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The limiting amplitude principle
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Example:  consider the wave equation

Limiting amplitude principle in plasmonics, CARVALHO, 2020. 
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Assuming we can write then the problem boils down to 
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with

When can we make this assumption ?

There is a boundary/source term that behaves like

then after a long time (or asymptotically) the solution admits the same behavior.
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Why considering the time-harmonic problem ?

Only spatial dependence

Lots of efficient methods available to solve problems in frequency domains

Is the limiting amplitude principle valid for all problems ? 
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3Limiting amplitude principle in plasmonics, CARVALHO, 2020. 



/14

Scattering in plasmonic structures (TD)

4Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Dielectric

Metal

The goal is to compute the scattered field by a polygonal metallic obstacle.

µ0
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@t
= �r⇥ ~E? in R2
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@ ~E?
@t

= ~r⇥Hz in R2 \ ⌦̄

"0"1
@ ~E?
@t

= ~r⇥Hz � ~J? in ⌦

@ ~J?
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= !
2
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~E? in ⌦

~J? = 0 in R2 \ ⌦
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Consider the Transverse Magnetic polarization: (Ex, Ey, Hz) = ( ~E?, Hz)
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Maxwell equations reduce to:

"d
<latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit>

"1
<latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit>

!p
<latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit>
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Scattering in plasmonic structures (TD)

4Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Dielectric

Metal

The goal is to compute the scattered field by a polygonal metallic obstacle.

Consider the Transverse Magnetic polarization: (Ex, Ey, Hz) = ( ~E?, Hz)
<latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit>

Maxwell equations reduce to:

"d
<latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit>

"1
<latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit>

!p
<latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit>

µ0
@Hz

@t
= �r⇥ ~E? in R2

"0"
@ ~E?
@t

= ~r⇥Hz � ~J? in R2

@ ~J?
@t

= !
2
p"0

~E? in ⌦

~J? = 0 in R2 \ ⌦
<latexit sha1_base64="A7eumnYldsfvj2Ab/iqxvmRlbMw="></latexit><latexit sha1_base64="A7eumnYldsfvj2Ab/iqxvmRlbMw="></latexit><latexit sha1_base64="A7eumnYldsfvj2Ab/iqxvmRlbMw="></latexit><latexit sha1_base64="A7eumnYldsfvj2Ab/iqxvmRlbMw="></latexit>

" :=

(
"d R2 \ ⌦̄
"1 ⌦

<latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit>

Nicaise (2018)

This problem is well-posed (truncate domain with Silver-Müller condition)
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Scattering in plasmonic structures (FD)

5Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Dielectric

Metal

Maxwell equations reduce to:

"d
<latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit>

�i!µ0Hz = �r⇥ ~E? in R2

�i!"0"
~E? = ~r⇥Hz � ~J? in R2

�i! ~J? = !
2
p"0

~E? in ⌦

~J? = 0 in R2 \ ⌦
<latexit sha1_base64="Pe/+ryHoNi3fV6mC3Eva0jxn6Z0="></latexit><latexit sha1_base64="Pe/+ryHoNi3fV6mC3Eva0jxn6Z0="></latexit><latexit sha1_base64="Pe/+ryHoNi3fV6mC3Eva0jxn6Z0="></latexit><latexit sha1_base64="Pe/+ryHoNi3fV6mC3Eva0jxn6Z0="></latexit>

"1
<latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit><latexit sha1_base64="J8qxPvCmP8TXZOMA5GoqW0bytK4=">AAACDnicbVA9TwJBEN3DL8Qv1NLmIpBYkTsaKUlsLDGRj4QjZG+Zgw17e5fdOSK58Ats/Cs2Fhpja23nv3GBKxR8ySQv783szjw/Flyj43xbua3tnd29/H7h4PDo+KR4etbWUaIYtFgkItX1qQbBJbSQo4BurICGvoCOP7lZ+J0pKM0jeY+zGPohHUkecEbRSINipewhPODyoVTBcJ56U6og1lwY2+MywNm8PCiWnKqzhL1J3IyUSIbmoPjlDSOWhCCRCap1z3Vi7KdUIWcC5gUv0RBTNqEj6BkqaQi6ny63mNsVowztIFKmJNpL9fdESkOtZ6FvOkOKY73uLcT/vF6CQb2fchknCJKtPgoSYWNkL7Kxh1wBQzEzhDLFza42G1NFGZoECyYEd/3kTdKuVV2n6t7VSo16FkeeXJBLckVcck0a5JY0SYsw8kieySt5s56sF+vd+li15qxs5pz8gfX5A/6RnUg=</latexit>

!p
<latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit><latexit sha1_base64="drrNxOgbvcGxniyuhAdlRXI3aSA=">AAACBXicbVC7TsNAEDzzDOFloITCIkGiiuw0pIxEQxkk8pCSKDpfNskp57N1t0ZElhsafoWGAoRo+Qc6/oaL4wISRlppNLN7ezt+JLhG1/221tY3Nre2CzvF3b39g0P76Lilw1gxaLJQhKrjUw2CS2giRwGdSAENfAFtf3o999v3oDQP5R3OIugHdCz5iDOKRhrYZ+UewgNmDyW+iCFNemEAYzqI0vLALrkVN4OzSryclEiOxsD+6g1DFgcgkQmqdddzI+wnVCFnAtJiL9YQUTalY+gaKmkAup9ky1PnwihDZxQqUxKdTP09kdBA61ngm86A4kQve3PxP68b46jWT7iMYgTJFotGsXAwdOaROEOugKGYGUKZ4uavDptQRRma4IomBG/55FXSqlY8t+LdVkv1Wh5HgZySc3JJPHJF6uSGNEiTMPJInskrebOerBfr3fpYtK5Z+cwJ+QPr8wdSgJkL</latexit>

" :=

(
"d R2 \ ⌦̄
"1 ⌦

<latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit>

Consider the Transverse Magnetic polarization: (Ex, Ey, Hz) = ( ~E?, Hz)
<latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit>

Assume we can write: ( ~E?, Hz,
~J?) = ( ~E?, Hz,

~J?)e
�i!t

<latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit>
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Scattering in plasmonic structures (FD)

5Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Dielectric

Metal

Maxwell equations reduce to:

"d
<latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit>

�i!µ0Hz = �r⇥ ~E? in R2

�i!"0"(!) ~E? = ~r⇥Hz in R2
<latexit sha1_base64="2sZKF5JtNOdhMBFVfmA2kTe+EMc="></latexit><latexit sha1_base64="2sZKF5JtNOdhMBFVfmA2kTe+EMc="></latexit><latexit sha1_base64="2sZKF5JtNOdhMBFVfmA2kTe+EMc="></latexit><latexit sha1_base64="2sZKF5JtNOdhMBFVfmA2kTe+EMc="></latexit>

"(!) :=

8
<

:

"d R2 \ ⌦̄

"1 �
!2
p

!2
⌦

<latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit><latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit><latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit><latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit>Non lossy Drude model:

!
<latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit><latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit><latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit><latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit>

"m(!)
<latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit>

" m
(!

