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@CF4hMBMj�hMWaLMz9_OBE\3_O`�\CSyNw\vz'@[_'BMLMo�Z[\lNw\lFwHmH5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H c �

( H · ÖçNOZ[F�@vD�BM@[@CF4L�\VoM@[WYX'F4@��vWY\lS»LMF4zkNw\CWYX'F�hi_'q�Nw@CWY\^]OH½H;H5H5H;H5H;H5H5H;H5H�H;H5H;H (Ob
( H $ GAWY@CD�BEWY\�`n_'@�\lSMF<hMSM_O\C_doEWa_,oMF9LM_O\;F�j�hMqa_¾],WaLEz�Z[BMuE\C@lNOD{\lWa_OLQP�BEZCF�o��vWY\lS�\lSMF

\^�A_�|^hMSM_w\l_'L�ZChiF�D{\l@C_OZCD�_Oh�]
`n_O@�\lSMF ¸'¸ ¶ LMj q�NOZ[F�@�H­H5H;H5H5H;H5H�H;H5H;H (dc
( H ¶ GAWY@CD�BEWY\�`n_'@�\lSMFº� b2À èV³�\lBMLMNOuMqaF e Ú À oM@[WYXOF�@�H»tvF�D4F�Lk\=XOF�@[ZCWa_OLMZ;_w`�\lSMF

D�WY@CD�BEWY\�SyN�XOF5\CSMF�D�_'j�hm_OLMF�Lk\lZvZ[hMqaW�\�WaLk\l_9\CSM@CF4F;Z[F�hyNO@CNw\lF�D4Wa@CD4BMWY\CZ�H½H5H;H (O¹
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( H ¸ GAWY@CD�BEWY\
`n_'@©D4_'Lk\l@[_'qaqYWaLMz�\CSMF­D�BM@[@CF4L�\»\C_´\CSMF­NOLk\lWaèVF4qaj�SM_'qY\C³pD4_'WaqYZ�H.��SEF
jºNwL,BMNOq~ZÁ�vWY\lD¼S�WaZAZCWaLEz'qaFKhEBMqaq�PEoM_'BEuMqaFK\CSM@C_¾��H �^L»\lSMF�D4_'LExyz'BE@lNw\CWa_'L»NOZ
oM@lN��vLQPQ\CSMF9NOLk\CW�èVF4qaj�SM_'q�\l³5D�_'WYqaZ*@[F�D4F�WYXOF9D�BM@[@CF4L�\�WYLp\^�¥_�_w`}\CSMF=\CSM@CF4F
Z[�vW�\lD¼S°ZCF{\C\lWYLMz'Z4H¢®�F�@CF�\CSMF�hm_¾�¥F�@»ZCBEhMhMqY]7\l_´uiF!hMqaBEz'z'F�o°WYL�\C_�\lSMF
NOqY\CF�@[LyNw\lF2?�æ*G*P}\CSMF�L¬\CSMFpD4_'WaqYZ��¥_'BMqYo¬@CF4D�F4WYX'FpD�BM@[@CF�Lk\
WYL¦_'LEqY]´_'LMF
ZCF{\C\lWYLMzMHmH;H5H;H5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H (w·

¹ H c �d_Oj<F5F�LMF4@CzO]»qYF4XOF�qaZ3_O`�@CBMuMWYoMWaBEj2H}��SMF=Z[_'qaWYo»qaWaLEF�ZvWaLMoEWaD�N�\lF�\lSMF=�d����t e R
q�NOZ[F�@��AN¾XOF�qYF�LMzO\CSMZ�H���SEF=oM_O\[\lF4o2qYWaLMF4Z3WYLMoMWYD�Nw\CF5Z[hm_OL�\lNOLMF4_'BMZ3F�j�WaZCZ[Wa_'L
`n@C_'jÜ\CSMF;XwNO@[Wa_'BEZVZÁ\¼Nw\CF�Z�H*��SMF=oMF{\lBMLEWaLMz©WYZVWYLMoMWYD�Nw\CF�opuk]�U � H*æ3_O\KNwqaq
Z[\lNw\lF4Z�_'@½\l@CNOLMZ[WY\lWY_'LMZÉNO@[F¥Z[SM_¾�vL��n\lSEF · I«WaZÉ_'j�WY\C\CF�oJ�gP�NOLMo;\CSMFAoE@lN��vWaLMz
WaZ�LM_w\�\l_�ZCD�NOqaFwH�H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ( ¿

¹ H ( ��WYj<FKF{X'_'qYBE\lWY_'L©_O`ç\CSMF�Nw\C_'j<WYDVhi_'hMBEq�Nw\CWa_'LMZ}`n@C_'j�ZCWYj�BMqaNw\lWY_'LMZ�HÉ��SMF�t3NOuMW
@lNw\CF�Z5NO@[FCd � aed Å a ¶gf H9��SMF�_'LMF{|�hMSM_O\C_'L­oMF4\CBMLMWYLMz»WaZ ¸ H $*f H9��SEF
hMBMqYZCF»�vWaoE\CSMZºNw@CF ¹O¹ LMZ4H°�^LMZCF{\­��N'��Z[SM_¾�vZº\lSMF�F4XO_'qaBd\lWa_OL«�vSMF4L¬\lSMF
hMBMqYZCF�Z�Nw@CF9WaL!\CSMF9D�_OBMLk\lF�@�|^WYL�\CBMWY\CWYXOF�_'@CoEF�@�uk] (Ob LMZ4H��^LMZ[F4\º�ÄuJ�3WaZK`n_'@
D�_'WYLMD�WYoMF�Lk\¥hMBMqYZCF�Z4H ��SMF*Z[_'qaWYo<qYWaLMFvWYLMoMWaD�Nw\lF4Z}\CSMF $ I Z[\lNw\lFwP,\CSMF*oMNOZCSMF4o
\lSMF $ R«NOLMoº\CSMFKoM_O\[\lF4oº\lSMF $ �mH,��SMFKBMhMhiF�@¥`n@lNOj�F�Z¥WaLMoMWYD�Nw\CF3\CSMFKhMBEqaZCF
\lWYj<WYLMz'Z%hÉ\lSMF�Z[_'qaWYo
qaWaLEFKWaZid � PM\CSMF�oM_O\C\CF�o�qaWYLMFKWaZ3d Å � H5H5H;H5H�H;H5H;H ¹O·

¹ H ¹ ��SMF<\lWaj�WaLEz�Z[D¼SMF�j�Fº`n_'@5\lSMF©�d����t e R¯F{fdhmF4@CWYj<F4L�\�H2��SEF©@CF4hMBMj�h�umF�NOj
WaZ;_'L�D�_'Lk\CWaL�BM_'BMZ[qY]OH���SEF
oM_¾�vL�\CWaj�F<`n_'@;\lSMFº\C@lNOh�uiF�Nwj%WYZ;\^],hMWaD�NOqaq�]
cXj Z4H2��SEF ¸'¸ ¶ LMj%�d����t e R�hEBMqaZ[FºWaZ5BMZ[ByNOqaq�]�D�F�Lk\CF�@CF4o�WaL�\lSMF�\l@lNwh
oM_¾�vLk\lWaj�FOH�è3F�@[F�U�\3WaLEoMWaD�Nw\lF4Z�\lSMF�oMF4q�N�]
uiF4\^�¥F�F�L�\lSMF;�d����t e R¬hEBMqaZ[F�Z�H ¹'¶

¹ H · t3N�� ¸ � b LMjlkyBM_'@[F�ZCD4F�LMD4FOHäH5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¹ �
¹ H $ e X'F�@CNOz'F4o NwLMo LM_'@[jºNOqYWa³4F�o ¸ � b LMj kyBM_O@CF�Z[D�F4LMD�FwH e qaZ[_�LM_O\CFp\lSMFpLM_'Ld|

qaWYLMF�NO@AD¼SyNO@lNwD4\lF4@v_O`�\CSMF�@lNOj�h
X'_'q�\¼NOzOFOH H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¹ ¿
¹ H ¶ t3N�� ·�(Ob LMjlkyBM_'@[F�ZCD4F�LMD4FOHäH5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ·kb
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¹ H ¸ GA_'@[@CF4D4\lF4o ·k(Ob LMjmkMBM_'@CF4ZCD4F�LMD4F��vW�\lS�LM_'@[jºNwqaWa³4F�o ¸ � b LMjDkyBM_'@[F�ZCD4F�LMD4F
NOLMo»j<Nw\lD¼SMF4o2@CNOj�h»XO_'qY\lNOz'F4Z�H�H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ·Mc

