
Topology of light polarization vortices 
in photonic crystals

Topology and Disorder in Wave Physics — 20th November 2025 — Cargèse

Grazia Salerno — University of Pisa



Outline

• Photonic crystals bands and guided resonances 

• A type of topological state in photonic crystals: bound states in the continuum 

• Non-Hermitian topology in the far field and bulk-radiation correspondence 

• Loss-designed lasing in bound states in the continuum



Photonic crystals
From Maxwell’s equations to an eigenvalue equation for Bloch modes
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ω(r) = ω(r+R)Bloch’s theorem applies
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k      is the in-plane wavevector
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      is the polarization vector<latexit sha1_base64="FRMO2lJyKy9YKvhJ0k2AQIToYwM=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUlEqsuiC11WsA9oQ5lMJ+3QySTMTIQSAv6KGxeKuPU73Pk3TtoI2npg4HDOvdwzx485U9pxvqyl5ZXVtfXSRnlza3tn197bb6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH1/nfvuBSsUica8nMfVCPBQsYARrI/Xtw16I9cgP0jjr/9CbrG9XnKozBVokbkEqUKDRtz97g4gkIRWacKxU13Vi7aVYakY4zcq9RNEYkzEe0q6hAodUeek0foZOjDJAQSTNExpN1d8bKQ6VmoS+mcwTqnkvF//zuokOLr2UiTjRVJDZoSDhSEco7wINmKRE84khmEhmsiIywhITbRormxLc+S8vktZZ1a1Va3fnlfpVUUcJjuAYTsGFC6jDLTSgCQRSeIIXeLUerWfrzXqfjS5Zxc4B/IH18Q38U5Yq</latexit>pG

<latexit sha1_base64="/ExwRQLMaGoGpNG9+u8MiInGt9c=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFF7qsYB/YlpJJM21oJjMkd4Qy9C/cuFDErX/jzr8x085CqwcCh3PuJeceP5bCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PrjO//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0pvZoFxxq+4c5C/xclKBHI1B+bM3jFgScoVMUmO6nhtjP6UaBZN8VuolhseUTeiIdy1VNOSmn84Tz8iJVYYkiLR9Cslc/bmR0tCYaejbySyhWfYy8T+vm2Bw2U+FihPkii0+ChJJMCLZ+WQoNGcop5ZQpoXNStiYasrQllSyJXjLJ/8lrbOqV6vW7s4r9au8jiIcwTGcggcXUIdbaEATGCh4ghd4dYzz7Lw574vRgpPvHMIvOB/ftlaQ9g==</latexit>

G

<latexit sha1_base64="4QPZlSkvv+0Kn6w97ONraKfQAUE=">AAACLnicbZDLSsNAFIYn9VbrLerSzWARWoSSiFQ3QlFElxXsBdoSJpNJO3QyCTMToYQ8kRtfRReCirj1MZzesLb+MPDxn3OYc343YlQqy3ozMkvLK6tr2fXcxubW9o65u1eXYSwwqeGQhaLpIkkY5aSmqGKkGQmCApeRhtu/GtYbD0RIGvJ7NYhIJ0BdTn2KkdKWY163A6R6rp9EqZNM+SZNC1Pup0XYxl6o4IwFj+Fvb/HCcsy8VbJGgotgTyAPJqo65kvbC3EcEK4wQ1K2bCtSnQQJRTEjaa4dSxIh3Edd0tLIUUBkJxmdm8Ij7XjQD4V+XMGROzuRoEDKQeDqzuGScr42NP+rtWLln3cSyqNYEY7HH/kxgyqEw+ygRwXBig00ICyo3hXiHhIIK51wTodgz5+8CPWTkl0ule9O85XLSRxZcAAOQQHY4AxUwC2oghrA4BE8g3fwYTwZr8an8TVuzRiTmX3wR8b3Dz3JqTE=</latexit>

pG(k) · (k+G) = 0

Photonic Crystals - Molding the Flow of Light by Joannopoulos, Johnson, Winn, Meade

Generalized eigenvalue problem
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Periodic modulation of refractive index creates band structures for photons



Guided resonances and BICs
Radiation to the continuum and symmetry-protected modes

Cheben et al. Nature 560, 565 (2018)

Symmetry-protected BIC

Hsu et al. Nat. Rev. Mater. 1, 16048 (2016)

• Bound states in the continuum (BICs) are embedded 
eigenvalues, decoupled from the continuum spectrum 

• General phenomena of waves (electromagnetic, 
acoustic, mechanical, water/elastic, quantum)



Zhen et al., Phys. Rev. Lett. 113, 257401 (2014)
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Bound states in the continuum cannot radiate 
because there is no way to assign a far-field 
polarization that is consistent with 
neighbouring k points. 


Bound states in the continuum are only 
possible when there is vorticity in the 
polarization field, protected by the existence of 
a non-trivial topological charge (winding):Radiation channels destructively interfere in the far-field.


Occur at high-symmetry-point in Brillouin zone.

Topological origin of BICs
Light polarization vortices



Symmetry protection of BICs
Group theory and irreducible representation

BA E
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Symmetry protection of BICs
Group theory and irreducible representation
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Kodigala et al., Nature 541, 196 (2017)

Ha et al., Nat. Nanotechnol. 13, 1042 (2018)

Huang et al., Science 367, 1018 (2020) 

Applications of BICs
Lasers and condensates of light with lower threshold

Also ideal for Bose-Einstein condensates 
with low thresholds in exciton polariton 
structures.

Ardizzone et al., Nature 605, 447 (2022) 
Riminucci et al., Phys. Rev. Lett. 131, 246901 (2023)

BICs laser: due to high-Q an even more efficient way of trapping light!



Wang et al., Nat. Phot. 14, 623 (2020)

Wu et al., New J. Phys. 24, 033002 (2022)


Kang et al., Adv. Optical Mater. 10, 2101497 (2022) 
Ishihara et al., Phys. Rev. Lett. 130, 126701 (2023)

Applications of BICs

Bound states in the continuum can carry protected 
optical angular momentum, making them of interest for 
applications in spin-texture imprinting or multiplexing.

l=+1 l=-1 l=-2 l=-3

A source of optical vortex beams



Non-Hermitian topology in the far field
X. Yuan, L. Malgrey, H. Sigurðsson, H.S. Nguyen, and G. Salerno, Physical Review Research 7, 043141 (2025)

G. Salerno, Perspective on Applied Physics Letters, 127, 080501 (2025)



Guided resonance modes expansion

to a standard eigenvalue equation
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[He!(k)]G,G→ → |k+G|ωG,G→ + ωεG→G→

We can simplify the generalized eigenvalue problem
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ω(r) → ω+ εω(r)

Consider small perturbations on top of a uniform material

Coupling of 
guided modes

Light cones 
“emanating” from  
the guided modes 

(Empty lattice approximation)

Building an effective Hamiltonian

Ardizzone et al., Nature 605, 447 (2022)



Two coupled levels coupled to a continuum
Origin of radiative coupling

<latexit sha1_base64="CbadVzphvBFuQ86nG4JDCn6mUDQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF0xbaUDbbSbt2swm7G6GU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6m/mtJ1SaJ/LBjFMMYjqQPOKMGis1/F6p7FbcOcgq8XJShhz1Xumr209YFqM0TFCtO56bmmBCleFM4LTYzTSmlI3oADuWShqjDibzQ6fk3Cp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9FNMOEyzQxKtlgUZYKYhMy+Jn2ukBkxtoQyxe2thA2poszYbIo2BG/55VXSvKx41Uq1cVWu3eZxFOAUzuACPLiGGtxDHXxggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHtL+M5A==</latexit>

U

<latexit sha1_base64="rwPPmBo3pZZx7L/8guj5IX6pMa0=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT7SriBxw7JXKXsWbwV0mfk7KkKPeK311+zFNBUpDOdG643uJCTKiDKMcJ8VuqjEhdEQG2LFUEoE6yGYHT9xTq/TdKFa2pHFn6u+JjAitxyK0nYKYoV70puJ/Xic10VWQMZmkBiWdL4pS7prYnX7v9plCavjYEkIVs7e6dEgUocZmVLQh+IsvL5PmecWvVqp3F+XadR5HAY7hBM7Ah0uowS3UoQEUBDzDK7w5ynlx3p2PeeuKk88cwR84nz8He5CT</latexit>

|ci

<latexit sha1_base64="Za2AY9kWNCLQyiW+4sCAc9Auqck=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrVq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPin2PIA==</latexit>� <latexit sha1_base64="Za2AY9kWNCLQyiW+4sCAc9Auqck=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrVq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPin2PIA==</latexit>�

<latexit sha1_base64="fyRar90MHiSskkPqHkTknvW8uOg="></latexit>
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Using the formalism of Lindblad Master Equation

mode loss + 
non-Hermitian “radiative” coupling

<latexit sha1_base64="cKX1cZ4aNXxx2GFnD6iVV+/HCoc="></latexit>
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The effective non-Hermitian Hamiltonian (neglecting the quantum jumps)

<latexit sha1_base64="cKX1cZ4aNXxx2GFnD6iVV+/HCoc="></latexit>
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<latexit sha1_base64="2jm5Tt1zGaW7tksfHoMVPRHAVKQ="></latexit>

L̂j =
→
ω|c↑↓j|↔→

ω|j↑↓c|
Jump operators

<latexit sha1_base64="1WzxtICvH9GIV7ZwHlBpM0VpsSo=">AAACP3icbZBLSwMxFIUz9VXrq+rSTbAIglBmilQ3QtFNlxXsAzqlZNLbNm0mMyQZoUz7z9z4F9y5deNCEbfuTNsRtPVCyOF895Lc44WcKW3bz1ZqZXVtfSO9mdna3tndy+4f1FQQSQpVGvBANjyigDMBVc00h0Yogfgeh7o3vJny+j1IxQJxp0chtHzSE6zLKNHGamdrZXyF3cCHHmkP8HjgSiJ6HLDL57fx8Bmu4rGzSAo/pLBIHDxuZ3N23p4VXhZOInIoqUo7++R2Ahr5IDTlRKmmY4e6FROpGeUwybiRgpDQIelB00hBfFCteLb/BJ8Yp4O7gTRHaDxzf0/ExFdq5Hum0ye6rxbZ1PyPNSPdvWzFTISRBkHnD3UjjnWAp2HiDpNANR8ZQahk5q+Y9okkVJvIMyYEZ3HlZVEr5J1ivnh7nitdJ3Gk0RE6RqfIQReohMqogqqIogf0gt7Qu/VovVof1ue8NWUlM4foT1lf39g6rHM=</latexit>

