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Theorem: Any procedure for quantum tomography using single-copy (possibly 
adaptive) measurements chosen from a fixed set of 𝑚 possible measurements 
requires

𝑛 = Ω
𝑑B

𝜖* 1 + log 𝑚𝑑

copies of 𝜌.

𝐼 𝑍: 𝑌$, … , 𝑌" = 𝐼 𝑍: 𝑌$ + 𝐼 𝑍: 𝑌* 𝑌$ +⋯+ 𝐼 𝑍: 𝑌" 𝑌"/$, … , 𝑌$

≤ 𝑛
𝜖*

𝑑 +
𝜖* log 𝑚

𝑑*

Lower bound for adaptive tomography with limited settings
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• Unconditional, non-trivial bounds for adaptive tomography?

• Rank-dependent bounds with finite measurement settings?

• Testing (e.g., quantum state certification) using single-copy measurements and 
finite measurement settings?

• Using these techniques, can we get “circuit lower bounds” for optimal, entangled 
quantum tomography?
• Related conjecture: optimal, entangled tomography can be implemented using 

depth poly(𝑛, 𝑑, log 1/𝜖) [Haah+17].

Open problems
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