¹ HT� ��SMF�qaN�]'_'BE\�_O`ç\lSMFK_OhE\lWYD�NOqiZChiF�D{\l@CBEjäNOLyNOq�],³�F�@�NOLMo©\lSEF*\^�A_�|^hMSM_w\l_'LQPd\^�A_w|
D�_'qY_'@�Z[hmF4D4\l@[_'ZCD4_'hk]�BMZCF4oºoMBM@[WaLMz�\CSMFV�d����t e R�NOLMo�ZCBMuEZCF�Ë�BMF4Lk\�F{fdhiF�@Á|
Waj�F�Lk\lZ4H«®°SEF�@CF�qaWYLMF�Z9@[BML7NOqa_'LEz'ZCWYoMF
_'LMF2NOLM_O\CSMF�@4P¥\CSMF»@CF�NwoMF�@�WaZ9\l_
BMLMoMF4@CZÁ\¼NOLMo�\lSyNw\5\lSEF<qaNOZCF4@;uiF�NOj�Z5_¤XOF�@[q�NOhQH
��SEFºSMWYz'Sd|^hi_¾�AF4@�umF�NOj<Z
NO@CFK\CSMF�³�F4@C_w|�_'@CoMF4@vumF�NOj<Z�`n@[_'j \CSMF�WY@�@CF�Z[hmF4D4\CWYX'F e Ú À Z�H�H;H5H�H;H5H;H ·k¹

¹ HT¿ �d����t e R°F4��D4WaF�LED4]2Nw\*N<D�_OBMLk\lF�@[WaLk\lBEWY\lW�X'F5oMF�qaN�]»_O`�| (Ob LEZ�PQNwZ*N�`nBMLMD4\CWa_'L
_O`i\lSMF ¸ � b uiF�Nwj t3NOuMWM@CNw\lFwH���SMF ¸'¸ ¶ t3NOuMWM@CNw\lF�WYZ�xEfdF�o©N�\ WY\CZ SMWaz'SEF�Z[\
XwNOqaBMFwPAD4_'@C@[F�ZChi_'LMoEWaLMz­\l_on Å a²¿EH ¹ ® ÆwD4j � H¦��SMF2Z[_'qaWYo´qaWaLEF�WYZ�N­xM\
oMF�Z[D�@[WauiF�o�WaL
\lSMF�\CF{f,\�H;H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ·�$

¹ H c¾b �d����t e R°F4��D4WaF�LED4]pNw\KN�xEfdF�o�oMF4q�N�]�_O`�| (Ob LEZ�PQNwZKN�`nBELMD4\CWa_'L2_O`�\lSEF ¸'¸ ¶

umF�NOjÒtVNwuMW¥@CNw\lFwH!��SMF ¸ � b t3NOuMW}@lNw\CFºWaZ5xEfdF�o«Nw\=WY\lZ5SMWYz'SMF�ZÁ\�XwNOqaBEFOP
D�_'@[@CF4ZChi_'LMoMWYLMz�\C_Cn � a ¸ HT¿�® ÆwD4j � H}��SEF;Z[_'qaWYo�qYWaLMF*WaZ3N�xM\3oMF�Z[D�@CWYumF4o
WaL©\CSMF5\CF{f,\�HÓH5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ·k¶

¹ H c'c Ù�fdD�W�\¼Nw\CWa_'L�F4��D�WYF�LMD{]�`n_O@5XwNO@[Wa_'BMZ ¸ � b LMjÒt3NOuMW�@lNw\CF�Z5�vWY\lS�\lSMF ¸'¸ ¶ LMj
tVNwuMW~@CNw\lFKSEF�qao
D4_'LMZÁ\¼NOLk\VNw\�W�\lZ�SMWYz'SMF4Z[\�XwNOqYBMFOHv�ÄNk�AÙ�fdhmF4@CWYj<F4L�\lNOq�PQ�ÄuJ�
`n@C_'j>ZCWYj�BMq�N�\lWa_OLMZ�H�H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H · �

¹ H c¤( Ù�fdD�W�\¼Nw\CWa_'L�F4��D�WYF�LMD{]�`n_O@5XwNO@[Wa_'BMZ ¸'¸ ¶ LMjÒt3NOuMW�@lNw\CF�Z5�vWY\lS�\lSMF ¸ � b LMj
tVNwuMW~@CNw\lFKSEF�qao
D4_'LMZÁ\¼NOLk\VNw\�W�\lZ�SMWYz'SMF4Z[\�XwNOqYBMFOHv�ÄNk�AÙ�fdhmF4@CWYj<F4L�\lNOq�PQ�ÄuJ�
`n@C_'j>ZCWYj�BMq�N�\lWa_OLMZ�H�H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H · ¿

¹ H c¾¹ $ I hi_'hMBMqaNw\lWY_'L;NOLMo9hMSM_w\l_'WY_'LMWa³�Nw\lWY_'L
�ÄR �Á��hM@C_OuyNOuMWYqaWY\^]�hiF�@ �d����t e R�hMBEqaZCF
hyNOWY@�P�NOD4D�_'@[oMWaLMz�\C_;Z[Waj�BMqaNw\lWY_'LMZ4H���SMF3WaLk\CF�z'@CNw\lF4o<R ��hE@C_'uyNwuMWaqYWY\^];WaZ \lSMF
ZCBMj>_O`ç\lSMF�hE@C_,oMBMD4\v_w`É\CSMF�R �¥D4@C_'Z[Z�ZCF4D4\lWY_'L
\lWYj<F4ZA\lSMF�WYLMZ[\lNOLk\¼NOLEF�_'BMZ
\l_O\lNOq�R ��kyBdf´oEBMF©\l_!\CSMF2�d����t e R¢hMBEqaZCF4Z�H�?¥F�NO@9WYL�j<WYLMo�\lSMNw\9\lSMF
hMBMqYZCF�Zv_,D�D4BM@3Nw\ $Ob ª,èV³OHvH5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H $Ob
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¹ H c�· �d����t e R F4��D�WYF�LMD{]7�n`n@C_Oj�ZCWYj�BMqaNw\lWY_'LMZ¼�vNOZ�N©`nBMLMD{\lWY_'L�_O`pd � NOLEoqd Å `n_'@
\lSM@[F�FvoMW�µ~F4@CF�Lk\¥hMBMqYZCFvoMF�qaN�]dZ=hv��N'� hEBMqaZ[F�Z�WaL�\lSMFvD4_'BMLk\lF4@CWaLk\CBMWY\CWYX'Fv_'@[oMF�@
uk] (Ob LMZ%r*�ÄuJ�5D�_'WYLMD�WYoMF�Lk\�hEBMqaZ[F�Z%r¥NOLMo0�nD¾�;WYL�\CSMF©WaLk\CBMWY\CWYX'F<_'@CoEF�@=uk]
(Ob LMZ4H=��SMF9D4_'Lk\l_'BM@[Z�@CFMkyF�D{\;oEF�D�WYqaF4ZK_O`}F4��D�WYF�LMD{]'PçqaWYz'Sk\lF4Z[\�uiF�WYLMz©\lSMF
j<_OZ[\vF4��D4WaF�Lk\�HpH5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H $'(

¹ H c¤$¬$ I0F{fdD�W�\¼Nw\CWa_'L2� `n@C_'jÌZ[Waj�BMqaNw\lWY_'LMZl��uk]�hMBMqaZ[FVoEF�q�N�]�NwLMoºWYL�\CF�LMZ[WY\^]OP,uk]�ZCBEj�|
j<WYLMz»WaLMoEWYX,WaoMBMNOq jts«qaF{X'F4qaZ�H c Æ f a ( ¸ LMZ�H»��SMF<hMBMqaZ[F��vWYoE\lS�WaZ�\lSMF
F Â � @lNOoEWaBMZ4H�H;H5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H $'$