H = ωj |j→↑j|+ U |1→↑2|+ U |2→↑1|
Hermitian Hamiltonian

<latexit sha1_base64="XTrNMsk4HR1Zrjbi3errkqDpNrI=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT35XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AukaQYQ==</latexit>

|1i<latexit sha1_base64="eL/L7yslP2DJAw1KtcVXA1lWE9c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe4H/XLFr/pzoFUS5KQCORr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOb3TtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AG9GY/K</latexit>ω1
<latexit sha1_base64="XRb06e6opsRdX4Eeh3Weli+SXkc=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xkYeBDZkdGpgwO7uZmTUhK1/hxYPGePVzvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxzcxvPaLSPJL3ZhKjH9Kh5APOqLHSw1Olq6gcCuwVS27ZnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixVNIQtZ/OD56SM6v0ySBStqQhc/X3REpDrSdhYDtDakZ62ZuJ/3mdxAyu/JTLODEo2WLRIBHERGT2PelzhcyIiSWUKW5vJWxEFWXGZlSwIXjLL6+SZqXsVcvVu4tS7TqLIw8ncArn4MEl1OAW6tAABiE8wyu8Ocp5cd6dj0VrzslmjuEPnM8fu9GQYg==</latexit>

|2i
<latexit sha1_base64="J/ytp/vJRfzX+PJMcIAbfFj1TFA=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hd0g0WPQi8cI5gHJEmYnvcmQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUamm0KSKK92JiAHOJDQtsxw6iQYiIg7taHw789tPoA1T8sFOEggFGUoWM0qskzo9JWBI+tV+qexX/DnwKglyUkY5Gv3SV2+gaCpAWsqJMd3AT2yYEW0Z5TAt9lIDCaFjMoSuo5IIMGE2v3eKz50ywLHSrqTFc/X3REaEMRMRuU5B7MgsezPxP6+b2vg6zJhMUguSLhbFKcdW4dnzeMA0UMsnjhCqmbsV0xHRhFoXUdGFECy/vEpa1UpQq9TuL8v1mzyOAjpFZ+gCBegK1dEdaqAmooijZ/SK3rxH78V79z4WrWtePnOC/sD7/AG+nY/L</latexit>ω2

<latexit sha1_base64="B2nUD0rQKWwHox1/2IjaOXE9pAc=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyUpUt0IRTcuK9gLtCFMppN26FzCzEQIob6KGxeKuPVB3Pk2TtsstPWHgY//nMM580cJo9p43reztr6xubVd2inv7u0fHLpHxx0tU4VJG0smVS9CmjAqSNtQw0gvUQTxiJFuNLmd1buPRGkqxYPJEhJwNBI0phgZa4VuZSA5GaHQh9ewwHroVr2aNxdcBb+AKijUCt2vwVDilBNhMENa930vMUGOlKGYkWl5kGqSIDxBI9K3KBAnOsjnx0/hmXWGMJbKPmHg3P09kSOudcYj28mRGevl2sz8r9ZPTXwV5FQkqSECLxbFKYNGwlkScEgVwYZlFhBW1N4K8RgphI3Nq2xD8Je/vAqdes1v1Br3F9XmTRFHCZyAU3AOfHAJmuAOtEAbYJCBZ/AK3pwn58V5dz4WrWtOMVMBf+R8/gA295Pc</latexit>ω1 = ω2If 
<latexit sha1_base64="4zD8uBm/G9Tah0eufjuucLGkzws=">AAACAHicbZDNSsNAFIUn/tb6F3Xhws1gEQShJCLVjVB047KCaQtNKJPpTTt0JgkzE6GEbnwVNy4UcetjuPNtnLZZaOuBgY9z7+XOPWHKmdKO820tLa+srq2XNsqbW9s7u/beflMlmaTg0YQnsh0SBZzF4GmmObRTCUSEHFrh8HZSbz2CVCyJH/QohUCQfswiRok2Vtc+9CFVjBt08TX2EwF9gs+w17UrTtWZCi+CW0AFFWp07S+/l9BMQKwpJ0p1XCfVQU6kZpTDuOxnClJCh6QPHYMxEaCCfHrAGJ8Yp4ejRJoXazx1f0/kRCg1EqHpFEQP1HxtYv5X62Q6ugpyFqeZhpjOFkUZxzrBkzRwj0mgmo8MECqZ+SumAyIJ1SazsgnBnT95EZrnVbdWrd1fVOo3RRwldISO0Sly0SWqozvUQB6iaIye0St6s56sF+vd+pi1LlnFzAH6I+vzB5/hlSQ=</latexit>

ω1 = ε + U
<latexit sha1_base64="4nVQ1DLaMc4tWWixZF0ky/PuNaw=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAKghh2g0QbIWhjGcFcIBvC2clJMmRmd5mZFULIC9j4KjYWitja2/k2Ti6FJv4w8PGfczhz/iAWXBvX/XZSS8srq2vp9czG5tb2TnZ3r6qjRDGssEhEqh6ARsFDrBhuBNZjhSADgbWgfzOu1x5QaR6F92YQY1NCN+QdzsBYq5U98jHWXFgs0CvqRxK7QM9ohZ7SAuXU74KU0Mrm3Lw7EV0EbwY5MlO5lf3y2xFLJIaGCdC64bmxaQ5BGc4EjjJ+ojEG1ocuNiyGIFE3h5NrRvTYOm3aiZR9oaET9/fEEKTWAxnYTgmmp+drY/O/WiMxncvmkIdxYjBk00WdRFAT0XE0tM0VMiMGFoApbv9KWQ8UMGMDzNgQvPmTF6FayHvFfPHuPFe6nsWRJgfkkJwQj1yQErklZVIhjDySZ/JK3pwn58V5dz6mrSlnNrNP/sj5/AGB5JlO</latexit>

ω2 = ε → U + 2iϑ
pure real 
complex

cannot decay
can decay



Non-Hermitian effective Hamiltonian
BICs as lossless modes — 1D slab

Sigurðsson, H.C. Nguyen & H.S. Nguyen, Nanophotonics 13, 3503 (2023) Ardizzone et al., Nature 605, 447 (2022)

BIC

<latexit sha1_base64="CbkHFM/6t6pDDXWDC20eDTktUII="></latexit>

Ĥtot(kx, ky) →

(
kx u
u ↑kx

)
+ iω

(
1 ↑1
↑1 1

)

<latexit sha1_base64="j7LhsSySk7cOoKa+AfrrwGh6uVM="></latexit>

Ĥrad = iω

(
p+ · p+ p+ · p→
p→ · p+ p→ · p→

)
= iω

(
1 →1
→1 1

)The radiation (non-Hermitian) part of the model 

<latexit sha1_base64="FcSkDPeRAuMeuiN3OtLRXKo28go=">AAACDnicbVBNS8NAEN3Ur1q/qh69LJZCRSmJSPVY9OKxgv2AJpTNdtMu3STL7kQsob/Ai3/FiwdFvHr25r9x2+ag1QcDj/dmmJnnS8E12PaXlVtaXlldy68XNja3tneKu3stHSeKsiaNRaw6PtFM8Ig1gYNgHakYCX3B2v7oauq375jSPI5uYSyZF5JBxANOCRipVyy7IYGhH6Ry0jvGLpFSxffYFSyAin3iuIoPhnDUK5bsqj0D/kucjJRQhkav+On2Y5qELAIqiNZdx5bgpUQBp4JNCm6imSR0RAasa2hEQqa9dPbOBJeN0sdBrExFgGfqz4mUhFqPQ990To/Xi95U/M/rJhBceCmPZAIsovNFQSIwxHiaDe5zxSiIsSGEKm5uxXRIFKFgEiyYEJzFl/+S1mnVqVVrN2el+mUWRx4doENUQQ46R3V0jRqoiSh6QE/oBb1aj9az9Wa9z1tzVjazj37B+vgGE9KbfQ==</latexit>

p+ → (0, 1)

<latexit sha1_base64="hAU0QMqYoKv5cEE0FRXjqimXZxo=">AAACCXicbVDLSgNBEJyNrxhfqx69DAYhggm7ItGLEPSgxwjmAdkQZiezyZDZBzO9Qlhy9eKvePGgiFf/wJt/42yyB00saCiquunuciPBFVjWt5FbWl5ZXcuvFzY2t7Z3zN29pgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru6Dr1Ww9MKh4G9zCOWNcng4B7nBLQUs/Ejk9g6HrJzaRXxpfYEcyDUtk+sRzJB0M47plFq2JNgReJnZEiylDvmV9OP6SxzwKggijVsa0IugmRwKlgk4ITKxYROiID1tE0ID5T3WT6yQQfaaWPvVDqCgBP1d8TCfGVGvuu7kzvVvNeKv7ndWLwLroJD6IYWEBni7xYYAhxGgvuc8koiLEmhEqub8V0SCShoMMr6BDs+ZcXSfO0Ylcr1buzYu0qiyOPDtAhKiEbnaMaukV11EAUPaJn9IrejCfjxXg3PmatOSOb2Ud/YHz+APODmJg=</latexit>

G→ = (→1, 0)
<latexit sha1_base64="jscYg72p1M5Fu2MYI3tc/aAnUUg=">AAACCHicbVDLSgNBEJyNrxhfUY8eHAxCRAm7ItGLEPSgxwjmAdllmZ3MJkNmH8z0CmHJ0Yu/4sWDIl79BG/+jbNJDppY0FBUddPd5cWCKzDNbyO3sLi0vJJfLaytb2xuFbd3mipKJGUNGolItj2imOAhawAHwdqxZCTwBGt5g+vMbz0wqXgU3sMwZk5AeiH3OSWgJbe4bwcE+p6f3ozcY3yJbcF8KFsnpi15rw9HbrFkVswx8DyxpqSEpqi7xS+7G9EkYCFQQZTqWGYMTkokcCrYqGAnisWEDkiPdTQNScCUk44fGeFDrXSxH0ldIeCx+nsiJYFSw8DTndnZatbLxP+8TgL+hZPyME6AhXSyyE8EhghnqeAul4yCGGpCqOT6Vkz7RBIKOruCDsGafXmeNE8rVrVSvTsr1a6mceTRHjpAZWShc1RDt6iOGoiiR/SMXtGb8WS8GO/Gx6Q1Z0xndtEfGJ8/fduYXw==</latexit>

G+ = (1, 0)
<latexit sha1_base64="g9yAZfGD4sJzUHtesHQYe2+Szfs=">AAACDnicbVDLSgNBEJyNrxhfqx69DIZABBN2RaLHoBePEcwDsiHMTmaTIbO7w0yvGJZ8gRd/xYsHRbx69ubfOHkcNLGgoajqprvLl4JrcJxvK7Oyura+kd3MbW3v7O7Z+wcNHSeKsjqNRaxaPtFM8IjVgYNgLakYCX3Bmv7weuI375nSPI7uYCRZJyT9iAecEjBS1y54IYGBH6Ry3C15REoVP2BPsACKzmnJ9RTvD+Cka+edsjMFXibunOTRHLWu/eX1YpqELAIqiNZt15HQSYkCTgUb57xEM0nokPRZ29CIhEx30uk7Y1wwSg8HsTIVAZ6qvydSEmo9Cn3TOTleL3oT8T+vnUBw2Ul5JBNgEZ0tChKBIcaTbHCPK0ZBjAwhVHFzK6YDoggFk2DOhOAuvrxMGmdlt1Ku3J7nq1fzOLLoCB2jInLRBaqiG1RDdUTRI3pGr+jNerJerHfrY9aaseYzh+gPrM8fLsmbjA==</latexit>

p→ → (0,↑1)

