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Total number of photons for each object Ntot = 1300 
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Detcted AID
Adaptation function

SMI Axial Intensity Distribution
                        AID
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R: Modulation Contrast
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Detcted AID
Adaptation function
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Axial Object Diameter Size S (nm) oqpsrutLv:w ïLx ø�y hï¡��e�LwJruve���L�����Å�V�uw � �u�6�Gp��:t����sp���w)�¨�e�LwJ�1����ps�Lv��V�eps�u¡   tL¡��'�eps�u¡]�»2¼��¥X�¹§5½G�Lw1v:wá�:�Lwáw��L�]ps�e�V�eps�u¡ � �,�uw���w�¡Lr��:�¥8¾�ZÀ¿G§ ) ¾�ZÀ¿]2Öù ç�ç ¡L~ � �u�"�]��¡Å�Xp��}w�vew1� x o���vá�:ps�1w1�"�:~������sw1vâ�e�Lw�¡ ï ¦¨¡�~ ) �:�LwO~��}�}tL���V�eps�u¡�����¡��:v����X�1� p��"�]���u�:w��e����w1v:�q½�:�Lp���~�w1��¡Å� �e���V��:�Lw � h!� ) ps¡��Xt����j���]�u¡��}ps�:p���¡ ) � w1�s�9���L��v:�,�}p�~����:w)���:�Lw��:��w���vew]�ep��1���9¯ z o x hï¡��]vew1�u�Xp�¡Lr��e�Lw��Xp���w]��:�Lw¨~��}�}t������:p���¡Û�]�u¡��:v����X�J�����X��p�¡��]vew1�u�Xw)�á��¡��£�e�Lw¨�}w1r�vew�wOp�¡�~��G�LtL�����:p���¡�p�¡ � h!�@�}w1��v:w)���:w1� x o���v¨¥X�pÁ Þ1n ¦�¡L~Ï§¹�:�Lw~��G�LtL�����:p���¡��]�u¡��:v����X�0���M����v:�e�¹�:����w¨���s���Xw��:���u¡Lw ��¡Å�éps�Jp��"¡L���á���u�e�:ps�L��w��:�Ï�}w��:w)�'����¡����]��w1��v"p�¡   �uv:~��V�eps�u¡   v:�u~	�:�Lw� h!�ã�Åw)����tÅ�Xw�ps��}�Gw1� ¡L��� �Lvew1�:w�¡���� ��¡G�Û~��}�}tL���V�eps�u¡cps¡mps�e�¨�:�����ÅwÂ½qp�¡m�:��p�������:w��X~����s�>���Å��¡Lruw1��p�¡m�:�LwÏ~��}�}tL���V�eps�u¡�]�u¡u�eve�u�M�"�]�uv:vew1�:����¡��Ï�:������v:ruwO������¡Lruw1�¹�   �Xp���w x
¤¨¡�¡�� ©¦P·Ö¢Ê }�Ûd6f:gli�ñuò}ò8·µ�É�Î, }��¡�¤¨µº��®¥¤¥»³¤¨£�¯BØQ«B®¨¡� �£���[�kµ¶¤¥¡E¡�¤¨ }·�¦@«©ÆB�k®¨�k·ÅB£��(¸:d\f	Ã@¹# B¢0£²��[�)Ë�»³¤¨£��k±
ó,�� }���³¡�»k�³·»k�º¦M«B¡�¡���£�£�  d6f:gBÉ�´�·s���¤¨·»k¤¨�®¥�¬Ø4¡��»¿�¼«�»³ }·±¤È£²¤¥ B·s»k«B·s½Á�¶��Ë��v�k��¤¨µº�³·u£¿«B®¨®¨¯�±��³£²�³��µ¶¤¥·�³±
½u¯¼�¬É Å�És��¡�¤¥·�Å�ó,� }�E�k¡E»k�k·�»k��®¥¤¨¢Ê�J£²¤¨µº�ºµº¤¨»k�E }¡�»³ }�u¯ÁÉ«('0)& ('2,& *'_ ´�·~Î�¤¨Å}����8ç�Éìñ¼Ø%£²��c«¬½Á ©Æ}�cµ¶�k·u£�¤¥ }·�³±
�E�k®«r£²¤¥ B·-� i®º�¸Ûëg¹n¤¥¡%�E�k��E�k¡E�k·u£²�³±�¢Ê }�%«B®¨®�£²���M¦M«ÄÆ}�³®¥�³·ÅB£²��¡��¡E�k±º��k�E�3¤¨·¾£²��Hª°�´�ãlß�´�°|»Ä«¬®¥»k��®«¬£�¤¥ }·¡
¸Û¢Ê }��µ¶ }���¾±��³£¿«¬¤¥®¥¡#¡��k�¶Î�¤¨Å}��E�Jç�É íc«B·±sÎ�¤¥ÅB����Jç�É ñp¹)É<´�·Ö }�E±�k��£� 2¢�«¬»k¤¥®¨¤¨£²«¬£²�o£²��[��Æ¬«B®¥�,«r£²¤¥ B·� B¢�����Å}�
«Bµ¶ }�·u£� B¢@±,«¬£¿«�«B·±s£² ���� �±�»³��»k«B®¥¤¨½�²«¬£�¤¥ }·�»³��EÆB�k¡�¢Ê }��«B®¥®n£���º�v }¡E¡�¤¥½�®¥�J��Ë�»k¤È£¿«¬£�¤¥ }·Ö¦@«©ÆB�k®¨�k·ÅB£��¡
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Axial Object Diameter Size S (nm)
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λex = 568 nm
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oqpsrutLv:w ïLx ù y hï¡��:�Lp��\oqpsrutLvew9��v:w9�:�L� � ¡��:w��uw�v����}�����sp��Lv��V�eps�u¡   tL¡��]�:p���¡����L�e��p�¡Lw)�¨�G�¨�Gp�vX�et����}~�p��]ve�u�e�]�u����t��:p�¡Lr+¾ ZÀ¿ 2 ø�n ¦¡L~ ) ¾qZÀ¿=2Dù ç�ç ¡L~ ) ¾�ZÀ¿$2 3�nuç ¡L~ ) ¾qZ!¿%2 n ùGÎ�¡�~ x6� �Lw�oqpsrutLvew��:�L� � �\�e���V� ) �,��v:�Gp�¡LrB¾�ZÀ¿ ) �:�Lw������sp��Lv��V�:p���¡   t�¡��'�eps�u¡�l2���¥X�¹§"������¡Lr�w)� x ?â����¡Lr�p�¡Lr=¾qZ!¿ ) ps�áp��á�Å���:�:ps���sw��:����¡������G��wO�}pSÄ�w1v:w1¡u�á�:ps�1w�ve��¡Lr�w)�ât�¡��}w�vJ���}�eps~����ß����¡��Lp«�eps�u¡�� x\� ��w�X~����s��w�vO�e�Lwéw��L�]ps�e�V�eps�u¡ � �,��w���w�¡�r��:�¼�e�Lw��:~������sw1vO�:�Lw£�Xp���w]� �:�Å�V���1��¡c��w��}w��:w1v:~�p�¡Lw1� x oL��v~���vewé�}w]����p�����Xw1wÏ¡Lw�����������L�:w�v
 B£���k�g B½�ÌE�k»�£#¡E¤¥Õk�o��ÆB«¬®¥�,«¬£�¤¥ }·8«B®¥Å} B��¤¨£��µ¶¡�¦P¤¥®¨®_½v������³¡��k·u£��k±�¤¨·2£����¢Ê }®¥®¨ ©¦P¤¥·Å¾¡E�½¡E�k»³£�¤¥ }·�¡kÉ
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Convolution product

Dection with noise

Ntot = 1000

Ntot = 10000

Ntot = 30000

Ideal AID

Ntot = 2500

Ntot = 10000

Ntot = 40000

Dependence of Axial Intensity distribution (AID) 
  on The Total Number (Ntot) of detected Photons   

Dection with noise

A)