· H c Ö½_kNOoEWaLMzvD�BE@[X'F4Z�ZCSE_¤�vWYLMzV\CSMF�F4µmF�D{\�_O`ED4��hMSE_O\l_'WY_'LMWY³�WaLEz�qaWYz'Sk\¥� ¶ HT¿v® Æ�D�j �

Nw\ ¸ �O��LEj©�gH���SMFvoyNw\lN�NO@CF�xE\ \l_�F{fdhi_'LMF�Lk\CW�NOqYZ�H���SMFvBMhEhmF4@Cj�_'Z[\�D4BM@[XOF
ZCSM_¾�vZ©\CSMFp\l@CNOh�kyBM_O@CF�Z[D�F4LMD�F­WaL7\lSMF�hM@[F�Z[F�LMD4F�_O`=�d����t e R>uMBd\©\lSMF
NOuMZ[F�LMD4F�_w`�R �¼HQ��SMF�Z[F�D�_OLMo�D4BM@[XOF�ZCSM_¾�vZ�\lSMF9F{µ~F4D4\5_O`A�d����t e R¨NOLEo
R �¼HM���A_�D4BM@[XOF�Z3qaWaFVLMF�Nw@A\lSMF�_O@CoMWYLyNw\lFKN�fdWaZ�H ��SEF�ZCF5NO@[FK³�F4@C_�qaF{X'F4qaZ�`n_'@
F�NOD¼S9qY_kNOoMWYLMz3D�BM@ÁX'FOP�@[F�D�_O@CoMWYLMz�NOqYq,ZÁ\l@CN¾]=qaWYz'Sk\��vSMWYqaF�\lSMFAjºNOzOLMF4\CWaD�xyF�qYo
WaZ�_Oµ�H H5H;H5H;H5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¶'¹

· H ( e L�F{fENOj�hMqaF©_w`3NOLyNOq�]d³4F�o�oyN�\¼N!_O`3R ��uk]�N!D4��Z[_'BM@CD4FOP�WaL�\CSMWaZ;D�NOZ[F©\lSMF
¸ �'�9LMjÜoEWa_,oMFOH ��SMF�`n@CNOD4\CWa_'L»_O`�Nw\l_Oj<Z�@[F�j<NOWaLEWaLMz�\C@lNOhMhiF�o�WaZ�hEqa_O\[\lF�o
NOzkNOWYLMZ[\A\lSMF�WYL�\CF�LMZ[WY\^]
_w`É\CSMF ¸ �'��LMj umF�NOj2H���SMF�qaWaLEFKWaZ�N�xM\�\C_�Ù�Ë�LQH
· H $ H¥H5H5H;H5H;H5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¶O·

· H ¹ ��SMF�\l_w\¼NOq'\C@lNOh5qa_'Z[Z½@lNw\CF X'F�@[ZCBMZÉ\lSMF}WaLk\CF�LMZ[WY\^]�_O`d\lSMF�hMSE_O\l_'WY_'LMWY³�WaLEz ¸ �'�vLMj
umF�NOj�H���SMF}\l_O\lNOqkqa_OZCZÉ@lNw\CF¥WYZÉ`n@[_'j qa_kNwoMWaLMzvD4BM@[XOF�Z�H���SMF�qaWYLMF WaZ�NVqYWaLMF�NO@
xM\�Pd]dWYF�qYoMWaLMz f Ã NOLMo»`n@C_'j�\lSMF�Z[qa_'hiFK\lSMF5R �AD4@C_'Z[ZVZ[F�D{\lWa_OLQH H5H�H;H5H;H ¶k$

· H · ��SMF�F4µmF�D{\º_w`V\CSMF�æVo4h È e ×�hMBMqYZCF»_'L´\l@lNwh�kyBE_'@CF4ZCD�F4LMD�FwH¦��SMF»xM\�WaZ�NwL
F{fdhi_'LMF�Lk\CW�NOq�H�H5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¶ ¸

· H $ æ3_'@Cj<NOqaWY³�F4oº\l@CNOh
hm_OhMBMq�N�\lWa_OL©@CF4jºNOWYLMWaLEz�NOZvN�`nBMLMD{\lWY_'L
_O`�æVo4h È e ×¢hMBEqaZCFkyBMF4LMD�F�Nw\ c¾b'¶O· LMj2H*��SMF9D�BM@ÁX'F9WYZKN<xM\*\l_º\CSMF�D�_Oj<hMqYF�j�F�Lk\K_w`}Ù�Ë�LQH
· HT�EH¥H5H5H;H5H;H5H5H;H�H5H;H5H;H5H5H;H5H;H5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¶ �
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· H ¶ ��SMF5F{fdhi_'LMF4L�\CW�NOq½oEF�D�N�]»_O`�\lSMF5tvu $O£ s ��� hi_'hMBMqaNw\lWY_'L
NOqY_'LMz9�vWY\CS2NwL2WY_'Ld|
Wa³4WaLMz�hMBEqaZCF3_O`mqaWYz'Sk\�H���SEFVhMBEqaZCFvD�NOLºj�_¾X'FvWaL�\lWYj<F��vW�\lS�@CF4ZChiF�D4\¥\l_�\lSMF
hmF�NOª�hm_OhMBMq�N�\lWa_OLp�nWaL�\lSMF3X,WaD�WYLMWY\^]�_w`Q\lSMFVhmF�NOª9WaLk\CF�LMZ[WY\^]�_O`Q\CSMF*Z[F�D�_OLMo
�d����t e R hMBEqaZCF��{H e ZK\lSEF�WY_'LMWY³�WaLEzºhMBMqYZCF9j�_¾X'F�Z5N��AN¾]p`n@C_'j \lSMF��d����|
t e R¦hMBMqYZCF4Z�Py`nF4�¥F�@VNw\l_Oj<ZvNO@[F�qaF4` \�\C_<uiF�Wa_'LEWa³�F4oQPMSMF4LMD�F5`nF4�¥F�@VNw\l_Oj<Z
NO@CF
qY_'Z[\9`n@[_'j%\CSMF
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hMBMqYZCF�oMF�qaN�]©j<NOhMZ�_'BE\v\CSMF $ I�qYWY`nF{\lWaj�FOH5H�H;H5H5H;H5H;H5H5H;H5H�H;H5H;H ¸ b

· H ¸ æ3_'@Cj<NOqaWY³�F4o<\l@CNOh©qY_'ZCZ�NwZ�N;`nBMLMD{\lWY_'L©_O`çZ[F�hyNO@CNw\lWY_'L©uiF4\^�¥F�F4L�\CSMF��d����t e R
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· HT� æ3_'@Cj<NOqaWY³�F4o<\l@CNOh©qY_'ZCZ�NwZ�N;`nBMLMD{\lWY_'L©_O`çZ[F�hyNO@CNw\lWY_'L©uiF4\^�¥F�F4L�\CSMF��d����t e R
hMBMqYZCF�ZvNwLMo©\lSMF $w¹k( LMjÜæ3o4h È e ×¢hMBMqYZCFOH�?¥F�D�NwBMZCF�\lSEF ¶ R7D�NOL»NOqaZ[_9umF
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$ H $ �É@lNOh
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$ H ¸ I�Nw\lNº`n@C_'j N©@CBEL�_w`}\CSMF9D�_OqaqaWYZCWY_'L2FgfdhmF4@CWaj�F�Lk\�H;��SMF9\C_'h�z'@lNwhMS�hM@CF4ZCF4L�\CZ
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SMWazOS»NOLMo�qa_¾� oEF�LMZ[WY\^]
\l@CNOhMZ3NOZ�\CSMF�oMF4\CBMLMWaLEz<WYZ�ZCWaj�WaqaNO@Cq�]�oMF�D4@CF4j<F4L�\CF�oQH c¾b ¸
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· H c �,\lNw\lF4Z*@[F�qaF{XwNOLk\V\C_<\lSEF;hMSE_O\l_'WY_'LMWY³�Nw\CWa_'L
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5D = |3>

5P = |2>

5S = |1>
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Lambda Vee Cascade or Ladder
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420-2
Delay [1/Γ]