Consider 2 guided modes spanned by G each with 
its polarization vector

<latexit sha1_base64="u3N04n8ur2OcXwtb3e16P/+Ag7M=">AAACGHicbVDLSgMxFM3UV62vqks3wSII0jojUt0IRRe6rGAf0BlKJr3ThmYeJBmhDPMZbvwVNy4Ucdudf2OmLaitBwIn59zLvfe4EWdSmeaXkVtaXlldy68XNja3tneKu3tNGcaCQoOGPBRtl0jgLICGYopDOxJAfJdDyx3eZH7rEYRkYfCgRhE4PukHzGOUKC11i6d2D7giNkSScS0ktk/UwPWS2+5JWv75JOU0TfFV3C2WzIo5AV4k1oyU0Az1bnFs90Ia+xAoyomUHcuMlJMQoRjlkBbsWEJE6JD0oaNpQHyQTjI5LMVHWulhLxT6BQpP1N8dCfGlHPmursw2lfNeJv7ndWLlXToJC6JYQUCng7yYYxXiLCXcYwKo4iNNCBVM74rpgAhClc6yoEOw5k9eJM2zilWtVO/PS7XrWRx5dIAO0TGy0AWqoTtURw1E0RN6QW/o3Xg2Xo0P43NamjNmPfvoD4zxN6eioMY=</latexit>

ωεG+→G→ = u
<latexit sha1_base64="XvN0LyHYK/AIU4O5vZaQ65hN1RU="></latexit>

Ĥ(kx, ky) =

(
|k+G+| u

u |k+G→|

)
→

(
kx + k2y/2 u

u ↑kx + k2y/2

)



<latexit sha1_base64="KT3pOjY7TeiRcO9JxX0+zPpymnw=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRhS4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMl34+xGYdRdjeozwaVqltz50CrxCtIFQq0BpUvfyhJGlNhCMda9z03MUGGlWGE01nZTzVNMJngEe1bKnBMdZDNM8/QuVWGKJLKPmHQXP29keFY62kc2sk8o172cvE/r5+a6DrImEhSQwVZHIpSjoxEeQFoyBQlhk8twUQxmxWRMVaYGFtT2ZbgLX95lXTqNa9RazxcVps3RR0lOIUzuAAPrqAJ99CCNhBI4Ble4c1JnRfn3flYjK45xc4J/IHz+QPkJ5Gb</latexit>

G2

<latexit sha1_base64="c5BlFSzBy//O1HbRtGPxPQcrgt0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFF7qsYB/QGUomzbShmWRIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKvh9jMw6j7G5wORtUa27dnQOtEq8gNSjQGlS//KEkaUyFIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcAx1UE2zzxDZ1YZokgq+4RBc/X3RoZjradxaCfzjHrZy8X/vH5qousgYyJJDRVkcShKOTIS5QWgIVOUGD61BBPFbFZExlhhYmxNFVuCt/zlVdK5qHuNeuPhsta8Keoowwmcwjl4cAVNuIcWtIFAAs/wCm9O6rw4787HYrTkFDvH8AfO5w/nMZGd</latexit>

G4

<latexit sha1_base64="jkKwHacghiNKHzUL49GiUJfk158=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq1WXRhS4r2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4VWDwwczrmXe+aEKWdKu+6XU1pZXVvfKG9WtrZ3dveq+wcdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJTe53H6lULBEPeprSIMYjwSJGsLaS78dYj8Moux2czwbVmlt350B/iVeQGhRoDaqf/jAhJqZCE46V6ntuqoMMS80Ip7OKbxRNMZngEe1bKnBMVZDNM8/QiVWGKEqkfUKjufpzI8OxUtM4tJN5RrXs5eJ/Xt/o6CrImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pYkvwlr/8l3TO6l6j3ri/qDWvizrKcATHcAoeXEIT7qAFbSCQwhO8wKtjnGfnzXlfjJacYucQfsH5+AblrJGc</latexit>

G3
<latexit sha1_base64="Y2w/TocXgFKwNOQnr1bu0qQze5g=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRhS4r2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD486KjGS0DZJeCJ7IVaUM0HbmmlOe6mkOA457YaT29zvPlGpWCIe9TSlQYxHgkWMYG0l34+xHodRdjfwZoNqza27c6BV4hWkBgVag+qXP0yIianQhGOl+p6b6iDDUjPC6aziG0VTTCZ4RPuWChxTFWTzzDN0ZpUhihJpn9Borv7eyHCs1DQO7WSeUS17ufif1zc6ug4yJlKjqSCLQ5HhSCcoLwANmaRE86klmEhmsyIyxhITbWuq2BK85S+vks5F3WvUGw+XteZNUUcZTuAUzsGDK2jCPbSgDQRSeIZXeHOM8+K8Ox+L0ZJT7BzDHzifP+KikZo=</latexit>

G1

<latexit sha1_base64="HKdYoFSDOpt7HWNmVMsuvxZ2ym4="></latexit>

Ĥ(kx, ky) =





|k+G1| v ux v
v |k+G2| v uy

ux v |k+G3| v
v uy v |k+G4|





<latexit sha1_base64="Em+dO6xwlR6M0oZjxl/6bPn+q/U="></latexit>ωG1→G2 = ωG2→G3 = v

ωG3→G4 = ωG4→G1 = v
<latexit sha1_base64="1JgTMWrSdHd6E6E2fd7ozHauLmI="></latexit>ωG1→G3 = ux

<latexit sha1_base64="YiWPpp5G04gOWLMFhOXu4czo3PI="></latexit>ωG2→G4 = uy

<latexit sha1_base64="qKpayiS5sqsmyiieFOOHDB6gAyA="></latexit>

G1 = (1, 0) , p1 → (0, 1)

G2 = (0, 1) , p2 → (↑1, 0)

G3 = (↑1, 0) , p3 → (0,↑1)

G4 = (0,↑1) , p4 → (↑1, 0)

Non-Hermitian effective Hamiltonian
BICs as lossless modes — 2D slab

V. A. Nguyen et al., arXiv:2507.20033 (2025)Yuan, GS et al., Phys. Rev. Research 7, 043141 (2025)



Non-Hermitian effective Hamiltonian
BICs as lossless modes — 2D slab

V. A. Nguyen et al., arXiv:2507.20033 (2025)Yuan, GS et al., Phys. Rev. Research 7, 043141 (2025)

<latexit sha1_base64="x0lOeAuVLCeJKKCFLfeYBXj16a8="></latexit>

Ĥ(kx, ky) =





|k+G1| v ux v
v |k+G2| v uy

ux v |k+G3| v
v uy v |k+G4|





<latexit sha1_base64="qKpayiS5sqsmyiieFOOHDB6gAyA="></latexit>

G1 = (1, 0) , p1 → (0, 1)

G2 = (0, 1) , p2 → (↑1, 0)

G3 = (↑1, 0) , p3 → (0,↑1)

G4 = (0,↑1) , p4 → (↑1, 0)

<latexit sha1_base64="qKpayiS5sqsmyiieFOOHDB6gAyA="></latexit>

G1 = (1, 0) , p1 → (0, 1)

G2 = (0, 1) , p2 → (↑1, 0)

G3 = (↑1, 0) , p3 → (0,↑1)

G4 = (0,↑1) , p4 → (↑1, 0)

<latexit sha1_base64="lUxEOPzHi+T7Rm3QN8wDCRSIyxY="></latexit>

Ĥrad = iω





p1 · p1 p1 · p2 p1 · p3 p1 · p4

p2 · p1 p2 · p2 p2 · p3 p2 · p4

p3 · p1 p3 · p2 p3 · p3 p3 · p4

p4 · p1 p4 · p2 p4 · p3 p4 · p4



 = iω





1 0 →1 0
0 1 0 →1
→1 0 1 0
0 →1 0 1





The radiation coupling is only for co-polarized field component.



The BICs wavefunctions
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#10!3
<latexit sha1_base64="UQv1Bx0D3VbrGkJ9DKPh3NcN6dg="></latexit>

Ĥtot =





kx + iω v ux → iω v

v ky + iω v uy → iω

ux → iω v →kx + iω v

v uy → iω v →ky + iω





BIC+1

BIC-1
<latexit sha1_base64="V63xbCyd2JU71GXNkSQdXF0KjRw=">AAACIHicbVDLSgMxFM34rPVVdekmWARXZUZE3QhFN11WsA/olJJJb9tgJhmSO2IZ+ylu/BU3LhTRnX6N6WPh68CFk3PuJfeeKJHCou9/eHPzC4tLy7mV/Ora+sZmYWu7bnVqONS4lto0I2ZBCgU1FCihmRhgcSShEV1fjP3GDRgrtLrCYQLtmPWV6AnO0Emdwkk4YJhVRp0Q4RYz1Diid2FiRWiY6kugZzQE95Ra/dA7haJf8iegf0kwI0UyQ7VTeA+7mqcxKOSSWdsK/ATbGTMouIRRPkwtJIxfsz60HFUsBtvOJgeO6L5TurSnjSuFdKJ+n8hYbO0wjlxnzHBgf3tj8T+vlWLvtJ0JlaQIik8/6qWSoqbjtGhXGOAoh44wboTblfIBM4yjyzTvQgh+n/yX1A9LwXHp+PKoWD6fxZEju2SPHJCAnJAyqZAqqRFO7skjeSYv3oP35L16b9PWOW82s0N+wPv8ArCxpIk=</latexit>

Ĥtot|ω→ = ε|ω→

Non-Hermitian effective Hamiltonian

<latexit sha1_base64="eAeajRI/69qXWrVs8HPFywmkdzI="></latexit>

ω±
BIC =





ε ±
→
ε2 + 4v2

2v
ε ±

→
ε2 + 4v2

2v




<latexit sha1_base64="fh+q1r3OO3vYulOQMnR0fi8y1vc="></latexit>

ω±BIC = u±
√

ε2 + 4v2

<latexit sha1_base64="uHLacwCviaCuVeVoY9lO6bLz8LU=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJaZItWNUHTjsoJVoVPLmfS0BpPMkGSEMvQh3Pgqblwo4taFO9/G9LLw9kPg4z/ncHL+OBXc2CD49KamZ2bn5gsLxcWl5ZVVf239wiSZZthgiUj0VQwGBVfYsNwKvEo1gowFXsa3J8P65R1qwxN1bvsptiT0FO9yBtZZbX83wtRwkajrPErlgB7RvYw6olEHhQW6SyuU06gHUkLbLwXlYCT6F8IJlMhE9bb/EXUSlklUlgkwphkGqW3loC1nAgfFKDOYAruFHjYdKpBoWvnoqAHddk6HdhPtnrJ05H6fyEEa05ex65Rgb8zv2tD8r9bMbPewlXOVZhYVGy/qZoLahA4Toh2ukVnRdwBMc/dXym5AA7Mux6ILIfx98l+4qJTDarl6tl+qHU/iKJBNskV2SEgOSI2ckjppEEbuySN5Ji/eg/fkvXpv49YpbzKzQX7Ie/8CDLmc7A==</latexit>