B)
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R = Mg/M = Modulation Contrast

M = absolute AID maxima
Mg = "object disturbance"  maxima
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(A) 1) Object detection.
2) Axial AID extraction.
3) Modulation contrast 
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Axial Object diameter Size (S)
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N (Independent data stack measurement)

S100wbg = (85.5    4.5) nm+-

S40wbg = (31.1    4.2) nm+-

S100bg = (83.9    6.2) nm

S40bg = (35.7    4.1) nm
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+-
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N (Independent data stack measurement)

S100wbg = (97.8    4.6) nm+- S100bg = (97.8     4.6) nm+-
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£���¾£²��³ }����£²¤¨»Ä«B®n�����k±�¤¥»³£�¤¥ }·�¡¶¸Ê¢Ê }��µ¶ }�E�[±�³£²«B¤¥®¨¡�¡��³��â@�«B��£²�³��ç2«¬·±Sâ@�,«B��£��k��íu¹�É<�g��J��Ë��Á�³��¤¨µº�³·p£�¡
µº«B±�¶¦P¤¨£²��ö¬ð�·µN-áÐ}Å}�E�k�k·a½v�Ä«¬±¡�ÐÖ±�³¡��k��Æ}��«�¡��v�k»³¤«B®����³µ�«B�E§LÙº�g��³¡��c½v�Ä«B±�¡[��Ë��¤¥½�¤¨£²�³±~«��¤¨Å}�
ó,�� }���³¡�»k�³·»k��½�®¥�Ä«¬»¿�¤¥·Å��²«¬£��BÍ�£²�p�¡kØ�¤¨£0¦M«¬¡M· B£@�Á }¡E¡�¤¨½®¥�P£² ����k�v�Ä«r£�æ©ð�£�¤¥µ¶�k¡0£²���ª°D´0µ¶�Ä«B¡E����³µº�³·p£�¡
 }·D£²��¾¡�«Bµ¶�<�k·�¡��kµ<½®¥�¾ ¬¢0½Á�k«B±¡�«B¡#¤¥·D£���¾ B£���k�#»Ä«B¡E�k¡kÉ�´�·�¡E£²�k«B±_ØQ£���¾µ¶�Ä«B·DÆB«¬®¥��³¡# B¢%£���¾¡�¤¨Õk�³¡� B¢
¢Ê }����±¤ÈäQ�³���³·p£��k·�¡��kµ<½®¥�³¡M�,«ÄÆ�¤¥·Å¾çBð�Ø�ç}ç�Ø�ç}õ�Ø�«B·±8ç¬ñ<½v�Ä«¬±¡kØ����k¡E�Á�³»³£�¤¨Æ}�³®¨¯BØ�¦��k���#�³Æ¬«B®¥�«¬£²�³±�¸Û¢Ê }��µ¶ }�E�
±��£¿«B¤¨®¥¡3¡��³�[��«B½�®¥�k¡#ñÉ¨æBØÁñÉìñØQ«B·±ÖÎ�¤¨Å}�����ñÉ ö}¹�É#�g��[¡�¤¨Õk�¾�³¡E£²¤¨µ�«r£²�k¡H����³¡��³·p£��k±Ö¤¥·���«B½�®¥�<ñ�É¨æJ«B�E��£���
µ¶�Ä«B·2Æ¬«B®¥���k¡P B¢%«¬®¥®Q£����¡E¤¥Õ³��µ¶�Ä«¬¡���E�kµ¶�k·u£²¡H¤¥·�«B®¥®_£����¢Ê }��P¤¥·�±�k�v�k·±��k·u£��³·¡��³µ¾½®¥�³¡kÉgÎ, }�M£����»Ä«B¡E�k¡
 B¢�ñ}ð<·µO-NÐ}�E�k±8½v�Ä«B±�¡�ÐJ«B·±�æÄð}ð<·µO-.ÐBÅ}���³�k·c½v�Ä«B±¡EÐØ¤È£�¦@«B¡g�v }¡�¡E¤¥½®¨�3£� [¡E£²��±�¯º£����«B»³»k���«B»³¯� B¢
¡E¤¥Õk�gµ¶�Ä«¬¡���E�kµ¶�k·u£²¡*���³Åu«B��±�¤¥·Å�· ¬£*£���P�k·¡E�kµ¾½�®¥�P½��£0�k«B»¿��¡E¤¥·Å}®¨�M¤¥±��k·u£²¤ÈÇ,�k±¶½Á�k«B±_Én�g���3µ¶�Ä«¬·¶ ¬¢Á£��k·
¤¨·±�k�v�k·�±�k·u£�µ¶�Ä«B¡E����³µº�³·u£²¡H¦@«B¡�»³ }·¡E¤¥±�³���k±Ö«¬¡H£²���<�k¡�£²¤¨µ�«¬£��� ¬¢n£²���¡�¤¨Õk�< ¬¢%�Ä«B»¿��¡E¤¥·ÅB®¥��¤¥±�³·p£�¤¨Ç,�³±
½v�Ä«B±QØ,«B·±2£²��o«¬»k»k���²«B»�¯c¦M«B¡P�³¡E£²¤¨µ�«r£²�k±c��¡�¤¥·�ÅJ£���o�³Æ¬«B®¨�,«¬£²�³±cÆB«¬®¥��³¡g B¢�£²��o¡E£²«B·±,«¬��±�±�³Æ�¤«r£²¤¥ B·c }·
£���3«B»kÀp�¤¨¡�¤¨£�¤¥ }·�¡kÉ�´�·¶�t«B½®¥�gñ�É ö[Øp�³Æ¬«B®¥�«¬£²¤¨ }·¡n B¢Á£²��P¡E¤¥Õk�P B¢Á�Ä«¬»¿��½v�Ä«B±J¢Ê }�n£²���3»k«B¡��3 B¢Áñuðo·µP-OÐ}�E�k±
½v�Ä«B±�¡�Ð¶¸Êë +]_ :¿¹�ØæÄð}ð#·µI-ÏÐ}�E�k±¾½v�Ä«¬±¡�ÐL¸Ûë $X_'_ �©¹)Øu«B·±�æ©ð}ð#·µI-ÏÐBÅ}���³�k·¾½v�Ä«B±�¡�Ð¶¸Êë $X_'_ �k¹�«¬���@�����k¡E�k·u£²�³±_É
´�·�£��¤¥¡3»Ä«¬¡��BØ_«º»k Bµº�,«¬��¤¥¡E }·�½v�³£�¦��k�³·�£²���£�¦@ c±¤ÈäQ�³���³·p£#±,«¬£²«�«B·,«¬®¨¯�¡�¤¨¡Hµ¶�³£�� �±�¡#¤¥¡3��E�k¡��³·u£²�k±QÉ��g��
�E�k¡���®¨£²¡g¡E� ©¦P·D¤¨·8»k B®¥�µ¶·¡MÝ�¦��k�E�� }½�£¿«¬¤¥·�³±2«¬¢Û£²�³�M£²���µ¶�Ä«B·c½«B»¿§pÅ}�� }��·±2· }¤¥¡E��¦M«¬¡P«B��£² Bµ�«¬£�¤¥»k«B®¥®È¯
¡E�½�£²��«B»³£��k±5¤¥·��Ä«B»¿�+í}Ã�±,«r£¿«Ö¡E£¿«¬»¿§vÍ3¤¥·�¡E£²�k«B±_Ø*£²������³¡��®È£²¡J¡�� ©¦P·(¤¨·5»³ }®¥��µº·¡a`�¦@�³����»Ä«B®¨»k�®¥«¬£²�³±
¦P¤È£²� }��£3«B·u¯c�����Æ�¤¥ }�¡P½,«¬»¿§�ÅB�� }�·�±D· B¤¥¡��o¡E�½¡E£��²«B»�£²¤¨ }·_É%�g��o£�¦@ ¶±¤ÈäQ�³���k·u£3±,«¬£²«J«B·,«B®È¯�¡E¤¥¡gµ¶�³£�� �±�¡
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Axial Diameter Size S (nm)

