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�)ï¿ìTì�ñ�ì�ïðõ�û4�5�,÷­è]é)õTé�ô�ñ�æ]ógó]ñ�ö*�9ê¿é �Åé�æ]ó]ö]êðö*� ïðõ��$ë?ó]é�ñ>�¸çLò¸ñ p\q�q�í8�$ë?õ�õTé�õF�¯÷­è]é)ö*�*�!é�ì
çLò¸ñ)ò£ïðìTé�õ£èVë�î?é�ë�ó]ï¿ë��$é|ç¨é�ì­ñ��}qE�ðû 
=��� ý^ò£è]ïðê¿éÇçTè]é�ê¿ñrò~é�ì��Fñ�ö]ì­èVë�î�é½ë,ó]ïÝë��)é�çTé�ì²ñ>�}q � û4���5�
ø C ë;ç6�$ïðìTìTñ?ì­ï¿õ ë;çTç¨ë?ô�è]é�óÁç¨ñ,ç¨è]é	�]ï¿í��$ë?õTõ ë?æ]ó ç¨ñ�í?é�ç¨è9é�ì°ò£ï ç¨è±ç¨è]éµô�ö9ì�î�é�ó �$ïðìTì�ñ�ì­ïðç �Fñ�ì��$õ
ë��E��
�ô"��êðñ�æ]í,ñ��9çTï¿ô�ë;êyìTé�õTñ�æ]ë;ç¨ñ�ìF��÷­è]éµçTì¨ë?æ9õ,�)ï¿õTõ�ï¿ñ�æDñ>� �!ñ?ç¨è)�)ï¿ì�ìTñ�ì�õ²ï¿õ"q � û��I�
÷­è]ì�é�é8�¯ë?í?æ]é�çTõ$ë;ìTé ë;çTç¨ë?ô�è]é�ó ç¨ñ�çTè]é5�9ï¿í�í�é�ì�ñ�æ]é±ñ��°ç¨è]é)�)ï¿ìTì�ñ�ìTõF�:~��(õTé�æ]ó]ïðæ]í ë ô�ö9ìTìTé�æºç
ç¨è9ìTñ�ö]í?è,çTè]ìTé�é ë?ó]ó]ï ç¨ï¿ñ?æVë?ê9ô�ñ�ï¿êðõ�ë;ç�çTè]é��Fì¨ë��)é~ò¸éÇë?ì�é£ë��]êðé²ç¨ñµë��*�]ê ��ë �Fñ�ì�ô�é­ç¨ñ"ç¨è9é.�9ï¿í �)ï¿ìTì�ñ�ì
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EOM

PBS
Suspended Resonator

Photodiode

Faraday-Isolator

Broadband EOM

Referenceresonator

EOM

PBS

Vacuum Tanc

Vacuum Tank

12 MHz Oscillator
Laser

Faraday-Isolator

Photodiode

7.9 MHz Oscillator

Mixer

Mixer

������� ¦�� � « ¼#�rmHn®³ � �t� � �|z|qwm�» ¬ �w�"� � lH��v­n®l£lJm � �In���n�lH���$moz � vo�´s¶��vH��jI³´��vH�TlJz�j � moz|v � jI�$mo�w�
����jw·ªmo�°z|s^mo�w��lJq;lJ�?��jI�w���ÇvH�TlJz�j � moz|vyn�lt��zr³��|�T�­moz²mH�w��� � lH��vys¶vo��È�qw��j;³´�|»

ë?æ]ó±ç¨èXö]õ£ô�èVë;æ]í�é�ç¨è]é�ê¿é�æ]í?çTè ñ>�#çTè]é�ñ��9ç¨ïðô�ë?êyìTé�õ�ñ�æVë;çTñ�ì"�
÷­è]é�ò£è]ñ?ê¿é�é 1 �!é�ì�ï��)é�æºç­ïðõ²õTé|ç£ö*�Dï¿æ±ë�î;ë?ô�ö]ö*�&ç¨ë?æm|,ç¨ñ,ë�î�ñ?ï¿óDé21^ô�ïðç�ëIç¨ï¿ñ?æ%ñ��tç¨è]é �Åé�æ]ó]ö]êðö*�$õ
�B�Díºë?õ �)ñ�ê¿é�ô�ö]êðé�õF��÷­è]é��]ìTé�õTõTö9ìTéµï¿æ]õ�ï¿ó]é�çTè]é"ç�ë?æm|¯ï¿õ­ï¿æDçTè]é,û&q����,� �]ë?ì­ìTé�í�ï¿ñ�æ��

�Nã���v <rCHG�7VQ¸QJ7	�!2 ` <

÷­è]éDêðé�æ]í?çTè ñ��£ç¨è9é%õTö]õ��Åé�æ]ó]é�ó ìTé�õTñ�æ]ë;ç¨ñ�ì�ï¿õ�õ�ç�ë��9ï¿ê¿ïðõTé�ó ç¨ñ�çTè]é �FìTéFJXö]é�æ]ô2�Äñ��£ç¨è9é%ï¿æ]ô�ñ��)ï¿æ]í
êÝë;õTé�ì(�!é�ë�� ö]õ�ï¿æ]í�ë�
#ñ�ö9æ]ó
��ìTé|î�é�ì �Çë?êðêYê¿ñ3ô%|3ïðæ]íµõTô�è]éF�$é,úÏû�û�ü!ò£ïðçTè%ë��$ñ3ó]ö]ê¿ë;ç¨ïðñ�æ �FìTé"JXö]é�æ]ôF�
ñ�� G �fp�ù �.9 P õTé�éX{*ï¿í � �\Q ��÷#ñ�ë�î�ñ�ïðó �Vë?ô%|,ì�é C é�ô�ç¨ïðñ�æ]õ(�FìTñ�� çTè]é C ëIç~õ�ö]ì��Jë?ô�éÇñ��Åç¨è]é6�]ï¿í��)ï¿ìTì�ñ�ì
ï¿æºçTñ,çTè]é�êÝë?õ�é�ì²çLò¸ñ�{Yë?ìTë?óVë �DïðõTñ�ê¿ë;ç¨ñ�ì�õ²ë?ì�é�æ]é�ô�é�õTõTë?ì����
øÇõ ê¿ñ�æ]í ë?õ ò¸é èVë�î�ébõ�ö��)ô�ïðé�æºç(íºë?ïðæ ç¨è9é �Fé�é�ó*�Vë?ô%| õTö*�*�9ìTé�õ�õTé�õ�çTè]é ó]ï $yé�ìTé�æºçTïÝë?ê �)ï¿ìTì�ñ�ì
�)ñwî?é"�)é�æºç �*÷­è]é�ì�éF�Fñ�ì�é°ïðæ,çTè]é ê¿ñrò%�Fì�é"JXö]é�æ]ôF�)ìTé�í�ï¿ñ?æ,ò¸é ê¿ñ3ñ\|�ëIç
çTè]é��Fé�é�ó*�Vë?ô%|,õTïðí�æVë?êH�#ø6�Åñrî?é
ç¨è9é�ö]æ]ï ç��%íºë?ïðæ �FìTéFJXö]é�æ]ô2�%ç¨è9é�é�ì�ìTñ�ì D��!ñ�ï¿æºç²õ�ï¿í�æ]ë?êÅïðõ �]ì�ñ��Åñ?ì�ç¨ïðñ�æVë?êVçTñ�ç¨è]é �)ï¿ì�ìTñ�ì(�)ñwî?é"�)é�æºç �
åLæ�ñ�ö]ì#é21E�!é�ìTï��$é�æºç�ö]æ]ï ç���í�ë?ï¿æ½ñ��Vç¨è]é(�Fé�é�ó*�Vë?ô%|½ï¿õ�ë;ìTñ�ö]æ9ó 
\q\q �69>�*å�ç#ò~ñ�ö9ê¿ó �!é­ë?æ�ë;ó9î;ë?æºç�ë?í�é
ç¨ñ±õ�è]ï��kç"çTè]ï¿õ�çTñÁëDè]ïðí�è]é�ì �Fì�é"JXö]é�æ]ôF� ç¨ñ±èVë�î?é/�)ñ�ìTé�í�ë?ï¿æ�ïðæ çTè]é �FìTéFJ3ö9é�æ]ô2� ìTé�í?ï¿ñ�æ ñ��~ëI�Fé�ò
�69 ò£è]é�ì�é�ç¨è]é6�$ïðìTì�ñ�ìTõ �)ñwî?éÇç¨è9é �)ñ�õ�ç�ýE�]ö^ç²ï¿æºçTé�ìTæ]ë?ê:�)é�ô�è]ë?æ]ï¿ô�ë?ê!ìTé�õ�ñ�æVë?æ9ô�é�õ­ñ>�Nç¨è]é �$ïðìTìTñ?ìTõ
�]ì�é�î�é�æºç�ö]õ��FìTñ���ó]ñ�ïðæ]í,õTñ*�
��æ]é
�¯ë���ñ�ì²æ]ñ�ïðõTé"õ�ñ�ö]ìTô�é�ï¿æDç¨è]ïðõ­õTé|ç�DLö �Rïðõ­êÝë?õ�é�ì �FìTéFJXö]é�æ]ô2�±æ]ñ�ïðõTé���å�ç°ë�� �Åé�ë?ìTõ­ïðæ ñ?ö]ì�
#ñ�ö9æ]ó
��ìTé|î�é�ì �°ë?ê¿êÅìTé�ë;ó]ñ�ö9ç õTô�è9é"�)é�ë?õ ë,ê¿é�æ]í?ç¨è±ô�èVë;æ]í�éµñ��#çTè]é�õTö]õ��Åé�æ]ó]é�ó�ìTé�õTñ�æVëIç¨ñ�ìF�
÷­è9ï¿õ£éF$Åé�ô|ç
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ô�ë;æ5�!é�ô�ë?êðô�ö]ê¿ë;ç¨é�ó � �
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� P &\Q

