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TLMR(σ)

Implement e−iρΔt

[1] Lloyd, S., Mohseni, M., & Rebentrost, P. (2014). “Quantum principal component analysis”. Nature Physics, 10(9), 631-633.

LMR   trick:[1]

[2] Kimmel, S., Lin, C. Y. Y., Low, G. H., Ozols, M., & Yoder, T. J. (2017). “Hamiltonian simulation with optimal sample complexity”. npj Quantum Information, 3(1), 13.

LMR protocol is optimal [2]
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Could we find a better operation? ?𝒪(Δt3)
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What if we consider a time interval  ? t
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[1]

The biomimetic cloning machine ( ) clones the statistics associated to an observableÔC

[1] U. Alvarez-Rodriguez, M. Sanz, L. Lamata, and E. Solano. “Biomimetic Cloning of Quantum Observables”. Sci Rep 4, 4910 (2014).
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Ô(k)
c

e−iSδt

… ……

Tk(σ)

ρ

LMR assisted by biomimetic copies

e−iSδt

e−iSδt



pablojesus.rodriguez@ehu.eus

LMR assisted by biomimetic copies

12

Given  copies of n ρ
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Is it worth disturbing the original copies of  to create k biomimetic copies?ρ ρ = ρ(k)ρ ρ ρ

εLMR(n)

εBIO(n nk)
≈

[ρ, σ]2 + 2(ρ − σ)
[ρ, σ]2 + 2 ρ ∘ σ − {ρ, σ}

||
|| ||

|| 1  

1  

≡ Q1

t2/2n||
1  

||εLMR(n) ≈ [ρ, σ]2 + 2(ρ − σ)

t2/2nεBIO(n nk) ≈ [ρ, σ]2 + 2 ρ ∘ σ − {ρ, σ}||
1  

||
Does not violate optimality 

Original protocol:

Our protocol:

Q1 ≥
d
8 ( ρ − σ − 32/d2

1 + 4/d )|| || 1

Statistical case:

 and  random density matricesρ σ

First order in ρ, σ

Second order in ρ, σ

ρ − σ const . [1]|| || 1

Average Q1 ∝ d

[1] Puchała, Zbigniew, Łukasz Pawela, and Karol Życzkowski. "Distinguishability of generic quantum states." Physical Review A 93.6 (2016): 062112.
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Cc ≤
Cs

k − 1 (Q1 − 1)
Generating :ρ Cost Cs

l ⋅ Cs ≥ n ⋅ (k − 1) ⋅ Cc
 to guarantee an error smaller or equal than 

the one with biomimetics copies
l

Instead of cloning I could generate more original copies of  ρ

ρÔs

Access?

<latexit sha1_base64="MKpJv7nXF+tksDR0G0swyKIJLzM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQizcjmIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20mO9csWtujOQv8TLSQVy1Hvlz24/ZqniETJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBpRxY2fzQ6ekCOr9EkYa1sRkpn6cyKjypixCmynojg0i95U/M/rpBhe+pmIkhR5xOaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLL/8lzZOqd149uzut1K7yOIpwAIdwDB5cQA1uoA4NYKDgCV7g1dHOs/PmvM9bC04+sw+/4Hx8A+tHkIA=</latexit>

Ôc
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Exponential reduction in ϵ Exponential reduction in n

Performance analysis
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𝔼ρ,σ [Q1] = 𝒪( exp(q) )

Given n Given ϵ
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Outlook and conclusions

Density matrix exponentiation can be enhanced

On average, enhancement scales with the dimension of the system

Using imperfect cloning could enhance other protocols requiring copies

?Killing application
?Block-diagonalization
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