S50wbg = (53.7    1.9) nm S50bg = (53.4    2.0) nm+- +-

oqpsrutLv:wtù x^3}y�^ �}��w�veps~�w1¡u����� z}| h\¡Å��¡L���Xp���p�¡Lr¨�   3 ¦¡L~&% � r�vew�w1¡Ï�Åw)���L� � yE� �Lw�v:w)�Xt��«���â�  ß  ��t�v¹p�¡��}w1�Åw1¡��}w1¡u�"~�w1�u�Xt�v:wz�~�w�¡��e�   �uv"�:��w �����:wO�   �:�Åw)�]p�~�w1¡��]��¡Å�Xp��M�eps¡�r��   3 ¦�¡L~Q% � r�vew�w�¡��Åw)���L� � xâ� �Lw �Lp��M�e��ruve��~��¹�Lvew1�:w�¡��ew1� � w1v:w��u�}�e��ps¡Lw)�~�w�ver�p�¡LrO�����}�:�Lwá�:p���w"~�w1�u�XtLvew�~�w1¡u���E~����}w"�u¡   �utLv\p�¡��}w1�Åw1¡��}w�¡��â�:��w1�]p�~�w�¡��J¥��+�� 	�R;I2 ö�ø § xE� �Lw"�Lp��M�e��r�v���~���¡�:�Lwá��w   ��Xp��}w p��"vew����V�ew1�£�:���e�Lw�1���:wOps¡ � ��p������e�Lw ���u��¢�ruv:�utL¡���¡L��p��:w � �u�á�Xt��}�:v����]�:w1�   ve��~ã�:�Lw ø ���L�V�����Xw��J�Åw   ��vewO�:��w � h!��]�u~���t}�e���:p���¡A½u�:�Lw��Lp��M�e��r�v���~���¡��:��wJvepsru�u�¹�Xp��}wá�Lvew1�:w�¡����E�:�Lw�v:w)�Xt��«���6�   ~�w1�u�Xt�v:w1~�w1¡��e�6��w�v   ��ve~�w1� � ps�:�L�ut}�â��¡G���Lveps�uv������¢Gruv:�utL¡��é�:tL���X�:v����]�:p���¡�¡L�up��:w x `�S =?9:;8� ) `�S =?;8� ��vew��e�Lw ~�w1��¡��,���st�w1�"~�w1�u�Xt�v:w)��~�w1v:rups¡Lr��e�Lw¨�:ps�1wO~�w)���:tLvew�~�w�¡��e�á�  �����q�:�Lw   ��t�v��:��w1�]p�~�w�¡�� x ��tLw��:�£�:��w���p��X�:�ur�v���~ �M�ew��¼�Xp���w��   Þ ¦Ï¡�~ ) �:�Lw���������vew�¡�����p��X�:�ur�v���~ � p��}�:�¼p����Lve�u�u�}w�¡�w1��]�u~��Å��vew1���e���:�Lw �X�e��¡��L��ve���}w��Gp��V�:p���¡���������tL���V�:w)�   ve��~ã�:�LwOp�¡��}p��Gp��Lt����ß�L���e� x
¯�¤¥�³®¥±�³±5»³ }µ¶�,«¬£²¤¨½®¥�c�E�k¡E�®¨£�¡kÉ:Ý#¡¶����³±¤¥»�£²�³±(½u¯5ª°D´�ãlß#´�° ¸Ê¢Ê B�ºµ¶ }���2±��£¿«B¤¨®¥¡J¡��³��â@�,«¬��£²�³�cçÖ«B·±
â@�,«¬��£²�³�Hí}¹�Ø¤¨·�ÅB�k·�³�²«B®_£���o«B»k»³��²«¬»³¯2¤¥·2¡E¤¥Õk��±��³£²�³��µ¶¤¥·,«r£²¤¥ B·8¦M«B¡P�¤¨Å}��³�M¢Ê }�M£²���»k«B¡��� B¢�æ©ð}ð¾·µH-
Ð}ÅB���k�³·�½v�Ä«B±¡EÐ2«B·±�Ð}�E�k±�½v�Ä«¬±¡�Ð8£��,«B·�¢Ê }�3£²��<»Ä«B¡E�¾ B¢0ñuð�·�µM-yÐ}���³±�½Á�k«B±¡EÐÉ�´l£�¤¨¡H¤¨µº�v }�E£²«B·u£H£� 
· ¬£²�<£��,«¬£�¤¨·�£²��<»Ä«B¡E�[ B¢3æ©ð}ð�·µ6-YÐ}ÅB���k�³·�½Á�k«B±¡EÐD«¬·±aæ©ð}ð�·�µM-YÐB���k±�½v�Ä«¬±¡�ÐØ_«B·Ö«B»k»³��²«¬»³¯�¤¨·
£���H B��±�³�@ B¢4öCL ¦M«B¡� B¢Û£²�³·� }½�£¿«B¤¨·�k±º»k }�E���k¡E�Á B·±¤¥·�Å�£² <«B½v }��£3æP
�æ©ðBð� B¢Q£²��H��Ë�»k¤È£¿«¬£�¤¥ }·J¦M«ÄÆB�k®¥�³·ÅB£��_É
� ���L��w0ù x Þ�y"z tL~�~���ve���   ¡���¡��u�:ps�1ps¡Lr�vew1�:tL�s�e� y òáw�vewO�e�Lw¨vew1�:tL�s�e�á�   �Xp���w¨~�w)���:tLvew�~�w�¡��e�J�Åw1v   �uv:~�w)����¡�ùu¦Ï¡L~T% � v:w)��Åw)���L� � ) 3 ¦m¡L~.% � r�vew�w�¡���w1����� � ) Þ ¦�¦m¡L~P% � vew1�Q��w1����� � ��¡�� � r�vew�w1¡Q�Åw)���L� � ��vewÛ�X��� � ¡ ¥°~�w1��¡è���X�e��¡��L��v���}w��Gp��V�eps�u¡�¥ z ��§9§ x hï¡Ï�e�LwO�]�u�stL~�¡Ï�u¡Ï�e�Lw���w   �á�:p��LwJ�e�Lw�¡���~�ps¡Å�����,���st�w1�¹�   �e�Lw��Åw)���L�¹�Xp���w�r�p���w1¡Ï�G���:�Lw�~���¡Gt   �u�'�:t�v:w1v��vew��sp��X�:w1� x hï¡m�:�Lw£�Xw)�]��¡Å�c�]����tL~�¡   ve��~��:�LwÏ��w   ��:�Lw�v:w)�Xt��«��� �   �:ps�1wÏ~�w1�u�XtLvew�~�w1¡u��� ) p�¡m�:�Lw£�����:w��:��wé���u��¢�ruv:�utL¡��¡L��p��:wOp�����t}�e��~��V�ep��1�����s�£�XtL�L�:v����'�ew1�   ve��~N�:�Lw ø ���L���e����w   �uv:wO�e�Lw � h!������~��Lt}���V�:p���¡ ) ��vewO�Lvew1�:w�¡��:w)�m¥���9:;8��§ x hï¡��:�Lw�:�Lp�v��Û�]�u�stL~�¡��X�e��vX�eps¡�r   v:�u~ �:�Lw�sw   ���:p��Lw �:��w¨vew1�:tL�«���J�   �Xp���w~�w)���:tLvew�~�w�¡��e� ) � p«�e�L��t}����¡G�£�Lv:p���v�������¢Gruv:�utL¡��£¡L��p��:w�Xt����M�eve�u�'�eps�u¡é��w   ��vew��:��w � h!� ����~��Lt}���V�:p���¡ ) ��vew���v:w)�Xw1¡u�ew1�¼¥���9:;8��§ x� �ev:t�w��:p���w � � ¥%¡�~�§ ��9:;8��¥°¡L~Ï§ �U;8��¥°¡L~Ï§ � �� 	�R;
ùu¦�¥¨¾ ZÀ¿ 2 n ù}ÎO¡�~�§ øÓÞux Þ ��ù x ï øu3Lx ÎB�Öù x Þ ÞEø ¦3 ¦�¥¨¾qZÀ¿]2Öù çuç ¡�~�§ 3)ø�x Î%� Þ�x ö 3)ø�x ù=� ï}x ¦ ö�ø
Þ ¦u¦�¥¨¾ Z!¿ 2�ù ç�ç ¡L~Ï§ ö Î x ç ��ù x n öu3Lx ÎB�Öù x ï ÎV¦
Þ ¦u¦�¥¨¾qZ!¿'2 n ùGÎ ¡L~Ï§ çu3Lx 3 ��ù x ù ç�ø�x ö � nLx ï Þ)3 ¦
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� ���L��w@ù x ïLy+� tL~�w1v:p������\�Lvew1�:w�¡��e���:p���¡¼�   ¡Å��¡L���Xp���p�¡Lr�v:w)�Xt��«���O���}����p�¡Lw1�   ve��~Ïù�¦£¡L~/%ã��¡�� Þ ¦�¦�¡L~V% � vew1�{�Åw)���L� � yòáw1v:w ) p�¡Û�}w]����p�� ) �����ß�e�Lw vew1�:tL�«���J�:�L� � ¡�r�v����L��p��1�����s��ps¡Ûoqp�r�tLvew0ù x ø ��vewO�Lvew1�:w�¡��:w)� x1� p�¡��}p����V�ew1���Ï�Xp�¡Lru�sw p�¡��}w1�Åw1¡��}w1¡u��L�V���a�X�e����¢������ut�p��:p«�eps�u¡Ú�   ��¡Úw�¡��:p�v:wÛ©�w����Ú�   �Gp�w � ½+?â����tL~�¡�� � �}w�¡����:w{~�w1��¡Ú�V���stLw)�Ï�L��t��BW,~�p�¡�tÅ�Ï�e�Lw{�X�e��¡��L��v���}w��Gp��V�eps�u¡{�   �e�Lw�~�w1��¡Q¥ z � | §O�   �:�LwÏ�:ps�1w�w��V����t����:p���¡�����w�v   ��ve~�w1�{��¡¼w1�����m�L���e���M������¢l¥ � 2 Þ ) ï )�XYXZX Þ ¦�§Jp�¡¼�:�Lw���u�XwO�e�Lw¨�Å����¢Gr�ve��tL¡Å��¡���p��Xw � �����Xt��}�:v����]�:w1�   ve��~N�:��w ø ���L���e�Ï��w   �uv:w �:�Lw � h!� � �u�"w��V���st����:w)�a¥�� 9:;8� §5½³�]�u�st�~�¡Å� ¬�}w�¡����:w�~�w1��¡��V���stLw)�9�L��t��?WV~�ps¡Gt�� z � | �   �:�LwO�:ps�1w�w��V����t��V�eps�u¡��9��w�v   ��ve~�w)�é�u¡�w)�����£�L�V�����X�e�u��¢Ïp�¡é�e�Lw ���u�Xw��:�Å�V�9�:�Lw������¢Gruv:�utL¡���¡L�up��:w � ����¡L���O�:tL�}�:v����]�:w)�   ve��~ �:�Lw ø �@���V�e�é�Åw   ��vew¨�e�Lw � h!� � ����w��V����t��V�ew1�j¥�� ;8� § x o���v�w]�L��~��L��w ) p�¡�:�LwO�L���e���M������¢ � 2 Þ   ��v¹�:��w��1���:w��   ùu¦¡L~[% � vew1�Ï��w1�u�L� � ) ÞEø �Xp�¡Lru�sw����}¤Mw)�'���âp�¡��:�Lw�©�w1���é�   �Gp�w �µ� w�vew�v:w1r�p��M�ew�vew1��G� z}| h� ~�p���v:���:�����G� x\� ��wO~�w)��¡Û�:ps�1wO�   �:�Lw)�XwO�u�}¤Mw1�]� � �u�á�}w��:w�ve~�ps¡�w1���:�Ï��w øÓÞux ö � ï}x ö ¥ z � | §á¡L~ x hï¡Û�L���e���X�e����¢� 2 ï ) �e�Lw��e��~�w Þ�ø ���L¤Mw1�'��� � w�vew ~�w1�u�Xt�v:w)����ru��ps¡G½Åp�¡��:��p������u�Xw �:�Lw~�w)��¡��:p���w¨~�w)���:tLv:w)� � �u� ørÞ�x ç �Sù x ø ¥ z � | §¡L~ x \ ]Z^�_�`baEc�dfe?aA]hgjihkml ]Z^�_�`maEc�dfe?a?]hgnihkbl ]Z^�_�`maEc�dfe?a?]poBiZiqkbl ]Y^�_�`baEc�dfe?a?]po?iniqkmlrts kml$u rvs kbl$u rws kml$u rts kbl$uo xyonz {}|�~�z { xnx�z �}|wxyz � {Zgyz ��|�~�zfo {n��z g$|�~�z i~ xyonz �}|tgyz x xj��z {}|tgmz � �n��z ~�|�~�z g {Ziyz ~�|�~�z gx xnxyz ~�|tgyz i xnx�z g$|wxyz � �n��z ��|�~�z � �Z�yz ��|�~�z �g xnxyz �}|tgyz g xn��zfo�|tgmz g �Z{�z ��|�~�z � �Z~�z ��|wxyz �� ~Z�yz �}|tgyz � xnx�z �}|�~�z { �n��z {}|�~�z i �Zxyz �}|wxyz x� xj��z ��|wx�z g xnx�z �}|wxyz ~ �nx�z �}|�~�z � �Zxyz g$|wxyz ~� ~Z�yz x}|wx�z { xnx�z x}|wxyz � �Z{�z �}|�~�z � �Y�yz �}|wxyz i� xj��z �}|w��z ~ gji�z ~�|�~�z { �j��z x}|�~�z � �Zxyz ��|wxyz g{ ~n��z ��|�~�z � xj~�z {}|wxyz ~ �nx�z i}|wxyz i �Ziyz {}|wxyz �o?i ~Ygmz �}|wx�z { xni�z ��|wxyz � �j��z ��|�~�z � �Ygmz i}|wxyz x� � � �
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£�¤¥µ¶��¡��³®¥�k»�£PÆ�¤¨¡��,«¬®¥¤¥Õk«¬£²¤¨ }·8�v }¤¥·u£kÉ