)
<latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit>

Problem with sign-changing coefficients.
Bonnet-Ben Dhia, Chesnel, Ciarlet (2012,2014)

Consider the Transverse Magnetic polarization: (Ex, Ey, Hz) = ( ~E?, Hz)
<latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit><latexit sha1_base64="WU+7YiDRdZdEPX5gJkhJ0LgYn9g=">AAACEXicbVBNS0JBFJ1nX2ZfVss2QxoYiLznJjeBEIJLg/wAfTzmjVcdnPfBzDzJHv6FNv2VNi2KaNuuXf+mUd+itAMXDufcy733uCFnUpnmt5Ha2Nza3knvZvb2Dw6PsscnLRlEgkKTBjwQHZdI4MyHpmKKQycUQDyXQ9sd38z99gSEZIF/p6Yh2B4Z+mzAKFFacrKFfKHm3BdxzZkWcd15uMTXuNCbAI1rM6cXggiXct7J5sySuQBeJ1ZCcihBw8l+9foBjTzwFeVEyq5lhsqOiVCMcphlepGEkNAxGUJXU594IO148dEMX2iljweB0OUrvFB/T8TEk3LqubrTI2okV725+J/XjdSgYsfMDyMFPl0uGkQcqwDP48F9JoAqPtWEUMH0rZiOiCBU6RAzOgRr9eV10iqXLLNk3ZZz1UoSRxqdoXNUQBa6QlVURw3URBQ9omf0it6MJ+PFeDc+lq0pI5k5RX9gfP4AdEaaPg==</latexit>

Assume we can write: ( ~E?, Hz,
~J?) = ( ~E?, Hz,

~J?)e
�i!t

<latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit>
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Scattering in plasmonic structures (FD)

6Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Dielectric

Metal

Maxwell equations reduce to:

"d
<latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit><latexit sha1_base64="ZGvdxpgq1XbliWmb0QnmGdgQu0Q=">AAACCXicbVC7TgJBFJ31ifhCLW0mgokV2aWRksTGEhN5JEDI7OxdmDD7yMxdItnQ2vgrNhYaY+sf2Pk3DssWCp7kJifn3Dtz73FjKTTa9re1sbm1vbNb2CvuHxweHZdOTts6ShSHFo9kpLou0yBFCC0UKKEbK2CBK6HjTm4WfmcKSosovMdZDIOAjULhC87QSMMSrfQRHjB7KFXgzdP+lCmItZDG9uaVYalsV+0MdJ04OSmTHM1h6avvRTwJIEQumdY9x45xkDKFgkuYF/uJhpjxCRtBz9CQBaAHabbAnF4axaN+pEyFSDP190TKAq1ngWs6A4ZjveotxP+8XoJ+fZCKME4QQr78yE8kxYguYqGeUMBRzgxhXAmzK+VjphhHE17RhOCsnrxO2rWqY1edu1q5Uc/jKJBzckGuiEOuSYPckiZpEU4eyTN5JW/Wk/VivVsfy9YNK585I39gff4Aweaa9A==</latexit>

" :=

(
"d R2 \ ⌦̄
"1 ⌦

<latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit><latexit sha1_base64="1dH0tkYLjZrgHXuhpsh4zc5ptF0="></latexit>

"(!) :=

8
<

:

"d R2 \ ⌦̄

"1 �
!2
p

!2
⌦

<latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit><latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit><latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit><latexit sha1_base64="Sn8WE7R3FM51XWcFk1lksZDOQSQ="></latexit>

This problem can be ill-posed depending on :

r · ("(!)�1rHz) + k
2
Hz = 0 in R2

�i!"0"(!) ~E? = ~r⇥Hz in R2
<latexit sha1_base64="vDwTTqwb8PsoN3kAFf8WK/iE0ns="></latexit><latexit sha1_base64="vDwTTqwb8PsoN3kAFf8WK/iE0ns="></latexit><latexit sha1_base64="vDwTTqwb8PsoN3kAFf8WK/iE0ns="></latexit><latexit sha1_base64="vDwTTqwb8PsoN3kAFf8WK/iE0ns="></latexit>

Consider the Transverse Magnetic polarization in time-harmonic regime:
( ~E?, Hz,

~J?) = ( ~E?, Hz,
~J?)e

�i!t
<latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit><latexit sha1_base64="0jRSpeQWgIBnum3xigwkAqcCLvg="></latexit>

Non lossy Drude model:

!
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"m(!)
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" m
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Well-posedness in frequency domain

7Limiting amplitude principle in plasmonics, CARVALHO, 2020. 
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Z
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|u|2 + |ru|2 dx < +1}

is called critical interval.Ic

Bonnet-Ben Dhia, Ciarlet, Zwölf (2010), Bonnet-Ben Dhia, Chesnel, Ciarlet (2012).

Thanks to the T-coercivity theory, one can prove well-posedness 
under some conditions on    and the geometry."

Idea: build ad hoc isomorphisms to compensate the change of sign.
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62 Ic

If the interface is smooth:
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i
If the interface has corners:
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Find Hz 2 H
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2
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inc � iku
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Well-posedness in frequency domain

8Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Ic =
h
��2⇡

� ; �
��2⇡

iThe critical interval is related to critical frequencies:

" 2

�� 2⇡

�
;

�

2⇡ � �

�
() ! 2

2

4 !pq
1 + �

"d(2⇡��)