Ω780 = 17.50 Γ
width 780 = 0.70 /Γ
detuning 780= 8.00 Γ
Ω776 =  7.00 Γ
width 776 = 0.70 /Γ
detuning 776=-8.00 Γ

780 attenuation by deciles of intensity
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420-2
Delay [1/Γ]

Ω780 = 17.50 Γ
width 780 = 0.70 /Γ
detuning 780= 8.00 Γ
Ω776 =  7.00 Γ
width 776 = 0.70 /Γ
detuning 776=-8.00 Γ

776 attenuation by deciles of intensity
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Photoelectron energy [eV]
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Ionizer intensity [W/cm^2]

 788 parallel, 776 perpendicular
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 788 perpendicular, 776 perpendicular
 788 perpendicular, 776 parallel
 average

° ��&É÷�)ç÷�ö ë4± ��SMF*F{µ~F4D4\¥_O`~XwNO@[Wa_'BEZ}D4_'j�uMWYLyNw\CWa_'LMZ _w`QqaWYLMF�Nw@ hm_'qaNO@CWY³�Nw\CWa_'L�� �vWY\CS<@[F�ZChiF�D{\
\l_9\lSEF ¸ � b LMjÜ�d����t e R7uiF�NOjº�¥_O`ç\CSMF ¸'¸ ¶ LMjÜ�d����t e R¦uiF�NOj NOLMo
\lSEF
¸ �'�9LMjÜWY_'LMWY³�WaLEz�umF�NOjäNOZ3N�`nBMLMD{\lWY_'L»_O`�WY_'LMWY³�WaLEz�qaWYz'Sk\�WaLk\lF4LMZCW�\^]'H



ó��������! 7¡j¬
ó�¤pó©ó©¨©æJ¨©¤ª£�æ

0Q÷Äö ø4ùmú¾û¤ü½ýÉþ�ÿOú��nüiù}
yùÉý®9,+7��üiû�½
®°W�\lS�\lSEF�Wa@9@[F�qaNw\lW�X'F�q�]�Z[Waj�hMqaFºZ[\l@[BMD4\CBM@CF�_O`V_'LMF
XwNOqaF4LMD�F»F4qaF�D{\l@[_'L«NOLMo7NOL¦N�\l_'j�WaD

D�_O@CFOPQNOqaª�NOqYW�N�\l_'j�Z�NO@[F9Nº`ÄN�X'_'@[WY\lF=ZCBMu,Õ[F4D4\�`n_'@KNºXONw@CWaF{\^]p_w`�WaLkX'F4Z[\lWYzkNw\CWa_'LMZ4PQWaLED�qaBEoMWaLMz
D�_OqaqaWYZCWY_'LMZ�umF{\^�AF4F�L7Nw\l_Oj<Z4H­G�NOqaD4BMq�N�\lWa_OL�_O`vD4_'qaqYWaZCWY_'LyNOq D4@C_'Z[Z9ZCF4D4\lWY_'LMZ9Nw@CF©F�NOZCWYF�@;`n_O@
\lSEF�ZCFKNw\l_'j�Z¥\CSyNOLº`n_O@¥j�_'@CFVD�_'j�hMqYF{f�Z[],ZÁ\lF�j�Z�HAGA_'qYqaWaZ[Wa_'LEZ umF{\^�AF4F�L�NOqaª�NOqYWaZ�SyN�X'F*umF4F�L
Z[\CBMoMWYF�o»um_w\lS
\lSMF4_'@CF{\lWYD�NOqYqY]p�ÄFwHTzMH<u ¶'¶ º ¶ � v �ANOLMo»FgfEhiF�@[Waj�F�Lk\¼NwqaqY]OPEWYLMD�qYBMoMWaLEz�GAZ�u ¶ ¿dP ¸ b5v P
æ*Nou ¸ c P ¸ (5v NOLMo�t3u}uê�EPT¿EP ¸ ¹�v H9�d_'j�F�_O`}\lSMF4ZCF�F{fdhiF�@CWYj<F4Lk\lZ��AF4@CF�D�_OLMoMBMD{\lF�o�WaL�_¾X'F4LMZ
�vSMF4@CF¥\CSMF�\lF�j�hiF�@lN�\lBM@[F¥FgfED4F�F4oMF�o ·kb'b å9HwÚK\CSMF�@[ZÉ�¥F�@[F�D�_OLMoMBMD{\lF�o=WaL5jºNOzOLMF4\C_w|^_'hd\lWaD�NOq
\l@CNOhMZ»�n�­V c j<å;��_'@�WYL�?A_'Z[F{|�Ù WYLMZ[\CF�WaL�D4_'LMoMF4LMZlN�\lF�Z2�n�­V c¾b LMå;�gH�IKBMF<\l_!\lSEF©qa_¾�
ª�WaLMF{\lWYD
F�LMF4@CzO]´_O`V\lSMF»D4_'qaqYWaoMWYLMz!Nw\C_'j�Z�WYL�\lSMF»D�_Oqao´F{fdhiF�@CWYj<F4Lk\lZ�P}�AF�NOª´qa_'LEzw|^@CNOLMz'F
WaLk\CF�@lN�\l_'j�WaDp`n_O@CD�F4ZpNw@CF­Waj�hm_O@[\¼NwL�\�HÏÊyBM@[\CSMF�@[j<_'@[FOP3\lSMF­D�_OqaqaWYZCWY_'LMZ©_,D�D4BM@»_¤XOF�@�qa_'LEz
\lWYj<F4Z�NOLMo�\lS�BMZ�\lSEF�Nw\l_'j�Z�NO@[F�Z[F�LMZ[WY\CWYX'F9\C_�Z[hm_OL�\lNOLMF4_'BMZ5F�j�WaZCZ[Wa_'L~H=�^L�NOL�WYLMF�qaNOZ[\CWaD
D�_OqaqaWYZCWY_'L�\CSMF�F�LEF�@Czw]º\l@CNOLMZÁ`nF�@�uiF4\^�¥F�F�L»\^�¥_<N�\l_'j�Z�j<N¾]<D�NwBMZCF�_'LEFK_'@�ui_O\lS©\C_9umF�qY_'Z[\
\l_�\CSMF*\C@lNOhQH ��S�BMZ�\CSMFKF4µmF�D{\v_O`ÉD�_'qYqaWYZCWa_OLyNOqyhM@[_dD4F�ZCZ[F�Z3NO@[FKjºNwoMFKj<NOLMWY`nF4Z[\AWaL©\lSEF*\l@CNOhkyBM_O@CF�Z[D�F4LMD�F�qaF{X'F4q�H À _'Z[\*_O` \lSMF;F{fdhiF�@CWYj<F4Lk\lZKD4WY\lF4o�NOui_¾X'F�WYL�XO_'qYXOF=\lSEF=z'@[_'BMLMo�ZÁ\¼Nw\CF
NOLMo5\lSMF}xy@CZÁ\�FgfdD�WY\CF�o�ZÁ\¼Nw\CFOPONOqY\CSM_'BMz'S;N3`nF{�´WaLkX'_OqYX'F�xyLMFg|^ZÁ\l@CBED4\lBE@CF�D¼SyNwLMz'WaLEz*D�_OqaqaWYZCWY_'LMZ
_O`¥SMWazOSMF�@�|^qY],WYLMz
qaF{X'F�qYZtu ¸ · ºd¸ ¶�v H���SMF�@[FºSyN�XOFºNOqYZC_»uiF�F�L�F{fdhiF�@[Waj�F�Lk\lZ5WaLkX'_OqYX,WaLMz»j�_'@CF
\lSMNOLp_'LEF;Z[hmF4D�WaF4Z9� `n_'@vF{fENOj�hMqaFXu ¸O¸ v �gH���SMWYZVWYZ3\C_<uiF5\CSMF;xM@CZ[\*Nw\[\lF�j�hE\VNw\Vj<F�NOZCBE@CWaLEz
\lSEF;tvu $ ��| $ I¯D4@C_'Z[ZvZCF�D{\lWY_'L�`n_O@�D�_'qYo2N�\l_'j�Z�H

