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I. Coupling ratio dependence of one-photon two-atom excitation effect

We numerically calculate the projection Pj ≡ |⟨Ψj |j⟩|2 of the superposition states |Ψgg1⟩ ≃ (|ψ3⟩ + |ψ4⟩)/
√
2 (≃

|gg1⟩) and |Ψee0⟩ ≃ (|ψ3⟩ − |ψ4⟩)/
√
2 (≃ |ee0⟩) at the anticrossing point on the bare states |j⟩ = {|gg1⟩ , |ee0⟩} as a

function of the coupling ratio, and the result is shown in Supplementary Fig. 1(a). As mentioned in the theoretical

prediction in Ref. 1, a lower g/ωr maximizes the projection. However, the effective coupling strength below g/ωr = 0.1

is much smaller than that at larger coupling ratios, see Supplementary Fig. 1(b). Thus, when g/ωr is below 0.1, we

cannot clearly see the antisplitting between |gg1⟩ and |ee0⟩ and the “one–photon–exciting–two–atoms” effect. As

shown in the right panel of Supplementary Fig. 1, the effective coupling is maximum at around g1,2/ωr ≃ 0.7, which

is close to our system.

According to the theoretical prediction in Ref. 1, when the Hamiltonian has no direct spin-spin interaction, which
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Supplementary Fig. 1. The left panel shows the maximum value of the projections Pgg1(g/ωr) and Pee0(g/ωr) at the

antisplitting point. The green dotted vertical line corresponds to the value that maximizes g30−40. the right panel shows the

effective coupling constant g30−40 plotted against the coupling ratio g/ωr. The red and blue star represent g1/ωr = 0.64 and

g2/ωr = 0.67, respectively.
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is written as

Hideal/ℏ =
ωq

2

∑
i=1,2

σ̂zi + ωra
†a+ g

∑
i=1,2

(σ̂zi cos θ + σ̂xi sin θ)(â
† + â) , (1)

the effective coupling strength Ω between |gg1⟩ and |ee0⟩ can be approximate to

Ω ≃ 8

3

g3

ω2
q

sin θ cos θ2 , (2)

where ωq is the qubit frequency, and θ = arctan(−∆/ε). The parameters in our system are θ1 ≃ 0.09 × 2π, θ2 ≃

0.06× 2π, ωq1 ≃ 3.42 GHz, and ωq2 ≃ 2.48 GHz. From Eq. (2), the effective coupling constant Ω obtained using the

parameters in our system is expected to be more than 200 MHz. The measured effective coupling constant g30−40 is

much suppressed. Besides, if the Hamiltonian has no direct spin-spin interaction, the projections on |gg1⟩ and |ee0⟩ at

the anticrossing point is less than 0.8 at g/ωr = 0.25, and when g/ωr ≫ 0.25, the “one–photon–exciting–two–atoms”

effect is no longer observed.
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