;
!pq

1 + "d�
2⇡��

3

5

" = �1 () ! = !sp :=
!pp
1 + "d

Surface plasmons frequency

@DR

⌦
<latexit sha1_base64="dH8QuQUU4CZw9hjLTlG/It5Zrjs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaKUls7MREQAMXsrcMsGF377K7Z0Iu/AobC42x9efY+W/cgysUfMkkL+/NZGZeGHOmjed9O4WNza3tneJuaW//4PCofHzS0VGiKLZpxCP1EBKNnElsG2Y4PsQKiQg5dsPpdeZ3n1BpFsl7M4sxEGQs2YhRYqz0WO3fChyTamlQrng1bwF3nfg5qUCO1qD81R9GNBEoDeVE657vxSZIiTKMcpyX+onGmNApGWPPUkkE6iBdHDx3L6wydEeRsiWNu1B/T6REaD0Toe0UxEz0qpeJ/3m9xIwaQcpknBiUdLlolHDXRG72vTtkCqnhM0sIVcze6tIJUYQam1EWgr/68jrp1Gu+V/Pv6pVmI4+jCGdwDpfgwxU04QZa0AYKAp7hFd4c5bw4787HsrXg5DOn8AfO5w9MhI9f</latexit><latexit sha1_base64="dH8QuQUU4CZw9hjLTlG/It5Zrjs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaKUls7MREQAMXsrcMsGF377K7Z0Iu/AobC42x9efY+W/cgysUfMkkL+/NZGZeGHOmjed9O4WNza3tneJuaW//4PCofHzS0VGiKLZpxCP1EBKNnElsG2Y4PsQKiQg5dsPpdeZ3n1BpFsl7M4sxEGQs2YhRYqz0WO3fChyTamlQrng1bwF3nfg5qUCO1qD81R9GNBEoDeVE657vxSZIiTKMcpyX+onGmNApGWPPUkkE6iBdHDx3L6wydEeRsiWNu1B/T6REaD0Toe0UxEz0qpeJ/3m9xIwaQcpknBiUdLlolHDXRG72vTtkCqnhM0sIVcze6tIJUYQam1EWgr/68jrp1Gu+V/Pv6pVmI4+jCGdwDpfgwxU04QZa0AYKAp7hFd4c5bw4787HsrXg5DOn8AfO5w9MhI9f</latexit><latexit sha1_base64="dH8QuQUU4CZw9hjLTlG/It5Zrjs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaKUls7MREQAMXsrcMsGF377K7Z0Iu/AobC42x9efY+W/cgysUfMkkL+/NZGZeGHOmjed9O4WNza3tneJuaW//4PCofHzS0VGiKLZpxCP1EBKNnElsG2Y4PsQKiQg5dsPpdeZ3n1BpFsl7M4sxEGQs2YhRYqz0WO3fChyTamlQrng1bwF3nfg5qUCO1qD81R9GNBEoDeVE657vxSZIiTKMcpyX+onGmNApGWPPUkkE6iBdHDx3L6wydEeRsiWNu1B/T6REaD0Toe0UxEz0qpeJ/3m9xIwaQcpknBiUdLlolHDXRG72vTtkCqnhM0sIVcze6tIJUYQam1EWgr/68jrp1Gu+V/Pv6pVmI4+jCGdwDpfgwxU04QZa0AYKAp7hFd4c5bw4787HsrXg5DOn8AfO5w9MhI9f</latexit><latexit sha1_base64="dH8QuQUU4CZw9hjLTlG/It5Zrjs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaKUls7MREQAMXsrcMsGF377K7Z0Iu/AobC42x9efY+W/cgysUfMkkL+/NZGZeGHOmjed9O4WNza3tneJuaW//4PCofHzS0VGiKLZpxCP1EBKNnElsG2Y4PsQKiQg5dsPpdeZ3n1BpFsl7M4sxEGQs2YhRYqz0WO3fChyTamlQrng1bwF3nfg5qUCO1qD81R9GNBEoDeVE657vxSZIiTKMcpyX+onGmNApGWPPUkkE6iBdHDx3L6wydEeRsiWNu1B/T6REaD0Toe0UxEz0qpeJ/3m9xIwaQcpknBiUdLlolHDXRG72vTtkCqnhM0sIVcze6tIJUYQam1EWgr/68jrp1Gu+V/Pv6pVmI4+jCGdwDpfgwxU04QZa0AYKAp7hFd4c5bw4787HsrXg5DOn8AfO5w9MhI9f</latexit>

"m < 0
<latexit sha1_base64="6YnyEkoaRRGw4AznS2Yo/79hpCo=">AAACDHicbVC7TgJBFJ3FF+ILtbSZCCZWZJdGCgsSG0tM5JHAhswOF5gw+8jMXSLZ8AE2/oqNhcbY+gF2/o3DsoWCJ5nk5JxzZ+4cL5JCo21/W7mNza3tnfxuYW//4PCoeHzS0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW9ys/DbU1BahME9ziJwfTYKxFBwhkbqF0vlHsIDphclCgbzpDdlCiItpLH9Ob22yyZlV+wUdJ04GSmRDI1+8as3CHnsQ4BcMq27jh2hmzCFgkuYF3qxhojxCRtB19CA+aDdJN1hTi+MMqDDUJkTIE3V3xMJ87We+Z5J+gzHetVbiP953RiHNTcRQRQjBHz50DCWFEO6aIYOhAKOcmYI40qYXSkfM8U4mv4KpgRn9cvrpFWtOHbFuauW6rWsjjw5I+fkkjjkitTJLWmQJuHkkTyTV/JmPVkv1rv1sYzmrGzmlPyB9fkDO6mbpw==</latexit><latexit sha1_base64="6YnyEkoaRRGw4AznS2Yo/79hpCo=">AAACDHicbVC7TgJBFJ3FF+ILtbSZCCZWZJdGCgsSG0tM5JHAhswOF5gw+8jMXSLZ8AE2/oqNhcbY+gF2/o3DsoWCJ5nk5JxzZ+4cL5JCo21/W7mNza3tnfxuYW//4PCoeHzS0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW9ys/DbU1BahME9ziJwfTYKxFBwhkbqF0vlHsIDphclCgbzpDdlCiItpLH9Ob22yyZlV+wUdJ04GSmRDI1+8as3CHnsQ4BcMq27jh2hmzCFgkuYF3qxhojxCRtB19CA+aDdJN1hTi+MMqDDUJkTIE3V3xMJ87We+Z5J+gzHetVbiP953RiHNTcRQRQjBHz50DCWFEO6aIYOhAKOcmYI40qYXSkfM8U4mv4KpgRn9cvrpFWtOHbFuauW6rWsjjw5I+fkkjjkitTJLWmQJuHkkTyTV/JmPVkv1rv1sYzmrGzmlPyB9fkDO6mbpw==</latexit><latexit sha1_base64="6YnyEkoaRRGw4AznS2Yo/79hpCo=">AAACDHicbVC7TgJBFJ3FF+ILtbSZCCZWZJdGCgsSG0tM5JHAhswOF5gw+8jMXSLZ8AE2/oqNhcbY+gF2/o3DsoWCJ5nk5JxzZ+4cL5JCo21/W7mNza3tnfxuYW//4PCoeHzS0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW9ys/DbU1BahME9ziJwfTYKxFBwhkbqF0vlHsIDphclCgbzpDdlCiItpLH9Ob22yyZlV+wUdJ04GSmRDI1+8as3CHnsQ4BcMq27jh2hmzCFgkuYF3qxhojxCRtB19CA+aDdJN1hTi+MMqDDUJkTIE3V3xMJ87We+Z5J+gzHetVbiP953RiHNTcRQRQjBHz50DCWFEO6aIYOhAKOcmYI40qYXSkfM8U4mv4KpgRn9cvrpFWtOHbFuauW6rWsjjw5I+fkkjjkitTJLWmQJuHkkTyTV/JmPVkv1rv1sYzmrGzmlPyB9fkDO6mbpw==</latexit><latexit sha1_base64="6YnyEkoaRRGw4AznS2Yo/79hpCo=">AAACDHicbVC7TgJBFJ3FF+ILtbSZCCZWZJdGCgsSG0tM5JHAhswOF5gw+8jMXSLZ8AE2/oqNhcbY+gF2/o3DsoWCJ5nk5JxzZ+4cL5JCo21/W7mNza3tnfxuYW//4PCoeHzS0mGsODR5KEPV8ZgGKQJookAJnUgB8z0JbW9ys/DbU1BahME9ziJwfTYKxFBwhkbqF0vlHsIDphclCgbzpDdlCiItpLH9Ob22yyZlV+wUdJ04GSmRDI1+8as3CHnsQ4BcMq27jh2hmzCFgkuYF3qxhojxCRtB19CA+aDdJN1hTi+MMqDDUJkTIE3V3xMJ87We+Z5J+gzHetVbiP953RiHNTcRQRQjBHz50DCWFEO6aIYOhAKOcmYI40qYXSkfM8U4mv4KpgRn9cvrpFWtOHbFuauW6rWsjjw5I+fkkjjkitTJLWmQJuHkkTyTV/JmPVkv1rv1sYzmrGzmlPyB9fkDO6mbpw==</latexit>