�'�



�'¿

��SEF�ZCF=D�_'qYqaWaZ[Wa_'LEZ�hM@C_¾X,WaoMF=NOL!WYL�\CF�@[F�Z[\CWaLMz<D�_'Lk\C@lNOZÁ\*\l_ $ ��| $ R¬D�_'qYqaWaZ[Wa_'LEZ�H��^L!\CSMF=qaNw\[|
\lF4@A\lSEFKhM@CF4oM_'j�WaLyNwL�\AWaLk\lF4@lNOD{\lWY_'LºWYZ¥X'F4@[]ºqa_'LMz=@lNOLMzOF9��t Â Å �gPMNOLMo©\CSMFK@[F�q�N�\lWYXOF�q�]<Z[SM_'@Á\
@lNwoMW�Nw\CWYXOF�qYWY`nF{\lWaj�F,w s y � ( ¸ LEZ¼�5j<NOªwF�Z5ZChi_'Lk\¼NOLMF4_'BMZ�oEF�D�N�]�Waj�hi_'@[\lNOLk\tu ¸ v H»?¥]­D4_'j�|
hyNO@[WaZ[_'L©\lSMF $ ��| $ I¨WYLk\lF�@CNOD4\CWa_'L
WYZ�ZCSE_'@[\CF�@�@lNwLMz'F��Ät Â s3NOLMo�t Â x rMZ[F�F�uiF�qa_¾�V�gPyNOLMo
\lSEF
qaW�`nF4\CWaj�F�w s�� _w` (w·Mc LEZ�j<F�NOLMZ}\lSyNw\¥ZChi_'Lk\¼NwLMF�_'BEZ�F�j�WaZCZ[Wa_'L�WaZ¥LM_O\AWaj�hm_'@Á\¼NOLk\�H�Ù�fdhmF4@CW |
j�F�Lk\lZ�WYLkX'_'q�XdWYLMz;\CSMF $ I NO@CFKË�BMW�\lFVD¼SyNOqaqYF�LMzOWaLMzMH���`ç_'LMFKWYLMD�@[F�NOZ[F�ZA\CSMFKWYL�\CF�LMZ[WY\^]<_O`½\lSEF
q�NwZCF�@¥qaWYz'Sk\�oM@[WYX,WaLMz5\lSMF*qa_¾�AF4@A\l@CNOLMZ[WY\lWY_'L�� ¸ � b LEj©�gPd\lSEF*\l@CNOh©�vWaqYqiuiFKhiF�@Á\lBM@[umF4oQPMF4XOF�L
Nw\v\lSEF · ¸ À èV³5uMqaBMF�oMF{\lBMLEWaLMz�Nw\v�vSMWYD¼S�\CSMWaZvF{fdhiF�@[Waj�F�Lk\3WaZ�@CBELQH¥��SEF;D¼SMWYF4`�D�_'Lk\l@[Waud|
BE\C_'@5\C_phMSE_O\l_'WY_'LMWY³�Nw\CWa_'L7��R �Á��WaZ�\lSMF�qaWYz'Sk\;oE@CWYX,WYLMz�\CSMFºBEhMhmF4@;\C@lNOLMZ[WY\CWa_'L¦� ¸'¸ ¶ LMjº�{P
uiF�D�NwBMZCF�WY\CZKWaLk\lF4LMZCW�\^]�WaZ�j=BMD¼S­z'@CF�Nw\lF4@�\CSyNOL�\lSMNw\�oM@CW�X,WaLMz©\CSMF�qa_¾�AF4@K\l@CNOLMZCW�\lWY_'LQH=�^L,|
D�@[F�NOZ[WaLMz9\CSMF ¸'¸ ¶ LMj>umF�NOj�ëTZ�WYL�\CF�LMZ[WY\^]ºWaLMD4@CF�NwZCF�ZvR �¼PJNOLEo»\CSMWaZAD�_'BMqYo
oE�ANO@[`�\l@lNwh
qa_'Z[Z
oMBMF5\l_<D�_'qYqaWaZ[Wa_'LEZ�Hv�dWYLMD�F5�AF;ª�LM_¾��\CSMF $ I R ��D�@C_OZCZ*Z[F�D{\lWa_OL�Nw\3XONw@CWa_OBMZ3�AN�X'F4qaF�LEzO\lSMZ4P
�¥F;D�NOL2LE_¤�¨NOD�D4_'BMLk\3`n_'@�\lSMF�D4_'Lk\l@CWYuMBE\CWa_'L»_O`�hMSM_O\C_'Wa_OLMWa³�Nw\lWY_'Lº\l_9\CSMF�\l_O\lNOqQ\l@CNOh»qa_'Z[Z
@lN�\lFOPJuMBd\3\CSMWaZvoM_,F�Z3LM_O\*NOqYqa_¾� BEZ3\C_<WYLMD�@[F�NOZ[F5\CSMF ¸'¸ ¶ LMjäWaLk\lF4LMZCW�\^]�NO@CuEWY\l@CNO@CWYqY]OH ��SMF
D¼SMWYF4`V@CF�j<NOWYLMWaLMz2qa_'Z[Z9j<F4D¼SyNOLMWYZCj%WaZ $ �k| $ IäD�_OqaqaWYZCWY_'LMZ�H��^L´\lSEWaZ�FgfEhiF�@[Waj�F�Lk\9�¥F�SMNOo
SM_'hiF�o�\l_<oMF4\CF�@Cj�WaLEF�\CSMF=D4@C_'Z[Z*Z[F�D4\CWa_'L�`n_'@vD�_'qYqaWYZCWa_OLMZ�uiF4\^�¥F�F�L $ �2NOLMo $ I Nw\C_'j�ZvX,WaN
\l@CNOh»qa_'Z[Zvj<F�NOZCBM@[F�j�F�Lk\lZ4H}UVLE`n_'@Á\lBMLMNw\lF4qY]'Pd�AF��AF4@CF5oMWaZCNOhMhi_'WaLk\CF�o»WaL
\lSEWaZ�SM_'hiFOH

��SEF�qYWaªwF�qaWYSM_,_do�_O`v\l@lNwhMhmF4o¦N�\l_'j�Z�WaLk\CF�@lNwD4\lWYLMz!�vWY\CS´_'LMF�NOLM_O\CSMF�@9WYLMD�@[F�NOZ[F�Z9�vWY\CS
L�BMj�uiF�@�oMF�LEZCWY\^]OH Ú�LEF2WYL�\CF�@CNOD4\CWa_'L«WaZ9\lSEFp@CFg|�NOuEZC_'@[hE\lWY_'L7_w`KhMSM_w\l_'LMZ�F�j�WY\[\lF4o7uk]7N
LMF4Waz'S�ui_'@CWYLMzpN�\l_'j�P��vSMWYD¼S�@CF4ZCBMq�\lZ;WaL�N�LMF4\=@CF4hMBMqaZ[WYXOF<`n_'@[D�FOH»®°SMWYqaF�\lSMF�\l@lNwh�qa_kNwoMZ�P
\lSEF�Nw\C_'j<Z3@CF4hmF4q�F�NOD¼S!_O\CSMF�@4H*�^LMW�\lW�NwqaqY]<\lSMF;L�BMj�uiF�@*oEF�LMZ[WY\^]�XONw@CWaF4ZVqYWaLMF�NO@Cq�]©�vWY\CSp\lSEF
L�BMj�uiF�@5_O`�N�\l_'j�Z�WaL­\lSMF�\l@CNOh4r�SM_¾�¥F4XOF�@�P�WY`A\CSMF�\l@lNwh�WYZ5WYL�\CSMF�D�_'qYqaF�D{\lW�X'F�@CF4z'Waj�FOPçWY\
Ë�BMWaD¼ª�q�]!@CF�NOD¼SMF4Z;N©ZÁ\¼Nw\CF��vSMF�@[F9\lSMF9L�BMj�uiF�@*oMF�LMZ[WY\^]�@[F�j<NOWaLEZ*D�_OLMZ[\lNOLk\�u $O¶�v H5�^L!\lSMWYZ
ZCW�\lByN�\lWa_OLpNOZVj<_O@CF;Nw\l_'j�ZVNO@CF;NOoMoMF4o!\l_�\lSMF5\l@lNwhQPi\CSMF;\C@lNOhpz'@C_¾�vZ*WYLpZ[Wa³�FwHV��SEF;\lWYj<F
@lN�\lF�_O`�D¼SyNOLMz'F�_O`É\lSEF5L�BMj=umF4@3_w`�Nw\C_'j�Z�\l@lNwhMhmF4o2WYZ�z'WYXOF�L�uk]ß� aRàqZ f �áZâ�7�4� � $ H c �



¿ b

�vSMF4@CF�Ö«WYZK\lSMF9qY_kNOoMWYLMzº@CNw\lFwP f WYZ*\lSMF9qY_'ZCZ*@lNw\CF9oMBMF�\l_
D4_'qaqYWaZ[Wa_'LMZ3�vWY\CS�uyNOD¼ª�z'@C_OBMLMo
zkNOZ[F�Z4P~NOLEoÅ��WaZv\lSEF5\C@lNOh2qa_'Z[ZVD4_'qaqYWaZCWY_'LyNOqm@lNw\CF;D4_'LMZÁ\¼NOLk\KoEBMF;\C_ºD�_OqaqaWYZCWY_'LMZA�vW�\lSp_w\lSMF4@
D�_Oqao©@[BMuMWaoEWaBMj�Nw\C_'j<Z4H ��`�N;\l@CNOh
WaZ�WYLº\lSEFKD�_'qYqaF4D4\lW�X'FV@CF�zOWaj�FOP,WY\lZAL,BEj�umF4@�oMF4LMZCW�\^]��!WYZ
D�_OLMZ[\lNOLk\�PJjºNwª,WYLMz�\lSEF5Z[_'qaBd\lWa_OL©\l_�Ù Ë,L~H $ H c N9ZCWYj<hMqYFKF{fdhi_'LMF4L�\CW�NOq�H

®�F
��NwL�\<\l_�WaoMF4Lk\lWY` ]�\lSMF�D�_'Lk\C@CWauEBE\lWY_'L�\l_­\l@lNwh¦qa_OZCZ�oMBMF»\l_�D�_'qYqaWYZCWa_OLMZ�WaLkXO_'qYX,WaLEz
Nw\C_'j<ZvWYL�\CSMF $ I¢Z[\lNw\lFwH��É_<\lSMNw\3F�LMop�¥F5ZCF�hMNO@lNw\CF;\CSMF;@CNw\lF�� s�� `n@C_'jÜ\CSMF5\C@lNOh,|^q�NwZCF�@
WaLEoMBMD�F4o<@CNw\lF��!×�H �dWaLMD4FvWY\ BMZ[ByNOqYqY]�WYZ�N�z'_d_,o9WaoEF�NK\l_�SyN�X'F3ZC_Oj<F�LM_w\lWa_OL�_w`m\CSMFv_'@CoMF4@ _O`
j<NOz'LMW�\lBMoMFA_O`m\CSMF�hyNO@CNOj�F4\lF4@ _'LMF�WYZ�\l@[],WYLMzK\l_�j�F�NOZ[BM@CFwP,qYF4\ BEZ}D4_'LMZ[WaoMF4@�NOL�NOLyNOqY_'z'_'BMZ
F{fdhiF�@[Waj�F�Lk\�H�ÊJ@[_'j¯Ê�WYzMH c ��Nk�QWYL*u ¸ � v `n_'@Ér^s¼t3u5�AF¥xyLMo,�!×M_O`JNOui_'BE\ c | (C�vc¾b,Â �Ä� D4j<Å�Z Â �
`n_'@�N�oEF4\lBELMWaLMzFUÏ_O`�NOui_'BE\A| c \l_=| (\f NOLMo	nM×�_w` c¾( j�® ÆwD4j � �nWaLº\CSyNw\vj�F�NOZ[BM@CF4j<F4Lk\
\lSEF�umF�NOj�ZCWY³�F;�ANOZ ¶ H ¹ j�j �wÂ � oMW�Nwj<F{\lF�@VNOLMo2\lSMF�j<NOz'LEF4\lWYD5xMF�qaopz'@lNOoEWaF�Lk\��E� � & �E 
�ANOZ · HT�!×5ÆwD�jº�{H�GA_Oj�uMWaLEWaLMz»\lSMWYZ5XwNOqYBMF�_O`��¬�vWY\CS�_'BM@5oMF4LMZCW�\^]'P��¥F©_'uE\lNOWaL�N2\C@lNOhd|
q�NwZCF�@�|^WYLMoMBMD4F�o
D�_OqaqaWYZCWY_'L�@lNw\CF��!×��!_O` ¹ \C_ ¶?�3c�b,Â � Z Â � P,�vSMWaD¼S»WaZ¥qaF4ZCZA\CSyNOL c¾bk� _O`ç_'BE@
\^],hMWaD�NOqA\C_O\¼NOq}qa_OZCZ�@CNw\lFwH���SMWYZ9Waj�hMqaWYF�Z�\lSyN�\9_'BM@�qY_'ZCZ=@lNw\CF©WaZ�BEZCByNOqYqY]�oM_'j�WaLyN�\lF�o�u�]
D�_OqaqaWYZCWY_'LMZ¥�vW�\lS»uyNOD¼ª�z'@[_'BMLMo2zkNOZ4H

æ3_¾� qaF{\¥BEZ¥Z[F�FV�vSMNw\¥\CSMF�_O@[]�hM@[F�oMWYD4\lZ4PduiF�zOWaLMLMWYLMz��vWY\CS<\lSEFVqY_'LMzw|�@lNOLMzOF�D�_,F4��D�WYF�Lk\lZ4H
e \3qa_'LEzw|^@CNOLMz'FwPd\lSEF5qY_¾�AF4Z[\V_'@CoMF4@�WaLk\lF4@lNOD{\lWY_'L
\lF�@[j<ZvuiF4\^�¥F�F4L�NOL2��|^ZÁ\¼Nw\CF5Nw\l_'j NOLMo2N
IV|^ZÁ\¼Nw\CF�Nw\l_Oj²NO@[F#Z�� s & · s NOLMo�Z���x & · x PQ�vSMF4@CF<t.WaZK\CSMF�WaLk\lF4@CL�BMD�qYF�NO@�Z[F�hyNw@lNw\CWa_'LQH
À NO@[WaLMF4ZCD4B�NOLMo�I�NOqazkNw@CLM_ou ¶ ¸ v z'W�X'F<� s a b H $Ob ¸ ¿»NOLEo®��xCa c�¹ H ¶ � �vc¾b 5 WYL�N�\l_'j�WaD
BMLMW�\lZç`n_'@�N*tvu $ ��| $ I7D4_'qaqYWaZ[Wa_'LQHQ®�F}oMF4\CF�@Cj�WaLEF}\CSMFA@CNOLMz'F��vWY\CSMWaL5�vSMWaD¼S¯��x�oM_'j�WaLyN�\lF�Z
uk]
ZCF{\C\CWaLMz!h � s· s a ��x· x � $ H ( �·Ta ��x� s a ( � ¶ ¿ ��c¾b s N � B � a c�· � (\j j � � $ H ¹ �

��S�BMZvWY\AZCF�F4j<Z��¥F�LMF4F�o»D�_'LED�F�@[L2_OBM@CZ[F�qYXOF�Z�_'LEqY]��vWY\lS©\CSMF­��xvD�_OL�\C@CWYuMBE\lWY_'LQH�®�FKZ[SyNOqaq
\l@Á]p`n_'BE@�oMWYµmF�@[F�Lk\5F�Z[\CWaj<Nw\lF4Z*`n_'@K\CSMF�Waj�hyNOD4\*hyNO@CNOj<F{\lF4@Fu ¸ ¿ v H��^L�\CSMF9xy@CZÁ\=NwhMhM@C_'NOD¼S