ω± = →u± ε + 2iϑ

<latexit sha1_base64="u7yKRQa4hl6NagGB+uU7kNJRLNM=">AAACIXicbVDLSgMxFM3UV62vUZdugkVw0zIjUrsRim5cVrAP6NSSSW/b0ExmSDJiGforbvwVNy4U6U78GTNtEW09kHA4517uvcePOFPacT6tzMrq2vpGdjO3tb2zu2fvH9RVGEsKNRryUDZ9ooAzATXNNIdmJIEEPoeGP7xO/cYDSMVCcadHEbQD0hesxyjRRurYZS9S7D4pjPEl9nzoM5FEAdGSPY5xwcWeh530c1Pigej+uB077xSdKfAyceckj+aoduyJ1w1pHIDQlBOlWq4T6XZCpGaUwzjnxQoiQoekDy1DBQlAtZPphWN8YpQu7oXSPKHxVP3dkZBAqVHgm0qz30Ateqn4n9eKda/cTpiIYg2Czgb1Yo51iNO4cJdJoJqPDCFUMrMrpgMiCdUm1JwJwV08eZnUz4puqVi6Pc9XruZxZNEROkanyEUXqIJuUBXVEEVP6AW9oXfr2Xq1PqzJrDRjzXsO0R9YX98vw6JT</latexit>

ω→ =





→1
0
1
0





<latexit sha1_base64="W/kcqW7IoxrMwvcoXA2n0RWNB1k=">AAACIXicbVDLSgMxFM3UV62vqks3wSIIYpkRqd0IRTcuK9gHdGrJpLdtaCYzJBmxDPMrbvwVNy4U6U78GdN2EG09kMvhnHvJvccLOVPatj+tzNLyyupadj23sbm1vZPf3aurIJIUajTggWx6RAFnAmqaaQ7NUALxPQ4Nb3g98RsPIBULxJ0ehdD2SV+wHqNEG6mTL7uhYvfxSYIvsetBn4k49ImW7DHBtuviUwebak+K44Lo/ridfMEu2lPgReKkpIBSVDv5sdsNaOSD0JQTpVqOHep2TKRmlEOScyMFIaFD0oeWoYL4oNrx9MIEHxmli3uBNE9oPFV/T8TEV2rke6bT7DdQ895E/M9rRbpXbsdMhJEGQWcf9SKOdYAnceEuk0A1HxlCqGRmV0wHRBKqTag5E4Izf/IiqZ8VnVKxdHteqFylcWTRATpEx8hBF6iCblAV1RBFT+gFvaF369l6tT6s8aw1Y6Uz++gPrK9vLbWiUQ==</latexit>

ω+ =





0
→1
0
1





<latexit sha1_base64="fnIxTKCp96UdP03xvyVfvhuKyB0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpKIVDdC0Y3LCvYBbQiTyaQdOpmEeUhD6K+4caGIW3/EnX/jtM1CWw9cOJxzL/feE6SMSuU431ZpbX1jc6u8XdnZ3ds/sA+rHZlogUkbJywRvQBJwignbUUVI71UEBQHjHSD8d3M7z4RIWnCH1WWEi9GQ04jipEykm9XtT+B51D7GbyBg5AwhXy75tSdOeAqcQtSAwVavv01CBOsY8IVZkjKvuukysuRUBQzMq0MtCQpwmM0JH1DOYqJ9PL57VN4apQQRokwxRWcq78nchRLmcWB6YyRGsllbyb+5/W1iq69nPJUK8LxYlGkGVQJnAUBQyoIViwzBGFBza0Qj5BAWJm4KiYEd/nlVdK5qLuNeuPhsta8LeIog2NwAs6AC65AE9yDFmgDDCbgGbyCN2tqvVjv1seitWQVM0fgD6zPH0aPk1M=</latexit>

ux → uy = ω

<latexit sha1_base64="rHC32VSg35PEecTTF4kjIz4csNk="></latexit>

Symmetry IR arg(ωIR) q

C4

A
B
E→

0
ε
ε/2

+1
→1
0



Non-Hermitian effective Hamiltonian
The electric field in the far field
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Reconstruct the far-field using the polarization vectors of the guided modes
<latexit sha1_base64="JUlEnE2r90YuDvoIMxoS9Glg894=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqhuhKILLCvYBnTJk0kwbmmSGJCOUYT7Bjb/ixoUibl2682/MtLPQ1gMhh3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJ37nQciFY3EvZ7EpM/RUNCQYqSN5NvHHkd6FITpTQYvoacS7nPoxYrmX2HFmc99u+rUnCngInELUgUFmr795Q0inHAiNGZIqZ7rxLqfIqkpZiSreIkiMcJjNCQ9QwXiRPXT6UEZPDLKAIaRNE9oOFV/d6SIKzXhganMd1TzXi7+5/USHV70UyriRBOBZ4PChEEdwTwdOKCSYM0mhiAsqdkV4hGSCGuTYcWE4M6fvEjapzW3XqvfnVUbV0UcZXAADsEJcME5aIBb0AQtgMEjeAav4M16sl6sd+tjVlqyip598AfW5w+UL5z3</latexit>

E =
∑

m

ωmpm

<latexit sha1_base64="eAeajRI/69qXWrVs8HPFywmkdzI="></latexit>

ω±
BIC =





ε ±
→
ε2 + 4v2

2v
ε ±

→
ε2 + 4v2

2v





<latexit sha1_base64="u7yKRQa4hl6NagGB+uU7kNJRLNM=">AAACIXicbVDLSgMxFM3UV62vUZdugkVw0zIjUrsRim5cVrAP6NSSSW/b0ExmSDJiGforbvwVNy4U6U78GTNtEW09kHA4517uvcePOFPacT6tzMrq2vpGdjO3tb2zu2fvH9RVGEsKNRryUDZ9ooAzATXNNIdmJIEEPoeGP7xO/cYDSMVCcadHEbQD0hesxyjRRurYZS9S7D4pjPEl9nzoM5FEAdGSPY5xwcWeh530c1Pigej+uB077xSdKfAyceckj+aoduyJ1w1pHIDQlBOlWq4T6XZCpGaUwzjnxQoiQoekDy1DBQlAtZPphWN8YpQu7oXSPKHxVP3dkZBAqVHgm0qz30Ateqn4n9eKda/cTpiIYg2Czgb1Yo51iNO4cJdJoJqPDCFUMrMrpgMiCdUm1JwJwV08eZnUz4puqVi6Pc9XruZxZNEROkanyEUXqIJuUBXVEEVP6AW9oXfr2Xq1PqzJrDRjzXsO0R9YX98vw6JT</latexit>

ω→ =





→1
0
1
0





<latexit sha1_base64="W/kcqW7IoxrMwvcoXA2n0RWNB1k=">AAACIXicbVDLSgMxFM3UV62vqks3wSIIYpkRqd0IRTcuK9gHdGrJpLdtaCYzJBmxDPMrbvwVNy4U6U78GdN2EG09kMvhnHvJvccLOVPatj+tzNLyyupadj23sbm1vZPf3aurIJIUajTggWx6RAFnAmqaaQ7NUALxPQ4Nb3g98RsPIBULxJ0ehdD2SV+wHqNEG6mTL7uhYvfxSYIvsetBn4k49ImW7DHBtuviUwebak+K44Lo/ridfMEu2lPgReKkpIBSVDv5sdsNaOSD0JQTpVqOHep2TKRmlEOScyMFIaFD0oeWoYL4oNrx9MIEHxmli3uBNE9oPFV/T8TEV2rke6bT7DdQ895E/M9rRbpXbsdMhJEGQWcf9SKOdYAnceEuk0A1HxlCqGRmV0wHRBKqTag5E4Izf/IiqZ8VnVKxdHteqFylcWTRATpEx8hBF6iCblAV1RBFT+gFvaF369l6tT6s8aw1Y6Uz++gPrK9vLbWiUQ==</latexit>

ω+ =





0
→1
0
1





BIC q=+1 BIC q=-1 non-BIC q=0 non-BIC q=0



Comparison with RCWA

Yuan, GS et al., Phys. Rev. Research 7, 043141 (2025)

<latexit sha1_base64="loqvwAEoixW48Y0n8tkr+dOQ7lA="></latexit>

ux10→3 uy10→3 v10→3 lx [µm] ly [µm]
BBNN -3.5 -3.5 1.1 0.12 0.12
BNBN -13 4.5 2 0.12 0.28
BNNB 0.014 0.014 1.4 0.208 0.208
NBNB -4.5 14 1.4 0.2 0.28
NNBB 5.6 5.6 2.4 0.28 0.28

Non-Hermitian effective Hamiltonian



Non-Hermitian Quantum Geometric Tensor
Two ways of calculating it?

<latexit sha1_base64="jqU8u2EzBOEkukBvNpQJj+Duwrk="></latexit>

� =
1

2
arctan

✓
S2

S1

◆

� =
1

2
arctan

 
S3p

S2
1 + S2

2

!

<latexit sha1_base64="OaL8shth+jyBFpYeDOKNK5phWFo="></latexit>

Bµ⌫ =
1

2
sin� (@µ�@⌫�� @µ�@⌫�)

“Far-field calculated” 
from Electric field polarization and the Stokes vectors

<latexit sha1_base64="jqU8u2EzBOEkukBvNpQJj+Duwrk="></latexit>

� =
1

2
arctan

✓
S2

S1

◆

� =
1

2
arctan

 
S3p

S2
1 + S2

2

!