� ���L��w%ù x Î y�� w   ���:p��}w ������tL~�¡ y ¡L�u~�ps¡����³�Åw)���L�J�Xp���wO�V����tLw)� ¥%�Lve�V�Gp��Lw1�����é�:�Lw¨~���¡Gt   ���]�:tLvew�vµ½}¡L���ew��:�����á�:��w ������tLv����]��sp�~�p«���q�   �e�Lw9�X��w1��ps~�w�¡�r�p���w1¡ �G���:�Lw¹~���¡Gt   �u�'�:t�v:w1v �u¡L�s�Op�¡��:�Lw"�1���:w>�   ï�n ¡�~(%���w1����� � ���q���e�:tL~�w1� �u�q��¡¨w)�M�eps~��V�eps�u¡�   �:�LwOw1v:ve��v x?âw�¡��e���³�]����tL~�¡ y �:��w�w1�V����t��V�ew1�Ï�V���stLw��   �:�LwO�:ps�1w��   �:�Lw�����vX�ep����sw)�>p��¹�:��w�~�w1��¡é�V����tLw)�â�u¡����s���:��w��:p���w�w��V����t��V�eps�u¡���¡���:�Lw �u����tLve�u�]��p��"�]�u¡��Xp��}w1v:w)�é�Lve������v:�:p���¡Å�����:���:��wOps¡G��w1ve�:w��   �:�Lw �X�e��¡��L��v��é�Lw��Gp����:p���¡ xõ p�r����á�Xp��}w �]�u�st�~�¡ y �:�������³¡GtL~�Åw1v"�   �Åw)���L�"����¡��X�:ps�:t}�eps¡�r��:�Lw �:�Åw)�]p�~�w�¡��D���� !�R;� �u~�p�¡����ß�V����tLw�¥%¡L~Ï§ | w1���:tLvew1�é�,���st�wÏ¥%¡L~Ï§ � �� 	�R;
ï�n�x ¦=� n�x ¦ ørÞ�x n ��Î x n ç³ï
ùu¦ ù øLx ï � nLx^3 Þ ù ö

