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����� CASIMIR INVARIANTS AND �����⊗ ����� SCALARS FOR A MIXED QUBIT-QUTRIT
STATE
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In the present paper, a few steps are undertaken towards the description of the “qubit–qutrit” pair – a quantum
bipartite system composed of two- and three-level subsystems. Calculations of the Molien functions and Poincaré
series for the qubit-qubit and qubit-qutrit “local unitary invariants” are outlined and compared with the known
results. The requirement of the positive semi-definiteness of the density operator is formulated explicitly as a set of
inequalities in five Casimir invariants of the enveloping algebra su(6). Bibliography: 26 titles.
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1The orbit space P+ | SU(n) of SU(n) is defined as the set of all SU(n)-orbits endowed with the quotient topology and differen-
tiable structure, and the subset of all SU(n)-orbits with the same orbit type forms a stratum of P+ | SU(n).
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2The tensorial su(2) ⊗ su(3) product type basis for su(6) is given in Appendix A. There we also present formulas for the
symmetric structure constants dijk , as well as for the antysymmetric structure constants fijk for su(n).

3In our recent publication [8], the positivity conditions for density operators were analyzed in the context of consequences for
an integrity basis of the ring of SU(2) ⊗ SU(2) polynomial invariants, as well as for entanglement characteristics of mixed qubit
states [21].

4Note that P. Minnaert attributed the same result to D. N. Williams.
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3. Local unitary invariants
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5The multiple integral (3.13) was calculated by repeated application of Cauchy’s residue theorem. Since f has poles of rather
high orders, computer calculations of the residues were performed using the built-in command Residue of the Mathematica packet,
which implements the standard limit formula for high-order poles (see http://mathworld.wolfram.com/ComplexResidue.html).
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Appendix: Formulas for su���
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 ����������� !�� ������ �������� �! ��� :����  �������
-� ∈ su���(

-� ?

(
9 �
� 9

)
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9 −�
� 9
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(
� 9
9 −�

)
� �=��

7Note that invariants of the second and third order were suggested in [23].
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