VB WUVE UVAIVE WVAVE TV AVVE VAR RVAVAVAE AVAVAVE BVAVAVE VYR VAR

0i
® Find compatible state MPS-SVT
® Storage space
® Find parent Hamiltonian, ensure uniqueness

2D°N
of ground state and compute gap
efficiently

Number and accuracy
of measurements
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Quantum state tomography: A solution!
' Take only ~N

® Find compatible state MPS-SVT

® Storage space 2D2N

® Find parent Hamiltonian, ensure uniqueness

of ground state and compute gap /

efficiently
How does the algorithm perform?

® Number and accuracy
of measurements




MPS-SVT: Numerical experiments

Ground state critical Ising model H = Z GLGT, | — Z

* “Measure” all 9; ;+1
* Completely determines ground state
e Compute fidelity fnn = [(gs|Xn)|’

M. Cramer and M.B. Plenio, arXiv:1002.3780
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MPS-SVT: Numerical experiments

\/1 T fN,n

N
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MPS-SVT: Numerical experiments

\/1 T fN,n

N
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MPS-SVT: Numerical experiments

N-1 hermitian, real and imaginary part of

H = fﬁ(z)rf?l entries uniformly from[—1,1],

i=1 | 000 realizations for each N,n =5
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MPS-SVT: Numerical experiments

hermitian, real and imaginary part of
H= Z #7)  entries uniformly from [—1, 1],
1000 realizations for each N,n =5

\/1 — fN,n
10.6
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- >
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>
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MPS-SVT: Numerical experiments

5 OO O

)10---0)+]0---01)

W

"H. Haffner et al., Nature 438, 643 (2005).
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MPS-SVT: Numerical experiments

& OO0 0 O

10---0)+]0---01)

pr, = (W|Py|W) +r

W)

Gaussian, zero mean

|00 realizations for each vV

WPH Haffner et al, Nature 438, 643 (2005).
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MPS-SVT: Numerical experiments

10---0)+0---01)

pr, = (W|Py|W) +r

W

Gaussian, zero mean

| 00 realizations for each vV

I 1 i I 1 I 10.98 | " .Héffner et al., Nature 438, 643 (2005).
i 10.96

0.94 n = 4000
o = 0.01(odd )
10.92 o = 0.005 (even )

N

1 O 1 5 20 M. Cramer and M.B. Plenio, arXiv:1002.3780
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e Efficient (poly(/N)) scheme to reconstruct states from
few measurements (~N)

*Extensive numerics suggest convergence. In fact,
equipped with candidate MPS, fidelity can under certain
COhdlt'Ons be bounded. S.T. Flammia, D. Gross, S.D. Bartlett, R. Somma, arXiv:1002.3839

* Generalization to higher dimensions:
Analogues of MPS, e.g., MERA, PEPS,....

* Mixed states: Purification, e.g., Gibbs state minimizes
tr[oH] — T'S(6) and entropy density lim S(4;)/k exists

k— oo



