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42S. Bogdanović, S. B. Van Dam, C. Bonato, L. C. Coenen, A. M. J. Zwerver, B. Hensen, M. S.
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phase shifts with a single quantum dot”, Science 320, 769–772 (2008).

65R. J. Barbour, P. A. Dalgarno, A. Curran, K. M. Nowak, H. J. Baker, D. R. Hall, N. G. Stoltz,
P. M. Petroff, and R. J. Warburton, “A tunable microcavity”, Journal of Applied Physics
110, 053107 (2011).

66C. A. Potts, A. Melnyk, H. Ramp, M. H. Bitarafan, D. Vick, L. J. LeBlanc, J. P. Davis, and
R. G. DeCorby, “Tunable open-access microcavities for on-chip cavity quantum elec-
trodynamics”, Applied Physics Letters 108, 041103 (2016).

67T. Klaassen, J. deJong, M. P. vanExter, and J. P. Woerdman, “Transverse mode coupling
in an optical resonator”, Opt. Lett. 30, 1959–1961 (2005).

68A. T. Papageorge, A. J. Kollár, and B. L. Lev, “Coupling to modes of a near-confocal opti-
cal resonator using a digital light modulator”, Opt. Express 24, 11447–11457 (2016).

69C. W. Erickson, “High order modes in a spherical fabry-perot resonator”, IEEE Transac-
tions on Microwave Theory and Techniques 23, 218–223 (1975).

70N. Podoliak, H. Takahashi, M. Keller, and P. Horak, “Harnessing the mode mixing in
optical fiber-tip cavities”, Journal of Physics B: Atomic, Molecular and Optical Physics
50, 085503 (2017).

71A. E. Siegman, Lasers (University Science Books, Mill Valley, California, 1986) Chap. 16.
72A. L. Cullen and P. K. Yu, “Complex Source-Point Theory of the Electromagnetic Open

Resonator.”, Proc R Soc London Ser A 366, 155–171 (1979).
73P. Yu and K. Luk, “High-order azimuthal modes in the open resonator”, Electron. Lett.

19, 539–541 (1983).
74R. J. C. Spreeuw, N. J. vanDruten, M. W. Beijersbergen, E. R. Eliel, and J. P. Woerdman,

“Classical realization of a strongly driven two-level system”, Phys. Rev. Lett. 65, 2642–
2645 (1990).

https://refractiveindex.info
https://doi.org/10.1364/oe.23.017205
https://doi.org/10.1364/oe.23.017205
https://doi.org/10.1364/josaa.3.000003
https://doi.org/10.1103/PhysRevA.64.033804
https://doi.org/10.1103/PhysRevA.64.033804
https://opg.optica.org/oe/fulltext.cfm?uri=oe-13-3-882&id=82552
https://opg.optica.org/oe/fulltext.cfm?uri=oe-13-3-882&id=82552
https://doi.org/10.1103/PhysRevA.81.043814
https://doi.org/10.1126/science.1154643
https://opg.optica.org/abstract.cfm?uri=qels-2012-QTu3D.2
https://opg.optica.org/abstract.cfm?uri=qels-2012-QTu3D.2
https://doi.org/10.1063/1.4940715
https://doi.org/10.1364/OL.30.001959
https://doi.org/10.1364/OE.24.011447
https://doi.org/10.1109/TMTT.1975.1128530
https://doi.org/10.1109/TMTT.1975.1128530
https://iopscience.iop.org/article/10.1088/1361-6455/aa640a
https://iopscience.iop.org/article/10.1088/1361-6455/aa640a
https://doi.org/10.1098/rspa.1979.0045
https://doi.org/10.1049/el:19830366
https://doi.org/10.1049/el:19830366
https://doi.org/10.1103/PhysRevLett.65.2642
https://doi.org/10.1103/PhysRevLett.65.2642


118 REFERENCES

75G. Weinreich, “Coupled piano strings”, J. of the Acoustic Soc. of Am. 62, 1474–1484
(1977).

76C. Vallance, A. A. Trichet, D. James, P. R. Dolan, and J. M. Smith, “Open-access micro-
cavities for chemical sensing”, Nanotechnology 27, 274003 (2016).