ö 58Ü95±Ü ;"F��³?ÞYL?àD�<>´XPáKLFM<>INC6I[F�;9RTSaD�F��³?Þ=@?ßC6DGPáY�?à=@?àIâK}D
ÝH®¥®n£²���º�)Ë��v�k�E¤¥µ¶�k·u£¿«¬®*���� }½®¨�kµ¶¡o±¤¥¡E»k�¡E¡��k±�¤¥·Ö£²��¶�����Æ�¤¥ }�¡�¡��³»³£²¤¨ }·s��k®¨�S£² ��·±��k��¡�£¿«B·�±¼£²�,«¬£o£���
µ¶�Ä«B¡E����³µº�³·u£²¡J��k�E�2¡�� ©¦P·�¤¥·±¤¨»Ä«¬£��8 }·®È¯a«�¡E£²«B�E£�¤¥·Å��v }¤¨·p£<¢Ê }�[«�¢Ê��£²�����2±�³ÆB�k®¨ }�¤¥·�Ås ¬¢3£���Dª°D´
¤¨·¡E£����µ¶�k·u£ÄÉHÝ#·u¯p¦M«Ä¯D£²��¾�E�k¡E�®¨£�¡#¡��� Ó¦P·�¤¨·�£²���<��E�³Æ�¤¥ }��¡oª��k»�£²¤¨ }·�«B·±�¤¥·D£���¾��E�k¡E�k·u£�ª��k»�£²¤¨ }·�«B�E�
�E�Ä«B®¨®¨¯#ÆB�k��¯<¤¨·· ©Æ¬«¬£²¤ÈÆ}�0¤¥·�µº¤¨»k�� B¡�»k B�p¯BÉnª� H¢�«B�	¤¥·�®¥¤¨Å}�u£�µº¤¨»k�� B¡�»k B�p¯o·� #µ¶�Ä«B¡E����³µº�³·p£�¡t¦��k�E�@��E�k¡��³·u£²�k±
£��,«¬£�¡�� ©¦P·c¡�¤¨Õk�Hµº�k«B¡���E�kµ¶�k·u£²¡�± ©¦P·�æ©ð}ð�·µDÉnåH�k�E�#¡E�³Æ}�³�²«B®Á¡�¤¨Õk�#µ¶�Ä«¬¡���E�kµ¶�k·u£²¡@¢�«¬��± ©¦P·�æÄð}ð�·µ
¦��k�E����äQ�³»³£²¤ÈÆ}�³®¨¯2µº«B±�BÉ�ÑnÆ}�³·�µº B���o«J¡�¤¥Õ³�o���k¡E }®¥��£²¤¥ B·�¸Û¢Ê }�g£²���±��Ç,·¤¨£�¤¥ }·2¡E�k�<â@�,«B��£��k�Híu¹M B¢níBð¶·µ
¤¨¡[¡�� ©¦P·5«B·±�¤¨£[¤¨¡[��� ©Æ}�³±5£��,«¬£Jµ¶�Ä«B¡E����³µº�³·p£J¦P¤È£²��«�¡E£¿«r£²¤¥¡�£²¤¨»Ä«B®@«B»k»³��²«B»�¯~± ©¦P·�£� ~æ©ð�·µ�«B�E�
¢Ê�k«B¡�¤¨½®¥�¬É¾Î, }®¥®¨ ©¦P¤¥·Å¶£²��J��E �»³�k±��E�J¤¥·±¤¨»Ä«¬£��¾¤¥·Sª��³»³£�¤¥ }·ÖñÉ ç8¡��³ÆB�k��«B®0¡��v�k»k¤¨µº�³·�¦@�³���J����³�,«B�E�k±S«B·±
¢Ê }���Ä«B»¿�~ B¢g£���kµî }·�c«¬»kÀp�¤¥¡E¤¨£�¤¥ }·s¦M«B¡[�v�k��¢Ê }��µ¶�k±QÉ��g��k¡E��¡E�Á�³»k¤¨µº�³·¼¦@�³���c»k B·¡E£�¤¨£²��£²�k±a½u¯�Å}���³�k·
½v�Ä«B±�¡#¦P¤¨£���· }µ¶¤¥·,«B®�¸�«B»k»³ }��±¤¨·Å�£� 8µ�«¬·���¢�«B»³£�����³�¿¹H¡E¤¥Õk�<½Á��£�¦@�³�k·�çBô�·µ�«B·±aæÄñ}ð�·µ�Ù�çBôº·µDÍQñuð
·µ�ÍLñ}ñ¶·µDÍÁöBðJ·µ�ÍÁö}õJ·�µDÍÁõ�æ�·µ�ÍÁò}öJ·µ�Ø4æ©ð}ðJ·µ�Í�æÄñuðJ·µDÉ�ÝH¢Û£��k�P£²���«B»kÀp�¤¨¡�¤È£²¤¥ B·D��E �»³�k¡E¡H¦@«B¡
£��k��µ¶¤¥·«¬£²�³±�¢Ê }���k«B»¿�Ö¡��v�k»k¤¨µº�³·¡o«�£² ¬£¿«B®	·p�µ¾½v�k�� B¢ê�ë%ì:ë10P¦@«B¡o¤¥·�±¤¨Æ�¤¥±��,«¬£²�³±�«B·±�£���[¡�¤¨Õk�¾ ¬¢*£���kµ
��ÆB«¬®¥�,«¬£��k±~�¡E¤¥·ÅSª°D´�ã�ß�´�° «B®¥ÅB }��¤È£²�µ¶¡kÉS�g��2µº�k«B·~»Ä«B®¨»k�®¥«¬£²�³±� B·~£���Øê�ë%ìeë10�µº�k«B¡������kµ¶�k·u£�¡kØ�¢Ê B�
�k«B»¿��½v�Ä«B±�¡3�����k�«B�²«¬£�¤¥ }·QØ�¦M«¬¡H»³ }·¡�¤¨±�k�E�k±�«B¡g£²��o�k¡�£²¤¨µ�«¬£��� B¢�£���o¡�¤¨Õk��«B·±2£²��o¡�£¿«B·±«B��±D±�³Æ�¤«r£²¤¥ B·
 }·º£²�,«¬£�µ¶�Ä«B¡E����³µº�³·p£�¡@¦@«B¡M»k B·¡�¤¨±�k�E�k±2«B¡*£²��H�k¡E£�¤¥µº«¬£²¤¨ }·¶ B¢_£²����«B»k»³��²«¬»³¯}É0Ît¤¥Å}��E�Hñ�É õ<«¬·±cÎ�¤¨Å}����
ñÉ ò�¤¨·�»k }µ<½¤¥·,«r£²¤¥ B·D¦P¤¨£�����«¬½®¥��ñÉ òc«¬���¾�¡E�³¢Ê�®t£² �Æ�¤¥¡E�,«B®¨¤¥Õk��£²��<���k¡E�®¨£�¡� B¢%£²��¤¥¡#�)Ë��Á�³��¤¥µ¶�k·u£�¡kÉ��g��
«B»³»k���«B»³¯Ö ¬¢M¡�¤¨Õk�¶�³Æ¬«B®¨�,«¬£²¤¨ }·Ö¤¥¡o¡E£²«B½®¨�º«¬�� }�·�±S£²����æÄð�L� B¢@£���¶µº�k«B·sÆ¬«B®¨��J�k¡�£²¤¥µº«¬£��BÍ�£²�¤¨¡�µ¶�Ä«¬·¡
£��,«¬£�¤¨¡��Á }¡E¡�¤¨½®¥�³¡#£² 2±¤¨¡E£²¤¨·Å}�¤¨¡���£�¦� 2±¤¨äÁ�k�E�k·u£o�k·¡E�kµ¾½�®¥�J B¢*½Á�k«B±¡�¦P��³·s£���k¤¨��µº�k«B·�Æ¬«B®¥���k¡�±¤ÈäQ�³�
µ¶ }���3£²�,«¬·sæÄð¾·µDÉ�Ý#¡g¤¨£M¤¥¡@¡E� ©¦P·D�)Ë��Á�³»k¤«¬®¥®¨¯¶¤¨·2Î�¤¥Å}�����#ñ�É ò<£����¡�¤¨Õk�����³¡� }®¨��£²¤¨ }·8®¨¤¥µ¶¤¨£*¤¥¡g«¬�� }�·�±2í}ð

