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Emitter-waveguide coupling systems

FOM =
𝐿𝑃

𝜆0
×

𝛤𝑡𝑜𝑡

𝛤0
× β

Figure-of-merit: The ability to efficiently deliver single photons 
in an emitter-waveguide system.
• Confined slow-light mode (high Purcell factor, 𝛤𝑡𝑜𝑡

𝛤0
)

• Moderate losses (large propgation length 𝐿𝑃)

• Hight emitter-waveguide coupling efficiency (β =
𝛤𝑤𝑔

𝛤𝑡𝑜𝑡
)
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Directional coupling
Photoluminescence 

Confocal Image

FOM =
𝐿𝑃

𝜆0
×

𝛤𝑡𝑜𝑡

𝛤0
× β𝑑

Figure-of-merit: The ability to achieve 
directional transmission of single photons.
• High Purcell factor (𝛤𝑡𝑜𝑡

𝛤0
)

• Greater propagation length (𝐿𝑃)
• High directional coupling efficiency (β𝑑)

Siampour et al., Nanophotonics 9, 953-962 (2020) 

Nature Physics 3, 324–328 (2007)

× β−factor is limited (<70%)
× Limited scalability

2nd constructive node



• Chiral effects induced by nanoscale confinement of guided modes

𝑬 =
𝑬𝑥

𝑬𝑦

0

𝑒𝑖𝑘𝑥
TE mode propagating
 in +x direction

𝐸𝑥 =
𝑖

𝑘

𝜕𝐸𝑦

𝜕𝑦

𝐸𝑥 and 𝐸𝑦 oscillate
 90° out of phase

Magnitude is related to 
the mode confinement

𝐸𝑥 ≈ −𝑖𝐸𝑦

Circularly polarized 
light field

Coles et al., Nat. Commun. 7, 11183 (2016)

A typical nanobeam waveguide

4

Chiral regions

GaAs

Propagation-direction-dependent (chiral) coupling

Spin-momentum locking of light 

× Limited β and Purcell factor 



Engineering chiral interactions in waveguides

Nat. Nanotechnol.10, 775 (2015); Nature 541, 473 (2017); Phys. Rev. B 100, 035311 (2019); Optica 
7, 1690 (2020); Laser Photonics Rev 16, 2200077 (2022); npj Quantum Information 9, 15 (2023)

𝐶 = −2𝐼𝑚{𝐸𝑥𝐸𝑦
∗}/𝐼
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Purcell enhancement in the slow-light regime  

τ = 1.2 ns

τ = 60 ps

Siampour et al., npj Quantum Information 9, 15 (2023)

✓ A record Purcell factor of 20-fold 
and near-unity β in chiral waveguide
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Electrical tuning, Stark shift

To eliminate intradot relaxation

Slow-to-fast 
adapter

Slow-to-fast 
adapter



Purcell enhancement in the slow-light regime  

τ = 1.2 ns

τ = 60 ps

Siampour et al., npj Quantum Information 9, 15 (2023)
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g2(t=0)=0.21±0.02

Model HBT (User)

Equation

y0 +A*( B*exp(-abs(x-x0)/t1) + exp(-a
bs(x-(x0+w))/t1) + exp(-abs(x-(x0+2*
w))/t1) + exp(-abs(x-(x0+3*w))/t1) + e
xp(-abs(x-(x0-w))/t1) + exp(-abs(x-(x0

-2*w))/t1))

Plot ReducedY1

y0 0.1713 ± 0.05579

A 38.40608 ± 0.49459

w 12.5068 ± 0.00225

x0 -1.76138 ± 0.00307

t1 0.34787 ± 0.00665

B 0.21441 ± 0.01794

Reduced Chi-Sqr 2.66918

R-Square (COD) 0.91634

Adj. R-Square 0.91595

✓ Single photon emitter

𝛤𝑤𝑔

𝛤0
 ∝

𝑛𝑔

𝐴𝑤𝑔

group 
index

mode area

Purcell 
factor

To eliminate intradot relaxation

✓ A record Purcell factor of 20-fold 
and near-unity β in chiral waveguide
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Figure-of-merit: The ability to achieve efficient 
directional coupling of spin-carrying photons.
• Large chiral area (scalability)
• High Purcell within the chiral area 
• High coupling efficiency (β)

FOM = 𝐴𝑐ℎ𝑖𝑟𝑎𝑙 ∙
𝛤𝑡𝑜𝑡

𝛤0
∙ β

Chiral quantum optical waveguide systems

Siampour et al., npj Quantum Information 9, 15 (2023)

Nat. Commun. 7, 11183 (2016)

Phys. Rev. X 5, 041036 (2015).

Science 340, 328 (2013)

Nat. Nanotechnol.10, 775 (2015)

Laser Photonics Rev 16, 2200077 (2022)



Directional absorption in chiral waveguides

Local excitation Remote excitation

⇜

Germanis et al., arXiv:2502.00218 (2025)

Nature 541, 473 (2017) 

Phys. Rev. B 95, 121401 (2017)



Directional absorption in chiral waveguides

Local excitation Remote excitation

⇜

Germanis et al., arXiv:2502.00218 (2025)

Phys. Rev. B 95, 121401 (2017)

Nature 541, 473 (2017) 



Directional absorption in chiral waveguides

Local excitation Remote excitation

⇜

Germanis et al., arXiv:2502.00218 (2025)Phys. Rev. B 95, 121401 (2017)

Nature 541, 473 (2017) 

Spin memory under quasi-resonant p-shell excitation is close to 100%. 



Directional absorption in chiral waveguides

Local excitation Remote excitation

⇜

Germanis et al., arXiv:2502.00218 (2025)

Phys. Rev. B 95, 121401 (2017)

Electrical tuning, Stark shiftBand structure of the waveguide

Nature 541, 473 (2017) 



Summary and outlook

𝐶 =
β

1 − β
 

Cooperativity: 

key ingredient 
to scale up 
the system 

Science 379, 389 (2023)

Science 362, 662(2018)

Direction-Dependent Phase Shift: 
• Chiral coupling transforms a perfectly reflecting 

emitter into a fully transparent one, inducing a 
non-reciprocal π phase shift in the light.

ChiralSymmetric (Isotropic)

Nat. Commun. 15, 7583 (2024)
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