<latexit sha1_base64="+83kaSsPec2g8zf2aQx451zUPsk=">AAACC3icbVBNS8NAEJ34WetX1aOXpUXwVBKR6kUoiuCxgv2AJpTNdtMu3WzC7kYosXcv/hUvHhTx6h/w5r9x0+agrQ8GHu/NMDPPjzlT2ra/raXlldW19cJGcXNre2e3tLffUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/usr89j2VikXiTo9j6oV4IFjACNZG6pXKboj10A/S6wm6QO4Q67QxQQ9urJgrsRhwinqlil21p0CLxMlJBXI0eqUvtx+RJKRCE46V6jp2rL0US80Ip5OimygaYzLCA9o1VOCQKi+d/jJBR0bpoyCSpoRGU/X3RIpDpcahbzqzy9W8l4n/ed1EB+deykScaCrIbFGQcKQjlAWD+kxSovnYEEwkM7ciMsQSE23iK5oQnPmXF0nrpOrUqrXb00r9Mo+jAIdQhmNw4AzqcAMNaAKBR3iGV3iznqwX6936mLUuWfnMAfyB9fkDazCarA==</latexit>

E = P̂ |ω→
<latexit sha1_base64="dYe3NHTPsScvjZQ0v3XhWL92D2g=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwVWZEqguFogguK9oHdErJpJlpaJIZkoxQpv0ZN/6KGxcWEVz5K2baCrV6IHA451xy7/FjRpV2nE8rt7S8srqWXy9sbG5t79i7e3UVJRKTGo5YJJs+UoRRQWqaakaasSSI+4w0/P515jceiVQ0Eg96EJM2R6GgAcVIG6ljX3gc6Z4fpPcjeAk9hkTICPwRb0Zw6CkacgSH86InJ7mOXXRKzgTwL3FnpAhmqHbssdeNcMKJ0JghpVquE+t2iqSmmJFRwUsUiRHuo5C0DBWIE9VOJ1eO4JFRujCIpHlCw4k6P5EirtSA+yaZbaoWvUz8z2slOjhvp1TEiSYCTz8KEgZ1BLPKYJdKgjUbGIKwpGZXiHtIIqxNsQVTgrt48l9SPym55VL57rRYuZrVkQcH4BAcAxecgQq4BVVQAxg8gRfwBsbWs/VqvVsf02jOms3sg1+wvr4BqMClYw==</latexit>

S = →E|ω|E↑

<latexit sha1_base64="gUmNlylf16sAIPLPjGVf9LW5Xsw="></latexit>

gµω =
1

4

(
ωµεωωε+ sin2 εωµϑωωϑ

)

<latexit sha1_base64="UMqZ3BhCe7ZVrHdYx0sN3N9Jehc="></latexit>

|E→ = cos(ω/2)eiω|+→+ sin(ω/2)|↑→

Bleu, Solnyshkov & Malpuech, Phys. Rev. B 97, 195422 (2018)

<latexit sha1_base64="ji0SwzRMZXzneFXdV5i05EOZeVI="></latexit>

Ĥtot| Ri = ✏ | Ri

Ĥ
†
tot| Li = ✏

⇤| Li

“Bulk calculated” 
from the eigenstates of the effective Hamiltonian

Use right eigenvectors

<latexit sha1_base64="fTOFTE412II6khmaSlgBLwvSiqI="></latexit>

T
ωε
µϑ =

∑

m →=n

→ωω
n |εµĤtot|ωε

m↑→ωω
m|εϑĤtot|ωε

n↑
(ϑm ↓ ϑ↑n)

2

<latexit sha1_base64="fFUTlnmhpBNgDxfKp0wrQ9ZEfBU="></latexit>

Bµω = →1

2
Im{TRR

µω → TRR
ωµ }

<latexit sha1_base64="FKZOROy2QambXTjKczrzRyXdD0U="></latexit>

gµω =
1

2
Re{TRR

µω + TRR
ωµ }



Cuerda et al., Phys. Rev. Research 6, L022020 (2024)

Plasmonic lattices @ Aalto! 

Quantum Geometric Tensor observations
Not an abstract quantity

Gianfrate et al., Nature 578, 381 (2020)

Microcavity exciton-polariton

Chang-Rui et al., Phys. Rev. Research 5, L032016 (2023)

Optical Raman lattice 
Other realizations (possibly an incomplete list)

Asteria et al., Nat. Phys. 15, 449 (2019)

Guillot et al., arXiv:2507.16446 (2025)  
….

Tan et al., Phys. Rev. Lett. 123, 159902 (2019)

Kang et al. Nat. Phys. 21, 110 (2025)
Kim et al. Science 388, 1050 (2025)

Min et al. Natl. Sci. Rev. 7, 254 (2020)



<latexit sha1_base64="A3C4zqAD1qY+c0pPOg6Vsp/ln3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ5lsN+3SzSbsbsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHtzO/9ciU5ol8MOOUBTEOJI84RWMlf9R7ItgrV9yqOwdZJV5OKpCj0St/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYmugwmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHdxmOeg==</latexit>

kxa

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="A3C4zqAD1qY+c0pPOg6Vsp/ln3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ5lsN+3SzSbsbsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHtzO/9ciU5ol8MOOUBTEOJI84RWMlf9R7ItgrV9yqOwdZJV5OKpCj0St/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYmugwmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHdxmOeg==</latexit>

kxa
<latexit sha1_base64="A3C4zqAD1qY+c0pPOg6Vsp/ln3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ5lsN+3SzSbsbsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHtzO/9ciU5ol8MOOUBTEOJI84RWMlf9R7ItgrV9yqOwdZJV5OKpCj0St/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYmugwmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHdxmOeg==</latexit>

kxa

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="A3C4zqAD1qY+c0pPOg6Vsp/ln3o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ5lsN+3SzSbsbsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHtzO/9ciU5ol8MOOUBTEOJI84RWMlf9R7ItgrV9yqOwdZJV5OKpCj0St/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYmugwmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86Lq1aq1+8tK/SaPowgncArn4MEV1OEOGuADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHdxmOeg==</latexit>

kxa

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

<latexit sha1_base64="r5IHersAGinF+ZlJ6xe5nsbs8T0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToRQ+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIeME95ENOREpFgFK3kTwY5oYNqza27C5C/xCtIDQq0BtXP/jBhWcwVMkmN6XluisGUahRM8lmlnxmeUjahI96zVNGYm2C6OHZGzqwyJFGibSkkC/XnxJTGxuRxaDtjimOz6s3F/7xehtF1MBUqzZArtlwUZZJgQuafk6HQnKHMLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeJ+Oew==</latexit> k y
a

The non-Hermitian Berry Curvature
Is there a bulk-radiation correspondence?

Band 1 Band 2 Band 3 Band 4

Yuan, GS et al., Phys. Rev. Research 7, 043141 (2025) see also Yin et al. Nat. Commun. 16, 2796 (2025) 



Loss-designed lasing from BICs
G. Salerno, R. Heilmann, K. Arjas, K. Aronen, J.P. Martikainen, and P. Törmä, Phys. Rev. Lett. 129 173901 (2022)

K. Arjas, J. M. Taskinen, R. Heilmann, G. Salerno and P. Törmä, Nat. Commun. 15, 9544 (2024) 

R. Heilmann, G. Salerno, J. Cuerda, TK Hakala, and P. Törmä, ACS Photonics 9 224 (2022)
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SLRs enable a strong 
confinement of light to the 

nanoscale!

García de Abajo, Rev. Mod. Phys. 79, 1267 (2007)

Tame et al., Nat. Phys. 9, 329 (2013)

x
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coupling

Zhou et al., Prog. Quantum Electr. 65, 1 (2019)

Plasmonic lattices
Surface Lattice Resonances in metallic nanoparticles arrays

Localised surface plasmon: 
interaction between light & collective 
electronic oscillations (plasma) inside 
the metal. Depends on the material, 
and on the shape of nanoparticles.

Bozhevolnyi, Martin-Moreno & Garcia-Vidal, eds. Quantum plasmonics

Fluorescent dye molecules are used as a gain medium, and the system is optically pumped by a laser.
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<latexit sha1_base64="k0fKjf3B1V9oj2bZrQ49qRkrOJE=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyUpFT0WRfBYwX5AG8NmO2mXbjZhdyOUtF78K148KOLVf+HNf+OmzUFbHww83pthZp4fMyqVbX8bS8srq2vrhY3i5tb2zq65t9+UUSIINEjEItH2sQRGOTQUVQzasQAc+gxa/vAq81sPICSN+J0axeCGuM9pQAlWWvLMw3E3xGrgB+n1xOvGWGDGgI3vK55Zssv2FNYicXJSQjnqnvnV7UUkCYErwrCUHceOlZtioShhMCl2EwkxJkPch46mHIcg3XT6wcQ60UrPCiKhiytrqv6eSHEo5Sj0dWd2rpz3MvE/r5Oo4MJNKY8TBZzMFgUJs1RkZXFYPSqAKDbSBBNB9a0WGegUiNKhFXUIzvzLi6RZKTvV8tlttVS7zOMooCN0jE6Rg85RDd2gOmoggh7RM3pFb8aT8WK8Gx+z1iUjnzlAf2B8/gD/Gpc+</latexit>

|Ez|2

<latexit sha1_base64="QA4eIUl/dqoax9jEdWPYM98SFlc=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVZJS0WVRBJcV7APaGCbTSTt0Mgkzk0JN+yduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bRTW1jc2t4rbpZ3dvf0D8/CoJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/dJP57TERkkb8QU1i4oZowGlAMVJa8kxz2guRGvpBejvznqaPVc8s2xV7DmuVODkpQ46GZ371+hFOQsIVZkjKrmPHyk2RUBQzMiv1EklihEdoQLqachQS6abz5DPrTCt9K4iEflxZc/X3RopCKSehryezmHLZy8T/vG6igis3pTxOFOF4cShImKUiK6vB6lNBsGITTRAWVGe18BAJhJUuq6RLcJa/vEpa1YpTq1zc18r167yOIpzAKZyDA5dQhztoQBMwjOEZXuHNSI0X4934WIwWjHznGP7A+PwBwxKTvw==</latexit>

|Ek|2

<latexit sha1_base64="k0fKjf3B1V9oj2bZrQ49qRkrOJE=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyUpFT0WRfBYwX5AG8NmO2mXbjZhdyOUtF78K148KOLVf+HNf+OmzUFbHww83pthZp4fMyqVbX8bS8srq2vrhY3i5tb2zq65t9+UUSIINEjEItH2sQRGOTQUVQzasQAc+gxa/vAq81sPICSN+J0axeCGuM9pQAlWWvLMw3E3xGrgB+n1xOvGWGDGgI3vK55Zssv2FNYicXJSQjnqnvnV7UUkCYErwrCUHceOlZtioShhMCl2EwkxJkPch46mHIcg3XT6wcQ60UrPCiKhiytrqv6eSHEo5Sj0dWd2rpz3MvE/r5Oo4MJNKY8TBZzMFgUJs1RkZXFYPSqAKDbSBBNB9a0WGegUiNKhFXUIzvzLi6RZKTvV8tlttVS7zOMooCN0jE6Rg85RDd2gOmoggh7RM3pFb8aT8WK8Gx+z1iUjnzlAf2B8/gD/Gpc+</latexit>

|Ez|2

<latexit sha1_base64="QA4eIUl/dqoax9jEdWPYM98SFlc=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVZJS0WVRBJcV7APaGCbTSTt0Mgkzk0JN+yduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyoVLb9bRTW1jc2t4rbpZ3dvf0D8/CoJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/dJP57TERkkb8QU1i4oZowGlAMVJa8kxz2guRGvpBejvznqaPVc8s2xV7DmuVODkpQ46GZ371+hFOQsIVZkjKrmPHyk2RUBQzMiv1EklihEdoQLqachQS6abz5DPrTCt9K4iEflxZc/X3RopCKSehryezmHLZy8T/vG6igis3pTxOFOF4cShImKUiK6vB6lNBsGITTRAWVGe18BAJhJUuq6RLcJa/vEpa1YpTq1zc18r167yOIpzAKZyDA5dQhztoQBMwjOEZXuHNSI0X4934WIwWjHznGP7A+PwBwxKTvw==</latexit>

a.u.

