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Ĥ =

�
i ĥi
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• Find compatible state

• Storage space

• Number and accuracy 
of measurements Take only 

Quantum state tomography:  A solution?

43N

�̂(lab)
i

• Promise:                    is unique ground state of local 
Hamiltonian                :
Candidate                     with

•General local Hamiltonians, limit
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i ĥi
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• Find compatible state

• Storage space

• Number and accuracy 
of measurements Take only 

Quantum state tomography:  A solution?

∼N

• Experiment: 
•Obtain                     and
• Set up parent Hamiltonian 
•      is ground state of

If it is unique, we have

S.T. Flammia, D. Gross, S.D. Bartlett, R. Somma, arXiv:1002.3839

�̂(lab)
i

��̂(lab)
i − �̂(est)

i � ≤ �i



• Find compatible state

• Storage space

• Number and accuracy 
of measurements Take only 

Quantum state tomography:  A solution?

∼N

• Experiment: 
•Obtain                     and
• Set up parent Hamiltonian 
•      is ground state of

If it is unique, we have

S.T. Flammia, D. Gross, S.D. Bartlett, R. Somma, arXiv:1002.3839

�̂(lab)
i

��̂(lab)
i − �̂(est)

i � ≤ �i

�̂cand = |ψ��ψ| �̂(cand)
i =

�
k λ(i)

k |k�i�k|i



• Find compatible state

• Storage space

• Number and accuracy 
of measurements Take only 

Quantum state tomography:  A solution?

∼N

• Experiment: 
•Obtain                     and
• Set up parent Hamiltonian via 
•      is ground state of

If it is unique, we have
|ψ�

S.T. Flammia, D. Gross, S.D. Bartlett, R. Somma, arXiv:1002.3839

�̂(lab)
i

��̂(lab)
i − �̂(est)

i � ≤ �i

�̂cand = |ψ��ψ| �̂(cand)
i =

�
k λ(i)

k |k�i�k|i
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Compressed sensing

“Only six years old, compressed 
sensing has already inspired more 

than a thousand papers and pulled in 
millions of dollars in federal grants”

Text

February 2010

“a technique that may 
be the hottest topic in 
applied math today”

“paradigm-busting field in 
mathematics that’s 

reshaping the way people 
work with large data sets”
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Pioneered by Donoho, Candès, Tao; an introduction: E.J. Candes and 
M.B. Wakin, IEEE Sig. Proc. Mag. 25, 21 (2008); a quantum version: 

D. Gross, Y.-K. Liu, S.T. Flammia, S. Becker, J. Eisert, arXiv:0909.3304

Compressed sensing

http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1


instead:

Compressed sensing

Pioneered by Donoho, Candès, Tao; an introduction: E.J. Candes and 
M.B. Wakin, IEEE Sig. Proc. Mag. 25, 21 (2008); a quantum version: 

D. Gross, Y.-K. Liu, S.T. Flammia, S. Becker, J. Eisert, arXiv:0909.3304

compress

http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1


Compressed sensing

instead:

Pioneered by Donoho, Candès, Tao; an introduction: E.J. Candes and 
M.B. Wakin, IEEE Sig. Proc. Mag. 25, 21 (2008); a quantum version: 

D. Gross, Y.-K. Liu, S.T. Flammia, S. Becker, J. Eisert, arXiv:0909.3304

compress

http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1


Text

Compressed sensing

Pioneered by Donoho, Candès, Tao; an introduction: E.J. Candes and 
M.B. Wakin, IEEE Sig. Proc. Mag. 25, 21 (2008); a quantum version: 

D. Gross, Y.-K. Liu, S.T. Flammia, S. Becker, J. Eisert, arXiv:0909.3304

reconstruct

instead:

compress

http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/David_Donoho
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://en.wikipedia.org/wiki/Emmanuel_Cand%C3%A8s
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Gross_D/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Liu_Y/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Flammia_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Becker_S/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1
http://arxiv.org/find/quant-ph/1/au:+Eisert_J/0/1/0/all/0/1


reconstruct

Text

E.J. Candes and B. Recht, arXiv:0805.4471

sample size 

Compressed sensing

small rank

≥ Crm1.2 log(m)

m×m

http://arxiv.org/find/cs,math/1/au:+Candes_E/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Candes_E/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Recht_B/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Recht_B/0/1/0/all/0/1
http://arxiv.org/abs/0805.4471v1
http://arxiv.org/abs/0805.4471v1


E.J. Candes and B. Recht, arXiv:0805.4471

sample size 
perfect reconstruction

with very high probability

Compressed sensing

small rank

m×m

≥ Crm1.2 log(m)

reconstruct

http://arxiv.org/find/cs,math/1/au:+Candes_E/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Candes_E/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Recht_B/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Recht_B/0/1/0/all/0/1
http://arxiv.org/abs/0805.4471v1
http://arxiv.org/abs/0805.4471v1


E.J. Candes and B. Recht, arXiv:0805.4471

sample size 
perfect reconstruction

with very high probability

Compressed sensing

small rank

minimize tr[|A|]
such that Ai,j = Mi,j for all (i, j) ∈ Ω

≥ Crm1.2 log(m)

= M

m×m

reconstruct

http://arxiv.org/find/cs,math/1/au:+Candes_E/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Candes_E/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Recht_B/0/1/0/all/0/1
http://arxiv.org/find/cs,math/1/au:+Recht_B/0/1/0/all/0/1
http://arxiv.org/abs/0805.4471v1
http://arxiv.org/abs/0805.4471v1


Singular Value Thresholding

= M

m×m

reconstruct



Converges provably to solution for
sufficiently small     andδn τ � 1

J-F. Cai, E.J. Candes, and Z. Shen, arXiv:0810.3286

Singular Value Thresholding

Initialize    (e.g., by zero matrix), proceed inductivelyY0

Singular value decomposition
Thresholding Xn = Umax{0,Σ− τ}V †

Yn = Yn−1 + δnPΩ(M −Xn)

Yn−1 = UΣV †•  
•  
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• Storage space
• Find parent Hamiltonian, ensure uniqueness 

of ground state and compute gap 
efficiently

• Number and accuracy 
of measurements Take only 

Quantum state tomography:  A solution!

✓ ∼N

2D2N✓ MPS-SVT

How does the algorithm perform?

• Find compatible state

�̂i

✓



• “Measure” all
•Completely determines ground state
•Compute fidelity

Ground state critical Ising model

M. Cramer and M.B. Plenio, arXiv:1002.3780

Ĥ = −
N−1�

i=1

σ̂
x
i σ̂

x
i+1 −

N�

i=1

σ̂
z
i

�̂i,i+1

fN,n = |�gs|Xn�|2

MPS-SVT: Numerical experiments
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MPS-SVT: Numerical experiments

H. Häffner et al., Nature 438, 643 (2005).
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Gaussian, zero mean

100 realizations for eachN
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n = 4000
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•Efficient (           ) scheme to reconstruct states from 
few measurements (      )

•Extensive numerics suggest convergence. In fact, 
equipped with candidate MPS, fidelity can under certain 
conditions 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
                     and entropy density                   exists

Summary

∼N
poly(N)

tr[�̂Ĥ]− TS(�̂) lim
k→∞

S(�̂i)/k


