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Many linear-optical quantum approaches rely
on the creation and manipulation of high-
dimensional entangled states. Prior research has
mainly focused on specific entangled states, such
as graph or GHZ states, which form the basis of
many notable quantum computing [1] and quan-
tum communication |2] protocols. Although exper-
imentally feasible, existing schemes for generating
these states suffer from low success probabilities,
resulting in significant technical overhead. This
motivates the search for more efficient strategies
for preparing entanglement in linear optics.

Recent developments in quantum information
theory introduce novel formalisms that represent
wider ranges of states and codespaces [3,4], which
call for linear optical methods to generate such
states. In this paper, we focus on the linear optical
generation of multiqubit GHZ-like states, with the
traditional maximally entangled GHZ state being
a special case:

|Gn(@)) = cos(a) [0)*" +sin(a) [1)*", (1)
where |0) and |1) forms a logical basis of the qubit,
and the parameter 0 < o < 7/4 is a Schmidt angle
that quantifies the degree of entanglement of the
state.

These states are useful in algorithms such
as quantum teleportation [5], and were recently
proven to be local unitary equivalent to weighted
hypergraph states [6], a generalization of graph
states. Weighted graph states, in turn, have appli-
cations in quantum algorithms, including quantum
computing [3]. Moreover, these states are covered
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Figure 1: a) First method creating any target GHZ-like
state |Gy (7)) from a set of similar arbitrary-entangled
2-qubit resource states |Ga(«)) with fusion operations.
Angles in the boxes correspond to the parameters of the
modified fusion gates used in the scheme, and boxes with-
out parameters show standard Type-I fusion gates. b)
Required generation rate of two-qubit resource states for
creating 7-qubit GHZ-like states |G7(7)) at a target rate
of fi = 1 Hz. The dashed line indicates the required
Bell pair generation rate to produce maximally entan-
gled states |G7(mw/4)) at the same rate using known fusion
methods [7]

by the recent extension of Pauli stabilizer formalism [4], a powerful tool lying in the basis of many modern
quantum error correction and quantum computing protocols.

We propose an approach for creating multiqubit GHZ-like states using well-known linear-optical fusion
gates and analyze its performance. Our methods involves sequential application of probabilistic entangling
measurements on small pre-generated GHZ-like resource states, fusing them into larger states. We show

that:



e The success probabilities of fusion of GHZ-like states may surpass the 50% limit associated with
Pauli stabilizer states.

e Our modifications of fusion gates enable control over the entanglement degree in the resulting states.

o Large GHZ-like states can be created with significantly higher efficiency compared to known methods
for GHZ state preparation.

We introduce two protocols. The first, depicted in Fig. 1(a), starts with the creation of a number
arbitrary-entangled small resource states and applies a sequence of fusion gates on them to construct the
target state. The second algorithm uses specific resource states, but achieves higher efficiency. We quan-
titatively compare both protocols to existing approaches and explore the trade-off between entanglement
and success probability.

Fig 1(b) demonstrates required generation rates of two-qubit resource states to achieve a target 7-
qubit GHZ-like state generation rate of f; = 1 Hz. Labels show corresponding entanglement degree of
resource states for the first method, and an entanglement degree of resource states for the second method
equals arctan(tanl/G(v)). In the marginal case @« = v = m/4 both methods correspond to the known
schemes creating maximally-entangled GHZ states fusing maximally-entangled resource states [7]. We
demonstrate the performance of a such scheme generating 7-qubit GHZ states |G7(w/4)) fusing 6 Bell
states with the dashed line in Fig 1(b).

Our estimations show that the efficiency of the state generation can be significantly elevated at the
cost of reducing entanglement degree of the target states. These findings suggest that GHZ-like states,
with an ability to tune the entanglement degree and improved generation rates, are promising candidates
for future linear-optical quantum applications.
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