<latexit sha1_base64="m/OJa34zECqA6RF4QtIcvkwmmiY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa5hN3UHVZrnustgNaJX5AaFGgNq1+DUUxSQaUhHGvd973EBBlWhhFO55VBqmmCyRSPad9SiQXVQba4dY4urDJCUaxsSYMW6u+JDAutZyK0nQKbiV71cvE/r5+a6CbImExSQyVZLopSjkyM8sfRiClKDJ9Zgoli9lZEJlhhYmw8FRuCv/ryOunUXf/KbTzUa83bIo4ynME5XIIP19CEe2hBGwhM4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gBy3Y3a</latexit>

A0

<latexit sha1_base64="5njXidTSNJvNEygDKcLtuUVhn+s=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrsGo0fUi0c08kiAkNlhFibMzm5mek3Ihj/w4kFjvPpH3vwbB9iDgpV0UqnqTneXH0th0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPd8qnhUiheR4GSt2LNaehL3vRHt1O/+cS1EZF6xHHMuyEdKBEIRtFKD9envWLJLbszkGXiZaQEGWq94lenH7Ek5AqZpMa0PTfGbko1Cib5pNBJDI8pG9EBb1uqaMhNN51dOiEnVumTINK2FJKZ+nsipaEx49C3nSHFoVn0puJ/XjvB4KqbChUnyBWbLwoSSTAi07dJX2jOUI4toUwLeythQ6opQxtOwYbgLb68TBrnZa9SvrivlKo3WRx5OIJjOAMPLqEKd1CDOjAI4Ble4c0ZOS/Ou/Mxb8052cwh/IHz+QP1toz+</latexit>

A00

<latexit sha1_base64="8n2ybHlSPMzGxwm05unILl/9GY0=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSAyeyK7B6BH14hGjPBLYkNmhFybMzm5mZk0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/WbT6g0j+WjGSXoR7QvecgZNVZ6uC6VuoWiW3ZnIMvEy0gRMtS6ha9OL2ZphNIwQbVue25i/DFVhjOBk3wn1ZhQNqR9bFsqaYTaH89OnZBTq/RIGCtb0pCZ+ntiTCOtR1FgOyNqBnrRm4r/ee3UhFf+mMskNSjZfFGYCmJiMv2b9LhCZsTIEsoUt7cSNqCKMmPTydsQvMWXl0njvOxVyhf3lWL1JosjB8dwAmfgwSVU4Q5qUAcGfXiGV3hzhPPivDsf89YVJ5s5gj9wPn8AVi+NLw==</latexit>

E10

<latexit sha1_base64="I//wNJg9i/fWvEau7qoutq4Wppw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVFj0WRfBYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5QcyZNq777eRWVtfWN/Kbha3tnd294v5BU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsYXU/91hNVmklxb8Yx9SM8ECxkBBsrNW8eUu900iuW3LI7A1omXkZKkKHeK351+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tPZtRN0YpU+CqWyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z+skJrz0UybixFBB5ovChCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMGG4C2+vEya52WvUq7eVUq1qyyOPBzBMZyBBxdQg1uoQwMIPMIzvMKbI50X5935mLfmnGzmEP7A+fwB5L2OsQ==</latexit>

E20

<latexit sha1_base64="sa9JFdkLabVb+rnqEvNhkcVkJ+w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9ktFT0WRfBYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5QcyZNq777eRWVtfWN/Kbha3tnd294v5BU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsYXU/91hNVmklxb8Yx9SM8ECxkBBsrNW8e0srppFcsuWV3BrRMvIyUIEO9V/zq9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7aezayfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dJTHjpp0zEiaGCzBeFCUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oIINwVt8eZk0K2WvWj6/q5ZqV1kceTiCYzgDDy6gBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kD5kOOsg==</latexit>

B0

<latexit sha1_base64="9C4nYhSPTd+m6S3JxyAaZ+KBQzM=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrsGo0eCF49o5JHAhswOszBhdnYz02tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+64lrI2L1iOOE+xEdKBEKRtFKD7XzXrHklt05yCrxMlKCDPVe8avbj1kacYVMUmM6npugP6EaBZN8WuimhieUjeiAdyxVNOLGn8wvnZIzq/RJGGtbCslc/T0xoZEx4yiwnRHFoVn2ZuJ/XifF8MafCJWkyBVbLApTSTAms7dJX2jOUI4toUwLeythQ6opQxtOwYbgLb+8SpqXZa9SvrqvlKq1LI48nMApXIAH11CFO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AH3O4z/</latexit>

B00

<latexit sha1_base64="7alnWdHfMXkpVdvGS9+2ckQerdI=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSAyeyK7B6JHgxSNGeSSwIbPDABNmZzczvSZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriKUw6Lrfztr6xubWdm4nv7u3f3BYODpumijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grGtzO/9cS1EZF6xEnM/ZAOlRgIRtFKD7VSqVcoumV3DrJKvIwUIUO9V/jq9iOWhFwhk9SYjufG6KdUo2CST/PdxPCYsjEd8o6liobc+On81Ck5t0qfDCJtSyGZq78nUhoaMwkD2xlSHJllbyb+53USHNz4qVBxglyxxaJBIglGZPY36QvNGcqJJZRpYW8lbEQ1ZWjTydsQvOWXV0nzsuxVylf3lWK1lsWRg1M4gwvw4BqqcAd1aACDITzDK7w50nlx3p2PReuak82cwB84nz9XtY0w</latexit>

E100

<latexit sha1_base64="DtRqZWR8twkI6aQkRTnqKm4MH8s=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYJB4CrsS0WNQBI8RzAOSNcxOOsmQ2dllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsriAXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1FipefuYeqXSpFsoumV3BrJMvIwUIUOtW/jq9CKWhCgNE1TrtufGxk+pMpwJnOQ7icaYshEdYNtSSUPUfjo7d0JOrdIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenvpMcVMiPGllCmuL2VsCFVlBmbUN6G4C2+vEwa52WvUr64rxSr11kcOTiGEzgDDy6hCndQgzowGMEzvMKbEzsvzrvzMW9dcbKZI/gD5/MHRnOO4g==</latexit>

E200

<latexit sha1_base64="PMpKP2NZndXVEXlD0e3mdDMuNmk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRapp7JbKnosiuCxgv2Adi3ZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySD2YSU1/goWQhI9hYqX37mFbL5Wm/WHIr7hxolXgZKUGGRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRa6CWaxpiM8ZB2LZVYUO2n83On6MwqAxRGypY0aK7+nkix0HoiAtspsBnpZW8m/ud1ExNe+SmTcWKoJItFYcKRidDsdzRgihLDJ5Zgopi9FZERVpgYm1DBhuAtv7xKWtWKV6tc3NdK9essjjycwCmcgweXUIc7aEATCIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AUf6juM=</latexit>

Finite Element Methods simulations
Heilmann, GS et al. ACS Photonics 9, 224 (2022)

690 nm

<latexit sha1_base64="58CSQHw4B8T+8ONlGdufOz4nxg8="></latexit>
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A quadrumer array
Modes of a C4-symmetric system (FEM)



Lasing energy = 1.382 eV 

Linewidth = 1 meV

Q-factor = 1382

How to identify which mode is lasing?

The experimental signatures of lasing
A quadrumer array

Heilmann, GS et al. ACS Photonics 9, 224 (2022)



A quadrumer array
Exp

<latexit sha1_base64="urYcGJRqbNMoq15Gf6X1hSUk48Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRY9BETxGNA9IljA7mSRDZmeXmV4xLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyL1gOOY+yEdKNEXjKKV7m+e4m6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNStk7K5/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4ARW+Nyw==</latexit>

Exp

<latexit sha1_base64="urYcGJRqbNMoq15Gf6X1hSUk48Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGRY9BETxGNA9IljA7mSRDZmeXmV4xLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+85FrIyL1gOOY+yEdKNEXjKKV7m+e4m6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNStk7K5/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4ARW+Nyw==</latexit>

Th

<latexit sha1_base64="LbuMcbTH0Yb8RgOS+2p6HMqXpt4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rFKv6ANZbOdtEs3m7C7EUroP/DiQRGv/iNv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHxqhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42v3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjJ7mwy4QmbExBLKFLe3EjaiijJjwynaELzll1dJq1rxLitXD9Vy7TaPowCncAYX4ME11OAe6tAEBiE8wyu8OWPnxXl3Phata04+cwJ/4Hz+AHSIjVA=</latexit>

Th

<latexit sha1_base64="LbuMcbTH0Yb8RgOS+2p6HMqXpt4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rFKv6ANZbOdtEs3m7C7EUroP/DiQRGv/iNv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHxqhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42v3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjJ7mwy4QmbExBLKFLe3EjaiijJjwynaELzll1dJq1rxLitXD9Vy7TaPowCncAYX4ME11OAe6tAEBiE8wyu8OWPnxXl3Phata04+cwJ/4Hz+AHSIjVA=</latexit>

a.u.