¿ c

�¥F2D4_'LMZCWYoMF�@<NOL«WaLMW�\lWaNOqaq�]�ZÁ\¼Nw\CWa_'LMNO@[]�Nw\l_'j
Nw\<t Ã NOD�D4F�qaF4@lNw\CF�o7u�]«N­hi_O\lF4L�\CW�NOqvU>aZ�� Z & · Z H�®°W�\lS©å NwZ¥\lSEF*ª�WaLMF{\lWYDVF4LMF�@[zO]<NOLMo
Ù Ã NOZ�\lSEFV\l_w\¼NOqJF�LEF�@Czw]��¥FKSyN�XOF�Nw\At Ã hË Ã a±° Ã a�Z � Z· ZÃ � $ H · �² aTË Ã Z³°Ãaj� Z y · Â Z Z{· Â ZÃ � � $ H $ �Z ß·Þa ü ( � Zj � · Â Z Z{· Â ZÃ ¹ � $ H ¶ �

�vSMF4@CF=�¥F�SyN�X'F;\¼NOªwF�L�²Da � c¤&'( � j Ø � NwLMo!ZCF{\ ß·Òa Ø Py�vSMF4@CF j WYZ3\CSMF=@[F�oMBED�F�o�j<NOZ[Z
NOLMo Ø WYZ�\lSMF�@[F�q�N�\lWYXOFKX'F4qa_,D�WY\^]OH�t3F�NO@C@CNOLMz'WYLMz�\lF4@Cj�Z3NOLMo»WaLk\lF4z'@lN�\lWaLEz��AF5_'uE\lNOWaL4hZ ü ( � Zj � ss6´ ��·$è� · è Â Z Zâ· Â ZÃ a � ×

Ã �gû è a®û � � $ H ¸ �

�dWYLMD�F9WYLMF�qaNOZ[\CWaD5hM@C_,D�F4ZCZCF4Z;zOF�LMF4@lNOqYqY]�_dD4D�BM@�N�\�ZCSM_O@[\�@lNwLMz'F»�Ät�µ¬t Ã �gPQ�AF9D�NOL­@CF�hEq�NOD4F
\lSEF�BMhMhiF�@VWaLk\lF4z'@lNw\CWa_'L2qaWYj<W�\��vWY\CS�t�a b P~NOLMo!D�NOqaD4BMq�N�\lF�\lSMF=\CWaj�F�\KWY\3\¼NwªOF�ZK`n_O@V\lSEF
\^�¥_�Nw\l_Oj<Z�\l_�D�_Oj<F�\l_'zOF4\lSEF�@�H©?¥]­\lSMF�\l@CNOLMZ[`n_O@Cj<Nw\lWY_'L­_O`AXwNO@[W�NOuMqYF�Z�]qaÜt�è ÆOt Ã �¥F
ZCF4F­h ûãa ü j

( � Z � �Ã · Ã �/¶· · Â ZÃ O y s Xs6´ � Â Z Z c R�¸ ����� � $ HÇ�'�

ûãa ü j
( � Z · Ã· Â Z ���Ã

� �
Ã

�/¶¹ ¶ Â Z Z c � � $ HÇ¿'�

ÊJNOD4\C_'@CWYLMz�NOLMo�hiF�@[`n_O@Cj�WaLMz9NwLM_O\lSEF�@�\l@CNOLMZ[`n_O@Cj<Nw\lWY_'L©_O`ÉXwNO@CWaNOuMqaF4Z5� fBa ] Z �A],WaF4qaoMZ=h
ûêa ü j

( � Z · � �aº Z � ���Ã � �
Ã
^ � ����� ���Z ^ � ¢» Â � � �g^� c Z�^m� ����� � $ H c¾b �

ûêa ü j · � Z ºM� �( � Z c� � �
Ã
^ � ¢» Â ¢¥ � �g^
� c Z�^m� ����� � � $ H c'c �

��SMF5WaLk\lF4z'@lNwq~WaZv_O`É\lSEF�`n_O@Cjêuê� b�v h� �
Ã ^i¼ Â � y c Z�^�½ �/¾ Â � �g^	a cÏ �¿� j Ï ¹�¶ � ¹ � $ H c¤( �



¿ (

�vSMF4@CFK?«WaZ�\lSMFVumF{\¼N�`nBMLMD4\CWa_'L~H���SMFVumF{\¼N=NwLMo©zkNOj�j<N�`nBELMD4\CWa_'LMZ}SyN�X'F3\lSMF4ZCFV@CF�qaNw\lWY_'Ld|
ZCSEWahMZ=h �
�í^ ¹ ¶E��a f ��^m� f ��¶M�f �í^CY1¶E� � $ H c¾¹ �f �� k��a c  f �� �Y c � � � $ H c�· �

UVZ[WaLMz�\lSMF=Nw`n_'@[F�j�F�Lk\lWY_'LMF�o2@CF4q�Nw\CWa_'LMZ[SMWahEZ*NOLEo!F4XwNOqYByNw\lWYLMz f � c¤&'( �{PJ�AF�_OuE\¼NOWYL�`n_O@V\lSEF
hyNO@CNOj�F4\lF4@CZv_O`É\lSMWYZvNOLyNOq�],ZCWaZ=h�À� c� Y c

( ¹ c( � a f � �Z Y �� � f � �� �f � �Z Y c � � $ H c¤$ �a c
�Z Y ��

f � �Z Y Å � � ¹ �f � �Z Y c � � $ H c¾¶ �a ( ��FY ( ¹ � f � �Z Y Å� �f � �Z Y c � � � $ H c ¸ �

�dBMuEZ[\lW�\lBE\CWaLMz3\lSMWYZ�FgfEhE@CF�Z[ZCWY_'L9WaLk\l_*Ù Ë,L~H $ H c'c @[F�ZCBEqY\lZ�WaL=\CSMF¥`n_Oqaqa_¾�vWYLMzvF�Ë�ByNw\CWa_'L=`n_O@�\lSEF
\lWYj<FvW�\¥\lNOªOF4ZA\lSMF*Nw\l_Oj<Z4PdZÁ\¼NO@Á\lWaLEz�Nw\At Ã NOLMo
NOD4D�F4qaF�@CNw\lF4o©uk]<\CSMF,Z�� Z & · Z N�\C\l@CNOD4\CWYXOF
hi_O\lF4L�\CW�NOq�Pd\C_�@[F�NOD¼S2ZCSM_O@[\v@lNwLMz'F­h

û Z aÂÁÃ j · � Z ºM� �Ã� Z ÄÅ ����� � ( �ç� ������FY ( f � �Z Y Å � �f � �Z Y c �Æ Ç@È ÉÊ » � $ H c �k�

�dWYLMD�FA\CSMF $ I Nw\l_'j¯D�NOL9oMF�D�N�]'P'�¥F�D�NOL9F4Z[\CWaj<Nw\lF¥NOL9BMhMhiF�@�qaWaj�WY\½`n_O@�t Ã uk]=Z[F4\C\CWaLMzV\lSMWYZ
D�_OqaqaWYZCWY_'L�\lWYj<F�F4Ë,BMNOqy\l_�\lSMF $ I @CNOoMWaNw\lW�X'FvqaW�`nF4\lWYj<FwH½®�Fv\lS�BMZ¥_'uE\¼NwWaL�NOLºFgfdhM@CF4ZCZCWY_'L<`n_O@
\lSEF5oEWaZ[\lNOLMD4F;N�\��vSMWaD¼S2NOL2Nw\l_'j>D�NOL�uiF5FgfdD�WY\CF�o2NOLMo�Z[\CWaqaqmZCBM@ÁX,WYX'F�\l_�Z[SM_'@[\3@CNOLMz'FwH· Ã a Ô � Zj û �ZÊ �Z Ú ��� � Z ºM� � � � $ H c ¿k�

�^L�\lSMF9D�NOZCF�_O`}L'a ¶ P7Ê7x�a b H ¹'bk$ PçGpx�a c H ¹'b ¿ �vc¾b,Â = 5 Ø
j x NOLMo!\CSMF�@CF4oMBMD�F4o�j<NOZ[Z
�Är^sgtvuJ� j a ¸ H bk$ ¸ �vc¾b,Â � x ª�zMPE\lSEF�ZCF�XwNOqaBEF�Zvz'WYXOF�N�oEWaZ[\lNOLMD4F�t Ã _O` (w· H ( LEj2H
�^L«\lSMF2ZCF4D�_'LMo¬NOhMhM@[_kNOD¼S¦�¥F!NOZ[ZCBMj�FpLE_O\©NwL¦WaLEWY\lWaNOqaq�]�Z[\¼N�\lWa_OLyNO@[]�Nw\l_'jÓuEBE\©_'LEF

