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Density matrix exponentiation

[Quantum state p] ﬁmplement e_ipAa
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Could we find a better operation? @(At3)? LMR protocol is optimal

[1] Lloyd, S., Mohseni, M., & Rebentrost, P. (2014). “Quantum principal component analysis”. Nature Physics, 10(9), 631-633.
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.
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Density matrix exponentiation
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Biomimetic cloning ,
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The biomimetic cloning machine (O ) clones the statistics associated to an observable
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[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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[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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Density matrix exponentiation Imperfect cloning

LMR trick: Biomimetic cloning:
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LMR assisted by biomimetic copies
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Tivg (At At At ) Ar=t/n
A T
T": (6t 6t~ 6t|6t: 6ti = 6t 5t 6t = 61) Ot = Atlk
< l‘ >

From each original copy

. d - We consider the limit k — oo
p® = plwi)wil

g A i=1 ——
1 14+

" L] . 1.2+ -

p —_— 0(k) : : : 1L EBIO(n—nk) |

¢ — o iS5t ® oal f
E— —4 0.6

g ) - p 1801 0.4+ T, converges to the limit -

o 1801 with O(A#*/k)
o . J ____ _____ Tk(o-) % 10 20 30 40 50 6 70 8 9 100

k (biomimetic copies per p)

amen ta zabal zazu FACU
CCCCCCCCC . .
B e 12 pablojesus.rodriguez@ehu.eus
Universidad Euskal Herriko E % v <
del Pais Vasco  Unibertsitatea

OOOOOOOO
CCCCCCC



mailto:pablojesus.rodriguez@ehu.eus

Error analysis

Is it worth disturbing the original copies of p to create k biomimetic copies? @ @ @ @ = p(k)

Original protocol: €[ \Rrey) X [, 0], +2(p — 0)”1t2/2n

Does not violate optimality Statistical case:
2 . .
Our protocol: EBIO(n—nk) ~ H lp, 6, +2pec—{p,0 }”1t /2n (pand @ random density matmeS\
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‘ » Second order in p, ¢ \ J

[1] Puchata, Zbigniew, kukasz Pawela, and Karol Zyczkowski. "Distinguishability of generic quantum states." Physical Review A 93.6 (2016): 062112.

”p — 0”1—> const. [1]

AL
CCCCCCCCC . .
ity AND TECHNOLOGY 13 pablojesus.rodriguez@ehu.eus
Universidad Euskal Herriko UE 1t o -
del Pais Vasco Unibertsitatea

OOOOOOOO
CCCCCCC



mailto:pablojesus.rodriguez@ehu.eus

Cost analysis

Instead of cloning | could generate more original copies of p [-C.>n-(k—=1)-C.

[ to guarantee an error smaller or equal than
the one with biomimetics copies

“Cloning”: P> 0, - PP Cost C.

Generating p: O > P Cost C,

\)

Access?
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Performance analysis

Average ();

100,000 random cases
uniformly distributed
according to the Hilbert-
Schmidt measure
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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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