n�ö



·µ�ÍB¢Ê }�t��Ë�«Bµ¶�®¥�*£²��@±¤¥¡�£²��¤¨½��£�¤¥ }·� B¢Lµº�k«B¡������kµ¶�k·u£�¡%���kÅ}«B��±¤¨·Å�ö¬ð�·µJ-:½Á�k«B±¡%«¬·±JòuöH·µI-Ï½v�Ä«¬±¡
«B�E�<»³ }µº��®¥�³£��k®È¯2¡��k�«B�²«¬£��k±Ö«B¡H£²���±¤¥¡�£²��¤¨½��£�¤¥ }·D B¢�õ�æ<·�µM-�½Á�k«B±¡�«B·�±¼æ©ð}ð¶·µM-�½Á�k«B±¡³Éoª��³ÆB�k��«B®
�E�Ä«B¡E }·¡�ÌE�¡�£²¤¨¢Û¯�«8¡�¤¨Õk�¾�E�k¡E }®¥��£�¤¥ }·D£²��E�k�¾£²¤¨µº��½¤¥ÅBÅ}�k�3£²�,«B·�£���¾£²���k }�E�³£²¤¨»Ä«B®t�����Æ�¤¥¡�¤¨ }·¡J¸Ê¡��³�[»¿�,«B��£��k�
íu¹)É+´l£º¤¥¡J·�³»k�k¡E¡²«B��¯5£� �«¬±±5£� ¼«B®¨®@£²�����Ë��v�k�E¤¥µ¶�k·u£¿«B®P��E }½®¨�kµ¶¡¶±�¤¥¡�»³�¡�¡E�k±(¤¨·(ª��k»³£�¤¥ }·5ñÉ í�É ç��³ÆB�k·
£���¶¢�«¬»³£o£²�,«r£¾«2�¤¥ÅB�S��«¬£²�¶½®¥�k«B»¿�¤¨·ÅD¡�£²¤¨®¥®n¡�£²�� B·Å}®¨¯��Á�³�E£²����½�µ¶�Ä«¬¡���E�kµ¶�k·u£²¡����kÅ}«B��±¤¨·Åcó,� }�E�k¡E»k�k·u£
 }½pÌE�k»³£�¡kÉy�g��Ö½®¨�Ä«B»¿��¤¥·Å~�³äÁ�k»�£�®¥�Ä«¬±¡8£² a· ¬£2 }��£²¤¨µ�«¬®#�� ¬£² }·:»k B�·u£D»³ }·±¤È£²¤¨ }·¡c«B·�±Ï¡E }µ¶�³£²¤¨µº�
¡E }µº�� ¬¢t£���o»k }·±�¤¨£²¤¨ }·¡M£��,«¬£3«B®¨®¥ ©¦Ï¡�¤¥Õ³�oµº�k«B¡���E�kµ¶�k·u£²¡3«B�E��· B£3�³äÁ�k»�£²¤ÈÆ}�BÉ0´�·�����³¡��³·p£�¡# B¢t�¤¨Å}�2�²«¬£��
½®¨�Ä«B»¿��¤¥·ÅH¤¨£t¤¥¡�·� B£%«B®È¦M«Ä¯�¡n�v }¡�¡E¤¥½®¨�*£� �»k B·¡�¤¨±�k�	£²��M B½�ÌE�k»�£n£² �½v�@µ¶�Ä«¬¡���E�k±[� }µ¶ }Å}�³·�k B�¡�®È¯o»k ©Æ}�³���k±
 B¢4ó� }�� �»¿��E }µº�³¡M«B·�±8£²��³·2«B®¥®,£²����¡�¤¨Õk����ÆB«¬®¥�,«¬£�¤¥ }·¶»Ä«¬®¥¤¥½��²«¬£�¤¥ }·º«B®¥ÅB }��¤È£²�µ¶¡*«B���H· B£@Æ¬«B®¨¤¥±_Ét�g���¢�«B»�£
£��,«¬£#«B®¥®4£²���k¡��<µº�k«B¡���E�kµ¶�k·u£²¡H¦@�³���¾�v�k��¢Ê }��µ¶�k±�¡E �¢�«B�P£² 8¤¨±�Ä«¬®	»³ }·±¤È£²¤¨ }·¡3�k·�,«¬·»k�¾ B·»k�¾µ¶ }�E��£���
Àp�,«B®¨¤¨£�¯� B¢t£���o¡�»³¤¥�k·u£�¤¨Ç,»o���³¡��®È£²¡P¡��� Ó¦P·QÉ
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Experimental AIDs

Theoretical AIDs

oqpsrutLv:wnù x n�y_� r������sw1v:���   �}pSÄZw�vew�¡�� � h!�#½ � ��� y hM�}w)��� � h!� z �Lve�}�}t���w1�����]�	h |cx¬ ���X�e��~ y w]�}��w�veps~�w1¡u�����ß~�w)���:tLv:w)� � h!��� xI� ���:w��e���V�"�e�Lw � h!���"p�¡��Å���:�Û�1���:w )   ��vá��~����X�:w1vá�   �Gp��:t����sp��1���:p���¡ ) ��v:w�¡L����Lveps¡��:w)�ép�¡��:�1����w x
� ���L��w�ù x ç�y ?â��~�����v:p��:��¡���w]� � w�w�¡{�:��w�¡���~�ps¡Å���E�V����tLw�   �e�Lw��w1�u�L��r�p���w1¡Û�G���:�Lw�~���¡Gt   �u�'�etLv:w1v�¥%��w   � �Xp��}w��]�u�stL~�¡Å§��¡��£�e�Lw w1�,���stÅ�V�:w)���V����tLw1�J�   �:�Lw�:��~�w¨�Åw)���L�¥%~�w1��¡ �l`�aé§O¥°�:w�w�]w�¡��eve���à�]�u�stL~�¡Å§ xD� ���:wO�e���V�Jp�¡��e�Lw ��¡��e�Lw vepsru����Xp��}wO�]�u�st�~�¡£�e�Lw��:���e���³¡GtL~�Åw1vá�   �Åw)�����}w��:w1�]�:w)�¼¥8� �� 	�R; §   �uv"w1�u���£�:�Åw)�]p�~�w�¡�p��9vew�����v:�:w)� x� �u~�p�¡����ß�V����tLw�¥%¡L~Ï§ | w1���:tLvew1�é�,���st�wÏ¥%¡L~Ï§ � �� 	�R;

