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Light Weakly Coupled Bosons
Goal: Solve theoretical problems of the Standard Model 

(Strong CP, flavor, hierarchy…) 

Strategy: Propose global symmetry at some high scale, broken at low energy 

Generic Prediction: Light weakly coupled Goldstone Boson 
(Axion, axion-like-particle, familon, relaxion… )
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Light Boson Detection
(1) Local Source
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(2) Cosmic Source

Ultra-light dark matter (<< 1 eV)
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�

fa
FF̃

New opportunities?

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="deZKY1puTtBu794quB8jSgDkX70=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRbBVUnE17IoFJcV7AOaECbTSTt0MgkzE6GEgBt/xY0LRdz6E+78G6dtFtp64MLhnHu5954gYVQq2/42SkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaIbIEkY5aSlqGKkmwiCooCRTjC6mfidByIkjfm9GifEi9CA05BipLTkmwduKBDO3GRI8yz0Ud5wFWV9kjVy36zaNXsKa5E4BalCgaZvfrn9GKcR4QozJGXPsRPlZUgoihnJK24qSYLwCA1IT1OOIiK9bPpDbh1rpW+FsdDFlTVVf09kKJJyHAW6M0JqKOe9ifif10tVeOVllCepIhzPFoUps1RsTQKx+lQQrNhYE4QF1bdaeIh0KErHVtEhOPMvL5L2ac25qJ3fnVXr10UcZTiEIzgBBy6hDrfQhBZgeIRneIU348l4Md6Nj1lryShm9uEPjM8f5TGYVg==</latexit>

�

fa
FF̃
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Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

<latexit sha1_base64="VdH3+9TZKEY8OmzY/afY/MwZ3Ho=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUnE17IoFJcV7AOaECbTSTt08mBmIpSQhRt/xY0LRdz6Ee78G6dtFtp64MLhnHu59x4/4Uwqy/o2Siura+sb5c3K1vbO7p65f9CRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98M/W7D1RIFkf3apJQN8TDiAWMYKUlz6w6gcAkc5IRy7PAw3kTOYrxAc2auWfWrLo1A1omdkFqUKDlmV/OICZpSCNFOJayb1uJcjMsFCOc5hUnlTTBZIyHtK9phEMq3Wz2RI6OtTJAQSx0RQrN1N8TGQ6lnIS+7gyxGslFbyr+5/VTFVy5GYuSVNGIzBcFKUcqRtNE0IAJShSfaIKJYPpWREZYp6J0bhUdgr348jLpnNbti/r53VmtcV3EUYYqHMEJ2HAJDbiFFrSBwCM8wyu8GU/Gi/FufMxbS0Yxcwh/YHz+AEMGmIA=</latexit>

�

fa
FF̃

γL

γR



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

<latexit sha1_base64="VdH3+9TZKEY8OmzY/afY/MwZ3Ho=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUnE17IoFJcV7AOaECbTSTt08mBmIpSQhRt/xY0LRdz6Ee78G6dtFtp64MLhnHu59x4/4Uwqy/o2Siura+sb5c3K1vbO7p65f9CRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98M/W7D1RIFkf3apJQN8TDiAWMYKUlz6w6gcAkc5IRy7PAw3kTOYrxAc2auWfWrLo1A1omdkFqUKDlmV/OICZpSCNFOJayb1uJcjMsFCOc5hUnlTTBZIyHtK9phEMq3Wz2RI6OtTJAQSx0RQrN1N8TGQ6lnIS+7gyxGslFbyr+5/VTFVy5GYuSVNGIzBcFKUcqRtNE0IAJShSfaIKJYPpWREZYp6J0bhUdgr348jLpnNbti/r53VmtcV3EUYYqHMEJ2HAJDbiFFrSBwCM8wyu8GU/Gi/FufMxbS0Yxcwh/YHz+AEMGmIA=</latexit>

�

fa
FF̃

γL

γR

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
Frequency Independent



Photon Polarization Search

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

<latexit sha1_base64="VdH3+9TZKEY8OmzY/afY/MwZ3Ho=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUnE17IoFJcV7AOaECbTSTt08mBmIpSQhRt/xY0LRdz6Ee78G6dtFtp64MLhnHu59x4/4Uwqy/o2Siura+sb5c3K1vbO7p65f9CRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX98M/W7D1RIFkf3apJQN8TDiAWMYKUlz6w6gcAkc5IRy7PAw3kTOYrxAc2auWfWrLo1A1omdkFqUKDlmV/OICZpSCNFOJayb1uJcjMsFCOc5hUnlTTBZIyHtK9phEMq3Wz2RI6OtTJAQSx0RQrN1N8TGQ6lnIS+7gyxGslFbyr+5/VTFVy5GYuSVNGIzBcFKUcqRtNE0IAJShSfaIKJYPpWREZYp6J0bhUdgr348jLpnNbti/r53VmtcV3EUYYqHMEJ2HAJDbiFFrSBwCM8wyu8GU/Gi/FufMxbS0Yxcwh/YHz+AEMGmIA=</latexit>