77S. Häußler, G. Bayer, R. Waltrich, N. Mendelson, C. Li, D. Hunger, I. Aharonovich, and
A. Kubanek, “Tunable fiber-cavity enhanced photon emission from defect centers in
hbn”, Advanced Optical Materials 9, 2002218 (2021).

78M. Ruf, M. Weaver, S. vanDam, and R. Hanson, “Resonant excitation and purcell en-
hancement of coherent nitrogen-vacancy centers coupled to a fabry-perot microcav-
ity”, Phys. Rev. Appl. 15, 024049 (2021).

79D. Riedel, S. Flågan, P. Maletinsky, and R. J. Warburton, “Cavity-Enhanced Raman Scat-
tering for in situ Alignment and Characterization of Solid-State Microcavities”, Physical
Review Applied 13, 1 (2020).

80S. Häußler, J. Benedikter, K. Bray, B. Regan, A. Dietrich, J. Twamley, I. Aharonovich, D.
Hunger, and A. Kubanek, “Diamond photonics platform based on silicon vacancy cen-
ters in a single-crystal diamond membrane and a fiber cavity”, Phys. Rev. B 99, 165310
(2019).

81M. Lax, “From maxwell to paraxial wave optics”, Phys. Rev. A 11, 1365–1370 (1975).
82C. W. Erickson, “Perturbation Theory Generalized to Arbitrary (p,l) Modes in a Fabry-

Perot Resonator”, IEEE Transactions on Microwave Theory and Techniques 25, 958–
959 (1977).

83A. Cullen, “On the accuracy of the beam-wave theory of the open resonator”, IEEE
Trans. Micro. Theory and Techn. 24, 534–535 (1976).

84L. Davis, “Vector electromagnetic modes of an optical resonator”, Phys. Rev. A 30, 3092–
3096 (1984).

85P. Yu and K. Luk, “Field patterns and resonant frequencies of high-order modes in an
open resonator”, IEEE Trans. Micro. Theory and Techn. 32, 641–645 (1984).

86M. Zeppenfeld and P. W. H. Pinkse, “Calculating the fine structure of a fabry-perot res-
onator using spheroidal wave functions”, Opt. Express 18, 9580 (2010).

87D. Giffiths, Introduction to quantum mechanics (Pierson, 2014).
88C. Koks, F. B. Baalbergen, and M. P. van Exter, “Observation of microcavity fine struc-

ture”, Phys. Rev. A 105, 063502 (2022).
89S. Dufferwiel, F. Li, E. Cancellieri, L. Giriunas, A. A. P. Trichet, D. M. Whittaker, P. M.

Walker, F. Fras, E. Clarke, J. M. Smith, M. S. Skolnick, and D. N. Krizhanovskii, “Spin
textures of exciton-polaritons in a tunable microcavity with large te-tm splitting”, Phys.
Rev. Lett. 115, 246401 (2015).

90P. Pinkse, M. Koch, B. Hageman, M. Motsch, M. Zeppenfeld, and G. Rempe, “The role of
berry’s geometric phase in the mode spectrum of a fabry-pérot resonator”, Conference
on Lasers and Electro-Optics Europe and EQEC 2011 (poster) (2011).

91W. Suh, Z. Wang, and S. H. Fan, “Temporal coupled-mode theory and the presence of
non-orthogonal modes in lossless multimode cavities”, IEEE J. Quant. Electr. 40, 1511–
1518 (2004).

https://doi.org/{10.1121/1.381677}
https://doi.org/{10.1121/1.381677}
https://iopscience.iop.org/article/10.1088/0957-4484/27/27/274003/meta
https://doi.org/10.1002/adom.202002218
https://doi.org/10.1103/PhysRevApplied.15.024049
https://doi.org/10.1103/PhysRevApplied.13.014036
https://doi.org/10.1103/PhysRevApplied.13.014036
https://doi.org/10.1103/PhysRevB.99.165310
https://doi.org/10.1103/PhysRevB.99.165310
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.11.1365
https://doi.org/10.1109/TMTT.1977.1129248
https://doi.org/10.1109/TMTT.1977.1129248
https://ieeexplore.ieee.org/document/1128895
https://ieeexplore.ieee.org/document/1128895
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.30.3092
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.30.3092
https://ieeexplore.ieee.org/document/1132746
https://doi.org/10.1364/oe.18.009580
https://doi.org/10.1103/PhysRevA.105.063502
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.246401
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.246401
https://ieeexplore.ieee.org/document/5943470
https://ieeexplore.ieee.org/document/5943470
https://doi.org/10.1109/JQE.2004.834773
https://doi.org/10.1109/JQE.2004.834773


REFERENCES 119

92S. H. Fan, W. Suh, and J. D. Joannopoulos, “Temporal coupled-mode theory for the fano
resonance in optical resonators”, J. Opt. Soc. Am. A 20, 569–572 (2003).