ï�n�x ¦=� n�x ¦ ørÞ�x n ��Î x n ç³ï
ùu¦ ù øLx ï � nLx^3 Þ ù ö
ù�ù x ¦=� n�x n ù}Î x ¦%��ù x Þ Î n3 ¦ 3 ¦ x ù$� 3}x ù Þ Î Þ3 Î x ¦=� ç�x Þ nrÞ�x ç � 3}x^3 n ¦Î Þux ¦=��Î x Þ nuöLx ù$� 3}x ¦ Þ�Þ ùçu3Lx ¦=� ç�x 3 çrÞ�x ø ��ù x ç ø�n
Þ ¦u¦$� Þ ¦ Þ ¦ Þux ù=��ù x ö n ù
Þ ù�¦$� Þ ù Þ�ø�ø � Þ ù ç�ç
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oqpsrutLv:wnù x Î y_� ���e�]p��:�e� y � � vetLwO�Xp���w � �x & ve�Lps¡����:w y � � vetLwO�:ps�1w � �?â��¡��:p�¡GtL��tÅ�ß��ps¡Lw y � � vetLw>�:ps�1w � ��w�v��:t�� � � vetLwâ�:p���w � ½��]p�ve���swâw]�}��w�veps~�w�¡�������~�w)��¡ w)�M�eps~����:w1�¨�V����tLw1� �   �e�Lw¹�:p���w>�   �}pSÄ�w1v:w1¡u�w�¡��:w�~�L��w��   ��w1�u�L��½}����v��"�M����¡�����v��é�}w1��p��V�eps�u¡¼¥ z ��§9�   �:�Lw)�Xw�w)�M�eps~��V�ew1�
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S (nm)oqpsrutLv:wvù x çLyàz tL��w�ve���u�:p«�eps�u¡O�   �������e�Lwâ�:ps�1w>�}p��M�ev:p��Lt}�eps�u¡��ß~�w)���:tLv:w)� x � ��p�� o p�r�t�v:w\��w������³�e�átL¡��}w1ve�X�e��¡�� � �Lp����Op��³�:��wâ�:ps�1wv:w)�X�u�stL�:p���¡¨��p�~�ps�6ps¡ � �Lp�����LpéÄZw�vew�¡��>�:ps�1w1� �u�}¤Mw1�]�e�Eps�6p��E���u�e�Xp��L��w¹�:���}p��X�:p�¡LrutLp��:� x oL�uvEw]�L��~��L��w>�e�Lwá�}p��M�ev:p��Lt}�eps�u¡vew����V�eps�uw�:����w1����� � p«�e�£¡���~�ps¡Å���à�}p���~�w��:w�v"�   ù³ù�¡�~ãp��"�]��~��L��ps�:w��������V��w1v:w)���G���:�Lw �Lp��X�:veps��t}�:p���¡��   3 ¦�¡L~N¡L��~�p�¡����ß�}p���~�w��:w�v�Åw)���L����¡���ù�¦�¡L~ ¡L��~�p�¡���� �}p���~�w]�:w1vJ��w1�u�L� xá� ��p��J~�w)��¡��"�:������ps�Jp���¡L���J�Lvew1�:w�¡��:���é���u�e�Xp��L��w ¡Lw1p«�e�Lw�v��M���V�:p��X�:p����������é�e��}p��M�eps¡LrutLp��X���}pSÄ�w1v:w1¡u�J�:p���w1�£�u�}¤Mw1�]�e�9p�¡���v���¡Lruw��   3 ¡L~ x
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´�·S¡��³ÆB�k��«B®M«B���®¥¤¨»Ä«¬£�¤¥ }·� B¢Mµº �±�k�E·S���p¯�¡E¤¥»k¡���Ë��v�k»k¤¥«B®¥®È¯�¤¥·sÀp�,«B·u£²¤È£¿«¬£�¤¨ÆB�º¡�£²����»³£²���²«B®*»k�³®¥®0½¤¥ B®¥ }ÅB¯����)ã
¡E�Ä«B�E»¿�S¤È£�¤¥¡�¤¨µº�v }�E£²«B·u£#£� �µ¶�Ä«¬¡���E�J¦P¤È£²�Ö�¤¨Å}�Ö«B»k»³��²«¬»³¯�¡Eµ�«B®¨®�±¤¨¡E£²«B·»k�³¡o½Á��£�¦@�³�k·¼«cµ¾��®¨£²¤È£²�±��¾ B¢
¡E�Á�³»k¤¨Ç»Ä«B®¨®¨¯J®«¬½Á�³®¥®¥�³±�«¬·±c«B»³»k���«¬£²�³®¨¯¶®¥ �»Ä«B®¨¤¥Õ³�k±Jó,� }�E�k¡�»³�k·u£P¤¥·u£��²«B»³�k®¥®¨�®«¬�% }½�ÌE�k»�£²¡³É�Ò3¡�¤¨·ÅJª�Â0Ão°×£���
 }½pÌE�k»³£�¡�£² 8½v�¾µ¶�Ä«B¡E����³±s«B���¾®¥«B½v�k®¥�³±D¦P¤È£²��ó,� B���k¡E»k�³·p£oµº«B�E§B�k�E¡�£²�,«r£��¡E�[±¤¨äÁ�k�E�k·u£�¡��v�k»�£²��«B®n¡�¤¨Å}·,«rã
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ÞEø Î¿ù x n n�ç�x ù çrÞ�x Þ n�öLx ç ö�ø�x ù Î øLx^3 n ¦ x n ö³øLx ù Î n�x ö Þ�Þux Î Î ç Þ�ø�ö
Þ ù n�3}x Î 3©Þux ¦ 3�öLx ï 3�ï}x ù Î ö�x ç Î ï}x Þ n�ø�x ï Î öLx ç nu3Lx ù Þ�Þux ï Î n Þ ù ö
Þ)3 nkï}x ö Î²ù x ù n ¦ x ö nÓÞ�x n n³ïLx ç n ù x Î nÓÞux n nkï}x ç n ù x ¦ ù x ù ç ¦ Þ,3�ï
Þ1n Î¿ù x ï Î²ù x Þ Î çLx ¦ Î�Î x ù Î 3Lx 3 nuçLx ù Î²ù x ö Î 3}x^3 Î²ù x ç ï}x ö Î n Þ)nÓÞ
Þ Î çunLx Î n�n�x 3 3 Î x ï n�öLx^3 3 Î x Î nrÞ�x ï 3�ö�x ï 3 Î x Î n ù x 3 Þ ¦ x ¦ Î Þ Þ Î�Î
Þ1ç çunLx Þ ö�n�x ç ç Î x ø ö ¦ x ø çu3Lx ç ç³øLx^3 çu3Lx ï ç�3}x ç ç Î x n ù x ï nu3 Þ)çu3
Þ1ö Î øLx Î n�n�x ö n³øLx ç n�nLx ø n³ïLx ö nuöLx ¦ n³ïLx ç nkï}x ö n�n�x ¦ øLx ç ù�ù Þ ÎV¦
ï ¦ çrÞ�x Î Î ø�x 3 Î Þ�x Î Î øLx ç Î ö�x ø Î nLx^3 çÓÞux ö Î öLx ø Î�Î x ï øLx ö ø³ï Þ,3�ö
ï©Þ Î çLx ¦ nu3Lx Þ 3�çLx ç 3�öLx Î n ¦ x ç n ¦ x ù 3�3Lx 3 n ¦ x ç n³ïLx ù nLx ç Î�Î Þ)ö�n
ï�ï Î nLx ç n Î x Þ 3�nLx n 3�nLx ç nÓÞux 3 nunLx ¦ nÓÞux ö nrÞ�x^3 n�ø�x 3 nLx^3 öÓÞ Þ)ö�ø
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ï Î n³øLx ï nÓÞux 3 Î�¦ x Î n�öLx Þ nÓÞux ø n�3}x Î ùGÎ x n nrÞ�x ø n³ïLx 3 Î x ¦ Þ�Þ ù Þ,3 Î
ï�ç 3 Î x Þ 3�3Lx Þ ù öLx n ù�ù x ç 3)ø�x 3 3�çLx ¦ n�ö�x ù 3�øLx^3 3�3Lx Þ Î x ï Þ�ïu3 Þ,3�ö
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ø�ø 3�nLx^3 Î n�x 3 3�øLx ù nu3}x ö çu3Lx Þ nuçLx Þ 3 ù x ö ç�3}x Þ n�ç�x ï Þ�ïLx ö Þ1n ¦ Þ²ï Î
