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Fig. 1. (a) Schematic of generating tripartite steering using
series four-wave mixing (FWM)processes. agp is the seed in-
put;ay; and ayy are the vacuum modes; Pump is the pump
input.(b)Schematic of generating quinquepartite steering us-
ing hybrid cascaded FWM processes. agp is the seed input;
ayl, Gv2, Gy and Gyg are the vacuum modes; Pump is the
pump input; G; is the amplitude gain of the corresponding
FWM processes.
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Fig. 2. (a) The (1 + 1)-type steering parameters versus with Gp for fixed Go = 1.5; (b) the (1 + 1)-type steering parameters

versus with Go for fixed G1 = 1.5.
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steering parameter versus with G for fixed G; = 1.5.
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Fig. 4. The (2 + 1)-type steering parameters versus with Gy for fixed G1 = 1.5, Go = 1.5, G3 = 1.5: (a) F2 can be steered by

(C2D32) jointly and FE2 can be steered by Cz, D individually; (b) E2 can be steered by different modes combination

(A2C2, A2 D2, B2Ca, B2 D2) jointly.
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Abstract

Multipartite quantum steering is an important quantum resource and the basis of secure quantum
communication network. Multipartite quantum steering can be generated by beam splitter networks, optical
frequency comb systems and nonlinear processes. Different types of quantum steering will be produced by
different projects. In this paper, we design two different schemes, i.e. series cascaded four-wave mixing and
hybrid cascaded four-wave mixing, and based on these two schemes tripartite quantum steering and
quinquepartite quantum steering are generated respectively. The steering characters among different users are
quantified based on the covariance matrix. In theory, we investigate steering parameters among different modes
created by two schemes versus the amplitude gain of four-wave mixing process. We find that one mode can
steer the other two modes separately, but the other two modes cannot steer the one mode simultaneously. By
comparing the steering characters of joint multimodes to a certain single mode with the individual mode to the
single mode respectively, it can be seen that the steerability of the former is stronger than the latter in the
whole gain region, and there exists only the steering of joint multimodes to a single mode in the partial gain
region. More importantly, the steerability of joint multimodes to a single mode can be enhanced with the
quantity of joint multimodes increasing. The results show that multiple types of quantum steering can be
realized by using these two schemes, which are helpful in understanding the distribution of quantum steering in
multipartite system and have important significance in practical secure quantum communication and quantum

secret sharing.
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