<latexit sha1_base64="m/OJa34zECqA6RF4QtIcvkwmmiY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa5hN3UHVZrnustgNaJX5AaFGgNq1+DUUxSQaUhHGvd973EBBlWhhFO55VBqmmCyRSPad9SiQXVQba4dY4urDJCUaxsSYMW6u+JDAutZyK0nQKbiV71cvE/r5+a6CbImExSQyVZLopSjkyM8sfRiClKDJ9Zgoli9lZEJlhhYmw8FRuCv/ryOunUXf/KbTzUa83bIo4ynME5XIIP19CEe2hBGwhM4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gBy3Y3a</latexit>

q = +1

<latexit sha1_base64="qb58ecBm3eaxDno0qWnOlMGK6dU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRZBEMquVPQiFL14rGA/oF1KNs22oUl2TbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyb+e0nqjSL5IOZxNQXeChZyAg2mfR4feb1yxW36s6AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort1ik6sMkBhpGxJg2bq74kUC60nIrCdApuRXvQy8T+vm5jwyk+ZjBNDJZkvChOOTISyx9GAKUoMn1iCiWL2VkRGWGFibDwlG4K3+PIyaZ1XvVr14r5Wqd/kcRThCI7hFDy4hDrcQQOaQGAEz/AKb45wXpx352PeWnDymUP4A+fzBzbhjbQ=</latexit>

Polarization vortex in real space

The boundaries provide a leak channel to observe the BIC.
Heilmann, GS et al. ACS Photonics 9, 224 (2022)



t

<latexit sha1_base64="XHBE/3R/jlJn62qdTFIzdAFRDls=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48t2FZpQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6PqCGS6F4CwVKfp9oTqNA8k4wvpn5nSeujYjVHU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9WvWyWavUH/I4inACp3AOHlxBHW6hAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH6ayNFw==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

Increasing hexam
er size

<latexit sha1_base64="SaprcxNHR2Zqqmapq+6ZWl2pqc4=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMSl4sQ9OIxglkgGUJPp5O06WXo7hHCkH/w4kERr/6PN//GTjIHTXxQ8Hiviqp6UcyZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hEE1oniivdirChnElat8xy2oo1xSLitBmNbqd+84lqw5R8sOOYhgIPJOszgq2TGvb63JeiWyz5ZX8GtEyCjJQgQ61b/Or0FEkElZZwbEw78GMbplhbRjidFDqJoTEmIzygbUclFtSE6ezaCTpxSg/1lXYlLZqpvydSLIwZi8h1CmyHZtGbiv957cT2r8KUyTixVJL5on7CkVVo+jrqMU2J5WNHMNHM3YrIEGtMrAuo4EIIFl9eJo2zcnBRrtxXStWbLI48HMExnEIAl1CFO6hBHQg8wjO8wpunvBfv3fuYt+a8bOYQ/sD7/AHh5Y6w</latexit>

t = 50nm

<latexit sha1_base64="3axCa4ZIhKYetfJ1OOCisb373Uk=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6kUoevFYwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWjzhJuB/RoRKhYBSt1MYbr+qqqF8quxV3DrJKvJyUIUejX/rqDWKWRlwhk9SYrucm6GdUo2CST4u91PCEsjEd8q6likbc+Nn83Ck5t8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzH4nA6E5QzmxhDIt7K2EjaimDG1CRRuCt/zyKmlVK95lpfZQK9dv8zgKcApncAEeXEEd7qEBTWAwhmd4hTcncV6cd+dj0brm5DMn8AfO5w9OBo7o</latexit>

t = 120nm

<latexit sha1_base64="6aNjo1cjCj0o4ClZBKcsPYeUQtY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lErBeh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY03Xs1VUb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6qHpX1cuHy0r9No+jCCdwCufgQQ3qcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz9VqY7t</latexit>

t = 170nm

<latexit sha1_base64="WoOOXzgplonct9/A1E9c/42ZgdA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6kUoevFYwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWjzhJuB/RoRKhYBSt1MabquuqqF8quxV3DrJKvJyUIUejX/rqDWKWRlwhk9SYrucm6GdUo2CST4u91PCEsjEd8q6likbc+Nn83Ck5t8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzH4nA6E5QzmxhDIt7K2EjaimDG1CRRuCt/zyKmlVK95lpfZQK9dv8zgKcApncAEeXEEd7qEBTWAwhmd4hTcncV6cd+dj0brm5DMn8AfO5w9MgI7n</latexit>

t = 200nm

A hexamer array
Lasing mode transition

GS et al., Phys. Rev. Lett. 129, 173901 (2022)



C6

A
B
E⇤

1

E⇤
2

0
⇡

⇡/3
2⇡/3

+1
�2
0

�1

<latexit sha1_base64="XwEuM89t1tr0/oY17NXFDZ4dgLw="></latexit>

A’

<latexit sha1_base64="oLMhSrYcF4OzUA/ATysBCq82NHA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKewGRY8RL3qLYh6QhDA76U2GzM4uM7NCWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffEKleSQfzTjGbkgHkgecUWOlh+vTXrHklt0ZyDLxMlKCDLVe8avTj1gSojRMUK3bnhubbkqV4UzgpNBJNMaUjegA25ZKGqLuprNLJ+TEKn0SRMqWNGSm/p5Iaaj1OPRtZ0jNUC96U/E/r52Y4KqbchknBiWbLwoSQUxEpm+TPlfIjBhbQpni9lbChlRRZmw4BRuCt/jyMmlUyt55+eK+UqreZXHk4QiO4Qw8uIQq3EIN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/3MY0D</latexit>

B’

<latexit sha1_base64="ybltnLO5Dv3kYmJkaY+MQ+QU33g=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKewGRY9BL3qLYh6QhDA76U2GzM4uM7NCWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffEKleSQfzTjGbkgHkgecUWOlh+vTXrHklt0ZyDLxMlKCDLVe8avTj1gSojRMUK3bnhubbkqV4UzgpNBJNMaUjegA25ZKGqLuprNLJ+TEKn0SRMqWNGSm/p5Iaaj1OPRtZ0jNUC96U/E/r52Y4KqbchknBiWbLwoSQUxEpm+TPlfIjBhbQpni9lbChlRRZmw4BRuCt/jyMmlUyt55+eK+UqreZXHk4QiO4Qw8uIQq3EIN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/4to0E</latexit>

E1
1’

<latexit sha1_base64="yTArt4dL5hEEX4K6Nw5uuJ/eJ0w=">AAAB73icbVBNSwMxEJ31s9avqkcvwVb0VHaLoseCCHqrYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDXxm09UaRbJezOKqS9wX7KQEWys1Loudb0Hr3TSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vkkal7J2Vz+8qxeptFkcODuEITsGDC6jCDdSgDgQ4PMMrvDmPzovz7nzMWpecbOYA/sD5/AEB1I6q</latexit>

E1
2’

<latexit sha1_base64="cG+ukkhFEN9Ads0/c0Gh6L6/NhM=">AAAB73icbVBNSwMxEJ31s9avqkcvwVb0VHaLoseCCHqrYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDXxm09UaRbJezOKqS9wX7KQEWys1LoudSsPXumkWyi6ZXcKtEi8jBQhQ61b+Or0IpIIKg3hWOu258bGT7EyjHA6zncSTWNMhrhP25ZKLKj20+m9Y3RslR4KI2VLGjRVf0+kWGg9EoHtFNgM9Lw3Ef/z2okJL/2UyTgxVJLZojDhyERo8jzqMUWJ4SNLMFHM3orIACtMjI0ob0Pw5l9eJI1K2Tsrn99VitXbLI4cHMIRnIIHF1CFG6hBHQhweIZXeHMenRfn3fmYtS452cwB/IHz+QMDXI6r</latexit>

A hexamer array
The modes and their momentum space polarization properties

GS et al., Phys. Rev. Lett. 129, 173901 (2022)



A’

<latexit sha1_base64="oLMhSrYcF4OzUA/ATysBCq82NHA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKewGRY8RL3qLYh6QhDA76U2GzM4uM7NCWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffEKleSQfzTjGbkgHkgecUWOlh+vTXrHklt0ZyDLxMlKCDLVe8avTj1gSojRMUK3bnhubbkqV4UzgpNBJNMaUjegA25ZKGqLuprNLJ+TEKn0SRMqWNGSm/p5Iaaj1OPRtZ0jNUC96U/E/r52Y4KqbchknBiWbLwoSQUxEpm+TPlfIjBhbQpni9lbChlRRZmw4BRuCt/jyMmlUyt55+eK+UqreZXHk4QiO4Qw8uIQq3EIN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/3MY0D</latexit>

B’

<latexit sha1_base64="ybltnLO5Dv3kYmJkaY+MQ+QU33g=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKewGRY9BL3qLYh6QhDA76U2GzM4uM7NCWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffEKleSQfzTjGbkgHkgecUWOlh+vTXrHklt0ZyDLxMlKCDLVe8avTj1gSojRMUK3bnhubbkqV4UzgpNBJNMaUjegA25ZKGqLuprNLJ+TEKn0SRMqWNGSm/p5Iaaj1OPRtZ0jNUC96U/E/r52Y4KqbchknBiWbLwoSQUxEpm+TPlfIjBhbQpni9lbChlRRZmw4BRuCt/jyMmlUyt55+eK+UqreZXHk4QiO4Qw8uIQq3EIN6sAggGd4hTdn5Lw4787HvDXnZDOH8AfO5w/4to0E</latexit>

E1
1’

<latexit sha1_base64="yTArt4dL5hEEX4K6Nw5uuJ/eJ0w=">AAAB73icbVBNSwMxEJ31s9avqkcvwVb0VHaLoseCCHqrYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDXxm09UaRbJezOKqS9wX7KQEWys1Loudb0Hr3TSLRTdsjsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTeMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEl37KZJwYKslsUZhwZCI0eR71mKLE8JElmChmb0VkgBUmxkaUtyF48y8vkkal7J2Vz+8qxeptFkcODuEITsGDC6jCDdSgDgQ4PMMrvDmPzovz7nzMWpecbOYA/sD5/AEB1I6q</latexit>

E1
2’

<latexit sha1_base64="cG+ukkhFEN9Ads0/c0Gh6L6/NhM=">AAAB73icbVBNSwMxEJ31s9avqkcvwVb0VHaLoseCCHqrYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDXxm09UaRbJezOKqS9wX7KQEWys1LoudSsPXumkWyi6ZXcKtEi8jBQhQ61b+Or0IpIIKg3hWOu258bGT7EyjHA6zncSTWNMhrhP25ZKLKj20+m9Y3RslR4KI2VLGjRVf0+kWGg9EoHtFNgM9Lw3Ef/z2okJL/2UyTgxVJLZojDhyERo8jzqMUWJ4SNLMFHM3orIACtMjI0ob0Pw5l9eJI1K2Tsrn99VitXbLI4cHMIRnIIHF1CFG6hBHQhweIZXeHMenRfn3fmYtS452cwB/IHz+QMDXI6r</latexit>

q = �1

<latexit sha1_base64="s88uL6jesba460eP3LLV1Pu6prc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnoRil48VrAf0C4lm2bb0CS7JlmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYTVZpF8sFMYuoLPJQsZASbTHq8PvP65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtM6rXq16cV+r1G/yOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5AznrjbY=</latexit>

q = +1

<latexit sha1_base64="qb58ecBm3eaxDno0qWnOlMGK6dU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRZBEMquVPQiFL14rGA/oF1KNs22oUl2TbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyb+e0nqjSL5IOZxNQXeChZyAg2mfR4feb1yxW36s6AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort1ik6sMkBhpGxJg2bq74kUC60nIrCdApuRXvQy8T+vm5jwyk+ZjBNDJZkvChOOTISyx9GAKUoMn1iCiWL2VkRGWGFibDwlG4K3+PIyaZ1XvVr14r5Wqd/kcRThCI7hFDy4hDrcQQOaQGAEz/AKb45wXpx352PeWnDymUP4A+fzBzbhjbQ=</latexit>

q = 0

<latexit sha1_base64="GqolQEYHvshtuuhiWT9PYN/8r10=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHiOYByRJmJ51kyOzsOjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zSdUmkfywYxj9EM6kLzPGTVWun+8crvFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2KuXzu0qpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fzmGNfg==</latexit>

q = �2

<latexit sha1_base64="yIusertgw6z2sp2Pq7pNJ7q1BSw=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4seyWil6EohePFewHtEvJptk2NMmuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9mfvuJKs0i+WAmMfUFHkoWMoJNJj1en1f7pbJbcWdAy8TLSRlyNPqlr94gIomg0hCOte56bmz8FCvDCKfTYi/RNMZkjIe0a6nEgmo/nd06RadWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6iDcFbfHmZtKoVr1a5uK+V6zd5HAU4hhM4Aw8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3rjj5zBH8gfP5Aztvjbc=</latexit>

Increasing hexam
er size

A hexamer array
Polarization-resolved measurement in momentum space

GS et al., Phys. Rev. Lett. 129, 173901 (2022)



• The mode with the highest Q-factor is 
usually preferred for lasing.


