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I. LINK BETWEEN THE NONLINEAR TWO-PHOTON RESPONSE AND COINCIDENCE
MEASUREMENTS

To study the two-photon nonlinear response of the QD, we shine a weak coherent wavepacket in the transmission
direction which reads1,2

|Ψ(α)
in ⟩ = |0⟩+ α|Ψ(1)

in ⟩+ α2

√
2
|Ψ(2)

in ⟩+O(α3), (1)

where |α|2 ≪ 1 is the weak flux per unit lifetime of the pulse. This pulse is a superposition of a single- |Ψ(1)
in ⟩ and

two-photon |Ψ(2)
in ⟩ wavepacket components which read
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where |1tω⟩ is a monochromatic single-photon Fock state of frequency ω propagating in forward (µ = t) direction and

f̄(ω) = (δt2/π)(1/4)e−δt2(ω−ω0)
2/2

∑Np

n=1 e
i(ω−ω0)T (n−1) is the frequency profile of the train of Np Gaussian wavepackets

centered at the QD transition frequency ω0, with time width δt, and temporal separation T between pulses. The

Fourier transform f(t) = (2π)−1/2
∫
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−(t−[n−1]T )2 is the temporal profile of the train

of Gaussian wavepackets.

This train of coherent Gaussian wavepackets interact with the QD and we measure coincidence counts C
(2)
µµ′(t1, t2)

at each output port of the waveguide µ,µ′ = t, r with two detectors clicking at times t1 and t2. These measurements
are proportional to the unnormalized second-order correlation function defined as
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where aµout(t) = Saµin(t)S
† is the annihilation operator of a photon detected at time t at output channel µ after

interacting with the QD, and S is the Scattering matrix of the quantum dot. Replacing Eqs. (1)-(3) into Eq. (4), we

find that up to small corrections on the flux per lifetime |α|2 ≪ 1, the two-time correletion function G
(2)
µµ′(t1, t2) can

be interpreted as a two-photon wavefunction,
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with Ψ
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2. This two-photon wavefunction can be further

decomposed as,
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where Ψ
(1)
µ (t) = (2π)−1/2
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(1)
out⟩ at direction µ = t, r. In addition, the two-photon nonlinearity N(t1, t2)

is given by a convolution of the input wavepacket profile f̃(ω) and the nonlinear part of the scattering matrix
Tω1ω2

(t2 − t1)
2 as

N(t1, t2) =
1
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−i(ω1+ω2)(t1+t2)/2Tω1ω2(t2 − t1). (7)

In the case of a single two-level emitter with lifetime τ , total decay rate γ = 1/τ , dephasing rate Γ0, decay into the
waveguide modes γwg, and coupling efficiency into the waveguide β = γ1D/γ, the explicit expression of the two-photon
nonlinearity reads2,
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Evaluating Eq. (8) we see that for |t2 − t1| ≫ τ , the nonlinearity vanishes N(t1, t2) ∼ 0 and the two-photon

wavefunction factorizes C
(2)
µµ′(t1, t2) ∝ |Ψ(2)

µµ′(t1, t2)|2 ∼ |Ψ(1)
µ (t1)|2|Ψ(1)

µ′ (t2)
2, as we observe in the data of the main

text. For |t2 − t1| ≲ τ we have an appreciable two-photon nonlinearity N(t1, t2) and thus complex two-photon

correlations are described by C
(2)
µµ′(t1, t2) ∝ |Ψ(2)

µµ′(t1, t2)|2 = |Ψ(1)
µ (t1)Ψ

(1)
µ′ (t2) +N(t1, t2)|2.
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II. COMPLETE DATA SET

In this section we present complete dataset, containing the measured time-resolved second order correlation data for
the correlated (Fig. 1) and uncorrelated (Fig. 2) two-photon wavepacket input, for both output photons transmitted
(a), reflected (b) or going in opposite direction (c).

FIG. 1. Measured time-resolved second order correlation data for transmitted (a), reflected (b) and transmitted reflected pairs
of photons,belonging to the same excitation wavepacket.

FIG. 2. Measured time-resolved second order correlation data for transmitted (a), reflected (b) and transmitted reflected pairs
of photons, belonging to two different excitation wavepackets.

We also present, in Fig. 3 and Fig. 4, corresponding calculated correlations, in the ideal case of β = 1 and
in the absence of dephasing. We have also extended the range of pulse width to much shorter pulses for a better
understanding of the dynamics.
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FIG. 3. Calculated time-resolved second order correlation data for transmitted (a), reflected (b) and transmitted reflected (c)
pairs of photons, belonging to the same excitation wavepacket.

FIG. 4. Calculated time-resolved second order correlation data for transmitted (a), reflected (b) and transmitted reflected (c)
pairs of photons, belonging to two different excitation wavepackets.
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