"d > 0
<latexit sha1_base64="XRLBgOTpleuRbbAqTzITXc3PzDU=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWBiRe5opDIkNpaYCJjAheztzcGGvY/s7hEJ4a/YWGiMrX/Ezn/jAlco+JJJ3r43k515fiq40o7zbRW2tnd294r7pYPDo+MT+7TcUUkmGbZZIhL56FOFgsfY1lwLfEwl0sgX2PXHtwu/O0GpeBI/6GmKXkSHMQ85o9pIA7tc7U+oxFRxYZ4BuXGqA7vi1JwlyCZxc1KBHK2B/dUPEpZFGGsmqFI910m1N6NScyZwXupnClPKxnSIPUNjGqHyZsvd5+TSKAEJE2kq1mSp/p6Y0UipaeSbzojqkVr3FuJ/Xi/TYcOb8TjNNMZs9VGYCaITsgiCBFwi02JqCGWSm10JG1FJmTZxlUwI7vrJm6RTr7lOzb2vV5qNPI4inMMFXIEL19CEO2hBGxg8wTO8wps1t16sd+tj1Vqw8pkz+APr8we/5pOL</latexit><latexit sha1_base64="XRLBgOTpleuRbbAqTzITXc3PzDU=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWBiRe5opDIkNpaYCJjAheztzcGGvY/s7hEJ4a/YWGiMrX/Ezn/jAlco+JJJ3r43k515fiq40o7zbRW2tnd294r7pYPDo+MT+7TcUUkmGbZZIhL56FOFgsfY1lwLfEwl0sgX2PXHtwu/O0GpeBI/6GmKXkSHMQ85o9pIA7tc7U+oxFRxYZ4BuXGqA7vi1JwlyCZxc1KBHK2B/dUPEpZFGGsmqFI910m1N6NScyZwXupnClPKxnSIPUNjGqHyZsvd5+TSKAEJE2kq1mSp/p6Y0UipaeSbzojqkVr3FuJ/Xi/TYcOb8TjNNMZs9VGYCaITsgiCBFwi02JqCGWSm10JG1FJmTZxlUwI7vrJm6RTr7lOzb2vV5qNPI4inMMFXIEL19CEO2hBGxg8wTO8wps1t16sd+tj1Vqw8pkz+APr8we/5pOL</latexit><latexit sha1_base64="XRLBgOTpleuRbbAqTzITXc3PzDU=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWBiRe5opDIkNpaYCJjAheztzcGGvY/s7hEJ4a/YWGiMrX/Ezn/jAlco+JJJ3r43k515fiq40o7zbRW2tnd294r7pYPDo+MT+7TcUUkmGbZZIhL56FOFgsfY1lwLfEwl0sgX2PXHtwu/O0GpeBI/6GmKXkSHMQ85o9pIA7tc7U+oxFRxYZ4BuXGqA7vi1JwlyCZxc1KBHK2B/dUPEpZFGGsmqFI910m1N6NScyZwXupnClPKxnSIPUNjGqHyZsvd5+TSKAEJE2kq1mSp/p6Y0UipaeSbzojqkVr3FuJ/Xi/TYcOb8TjNNMZs9VGYCaITsgiCBFwi02JqCGWSm10JG1FJmTZxlUwI7vrJm6RTr7lOzb2vV5qNPI4inMMFXIEL19CEO2hBGxg8wTO8wps1t16sd+tj1Vqw8pkz+APr8we/5pOL</latexit><latexit sha1_base64="XRLBgOTpleuRbbAqTzITXc3PzDU=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWBiRe5opDIkNpaYCJjAheztzcGGvY/s7hEJ4a/YWGiMrX/Ezn/jAlco+JJJ3r43k515fiq40o7zbRW2tnd294r7pYPDo+MT+7TcUUkmGbZZIhL56FOFgsfY1lwLfEwl0sgX2PXHtwu/O0GpeBI/6GmKXkSHMQ85o9pIA7tc7U+oxFRxYZ4BuXGqA7vi1JwlyCZxc1KBHK2B/dUPEpZFGGsmqFI910m1N6NScyZwXupnClPKxnSIPUNjGqHyZsvd5+TSKAEJE2kq1mSp/p6Y0UipaeSbzojqkVr3FuJ/Xi/TYcOb8TjNNMZs9VGYCaITsgiCBFwi02JqCGWSm10JG1FJmTZxlUwI7vrJm6RTr7lOzb2vV5qNPI4inMMFXIEL19CEO2hBGxg8wTO8wps1t16sd+tj1Vqw8pkz+APr8we/5pOL</latexit>
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<latexit sha1_base64="2m4pR/uLsv6+lcWS5PiqAFlqhPA="></latexit><latexit sha1_base64="2m4pR/uLsv6+lcWS5PiqAFlqhPA="></latexit><latexit sha1_base64="2m4pR/uLsv6+lcWS5PiqAFlqhPA="></latexit><latexit sha1_base64="2m4pR/uLsv6+lcWS5PiqAFlqhPA="></latexit>

! = !sp := !p

"1+"d
<latexit sha1_base64="c4TOS4EiO0fFjma9a/rL5gptwYk="></latexit><latexit sha1_base64="c4TOS4EiO0fFjma9a/rL5gptwYk="></latexit><latexit sha1_base64="c4TOS4EiO0fFjma9a/rL5gptwYk="></latexit><latexit sha1_base64="c4TOS4EiO0fFjma9a/rL5gptwYk="></latexit>

" m
(!