93J. Sakurai and J. Napolitano, Modern quantum mechanics (Cambridge University Press,
1985).

94C. Koks and M. P. van Exter, “Observation of mode-mixing in the eigenmodes of an
optical microcavity”, Optics Express 30, 700–706 (2022).

95C. J. R. Sheppard and S. Saghafi, “Electromagnetic gaussian beams beyond the paraxial
approximation”, J. Opt. Soc. Am. A 16, 1381–1386 (1999).

96A. L. Cullen and P. K. Yu, “Complex source-point theory of the electromagnetic open
resonator”, Proc. Royal Soc. London series A 366, 155–171 (1979).

97K. Y. Bliokh, M. A. Alonso, E. A. Ostrovskaya, and A. Aiello, “Angular momenta and spin-
orbit interaction of nonparaxial light in free space”, Phys. Rev. A 82, 063825 (2010).

98K. Y. Bliokh, F. J. Rodríguez-Fortuño, F. Nori, and A. V. Zayats, “Spin-orbit interactions of
light”, Nature Photonics 9, 796–808 (2015).

99M. Uphoff, M. Brekenfeld, G. Rempe, and S. Ritter, “Frequency splitting of polarization
eigenmodes in microscopic Fabry-Perot cavities”, New Journal of Physics 17, 013053
(2015).

100D. H. Foster, A. K. Cook, and J. U. Nöckel, “Degenerate perturbation theory describ-
ing the mixing of orbital angular momentum modes in Fabry-Perot cavity resonators”,
Physical Review A - Atomic, Molecular, and Optical Physics 79, 1–4 (2009).

101J. E. Harvey, S. Schroeder, N. Choi, and A. Duparré, “Total integrated scatter from sur-
faces with arbitrary roughness, correlation widths, and incident angles”, Opt. Eng. 51,
013402 (2012).

102J. L. Blows and G. W. Forbes, “Mode characteristics of twisted resonators composed of
two cylindrical mirrors.”, Opt. Express 2, 184–190 (1998).

103V. L. Kasyutich, “Laser beam patterns of an optical cavity formed by two twisted cylin-
drical mirrors”, Appl. Phys. B 96, 141–148 (2009).

104J. Gautier, M. Li, T. W. Ebbesen, and C. Genet, “Planar chirality and optical spinâorbit
coupling for chiral fabry-perot cavities”, ACS Photonics 9, 778–783 (2022).

105M. Jaffe, L. Palm, C. Baum, L. Taneja, and J. Simon, “Aberrated optical cavities”, Phys.
Rev. A 104, 013524 (2021).

106N. I. Petrov, “Spin-orbit and tensor interactions of light in inhomogeneous isotropic
media”, Phys. Rev. A 88, 023815 (2013).

107G. Nienhuis, M. D. Al-Amri, D. L. Andrews, and B. M., Structured light for optical com-
munication, chapter 5: operators in quantum optics (Elsevier, 2021).

108A. Sommerfeld, “Zur Feinstruktur der Wasserstofflinien. Geschichte und gegenwärtiger
Stand der Theorie.”, Naturwissenschaften 28, 417–423 (1940).

109K. Thorne and R. Blandford, Modern classical physics: optics, fluids, plasmas, elasticity,
relativity, and statistical physics (Princeton University Press, 2017).