�

fa
FF̃

γL

γR

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
Frequency Independent

Measure Interferometrically
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL



Setup
<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL

Want large L



Setup

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL

Want large L

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

Trap light in Fabry Perot cavity, compare phase shift 
between left and right circularly polarized light



Setup

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 

<latexit sha1_base64="s/bE46298cM0QIMFLhuFeZyoo60=">AAACF3icbZC7TsMwFIYdrqXcCowsFhUSC1WCuC1IFSwMDAXRi9RE0YnrtFYcJ7IdpCrqW7DwKiwMIMQKG2+Dexmg5Ui2Pv3/ObLPH6ScKW3b39bc/MLi0nJhpbi6tr6xWdrabqgkk4TWScIT2QpAUc4ErWumOW2lkkIccNoMoquh33ygUrFE3Ot+Sr0YuoKFjIA2kl+quB3KNeAIX+DIv8GH5r4z7IYSSO4KCDhgN+2xQR76MPBLZbtijwrPgjOBMppUzS99uZ2EZDEVmnBQqu3YqfZykJoRTgdFN1M0BRJBl7YNCoip8vLRXgO8b5QODhNpjtB4pP6eyCFWqh8HpjMG3VPT3lD8z2tnOjz3cibSTFNBxg+FGcc6wcOQcIdJSjTvGwAimfkrJj0wiWgTZdGE4EyvPAuNo4pzWjm5PS5XLydxFNAu2kMHyEFnqIquUQ3VEUGP6Bm9ojfryXqx3q2PceucNZnZQX/K+vwBQ8eeMA==</latexit>

�k = kL � kR =
r�

fa
<latexit sha1_base64="JnPRR4SHftrJEodlkyOtj/9vi1Q=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoivjZC0Y0LFxXsA5pQJpNpO3QyCTMToYTixl9x40IRt36FO//GaZuFth64cOace5l7T5BwprTjfFuFhcWl5ZXiamltfWNzy97eaag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyP/eYDlYrF4l4PE+pHuCdYlxGsjdSx97yQco2Rl/QZukT5a4BuUccuOxVnAjRP3JyUIUetY395YUzSiApNOFaq7TqJ9jMsNSOcjkpeqmiCyQD3aNtQgSOq/GxywggdGiVE3ViaEhpN1N8TGY6UGkaB6Yyw7qtZbyz+57VT3b3wMyaSVFNBph91U450jMZ5oJBJSjQfGoKJZGZXRPpYYqJNaiUTgjt78jxpHFfcs8rp3Um5epXHUYR9OIAjcOEcqnADNagDgUd4hld4s56sF+vd+pi2Fqx8Zhf+wPr8AdmJlcw=</latexit>

�� = �kL

Want large L

<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�

Trap light in Fabry Perot cavity, compare phase shift 
between left and right circularly polarized light

<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Independent of frequency - can realize in optical or superconducting RF 



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Independent of frequency - can realize in optical or superconducting RF 

Optical: Smaller mirrors, lower F



Experimental Realization

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�

Independent of frequency - can realize in optical or superconducting RF 

Optical: Smaller mirrors, lower F

RF: Large mirrors, high F



Systematics Issues
Cavity Length Fluctuations - 

phase shift depends on 
frequency 

Strain in mirror induces phase - 
scales with F but not L

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

<latexit sha1_base64="1WLyYdu43OTcTquk6Qsx4H7O7fg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+FoW3bisYB/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsP3MvhnHuZOydIOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxucr/9QKVisbjX44T6ER4IFjKCtZF69sEAecmQIS/AMvMaik1Q3nt21ak5U6BF4hakCgUaPfvL68ckjajQhGOluq6TaD/DUjPC6aTipYommIzwgHYNFTiiys+m90/QsVH6KIylKaHRVP29keFIqXEUmMkI66Ga93LxP6+b6vDKz5hIUk0FmT0UphzpGOVhoD6TlGg+NgQTycytiAyxxESbyComBHf+y4ukdVpzL2rnd2fV+nURRxkO4QhOwIVLqMMtNKAJBB7hGV7hzXqyXqx362M2WrKKnX34A+vzByKTlY4=</latexit>