)
<latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit><latexit sha1_base64="CMYcRaihosuV7clhDrA4psrnyV0=">AAACI3icbZC7TgJBFIZnvSLeVi1tNoIJNmSXRmJFYmOJiVwSIGR2OMCEmd3NzFki2ey72PgqNhYaYmPhuzhcCgRPMsmf/ztnzszvR4JrdN1va2t7Z3dvP3OQPTw6Pjm1z87rOowVgxoLRaiaPtUgeAA15CigGSmg0hfQ8Ef3M94Yg9I8DJ5wEkFH0kHA+5xRNFbXvsu3EZ5xflGioJcm7TFVEGkuDJZpYQX7IgbDQwkDmt7ku3bOLbrzcjaFtxQ5sqxq1562eyGLJQTIBNW65bkRdhKqkDMBabYda4goG9EBtIwMqATdSea7U+faOD2nHypzAnTm7upEQqXWE+mbTklxqNfZzPyPtWLslzsJD6IYIWCLRf1YOBg6s8CcHlfAUEyMoExx81aHDamiDE2sWROCt/7lTVEvFT236D2WcpXyMo4MuSRXpEA8cksq5IFUSY0w8kLeyAf5tF6td2tqfS1at6zlzAX5U9bPL3rwpo8=</latexit>

!
<latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit><latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit><latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit><latexit sha1_base64="9oi6iufwi6jX5jBpuIpQQQUQXnY=">AAACA3icbVDLSsNAFJ34rPUVdaebYCu4Kkk3dllw47KCfUAbymR60w6dPJi5EUsIuPFX3LhQxK0/4c6/cZpmoa0HLhzOuXfu3OPFgiu07W9jbX1jc2u7tFPe3ds/ODSPjjsqSiSDNotEJHseVSB4CG3kKKAXS6CBJ6DrTa/nfvcepOJReIezGNyAjkPuc0ZRS0PztDpAeMD8odQTCWTpIApgTLPq0KzYNTuHtUqcglRIgdbQ/BqMIpYEECITVKm+Y8foplQiZwKy8iBREFM2pWPoaxrSAJSb5qsz60IrI8uPpK4QrVz9PZHSQKlZ4OnOgOJELXtz8T+vn6DfcFMexglCyBaL/ERYGFnzQKwRl8BQzDShTHL9V4tNqKQMdWxlHYKzfPIq6dRrjl1zbuuVZqOIo0TOyDm5JA65Ik1yQ1qkTRh5JM/klbwZT8aL8W58LFrXjGLmhPyB8fkDuHWYKA==</latexit>
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Well-posedness in frequency domain

9Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Outside Ic

Finite Elements converge 
(under some condition on the mesh):
design symmetric meshes near the interface 
to ensure optimal FE convergence

The scattering problem has a unique solution Hz 2 H
1(DR)

<latexit sha1_base64="KR+UvR3jdq69TMiY0m/gdd4q5eM=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWCCDbmjkZJEC0o08pHAedlbFtiwt3fZ3TMi4a/YWGiMrX/Ezn/jAlco+JJJXt6bycy8IOZMacf5tjIbm1vbO9nd3N7+weGRfZxvqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsYX8399gOVikXiTk9i6oV4KNiAEayN5Nv5Yt1/Qj0mUP3eLV37txdF3y44ZWcBtE7clBQgRcO3v3r9iCQhFZpwrFTXdWLtTbHUjHA6y/USRWNMxnhIu4YKHFLlTRe3z9C5UfpoEElTQqOF+ntiikOlJmFgOkOsR2rVm4v/ed1ED6relIk40VSQ5aJBwpGO0DwI1GeSEs0nhmAimbkVkRGWmGgTV86E4K6+vE5albLrlN2bSqFWTePIwimcQQlcuIQa1KEBTSDwCM/wCm/WzHqx3q2PZWvGSmdO4A+szx/PsZJM</latexit><latexit sha1_base64="KR+UvR3jdq69TMiY0m/gdd4q5eM=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWCCDbmjkZJEC0o08pHAedlbFtiwt3fZ3TMi4a/YWGiMrX/Ezn/jAlco+JJJXt6bycy8IOZMacf5tjIbm1vbO9nd3N7+weGRfZxvqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsYX8399gOVikXiTk9i6oV4KNiAEayN5Nv5Yt1/Qj0mUP3eLV37txdF3y44ZWcBtE7clBQgRcO3v3r9iCQhFZpwrFTXdWLtTbHUjHA6y/USRWNMxnhIu4YKHFLlTRe3z9C5UfpoEElTQqOF+ntiikOlJmFgOkOsR2rVm4v/ed1ED6relIk40VSQ5aJBwpGO0DwI1GeSEs0nhmAimbkVkRGWmGgTV86E4K6+vE5albLrlN2bSqFWTePIwimcQQlcuIQa1KEBTSDwCM/wCm/WzHqx3q2PZWvGSmdO4A+szx/PsZJM</latexit><latexit sha1_base64="KR+UvR3jdq69TMiY0m/gdd4q5eM=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWCCDbmjkZJEC0o08pHAedlbFtiwt3fZ3TMi4a/YWGiMrX/Ezn/jAlco+JJJXt6bycy8IOZMacf5tjIbm1vbO9nd3N7+weGRfZxvqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsYX8399gOVikXiTk9i6oV4KNiAEayN5Nv5Yt1/Qj0mUP3eLV37txdF3y44ZWcBtE7clBQgRcO3v3r9iCQhFZpwrFTXdWLtTbHUjHA6y/USRWNMxnhIu4YKHFLlTRe3z9C5UfpoEElTQqOF+ntiikOlJmFgOkOsR2rVm4v/ed1ED6relIk40VSQ5aJBwpGO0DwI1GeSEs0nhmAimbkVkRGWmGgTV86E4K6+vE5albLrlN2bSqFWTePIwimcQQlcuIQa1KEBTSDwCM/wCm/WzHqx3q2PZWvGSmdO4A+szx/PsZJM</latexit><latexit sha1_base64="KR+UvR3jdq69TMiY0m/gdd4q5eM=">AAAB+3icbVA9TwJBEJ3DL8SvE0ubjWCCDbmjkZJEC0o08pHAedlbFtiwt3fZ3TMi4a/YWGiMrX/Ezn/jAlco+JJJXt6bycy8IOZMacf5tjIbm1vbO9nd3N7+weGRfZxvqSiRhDZJxCPZCbCinAna1Exz2oklxWHAaTsYX8399gOVikXiTk9i6oV4KNiAEayN5Nv5Yt1/Qj0mUP3eLV37txdF3y44ZWcBtE7clBQgRcO3v3r9iCQhFZpwrFTXdWLtTbHUjHA6y/USRWNMxnhIu4YKHFLlTRe3z9C5UfpoEElTQqOF+ntiikOlJmFgOkOsR2rVm4v/ed1ED6relIk40VSQ5aJBwpGO0DwI1GeSEs0nhmAimbkVkRGWmGgTV86E4K6+vE5albLrlN2bSqFWTePIwimcQQlcuIQa1KEBTSDwCM/wCm/WzHqx3q2PZWvGSmdO4A+szx/PsZJM</latexit>

Bonnet-Ben Dhia, Chesnel, Ciarlet (2012), Chesnel, Ciarlet (2013), Bonnet-Ben Dhia, Chesnel, Claeys (2013),
Bonnet-Ben Dhia, Carvalho, Chesnel, Ciarlet (2016), Carvalho, Chesnel, Ciarlet (2017), Bonnet-Ben Dhia, Carvalho, Ciarlet (2018).