110M. P. van Exter, M. Wubs, E. Hissink, and C. Koks, “Fine structure in fabry-perot micro-
cavity spectra”, Phys. Rev. A 106, 013501 (2022).

https://doi.org/10.1364/josaa.20.000569
https://opg.optica.org/oe/fulltext.cfm?uri=oe-30-2-700&id=466408
https://doi.org/10.1364/JOSAA.16.001381
https://doi.org/10.1098/rspa.1979.0045
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.82.063825
https://doi.org/10.1038/nphoton.2015.201
https://iopscience.iop.org/article/10.1088/1367-2630/17/1/013053/meta
https://iopscience.iop.org/article/10.1088/1367-2630/17/1/013053/meta
https://doi.org/10.1103/PhysRevA.79.011803
https://doi.org/10.1117/1.OE.51.1.013402
https://doi.org/10.1117/1.OE.51.1.013402
https://doi.org/10.1364/OE.2.000184
https://doi.org/10.1007/s00340-009-3576-y
https://doi.org/10.1021/acsphotonics.1c00780
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.104.013524
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.104.013524
https://doi.org/10.1103/PhysRevA.88.023815
https://link.springer.com/article/10.1007/BF01490583
https://doi.org/10.1103/PhysRevA.106.013501


120 REFERENCES

111A. J. Fleisher, D. A. Long, Q. Liu, and J. T. Hodges, “Precision interferometric measure-
ments of mirror birefringence in high-finesse optical resonators”, Phys. Rev. A 93, 013833
(2016).

112J. Kreismann and M. Hentschel, “Spin-orbit interaction of light in three-dimensional
microcavities”, Phys. Rev. A 102, 043524 (2020).

113J. Klaers, J. Schmitt, F. Vewinger, and M. Weitz, “Bose-Einstein condensation of photons
in an optical microcavity”, Nature 468, 545–548 (2010).

114K. J. H. Peters, J. Busink, P. Ackermans, K. G. Cognée, and S. R. K. Rodriguez, “Scalar
potentials for light in a cavity”, Physical Review Research 5, 013154 (2023).

115R. Paschotta, “Beam quality deterioration of lasers caused by intracavity beam distor-
tions”, Opt. Express 14, 6069–6074 (2006).

116M. B. Shemirani, W. Mao, R. A. Panicker, and J. M. Kahn, “Principal modes in graded-
index multimode fiber in presence of spatial- and polarization-mode coupling”, Journal
of Lightwave Technology 27, 1248–1261 (2009).

117B. P. Lanyon, M. Zwerger, P. Jurcevic, C. Hempel, W. Dür, H. J. Briegel, R. Blatt, and C. F.
Roos, “Experimental violation of multipartite bell inequalities with trapped ions”, Phys.
Rev. Lett. 112, 100403 (2014).

118H.-S. Zhong, H. Wang, Y.-H. Deng, M.-C. Chen, L.-C. Peng, Y.-H. Luo, J. Qin, D. Wu, X.
Ding, Y. Hu, P. Hu, X.-Y. Yang, W.-J. Zhang, H. Li, Y. Li, X. Jiang, L. Gan, G. Yang, L. You,
Z. Wang, L. Li, N.-L. Liu, C.-Y. Lu, and J.-W. Pan, “Quantum computational advantage
using photons”, Science 370, 1460–1463 (2020).

119G. Grosso, H. Moon, B. Lienhard, S. Ali, D. K. Efetov, M. M. Furchi, P. Jarillo-Herrero,
M. J. Ford, I. Aharonovich, and D. Englund, “Tunable and high-purity room tempera-
ture single-photon emission from atomic defects in hexagonal boron nitride”, Nature
Communications 8, 705 (2017).

120A. Gottscholl, M. Diez, V. Soltamov, C. Kasper, D. Krauße, A. Sperlich, M. Kianinia, C.
Bradac, I. Aharonovich, and V. Dyakonov, “Spin defects in hbn as promising tempera-
ture, pressure and magnetic field quantum sensors”, Nature Communications 12, 4480
(2021).

121H. L. Stern, C. M. Gilardoni, Q. Gu, S. E. Barker, O. Powell, X. Deng, L. Follet, C. Li, A.
Ramsay, H. H. Tan, I. Aharonovich, and M. Atatüre, “A quantum coherent spin in a two-
dimensional material at room temperature”, arXiv:2306.13025 (2023).

