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We propose permutationally invariant (PI) tomogra-
phy in many-qubit quantum experiments. Concretely,
instead of the density matrix !, we propose to determine
the permutationally invariant part of the density matrix
defined as

!PI =
1

N !

∑

k

Πk!Πk, (1)

where Πk are all the permutations of the qubits.
We develop a provably optimal scheme, which is fea-

sible for large multi-qubit systems: For our method, the
number of local measurement settings needed increases
quadratically with the size of the system. For a setting,
the same operator Aj has to be measured on all the
qubits. Our approach is further motivated by the fact
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PI tomogrpahy with  
optimized settings vs.
full tomogrpahy       
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(c)

PI tomogrpahy with  
random settings vs.   
full tomogrpahy       
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FIG. 1: (a) The 34 symmetrized correlations coming from
(crosses with error bars) 15 permutationally invariant mea-
surement settings with optimized Aj matrices for N = 4
qubits and (diamonds) from full tomography requiring 81
local settings. The average uncertainty of all symmetrized
correlations obtained from full tomography is ±0.022, and is
not shown on the figure. The labels refer to symmetrized
correlations. The results corresponding to the 15 full four-
qubit correlations are left from the vertical dashed line. All
correlations are between −1 and +1. (b) Measurement direc-
tions. A point at (ax, ay, az) corresponds to measuring oper-
ator axX + ayY + azZ. (c) Results for randomly chosen Aj

matrices and (d) corresponding measurement directions.

FIG. 2: (a) The real and (b) imaginary parts of the density
matrix coming from full tomography. (c-d) The same for per-
mutationally invariant tomography with optimized and (e-f)
random measurement directions, respectively.

that almost all multipartite experiments are done with
permutationally invariant quantum states. We demon-
strate that these techniques are viable in practice by ap-
plying them to a photonic experiment observing a four-
qubit symmetric Dicke state. The results are shown in
Fig. 1 and Fig 2.
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