Inside 
 No FEM convergence
The scattering problem is ill-posed in H

1(DR)

s(r, ✓) = e
i⌘ ln r

�(✓) 62 H
1

Appearance of oscillating 
hypersingularities at the corners

black-hole waveIc \ {�1}
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The limiting amplitude principle

10Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Can we find underlying signatures of this break from the time domain simulations? 

This indicates that the limiting amplitude principle should not hold for all frequencies

Frequency domainTime domain

Well-posed problem
Bounded EM energy

Problem may be ill-posed
“Infinite” EM energy

µ0
@Hz

@t
= �r⇥ ~E? in R2

"0"
@ ~E?
@t

= ~r⇥Hz � ~J? in R2

@ ~J?
@t

= !
2
p"0

~E? in ⌦

~J? = 0 in R2 \ ⌦
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r · ("(!)�1rHz) + k
2
Hz = 0 in R2

�i!"0"(!) ~E? = ~r⇥Hz in R2
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The limiting amplitude principle

11Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

In presence of corners, the theory is not clear. 
We propose some numerical investigations to find signature of the critical interval.

The specific case of planar interface has been investigated theoretically and numerically.

Ic = {�1}

Cassier (2014), Vinoles (2016)

"d > 0
"m < 0

" = �1" 6= �1

Courtesy of V. Vinoles
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12Limiting amplitude principle in plasmonics, CARVALHO, 2020. 
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Setting and quantities of interests

13Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

EM Energy (evolution over time, average, FFT, etc.)

Cross sections

FFT field at probe points

⇡
6
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Scattering by two non lossy Drude materials in vacuum

"d = 1
<latexit sha1_base64="H3AtJd6J1chRjdUHumwgDz7QxiE=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSwCrtpTCMEbCwjmAdkQ5idvUmGzD6YuRsMy/6Ajb9iY6GIrb2df+PkUWjigQuHc+6dufd4sRQabfvbym1sbm3v5HcLe/sHh0fF45OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Obmd+egNIiCu9xGkMvYMNQDARnaKR+sVx2ER5w/lCqwM9Sd8IUxFpIY/sZvaZOuV8s2RV7DrpOnCUpkSUa/eKX60c8CSBELpnWXceOsZcyhYJLyApuoiFmfMyG0DU0ZAHoXjpfIqMXRvHpIFKmQqRz9fdEygKtp4FnOgOGI73qzcT/vG6Cg1ovFWGcIIR88dEgkRQjOouG+kIBRzk1hHElzK6Uj5hiHE2ABROCs3ryOmlVK45dce6qpXptGUeenJFzckkcckXq5JY0SJNw8kieySt5s56sF+vd+li05qzlzCn5A+vzB5Q4m8o=</latexit><latexit sha1_base64="H3AtJd6J1chRjdUHumwgDz7QxiE=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSwCrtpTCMEbCwjmAdkQ5idvUmGzD6YuRsMy/6Ajb9iY6GIrb2df+PkUWjigQuHc+6dufd4sRQabfvbym1sbm3v5HcLe/sHh0fF45OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Obmd+egNIiCu9xGkMvYMNQDARnaKR+sVx2ER5w/lCqwM9Sd8IUxFpIY/sZvaZOuV8s2RV7DrpOnCUpkSUa/eKX60c8CSBELpnWXceOsZcyhYJLyApuoiFmfMyG0DU0ZAHoXjpfIqMXRvHpIFKmQqRz9fdEygKtp4FnOgOGI73qzcT/vG6Cg1ovFWGcIIR88dEgkRQjOouG+kIBRzk1hHElzK6Uj5hiHE2ABROCs3ryOmlVK45dce6qpXptGUeenJFzckkcckXq5JY0SJNw8kieySt5s56sF+vd+li05qzlzCn5A+vzB5Q4m8o=</latexit><latexit sha1_base64="H3AtJd6J1chRjdUHumwgDz7QxiE=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSwCrtpTCMEbCwjmAdkQ5idvUmGzD6YuRsMy/6Ajb9iY6GIrb2df+PkUWjigQuHc+6dufd4sRQabfvbym1sbm3v5HcLe/sHh0fF45OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Obmd+egNIiCu9xGkMvYMNQDARnaKR+sVx2ER5w/lCqwM9Sd8IUxFpIY/sZvaZOuV8s2RV7DrpOnCUpkSUa/eKX60c8CSBELpnWXceOsZcyhYJLyApuoiFmfMyG0DU0ZAHoXjpfIqMXRvHpIFKmQqRz9fdEygKtp4FnOgOGI73qzcT/vG6Cg1ovFWGcIIR88dEgkRQjOouG+kIBRzk1hHElzK6Uj5hiHE2ABROCs3ryOmlVK45dce6qpXptGUeenJFzckkcckXq5JY0SJNw8kieySt5s56sF+vd+li05qzlzCn5A+vzB5Q4m8o=</latexit><latexit sha1_base64="H3AtJd6J1chRjdUHumwgDz7QxiE=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSwCrtpTCMEbCwjmAdkQ5idvUmGzD6YuRsMy/6Ajb9iY6GIrb2df+PkUWjigQuHc+6dufd4sRQabfvbym1sbm3v5HcLe/sHh0fF45OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Obmd+egNIiCu9xGkMvYMNQDARnaKR+sVx2ER5w/lCqwM9Sd8IUxFpIY/sZvaZOuV8s2RV7DrpOnCUpkSUa/eKX60c8CSBELpnWXceOsZcyhYJLyApuoiFmfMyG0DU0ZAHoXjpfIqMXRvHpIFKmQqRz9fdEygKtp4FnOgOGI73qzcT/vG6Cg1ovFWGcIIR88dEgkRQjOouG+kIBRzk1hHElzK6Uj5hiHE2ABROCs3ryOmlVK45dce6qpXptGUeenJFzckkcckXq5JY0SJNw8kieySt5s56sF+vd+li05qzlzCn5A+vzB5Q4m8o=</latexit>

!
<latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit><latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit><latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit><latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit>

!p = 13.87⇥ 1015rad/s
<latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit><latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit><latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit><latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit>