g� ̄ 
<latexit sha1_base64="Khy7RwGkSKMnO+CjbRrcoBvAcfM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP1A0kpQE2UB0qzW37s5AlolXkBoUaHarX0EvZXnCFTJJjfE9N8NwTDUKJvmkEuSGZ5QNaZ/7liqacBOOZydPyIlVeiROtS2FZKb+nhjTxJhREtnOhOLALHpT8T/PzzG+DsdCZTlyxeaL4lwSTMn0f9ITmjOUI0so08LeStiAasrQplSxIXiLLy+Tx7O6d1m/uD+vNW6KOMpwBMdwCh5cQQPuoAktYJDCM7zCm4POi/PufMxbS04xcwh/4Hz+AOyVkQk=</latexit>

r�
<latexit sha1_base64="LrknLdCkWLeIii1rM/fm+aE+Ouk="></latexit>

�� = F �kL = F
r�

fa
L =

1p
N�



Systematics Issues
Cavity Length Fluctuations - 

phase shift depends on 
frequency 

Strain in mirror induces phase - 
scales with F but not L

Handles
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Use two different frequencies - differential measurement retains signal 

Modulate L, but fix F - mirror strain remains same, signal changes  

Modulate orientation relative to source or distance 



Projected Sensitivity

RF Cavity 

Q ~ 1011, L ~ 1 m, 
Mass ~ 100 kg

Optical Cavity 

F ~400, L ~ 10 m, 
1064 nm light
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Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
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Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift



Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift

<latexit sha1_base64="xenXYruU7AQe+3D2vmthFdgoZBo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQyK4DGCeUCyhNlJbzJkdnaZmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4N/WbI1Sax/LJjBP0I9qXPOSMGis1OyNk2f2kWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt3Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJb/yMyyQ1KNl8UZgKYmIy/Z30uEJmxNgSyhS3txI2oIoyYxMq2hC8xZeXSeO84l1VLh8vytXbPI4CHMMJnIEH11CFB6hBHRgM4Rle4c1JnBfn3fmYt644+cwR/IHz+QNnpI+h</latexit>

~E

Phase shift depends on index of refraction - 
measures time varying electric field



Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift

<latexit sha1_base64="xenXYruU7AQe+3D2vmthFdgoZBo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQyK4DGCeUCyhNlJbzJkdnaZmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4N/WbI1Sax/LJjBP0I9qXPOSMGis1OyNk2f2kWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt3Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJb/yMyyQ1KNl8UZgKYmIy/Z30uEJmxNgSyhS3txI2oIoyYxMq2hC8xZeXSeO84l1VLh8vytXbPI4CHMMJnIEH11CFB6hBHRgM4Rle4c1JnBfn3fmYt644+cwR/IHz+QNnpI+h</latexit>

~E

Phase shift depends on index of refraction - 
measures time varying electric field

Lowest frequency set by absorption length of light (~km)



Nonlinear Optics

Detect high frequency oscillating electric field

Crystal with index of refraction with a linear dependence on electric field
(e.g. Lithium Niobate)

Create Optical Cavity with Lithium Niobate - choose length to set resonance frequency 

Send light through optical resonator - measure phase shift

<latexit sha1_base64="xenXYruU7AQe+3D2vmthFdgoZBo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQyK4DGCeUCyhNlJbzJkdnaZmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4N/WbI1Sax/LJjBP0I9qXPOSMGis1OyNk2f2kWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt3Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJb/yMyyQ1KNl8UZgKYmIy/Z30uEJmxNgSyhS3txI2oIoyYxMq2hC8xZeXSeO84l1VLh8vytXbPI4CHMMJnIEH11CFB6hBHRgM4Rle4c1JnBfn3fmYt644+cwR/IHz+QNnpI+h</latexit>

~E

Phase shift depends on index of refraction - 
measures time varying electric field

Lowest frequency set by absorption length of light (~km)

High frequency cut-off: Nyquist limit, response time of 
crystal (> THz)



Projected Sensitivity
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Conclusions

1. Important to search broad range of 
couplings and frequencies 

2. Exciting opportunities in the RF for 
polarization searches 

3. Exploit non-linear optics for high 
frequency resonators


