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It is fundamental to decide how many copies of an unknown mixed quantum
state are necessary and sufficient to determine the state. 1. We give a theoretical
measurement scheme (POVM) that requires (/7 )In( / ) copies to estimate
to error  in infidelity, and a matching lower bound up to logarithmic factors. This
implies (( 7/ 2)In( /7)) copies suffice to achieve error  in trace distance. 2. For
independent (product) measurements, we show Q( 2/ 2)In(1/ ) copies are

necessary in order to achieve error in infidelity. 3. For Pauli measurements, we
. . 10 . . ) )
provide a scheme using (=) copies to achieve error in trace distance. 4. We

also study the “quantum overlapping tomography” problem for the recovery of all

-body reduced density operators and show the sample complexity is

10 “log(( )/ ) . : .
(—————) for 1—  being the confidential level, and being the trace

. | / .
distance error. Moreover, we prove that Q(LZ)) copies are needed. In other words,

for constant , highly entangled measurements are not asymptotically more efficient
than Pauli measurements, even one has access to all copies at once.
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