• T-matrix calculations show that this 
transition is attributed to a change of the 
modes’ losses when the unit cell is varied.

⇡
/2

<latexit sha1_base64="sOl+hpEvHm+/F7oMqo8fbM1RZ58=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkmp6LHoxWMF+wFtKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZq9hJ+We2Xym7FnYOsEi8nZcjR6Je+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/Nj52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMw+JwOukBkxsYQyxe2thI2ooszYfIo2BG/55VXSqla8WuXqoVau3+ZxFOAUzuACPLiGOtxDA5rAgMMzvMKbI50X5935WLSuOfnMCfyB8/kDMdOOSg==</latexit>

0<latexit sha1_base64="An5gB6ecKaM3NJ1h8Yfruz4kmTk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VK/TaPowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/fEuMvg==</latexit>

�
⇡
/2

<latexit sha1_base64="2l6LbxCOT5cuwBOcyKcMcFZ/dcE=">AAAB7XicbVBNSwMxEJ2tX7V+tOrRS7AIXqy7paLHohePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3dsvlg4OW1omitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqXXei9lFtV8quxV3DrRKvIyUIUOjX/rqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fo1CoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjtp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0qhWvVrm8r5XrN1kceTiGEzgDD66gDnfQgCYQeIRneIU3RzovzrvzsWjNOdnMEfyB8/kDm9SOgQ==</latexit>

q = �1

<latexit sha1_base64="s88uL6jesba460eP3LLV1Pu6prc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnoRil48VrAf0C4lm2bb0CS7JlmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYTVZpF8sFMYuoLPJQsZASbTHq8PvP65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtM6rXq16cV+r1G/yOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5AznrjbY=</latexit>

q = +1

<latexit sha1_base64="qb58ecBm3eaxDno0qWnOlMGK6dU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRZBEMquVPQiFL14rGA/oF1KNs22oUl2TbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyb+e0nqjSL5IOZxNQXeChZyAg2mfR4feb1yxW36s6AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort1ik6sMkBhpGxJg2bq74kUC60nIrCdApuRXvQy8T+vm5jwyk+ZjBNDJZkvChOOTISyx9GAKUoMn1iCiWL2VkRGWGFibDwlG4K3+PIyaZ1XvVr14r5Wqd/kcRThCI7hFDy4hDrcQQOaQGAEz/AKb45wXpx352PeWnDymUP4A+fzBzbhjbQ=</latexit>

q = 0

<latexit sha1_base64="GqolQEYHvshtuuhiWT9PYN/8r10=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHiOYByRJmJ51kyOzsOjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zSdUmkfywYxj9EM6kLzPGTVWun+8crvFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2KuXzu0qpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fzmGNfg==</latexit>

q = �2

<latexit sha1_base64="yIusertgw6z2sp2Pq7pNJ7q1BSw=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4seyWil6EohePFewHtEvJptk2NMmuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9mfvuJKs0i+WAmMfUFHkoWMoJNJj1en1f7pbJbcWdAy8TLSRlyNPqlr94gIomg0hCOte56bmz8FCvDCKfTYi/RNMZkjIe0a6nEgmo/nd06RadWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6iDcFbfHmZtKoVr1a5uK+V6zd5HAU4hhM4Aw8uoQ530IAmEBjBM7zCmyOcF+fd+Zi3rjj5zBH8gfP5Aztvjbc=</latexit>

<latexit sha1_base64="VFk/qKqHomodtcbEEEkD0+CZSBQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBaxHixJKepFKIrgsYL9gDaUzXbTLt1s0t1NoYT+Di8eFPHqj/Hmv3Hb5qDVBwOP92aYmedFnClt219WZmV1bX0ju5nb2t7Z3cvvHzRUGEtC6yTkoWx5WFHOBK1rpjltRZLiwOO06Q1vZ35zTKVioXjUk4i6Ae4L5jOCtZHcEbpG5w4q3nXLp2fdfMEu2XOgv8RJSQFS1Lr5z04vJHFAhSYcK9V27Ei7CZaaEU6nuU6saITJEPdp21CBA6rcZH70FJ0YpYf8UJoSGs3VnxMJDpSaBJ7pDLAeqGVvJv7ntWPtX7kJE1GsqSCLRX7MkQ7RLAHUY5ISzSeGYCKZuRWRAZaYaJNTzoTgLL/8lzTKJeeiVHmoFKo3aRxZOIJjKIIDl1CFe6hBHQiM4Ale4NUaW8/Wm/W+aM1Y6cwh/IL18Q0h7o+/</latexit>

q = �1(E0
2)

<latexit sha1_base64="BH69kJLd6Dn6B8/JOY8RSl4chlQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBaxIpREinoRql48VrAfkIay2W7apZts3J0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeX4suAbb/rZyS8srq2v59cLG5tb2TnF3r6lloihrUCmkavtEM8Ej1gAOgrVjxUjoC9byh7cTv/XElOYyeoBRzLyQ9CMecErASO4jvsKnDi5fH590iyW7Yk+BF4mTkRLKUO8Wvzo9SZOQRUAF0dp17Bi8lCjgVLBxoZNoFhM6JH3mGhqRkGkvnZ48xkdG6eFAKlMR4Kn6eyIlodaj0DedIYGBnvcm4n+em0Bw6aU8ihNgEZ0tChKBQeLJ/7jHFaMgRoYQqri5FdMBUYSCSalgQnDmX14kzbOKc16p3ldLtZssjjw6QIeojBx0gWroDtVRA1Ek0TN6RW8WWC/Wu/Uxa81Z2cw++gPr8wftu48U</latexit>

q = +1(A0)
<latexit sha1_base64="hwDNNX9ie0ZIX2zMGnNVB5GZO84=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBaxHixJKepFKPXisYL9gDSUzXbTLt1k4+5EKKE/w4sHRbz6a7z5b9y2OWj1wcDjvRlm5vmx4Bps+8vKrayurW/kNwtb2zu7e8X9g7aWiaKsRaWQqusTzQSPWAs4CNaNFSOhL1jHH9/M/M4jU5rL6B4mMfNCMox4wCkBI7kP+BqfV3G5cXrWL5bsij0H/kucjJRQhma/+NkbSJqELAIqiNauY8fgpUQBp4JNC71Es5jQMRky19CIhEx76fzkKT4xygAHUpmKAM/VnxMpCbWehL7pDAmM9LI3E//z3ASCKy/lUZwAi+hiUZAIDBLP/scDrhgFMTGEUMXNrZiOiCIUTEoFE4Kz/PJf0q5WnItK7a5WqjeyOPLoCB2jMnLQJaqjW9RELUSRRE/oBb1aYD1bb9b7ojVnZTOH6Besj2/z3o8Y</latexit>

q = �2(B0)
<latexit sha1_base64="QsPa+r/RAnAZcwOK71Zn8yeH4II=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLWS9mVol6EoggeK9gPaJeSTbNtaDYbk6xQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL5CcaeO6387S8srq2npuI7+5tb2zW9jbb+g4UYTWScxj1QqwppwJWjfMcNqSiuIo4LQZDG8mfvOJKs1i8WBGkvoR7gsWMoKNlTqP6Aq5qHTb9U5Ou4WiW3anQIvEy0gRMtS6ha9OLyZJRIUhHGvd9lxp/BQrwwin43wn0VRiMsR92rZU4IhqP53ePEbHVumhMFa2hEFT9fdEiiOtR1FgOyNsBnrem4j/ee3EhJd+yoRMDBVktihMODIxmgSAekxRYvjIEkwUs7ciMsAKE2NjytsQvPmXF0njrOydlyv3lWL1OosjB4dwBCXw4AKqcAc1qAMBCc/wCm9O4rw4787HrHXJyWYO4A+czx+zSo+G</latexit>

q = 0(E0
1)

A hexamer array
A “loss induced” transition

GS et al., Phys. Rev. Lett. 129, 173901 (2022)



• Finite Element simulations of the field distribution inside the unit cell. 


• Despite the symmetry of the modes being the same, the Electric-field hotspots are closer to the 
nanoparticles for high-lossy modes (Ohmic losses).


• Mode competition for lasing will depend on spatial overlap of the Electric-field with the gain.
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A hexamer array
A “loss induced” transition

GS et al., Phys. Rev. Lett. 129, 173901 (2022)



• Group theory dictates the symmetry 
properties of the BICs with different charges.


• We construct the modes from the interference 
of standing waves at high-symmetry points of 
the BZ.


• Nanoparticles are placed in the nodes of the 
E-field to reduce Ohmic losses.


• The mode will then have an optimal spatial 
overlap with the gain, suitable for lasing.

Arjas, GS et al., Nat. Commun. 15, 9544 (2024) 

Phase difference

symmetry

Topological charge

1

-2

-1

a b

10 µm

...

,

2

3

4

5

6

7

8

A quasicrystal with C12 symmetry
Design by symmetry of the lasing mode
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A quasicrystal with C12 symmetry
The structure factors

Arjas, GS et al., Nat. Commun. 15, 9544 (2024) 

Our arrangement Random C12 arrangement



High topological charges in lasing
A quasicrystal with C12 symmetry

Arjas, GS et al., Nat. Commun. 15, 9544 (2024) 



Polarization resolved measurements and theory comparison
A quasicrystal with C12 symmetry

Arjas, GS et al., Nat. Commun. 15, 9544 (2024) 



Coherence and “flat-band-like” features of the lasing mode
A quasicrystal with C12 symmetry

Arjas, GS et al., Nat. Commun. 15, 9544 (2024) 



• Non-Hermitian effective model to describe BICs in photonic crystals 

• BICs can alter the topology of the far-field 

• Lasing in BICs from lattices with different rotational symmetries tuned by 
plasmonic losses
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