"1 = 1
<latexit sha1_base64="nSf3zN55EqC6hMkR6hCI2ReJcJc=">AAACEnicbVC7SgNBFJ31GeMramkzmAjahF0b0wgBG8sI5gHZEGYnd5Mhs7PLzF0xLPkGG3/FxkIRWys7/8bJo9DEAxcO59w7c+8JEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIbXE795D9qIWN3hKIFOxPpKhIIztFK3cF7yER5w+lCmoTfO/HumITFCWtsXKsTRmF5Rr9QtFN2yOwVdJt6cFMkctW7hy+/FPI1AIZfMmLbnJtjJmEbBJYzzfmogYXzI+tC2VLEITCebbjKmp1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xbDSyYRKUgTFZx+FqaQY00k+tCc0cJQjSxjXwu5K+YBpxtGmmLcheIsnL5PGRdlzy97tRbFamceRI8fkhJwRj1ySKrkhNVInnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QPZk54e</latexit><latexit sha1_base64="nSf3zN55EqC6hMkR6hCI2ReJcJc=">AAACEnicbVC7SgNBFJ31GeMramkzmAjahF0b0wgBG8sI5gHZEGYnd5Mhs7PLzF0xLPkGG3/FxkIRWys7/8bJo9DEAxcO59w7c+8JEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIbXE795D9qIWN3hKIFOxPpKhIIztFK3cF7yER5w+lCmoTfO/HumITFCWtsXKsTRmF5Rr9QtFN2yOwVdJt6cFMkctW7hy+/FPI1AIZfMmLbnJtjJmEbBJYzzfmogYXzI+tC2VLEITCebbjKmp1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xbDSyYRKUgTFZx+FqaQY00k+tCc0cJQjSxjXwu5K+YBpxtGmmLcheIsnL5PGRdlzy97tRbFamceRI8fkhJwRj1ySKrkhNVInnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QPZk54e</latexit><latexit sha1_base64="nSf3zN55EqC6hMkR6hCI2ReJcJc=">AAACEnicbVC7SgNBFJ31GeMramkzmAjahF0b0wgBG8sI5gHZEGYnd5Mhs7PLzF0xLPkGG3/FxkIRWys7/8bJo9DEAxcO59w7c+8JEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIbXE795D9qIWN3hKIFOxPpKhIIztFK3cF7yER5w+lCmoTfO/HumITFCWtsXKsTRmF5Rr9QtFN2yOwVdJt6cFMkctW7hy+/FPI1AIZfMmLbnJtjJmEbBJYzzfmogYXzI+tC2VLEITCebbjKmp1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xbDSyYRKUgTFZx+FqaQY00k+tCc0cJQjSxjXwu5K+YBpxtGmmLcheIsnL5PGRdlzy97tRbFamceRI8fkhJwRj1ySKrkhNVInnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QPZk54e</latexit><latexit sha1_base64="nSf3zN55EqC6hMkR6hCI2ReJcJc=">AAACEnicbVC7SgNBFJ31GeMramkzmAjahF0b0wgBG8sI5gHZEGYnd5Mhs7PLzF0xLPkGG3/FxkIRWys7/8bJo9DEAxcO59w7c+8JEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIbXE795D9qIWN3hKIFOxPpKhIIztFK3cF7yER5w+lCmoTfO/HumITFCWtsXKsTRmF5Rr9QtFN2yOwVdJt6cFMkctW7hy+/FPI1AIZfMmLbnJtjJmEbBJYzzfmogYXzI+tC2VLEITCebbjKmp1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xbDSyYRKUgTFZx+FqaQY00k+tCc0cJQjSxjXwu5K+YBpxtGmmLcheIsnL5PGRdlzy97tRbFamceRI8fkhJwRj1ySKrkhNVInnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QPZk54e</latexit>

Model 1:

!
<latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit><latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit><latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit><latexit sha1_base64="B8Z2KYgEu/o+tOj8YjkQJpL1eG0=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61b4SdISrg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH0n/j3U=</latexit>

"1 = 3.73
<latexit sha1_base64="foNJBBpdND73Pevh01i0M3AqY2o=">AAACFXicbVA9SwNBEN2LXzF+RS1tFqNgIeEuFtoIARvLCOYDciHsbeZ0yd7esTsnhiN/wsa/YmOhiK1g579xc0mhxgcDj/dmdmdekEhh0HW/nMLC4tLySnG1tLa+sblV3t5pmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxheTPz2HWgjYnWNowR6EbtRIhScoZX65eMDH+Ee84cyDYNx5t8xDYkR0tq+UCGOxvScnlRPTw765YpbdXPQeeLNSIXM0OiXP/1BzNMIFHLJjOl6boK9jGkUXMK45KcGEsaH7Aa6lioWgell+TJjemiVAQ1jbUshzdWfExmLjBlFge2MGN6av95E/M/rphie9TKhkhRB8elHYSopxnQSER0IDRzlyBLGtbC7Un7LNONogyzZELy/J8+TVq3quVXvqlapn83iKJI9sk+OiEdOSZ1ckgZpEk4eyBN5Ia/Oo/PsvDnv09aCM5vZJb/gfHwDY46e1g==</latexit><latexit sha1_base64="foNJBBpdND73Pevh01i0M3AqY2o=">AAACFXicbVA9SwNBEN2LXzF+RS1tFqNgIeEuFtoIARvLCOYDciHsbeZ0yd7esTsnhiN/wsa/YmOhiK1g579xc0mhxgcDj/dmdmdekEhh0HW/nMLC4tLySnG1tLa+sblV3t5pmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxheTPz2HWgjYnWNowR6EbtRIhScoZX65eMDH+Ee84cyDYNx5t8xDYkR0tq+UCGOxvScnlRPTw765YpbdXPQeeLNSIXM0OiXP/1BzNMIFHLJjOl6boK9jGkUXMK45KcGEsaH7Aa6lioWgell+TJjemiVAQ1jbUshzdWfExmLjBlFge2MGN6av95E/M/rphie9TKhkhRB8elHYSopxnQSER0IDRzlyBLGtbC7Un7LNONogyzZELy/J8+TVq3quVXvqlapn83iKJI9sk+OiEdOSZ1ckgZpEk4eyBN5Ia/Oo/PsvDnv09aCM5vZJb/gfHwDY46e1g==</latexit><latexit sha1_base64="foNJBBpdND73Pevh01i0M3AqY2o=">AAACFXicbVA9SwNBEN2LXzF+RS1tFqNgIeEuFtoIARvLCOYDciHsbeZ0yd7esTsnhiN/wsa/YmOhiK1g579xc0mhxgcDj/dmdmdekEhh0HW/nMLC4tLySnG1tLa+sblV3t5pmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxheTPz2HWgjYnWNowR6EbtRIhScoZX65eMDH+Ee84cyDYNx5t8xDYkR0tq+UCGOxvScnlRPTw765YpbdXPQeeLNSIXM0OiXP/1BzNMIFHLJjOl6boK9jGkUXMK45KcGEsaH7Aa6lioWgell+TJjemiVAQ1jbUshzdWfExmLjBlFge2MGN6av95E/M/rphie9TKhkhRB8elHYSopxnQSER0IDRzlyBLGtbC7Un7LNONogyzZELy/J8+TVq3quVXvqlapn83iKJI9sk+OiEdOSZ1ckgZpEk4eyBN5Ia/Oo/PsvDnv09aCM5vZJb/gfHwDY46e1g==</latexit><latexit sha1_base64="foNJBBpdND73Pevh01i0M3AqY2o=">AAACFXicbVA9SwNBEN2LXzF+RS1tFqNgIeEuFtoIARvLCOYDciHsbeZ0yd7esTsnhiN/wsa/YmOhiK1g579xc0mhxgcDj/dmdmdekEhh0HW/nMLC4tLySnG1tLa+sblV3t5pmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxheTPz2HWgjYnWNowR6EbtRIhScoZX65eMDH+Ee84cyDYNx5t8xDYkR0tq+UCGOxvScnlRPTw765YpbdXPQeeLNSIXM0OiXP/1BzNMIFHLJjOl6boK9jGkUXMK45KcGEsaH7Aa6lioWgell+TJjemiVAQ1jbUshzdWfExmLjBlFge2MGN6av95E/M/rphie9TKhkhRB8elHYSopxnQSER0IDRzlyBLGtbC7Un7LNONogyzZELy/J8+TVq3quVXvqlapn83iKJI9sk+OiEdOSZ1ckgZpEk4eyBN5Ia/Oo/PsvDnv09aCM5vZJb/gfHwDY46e1g==</latexit>