ò£è]é�ìTé � c ïðõ½çTè]é¯ô�èVë;æ]í�é¯ñ>�²ç¨è]é$êÝë?õ�é�ì��FìTé"JXö]é�æ]ôF� c ë?æ9ó ��� ï¿õ½çTè]é¯ô�ñ�ìTì�é�õ��Åñ�æ9ó]ï¿æ]íRô�èVë?æ]í?é
ñ��¸ç¨è]é)ìTé�õTñ�æVëIç¨ñ�ìµê¿é�æ]í?ç¨è � ���"é�éF�]ï¿æ9í � ë?õµõTè9ñ�ì�ç�ë?õ��Åñ�õ�õTï��]ê¿é,ô�ë;ægì�é�ó]ö]ô�é$çTè]ï¿õµéF$Åé�ô|ç�ý �9ö9ç½ë
õ�ç¨ë��]ïðê¿ï¿õTë;ç¨ïðñ�æ¯ñ>�*ç¨è9éµê¿ë?õTé�ì �FìTéFJ3ö9é�æ]ô2�±ï¿õ­õ�çTï¿êðêNæ]é�ô�é�õ�õ¨ë?ì����
÷6ñ,ë?ô�è]ï¿é|î�é�çTè]ï¿õ~ò¸é"ö]õ�é�ë�ìTéF�Fé�ìTé�æ]ô�é�ìTé�õTñ�æ]ë;ç¨ñ�ì~ï¿æDë�õ�é"�Vë?ìTë;ç¨é�î;ë?ô�ö]ö*� ç�ë?æ |���÷­è]ïðõ²ìTé�õTñ�æ]ë;ç¨ñ�ì
èVë?õ�ë lVæ]é�õTõ�éDñ��6&�^\q\q�qÁë?æ]ó ë?æ ñ��9çTï¿ô�ë?ê �Vë;ç¨è ê¿é�æ9í?ç¨ègñ�� � �>� ���5� {Vñ�ì�ç¨è]ïðõ�õ�é�ô�ñ?æ]ó 
#ñ�ö9æ]ó
��ìTé|î�é�ì �Çë?êðê£ê¿ñ3ô%|3ïðæ]í õ�ô�è]é"�)éÁò¸é�ö]õ�é ë!�)ñ^ó]ö9êÝë;çTï¿ñ�æ �FìTéFJ3ö9é�æ]ô2� ñ���û ��ù �69>�B÷#ñ ë?ô�çTöVë?ê¿ê �
ô�èVë?æ9í�é�ç¨è9é�êÝë;õTé�ì.�FìTéFJ3ö9é�æ]ô2�Áò¸é�ö]õTé½ç¨è]ì�é�é�ë?ô|ç¨öVëIç¨ñ�ì�õ"�Ç÷6ñ%ô�ñ�ö]æºç¨é�ì ���?�FìTéFJ3ö9é�æ]ô2��ó]ì�ï��kç¨õ£ò¸é
ô�èVë?æ9í�é�ç¨è]é�ç¨éF�/�!é�ìTë;ç¨ö9ìTé�ñ��
ç¨è]é,ê¿ë?õTé�ì"ô�ì��3õ�ç�ë?êHý �Fì�ñ��\êðñrò �Fì�é"JXö]é�æ9ô�ï¿é�õ½ö � çTñRëI�Fé|ò | �69�ò¸é
ö]õ�é½ë �]ïðé"9�ñ)é�ê¿é�ô�ç¨ì�ï¿ô"ë;ô�ç¨ö]ë;ç¨ñ�ì²çTñ)ë��*�]ê �Dë �]ìTé�õTõ�ö]ìTé�ç¨ñ�çTè]é�êÝë?õ�é�ì­ô�ì��3õ�ç�ë;êtë?æ]ó �Fñ�ì �Fì�é"JXö]é�æ9ô�ï¿é�õ
ö*�±ç¨ñ/��q\q}| �.9�ò¸éµö]õTéµë?æ é�êðé�ô�çTìTñ,ñ��9çTï¿ô�ë?ê0�)ñ^ó]ö9êÝë;çTñ�ì²ë?õ ë �]èVë;õTéµõTè]ï �kç¨é�ìµúÏû �IüH�
÷­è]éRô�ë?êðï��]ìTë;ç¨ïðñ�æ(ñ���ç¨è9é5�Fé�é�ó*�Vë?ô%|�õTïðí�æVë?ê£ïðõ$ó]ñ?æ]é �B� ë��*�]ê �^ïðæ]ígëgõTïðæ]éRò~ë�î�éÁçTñgçTè]é �]ïðé"9�ñ
é�êðé�ô|ç¨ìTïðô�ë?ô�çTöVë;çTñ�ì­ñ�æDç¨è]é�ê¿ë?õTé�ì­ô�ì��3õ�ç�ë?êH��÷­è]é�õ�ç�ë>�]ï¿êðï�9�ëIç¨ï¿ñ?æ¯ñ��6ç¨è]é�ê¿ë?õTé�ì �FìTé"JXö]é�æ]ôF�±è]ë?õ­ç¨ñ �Åé
ç¨ö9ìTæ]é�óRñ�$ �Fñ?ì²ç¨è]ïðõ"��� ïðçTèDç¨è]ét|Xæ]ñrò£ê¿é�ó]í�é�ñ��6ç¨è]é�õTï�9�é�ñ��6ç¨è]é�ô�èVë;æ]í�éµï¿æDç¨è]é�ê¿ë?õTé�ì �FìTé"JXö]é�æ]ôF�
ó]ö]é­çTñ�çTè]é ë��*�]êðï¿é�ó�õTï¿æ9é£ò~ë�î�é£ò~é£ô�ë?ê¿ô�ö]êÝë;çTé²ç¨è]é£ô�ñ�ìTì�é�õ,�!ñ�æ]ó9ï¿æ]í�ê¿é�æ]í?çTè)ô�è]ë?æ]í�é£ñ��!ç¨è]é£ñ��^ç¨ï¿ô�ë?ê
ìTé�õTñ�æ]ë;ç¨ñ�ì �B�Dö]õ�ï¿æ]í�� J � &�ë?æ9ó çTè3ö9õ ô�ë?ê¿ï��]ì¨ëIç¨éÇçTè]é�ìTé�õ�ö]êðçTï¿æ]í �Fé�é�ó*�Vë;ô%|DõTï¿í?æVë?ê �
÷­è]ïðõ �)é�ç¨è9ñ^ó�è]ë?õ#çTñ �Åé¸ìTéF�Åé�ë;ç¨é�ó,ë;ç�ë?êðêB�FìTé"JXö]é�æ]ô�ïðé�õ*çTñ�í�é|ç�ëÇô�ñ��/�9ê¿é�çTé(�Fì�é"JXö]é�æ]ôF��ó]é"�!é�æ]ó9é�æºç
ç¨ìTë?æ]õ��Fé�ì��Fö]æ]ô|ç¨ï¿ñ?æ0��÷­è]é��Fì�é"JXö]é�æ]ôF� ó]éF�Åé�æ]ó]é�æ9ô�é�ô�ñ��)é�õ��FìTñ��&ç¨è]é �Jë?ô|ç çTèVë;ç£ñ�ö9ì ô�ñ�ï¿ê D��$ë?í�æ]é|ç
ë?ô|ç¨öVë;çTñ�ìTõ�ë?ìTé¸æ]ñ?ç �)ñrî^ïðæ]í°çTè]é �]ïðí �)ï¿ìTì�ñ�ì6ó]ï¿ì�é�ô�çTê��?ý;ç¨è9éF��ë?ìTé­ë>�*�]ê��3ïðæ]í�ë �Fñ�ì�ô�é²ïðæ]õ�çTé�ë?ó��*÷­èVë;ç
�)é�ë?æ]õ°ç¨èVë;ç°ç¨è]é3�Åé�æ]ó]ö]êðö*� çTì¨ë?æ9õ��Fé�ì6�Fö]æ]ô�çTï¿ñ�æÁñ���ç¨è]é�ê¿ë?õ�ç6�!é�æ]ó]ö9ê¿ö*� õ�ç¨ë?í�é�ë�� �Åé�ë?ìTõ�ïðæ�ñ�ö]ì
ô�ë;ê¿ï��9ì¨ë;çTï¿ñ�æ0�

	tã A%1�x ` Qk<Rx

�gé~èVë�î�é£ë;ô�è]ï¿é|î�é�ó,ë°õ�ç�ë>�]ê¿é¸ê¿ñ3ô%|"ñ��Yñ�ö]ì#õTö]õ��Åé�æ]ó]é�ó,ì�é�õTñ?æVë;ç¨ñ?ì<�Fñ�ì6ç¨ï��)é�õ6ñ��Vö ��ç¨ñ"ë.�Fé�ò(è]ñ�ö9ìTõ�ý
ò£è]ïðô�è é�æ]ë��]ê¿é�ógö9õ½ç¨ñ8�)é�ë?õ�ö]ìTé�ç¨è9é$õ��Åé�ô�ç¨ìTë?ê�ó]é�æ9õTïðç�� ñ��¸ç¨è]é)ó]ï $yé�ìTé�æºçTïÝë?ê=�)ï¿ì�ìTñ�ì �)ñrî�éF�$é�æXç
P õ�é�éX{*ï¿í�
kQ �
�gé°ô�ë?æ¯õ�é�é°çTèVë;ç�ç¨è9é°ì�é�õTñ?æVë?æ]ô�é6�FìTéFJXö]é�æ]ô�ï¿é�õ~ñ��Åç¨è]é.�Åé�æ]ó]ö]êðö*� ë?ì�ñ�ö]æ]ó û �69°ë?ìTé
óVë����!é�ó$ë?æ]ó¯ó9ñ½æ]ñ;ç �!é�ë�| ��ö]ô�è¯ñrî�é�ì
çTè]éµû&q ����
� ��� õTé�ï¿õ,�)ï¿ô­æ9ñ�ï¿õ�é C ñ3ñ�ì�ñ��Åç¨è]é é�æºî3ï¿ì�ñ�æ*�)é�æºç �ø �!ñrî�é�ë �Fé|ò �69�ò~éµõTé�é"�Pç¨ñ��!é½êðï��)ïðç¨é�ó �B�±æ]ñ�ï¿õ�é�ñ��*çTè]é½ô�ñ�ï¿ê D��$ë?í�æ]é|ç£ë?ô|ç¨öVë;çTñ�ì£é�êðé�ô�çTìTñ�æ9ï¿ô�õ
ë?æ]ó�æ]ñ�ïðõTéDñ�� ç¨è9é)�Fé�é�ó*�]ë?ô%| �Fñ�ì�ç¨è9é ì�é�õ�ñ�æVë;çTñ�ì,ê¿é�æ9í?ç¨è0�Ä÷­è9é ó9ï�$Åé�ìTé�æºç/�!é�ë |3õ)ë��!ñrî�é û&q �69
õTé�é"��çTñ��!é�õTé�ï¿õ,�)ï¿ô�ë?ê¿ê �)é21^ô�ï ç¨é�ó8�!é�æ]ó]ö9ê¿ö*��ì�é�õ�ñ�æVë?æ]ô�é�õ°ï¿æDç¨è]é"î?é�ì�çTï¿ô�ë?êNó]ïðìTé�ô|ç¨ïðñ�æ0�
÷6ñ ï��/�9ìTñrî�é�çTè]é�õ,�!é�ô|ç¨ìTö � ò~é)ë?ì�é�ô�ö]ì�ìTé�æºçTê��Áò¸ñ�ì
|3ïðæ]í±ñ�æ ëDæ]é�ò �Åé�æ]ó]ö]êðö*�\õ�ç�ë?í�é,ó]ïðìTé�ô�ç¨ê �
ë��!ñrî�é°çTè]é.�$ïðìTìTñ?ì�ç¨ñ/l]êðç¨é�ì¸æ9ñ�ï¿õ�é �Fì�ñ�� ç¨è9éÇô�ñ?ï¿ê D �¯ë;í�æ]é�ç�ë?ô�çTöVë;ç¨ñ?ìTõ"���^ñ��)é°é�ê¿é�ô|ç¨ì�ñ�æ]ï¿ô£ô�ñ��/�!ñ>D
æ]é�æXçTõ"ë?êðõTñ¯è]ërî?é�ç¨ñ �Åé½ï����]ìTñrî�é�ó0� øÇõ�ë)æ]é213ç"õ�ç¨éF��ò~é�ò£ïðê¿ê0�Fö]ì�ç¨è]é�ìÇì�é�ó]ö]ô�é�ç¨è9é �¯ë;õTõ ñ���ç¨è]é
õ,�$ë?êðê��)ï¿ìTì�ñ�ì"�

÷­è]ïðõ ò¸ñ�ì�| ò~ë?õ õ�ö*�*�!ñ�ì�çTé�ó �B� ç¨è9é ��é�ö^ç¨õTô�è9é {Vñ�ìTõ�ô�èXö]æ]í�õ�í�é"�)é�ïðæ]õTô�èVë �kç ò£ïðçTè]ï¿æ ç¨è]é
�^ñ�æ9ó]é�ì��Fñ�ìTõ�ô�è3ö9æ]í�õ,�!é�ì�é�ïðô�è#�kqBGE�
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frequency stabilization off
frequency stabilization on

������� ¦�� � « �"� � lJqIvH�T��lJ�?��³´mHv � �N�r��jIlHn�mF��zªs=mH�I�Ç�rn�¾���vo��j�mHn � �y{²n�vovHz�v
{²z��|��{²��j�m�»��y��lHn��r�Tl
lJz�{~��lH��n®lJ{²n®³ � �����£�
�w³´n�mH�T� vo��lHz|j � jI³���l���¹y� � vo�#��n�{²n�mH�T�°���£�����T³LmovHz�jwn�³#jwz�n�lH�*lHz|qIvo³���l�»9ÆD�I��j
mH�w�N� � lH��v^s¶vH�TÈ�qI��jI³���lFm � �wn���n�� � mHn�z|j¸n�l9moqwvHjI���¸zª¾]��mH�w�ys¶vo���yvHqIjwjwn�jw·�� � lJ��v^jwz�n�lH�yn�lV�rz�{²n�j � mHn�jw·
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