�vWY\CS´ZC_'j�F©ª�WaLMF{\lWYD
F�LMF4@CzO]´å Ã H�®�F©�ANOLk\�\l_!xyLMo´\lSEF
oMWaZÁ\¼NOLMD4F»Nw\9�vSMWYD¼S7NwL7N�\l_'j



¿ ¹

�vWY\CS¬ZC_Oj<F!ª�WYLMF4\CWaDpF4LMF�@[zO]«�vWaqaq3uiF!D�NOhd\lBM@[F�o uk]¦\CSMF­Gpx{ÆOt x hi_O\lF4L�\CW�NOq�H e \^],hMWYD�NOq
À ÚK�¯\lF�j�hiF�@lN�\lBM@[F�_O` c¾b'b�j åÏD4_'@C@[F�Z[hm_'LEoMZ�\l_»NOL�F4LMF�@[zO]!_O` c H ¹ � �vc¾b Â � = Ø	a ¹ H c ¸�vc¾b,Â �ÄÃ NEHTB~H}��S�BMZ=h ² Ã ax��x & · x � $ H (Ob �·Ra � ��x² Ã � ��� x � � $ H (dc �

��SMWYZ3@[F�Z[BMqY\CZ3WYL�N�oEWaZ[\lNOLMD4F5_w` c�· H $ LMj�H

��SEFA\lSMWY@Co9NwhMhM@C_'NOD¼S9WaZÉ\l_KBMZ[F�\lSMF¥qa_,D�Nw\CWa_'L;_O`y\lSEF�D�F4L�\C@CW�`nBMzkNOq,uyNO@[@CWaF4@�NOZÉ\lSMFAWaj�hyNOD4\
hyNO@CNOj�F4\lF4@�H �^LMD4qaBMoEWaLMz9\lSEF5D4F�Lk\l@[WY`nBMz'NOqQD�_OL�\C@CWYuMBE\lWY_'L
\lSMF�\C_O\¼NOq~hm_O\CF�Lk\lWaNOqQWYZ%h°Ra § �(5j · � Z � Z· Z ¹ � $ H ('( �

�vSMF4@CFË§ WYZQ\lSMF�D�_OqaqaWYZCWY_'LyNOq�NOLMzOBMq�NO@~j<_'j�F�Lk\CBMj2H½��SEF}hi_O\CF�Lk\lWaNOq'uyNO@[@CWYF�@QWYZçNOL�F{f,\l@[F�j�BMj
_O`É\lSMWYZ�`nBMLMD{\lWa_OL4h ��°��· a b¯Ì § �(�j �©Z ( �¯· Â Å Z¤� Z �©Zi�½�¯· Â Z Â � a b � $ H (O¹ �Z § �j c· Å Y{� � Z· Z ºm� a b � $ H (w· �· Z ºm�· Å aÃ� � Z§ � &�j � $ H ('$ �

·Ta Ô � � Z§ � &�j Ú ��� � Z Â � � � � $ H (O¶ �

��SMF5hm_w\lF�Lk\CW�NOq~Nw\v\lSMF�uyNO@[@CWYF�@�WYZ�\lS�BMZ%h
°���· Ã ��a �Í§ � &�j � c( �
 Ô � � Z§ � &�j Ú ��� � Z Â � � �� Â � Z¤� Z �
 Ô � � Z§ � &�j Ú ��� � Z Â � � �� Â Z � $ H ( ¸ �

°���· Ã ��a Ô � � Z§ � &�j Ú Â Z � � Z Â � � �
 ��§ � &�j � c(ÅÔ � � Z§ � &�j Ú Â ��� � Z Â � � º Z � � Z Â � � Z¤� Z �� � $ H ( �k�

°���· Ã ��a Ô � � Z§ � &�j Ú Â Z � � Z Â � � O � � ( Z c � � Z R � � $ H ( ¿k�



¿ ·

®�F5LEF{f,\vxyLMo2\CSyNw\�XwNOqYBMF�_O`{§K`n_'@��vSMWYD¼SpU=��t Ã ��a.å Ã hÔ � � Z§ � &�j Ú Â Z � � Z Â � � O � � ( Z c � � Z R a ² Ã � $ H ¹'b �

� � Z§ � &�j a �
 ÁÃ ² Ãy Z � Z c � � Z ÄÅ ��
Â � Z Â � � � Z

� $ H ¹Ec �

§ ���� Z j a �
 ² Ãy Z � Z c � � Z ��
� Z Â � � � Z

� $ H ¹k( �

§ a ���Î� Z j � ����� �
 ² Ãy Z � Z c � � Z ��
� Z Â � � ��� Z � � $ H ¹'¹ �

Ù Ë�ByNw\lWYLMz;t Ã �vWY\CS�\CSMF3Waj�hyNOD4\�hyNO@lNwj<F{\lF�@Ë§ & � j Ø �{P'�vSMF4@CF Ø WaZ \CSMF�X'F�qY_dD4WY\^]�NwZCZC_,D�WaNw\lF4o
�vWY\CS�å�PM�¥F�_'uE\lNOWaL4h · Ã a §j Ø � $ H ¹O· �

· Ã a cØ Ô �Î� Zj Ú ����� �
 ²y3Z � Z c � � Z ��
� Z Â � � ��� Z � � $ H ¹k$ �

��SMWYZ @CF�Z[BMqY\CZ�WaL�t Ã a0�O¿EH · LEj�`n_'@�NOL�Nw\l_'j¢Nw\ c�b'b$j å9POW�HTFwHYP�NKZ[hmF4F�o�_O`mNOhMhE@C_�fdWaj<Nw\lF4qY]
c�· D�jºÆwZ4H

��SEFA`n_'BM@Á\lS�NwhMhM@C_'NOD¼S�\l_VF�Z[\CWaj<Nw\lWYLMzv\lSMF�WYj<hMNOD4\ÉhyNO@CNOj�F4\lF4@�WYZ�\l_3xyLMo�\CSyNw\�oEWaZ[\lNOLMD4F
t¢�vSMWYD¼S�WYZ�_'L�@[F�Z[_'LyNOLMD4F�`n_O@KXONw@CWa_OBMZ�oMF4\CBMLMWYLMz'Z�H���SMF�F�LEF�@Czw]­oMF4\CBMLMWaLEz�WYZ�F�Ë�ByNw\CF�o
\l_9\CSMF;Gpx{ÆOt x hi_O\lF4L�\CW�NOq�H Í´ Uea ��x· x Ì ·TaÏ� ��xÍ´ U � ��� x � � $ H ¹'¶ �

Ê�WYzMH $ H c ZCSM_¾�vZ<\CSMF�@CF�Z[BMqY\CZ9`n_'@�oMF4\CBMLMWaLEz'Z�_'BE\�hyNOZÁ\ ·'b�À è3³OP�SEWaz'SMqYWaz'Sk\CWaLMz2D�F�@Á\¼NOWYL
oMF{\lBMLMWYLMz'Z4H¥æ3_O\lF�SM_¾� Ë,BEWaD¼ª�qY]»t qaF4XOF�qYZ3_wµ�H

èVN�XdWYLMzºF4Z[\CWaj<Nw\lF4opt�Pi�¥F=@[F�qaNw\lF5WY\v\l_�\lSMF;D�_'qYqaWYZCWa_OLyNOq~D4@C_'Z[ZKZCF4D4\CWa_'LBW�NOLMo�\lSMF;qa_'Z[Z
@lN�\lF�D�_'LEZ[\¼NwL�\i��\lS�BMZ%h W s�� a®�<· � � $ H ¹ ¸ �



¿ $

30x10
-9

20

10

0

R
 [

m
]

40x10
6

3020100

Detuning [Hz]

5 MHz --- 17.1 nm

10 MHz --- 15.2 nm

15 MHz --- 14.2 nm

20 MHz --- 13.6 nm
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Ù Ë�LQH $ H · ¸ PmF�NOD¼S
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