!p = 13.87⇥ 1015rad/s
<latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit><latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit><latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit><latexit sha1_base64="spRyvce+lJ7NTZ9O3XUBzTOQBBs=">AAACInicbVDLSgMxFM34tr6qLt0EW8FVnVSkdSEIblxWsCp0xpJJb2sw8yC5I5ZhvsWNv+LGhaKuBD/G9LHQ6oHA4dxzHzlBoqRB1/10pqZnZufmFxYLS8srq2vF9Y0LE6daQFPEKtZXATegZARNlKjgKtHAw0DBZXB7Mqhf3oE2Mo7OsZ+AH/JeJLtScLRSu3hYph7CPQ4nZYFKIc+8OIQebyc5PaJsv1KvWYsMwVDmXmfsIC9r3tkz7WLJrbhD0L+EjUmJjNFoF9+9TizSECIUihvTYm6CfsY1SqEgL3ipgYSLW96DlqURtyv9bHhYTnes0qHdWNsXIR2qPzsyHhrTDwPrDDnemMnaQPyv1kqxW/czGSUpQiRGi7qpohjTQV60IzUIVH1LuNDS3krFDddcoE21YENgk1/+Sy6qFeZW2Fm1dFwfx7FAtsg22SWM1MgxOSUN0iSCPJAn8kJenUfn2XlzPkbWKWfcs0l+wfn6BtLkon8=</latexit>

Model 2:

We consider two incident fields:
-one plane wave (monochromatic)
-a Gaussian pulse (polychromatic)
Time-domain simulations (DGTD) Lanteri, Scheid, Viquerat (2017).
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<latexit sha1_base64="HiHhY29Vb6J8zyj9FuUwo45skEk="></latexit><latexit sha1_base64="HiHhY29Vb6J8zyj9FuUwo45skEk="></latexit><latexit sha1_base64="HiHhY29Vb6J8zyj9FuUwo45skEk="></latexit><latexit sha1_base64="HiHhY29Vb6J8zyj9FuUwo45skEk="></latexit>
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<latexit sha1_base64="POHdTtnUA28O+7MPR+WY7Y9pAXo="></latexit><latexit sha1_base64="POHdTtnUA28O+7MPR+WY7Y9pAXo="></latexit><latexit sha1_base64="POHdTtnUA28O+7MPR+WY7Y9pAXo="></latexit><latexit sha1_base64="POHdTtnUA28O+7MPR+WY7Y9pAXo="></latexit>

C = � 1
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<latexit sha1_base64="JowMsxH/2r8DLySipuTYflXAti8="></latexit><latexit sha1_base64="JowMsxH/2r8DLySipuTYflXAti8="></latexit><latexit sha1_base64="JowMsxH/2r8DLySipuTYflXAti8="></latexit><latexit sha1_base64="JowMsxH/2r8DLySipuTYflXAti8="></latexit>
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<latexit sha1_base64="s/AvWWl9jYLQhWkGsTOULFH0PRs="></latexit><latexit sha1_base64="s/AvWWl9jYLQhWkGsTOULFH0PRs="></latexit><latexit sha1_base64="s/AvWWl9jYLQhWkGsTOULFH0PRs="></latexit><latexit sha1_base64="s/AvWWl9jYLQhWkGsTOULFH0PRs="></latexit>
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Energy ℰ(t)

14Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

We consider Model 1 for a monochromatic source.

Change of behavior at critical frequencies, but difficult to quantify.



/1415Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Energy ℰ
We identify a change of behavior at critical frequencies. 

Can we provide a better signature ? 



/14

FFT fields at probe points

16Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Model 1 Model 2Dielectric

If the limiting amplitude principle holds, the field should have the same Fourier 
signature as the incident field.
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FFT fields at probe points

17Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

FFT for different Gaussian pulses (second Drude’s model)

Model 1 Model 2

MONOCHROMATIC

This phenomenon happens for any type of incident pulse.
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Cross-sections

18Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Model 1 Model 2

Black-hole resonances appear at critical frequencies.
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When dissipation comes into play

19Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

Metals are lossy. Adding dissipation into the problem makes the FD problem is well-posed.

Model 1 Model 2

Can we still find signature of this critical interval with dissipation ?

The underlying resonances can be explained via the limit problem !
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Outline

✤ Introduction

✤ Scattering in plasmonic structures

✤ Validating the Limiting Amplitude Principle

✤ Conclusion

20Limiting amplitude principle in plasmonics, CARVALHO, 2020. 
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Summary

The limiting amplitude principle allows to validates (or not) considered models.

In non lossy AND lossy materials, unusual phenomena arise in frequency domain, and 
the premises can be found in time-dependent simulations.

Perspectives:

It is important de (re)connect time-domain and frequency-domain problems.

21

Consider Maxwell 3D
Bonnet-Ben Dhia, Chesnel, Ciarlet (2014)

Consider more relevant models for the metal’s permittivity.
(Drude-Lorentz model or hydrodynamic Drude’s model)

Schmitt, Scheid, Lanteri, Viquerat, Moreau, (2016).

Limiting amplitude principle in plasmonics, CARVALHO, 2020. 

In lossy materials, underlying resonances can be explained by the limit (non lossy) 
problem.

Characterize the underlying black-hole waves
Carvalho, Moitier (2020)
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Thank you for your attention.
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Carvalho, Scheid (2020, to be submitted soon.)

Limiting amplitude principle in plasmonics, CARVALHO, 2020. 