122T. Vogl, H. Knopf, M. Weissflog, P. K. Lam, and F. Eilenberger, “Sensitive single-photon
test of extended quantum theory with two-dimensional hexagonal boron nitride”, Phys.
Rev. Res. 3, 013296 (2021).

123M. Fischer, J. M. Caridad, A. Sajid, S. Ghaderzadeh, M. Ghorbani-Asl, L. Gammelgaard,
P. Bøggild, K. S. Thygesen, A. V. Krasheninnikov, S. Xiao, M. Wubs, and N. Stenger, “Con-
trolled generation of luminescent centers in hexagonal boron nitride by irradiation en-
gineering”, Science Advances 7, eabe7138 (2021).

124A. Kumar, C. Cholsuk, A. Zand, M. N. Mishuk, T. Matthes, F. Eilenberger, S. Suwanna,
and T. Vogl, “Localized creation of yellow single photon emitting carbon complexes in
hexagonal boron nitride”, APL Materials 11, 071108 (2023).

https://doi.org/10.1103/PhysRevA.93.013833
https://doi.org/10.1103/PhysRevA.93.013833
https://doi.org/10.1103/PhysRevA.102.043524
https://doi.org/10.1038/nature09567
https://doi.org/10.1103/physrevresearch.5.013154
https://doi.org/10.1364/OE.14.006069
https://doi.org/10.1109/JLT.2008.2005066
https://doi.org/10.1109/JLT.2008.2005066
https://doi.org/10.1103/PhysRevLett.112.100403
https://doi.org/10.1103/PhysRevLett.112.100403
https://doi.org/10.1126/science.abe8770
https://doi.org/10.1038/s41467-017-00810-2
https://doi.org/10.1038/s41467-017-00810-2
https://doi.org/10.1038/s41467-021-24725-1
https://doi.org/10.1038/s41467-021-24725-1
https://doi.org/10.1103/PhysRevResearch.3.013296
https://doi.org/10.1103/PhysRevResearch.3.013296
https://doi.org/10.1126/sciadv.abe7138
https://doi.org/10.1063/5.0147560


REFERENCES 121

125C. Cholsuk, S. Suwanna, and T. Vogl, “Tailoring the emission wavelength of color centers
in hexagonal boron nitride for quantum applications”, Nanomaterials 12, 2427 (2022).

126L. Novotny and B. Hecht, Principles of nano-optics, 2nd ed. (Cambridge University Press,
2012).

127M. K. Boll, I. P. Radko, A. Huck, and U. L. Andersen, “Photophysics of quantum emitters
in hexagonal boron-nitride nano-flakes”, Optics Express 28, 7475 (2020).

128A. Beveratos, S. Kühn, R. Brouri, T. Gacoin, J. P. Poizat, and P. Grangier, “Room tempera-
ture stable single-photon source”, European Physical Journal D 18, 191–196 (2002).

129N. Chejanovsky, A. Mukherjee, J. Geng, Y. C. Chen, Y. Kim, A. Denisenko, A. Finkler, T.
Taniguchi, K. Watanabe, D. B. R. Dasari, P. Auburger, A. Gali, J. H. Smet, and J. Wrachtrup,
“Single-spin resonance in a van der Waals embedded paramagnetic defect”, Nature Ma-
terials 20, 1079–1084 (2021).

130R. N. Patel, D. A. Hopper, J. A. Gusdorff, M. E. Turiansky, T.-Y. Huang, R. E. K. Fishman, B.
Porat, C. G. Van de Walle, and L. C. Bassett, “Probing the optical dynamics of quantum
emitters in hexagonal boron nitride”, PRX Quantum 3, 030331 (2022).

131P. Khatri, A. J. Ramsay, R. N. E. Malein, H. M. H. Chong, and I. J. Luxmoore, “Optical gat-
ing of photoluminescence from color centers in hexagonal boron nitride”, Nano Letters
20, PMID: 32383892, 4256–4263 (2020).

https://doi.org/10.1364/oe.386629
https://doi.org/10.1140/epjd/e20020023
https://doi.org/10.1038/s41563-021-00979-4
https://doi.org/10.1038/s41563-021-00979-4
https://doi.org/10.1103/PRXQuantum.3.030331
https://doi.org/10.1021/acs.nanolett.0c00751
https://doi.org/10.1021/acs.nanolett.0c00751