ø ù Î ï}x Þ Î ø�x Þ nuçLx ö Î öLx ï ç Î x ¦ Î Þ�x ù n³ïLx ö ç Î x ¦ Î 3Lx ï çLx n Þ ù 3 Þ�ø Î
øu3 Î öLx Þ 3©Þux Î Î�¦ x Þ Î Þ�x ù Î ç�x 3 ÎuÎ x ö Î ç�x ç Î çLx^3 Î ø�x ï öLx ù Þ)3ÓÞ Þ�ø�n
ø�n 3 ù x ö n�ø�x ù 3 ù x Þ n³ï}x ¦ 3�ö�x 3 nunLx ù 3�3Lx ö 3�öLx^3 3�ö�x 3 ù x ù Þ Î 3 Þ,3�3
ø Î ÎuÎ x ¦ Î Þux ø 3u3}x Þ Î nLx ø n ù x n n�3}x Î nÓÞux ¦ n ù x n n Î x ¦ Î x^3 Þ1ö ¦ Þ,3�n
ø�ç Î öLx ù ÎV¦ x ø n ¦ x^3 n³ï}x Î n�n�x Þ n�3}x ø n�ø�x ù nunLx Þ n�n�x Î 3}x ö ï ¦ ï Þ ù ö
ø�ö Î�¦ x Þ n�ö�x ç Î Þ�x ¦ n�öLx ù Î ïLx n nuöLx ö Î ïLx Î Î ï}x n Î Þux ¦ Þ�x ù Þ1ö ù Þ ù ï
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ù�ù nkï}x n Î ö�x ø nkï}x ù ÎV¦ x ö nu3Lx n nuöLx ø n³ïLx ù n�3}x n n Î x ø 3}x ç ï�ï�ø Þ�ø ¦
ù 3 n ù x ù ç³ïLx Þ ç�3}x ¦ n�øLx ï n ù x ï ç ¦ x^3 n�n�x 3 n ù x ï Î Þux ï öLx ù ï�ï�ø Þ²ï�ï
ù n Î�¦ x Þ ç�ç�x ç nuöLx Î Î øLx Î ÎV¦ x Þ Î öLx Þ n Î x ¦ Î�¦ x Þ Î ø�x n Î x Þ ï�ï³ï Þ³Þ1n
ùGÎ n Î x ö n Î x ï n Î x ç n Î x Þ n�ø�x ö n�3}x Þ n�ø�x ï n³øLx ö nu3Lx ç Þ�x ö ï�3³ï Þ³Þ ù
ù ç 3�çLx ï n�n�x Þ 3 Î x ¦ nÓÞ�x Î nÓÞux ø n³øLx Î 3�ö�x n nrÞ�x ø nÓÞux Þ ï}x ö ï ù ï ö ¦
ù ö n ¦ x Þ Î²ù x ¦ 3�öLx ø Î Þ�x Î n�ö�x Þ nuöLx ï nu3Lx ï nuöLx Þ n Î x ï 3}x ø ï ù ç çkï3 ¦ Î ï}x ö Î 3Lx ø Î ï}x ç Î²ù x ç ÎV¦ x ï Î øLx^3 n�ö�x ¦ Î�¦ x ï Î ïLx ù ï}x ø ï�n�3 nuç3©Þ Î çLx n ç�ö�x ï Î öLx ï Î çLx ö Î ö�x ¦ Î öLx ö Î ö�x ï Î öLx ¦ ç ¦ x ù øLx n ï ù�¦ Î ø3�ï Î ï}x ï Î n�x Þ Î Þ�x Þ Î Þ�x ç n³ïLx Þ nkï}x n n�ø�x ù nkï}x Þ n Î x Î 3}x Î ï)ø ù Î ï3)ø nunLx Î Î ïLx ï nuçLx ù n�öLx^3 n Î x ö n Î x ø n ¦ x 3 n Î x ö n Î x n øLx ø ï�ï�ç ökï3 ù nrÞ�x^3 Î Þux ø 3�öLx^3 n Î x^3 n Î x ö n Î x ø n ¦ x 3 n Î x ö nu3Lx ù ù x ï ï�ïu3 ökï3�3 Î øLx n Î ç�x 3 Î øLx ø Î öLx n ç³ïLx ¦ ç ¦ x ï Î n�x Î çkï}x ¦ Î ç�x ï øLx ù ï�ï�ö nuç3�n n ù x^3 nu3Lx ç n�3}x ¦ n�nLx^3 n�n�x 3 Î nLx ¦ n ù x ç nunLx^3 n�n�x ö øLx Î Þ1çuö Î ç3 Î Î¿ù x Þ Î 3Lx ø Î 3}x ù Î 3}x^3 ö ¦ x n ç ù x ö ç�ö�x ç ö ¦ x n ç³ïLx ¦ Î x Î Þ1ö ¦ nkï3�ç çuöLx ø öÓÞux ï çuöLx Þ ö ¦ x n ö ù x ï öuöLx ç ö ¦ x ç ö ù x ï ö³ïLx ù øLx^3 Þ1ö�3 n ù3�ö nunLx Þ Î 3Lx ¦ n�3}x ö Î�Î x Î n�ç�x 3 nunLx Î nu3Lx ö nuçLx^3 n�ö�x ø ù x^3 Þ ÎuÎ ç ¦n ¦ 3�çLx ï nu3Lx n 3�öLx ¦ n ¦ x Þ n ¦ x ö nkï}x n 3�ö�x Þ n ¦ x ö n ¦ x ç ï}x ø Þ ù ç n³ønÓÞ çkï}x^3 Î ç�x ç nuöLx ç Î²ù x ç Î ø�x 3 Î ï}x ç Î ø�x 3 Î øLx^3 Î²ù x ö øLx ö Þ ù ç 3�øn³ï çrÞ�x^3 Î²ù x ç nuöLx ö Î²ù x ö n Î x n nunLx Î nu3Lx ù n Î x n Î Þux Þ 3}x^3 Þ ù ç ù ïn�ø Î ï}x Þ öÓÞux ù n�3}x ö Î nLx^3 n�ç�x ï nuçLx ø nu3Lx Þ nuçLx ï Î ïLx ¦ çLx n Þ ù ö øuçn ù 3�çLx ù 3�ö�x 3 nrÞ�x ï n ¦ x ï nÓÞux ö 3�çLx^3 n³ïLx Î nrÞ�x ö n ¦ x 3 Þ�x n Þ)3�ø ïÓÞ ùnu3 n�3}x ï n�ø�x Î 3³ï}x^3 n Î x ¦ nÓÞux ï nunLx ø 3�n�x ù nrÞ�x ï nÓÞux Î 3}x ¦ Þ�ïÓÞ ïÓÞEøn�n nrÞ�x Þ nu3Lx n nkï}x ï n�çLx ï n Î x n Î Þ�x Þ n Î x ¦ n Î x n n�n�x ø øLx ï ÞEø ù ï³ï)øn Î n ¦ x ç Î n�x 3 Î öLx ö n�øLx ø 3�ö�x Þ Î ï}x ¦ Î ö�x n 3�öLx Þ n�ç�x ç öLx ï Þ ¦�ù ïÓÞ1ön�ç n ù x ç n³ïLx n n ù x Þ n ù x ¦ n Î x ù n ¦ x ö n�ç�x 3 n Î x ù nu3Lx ¦ ï}x n ö ï ¦
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Sm = 60 p/m 13 nm

Sm = 69 p/m 19 nm
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Schematic example of SMI High Dynamic Resolution: 

A)

B)

C)

Dz = 60 nm

Two identical objects
placed in the same axial
position do not allow any
High Dynamic Resolution:
Schematic vision of three
different diffraction 
image planes

Two identical objects
placed in a different 
axial position allow 
High Dynamic Resolution:
Schematic vision of three
different diffraction 
image planes

Two not identical 
objects allow 
High Dynamic Resolution:
Schematic vision 
of three different 
diffraction image planes
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Axial Direction (z) (nm)
-800-700-600-500-400-300-200-100-50 -25  0 25 50 100 200 300 400 500 600 700 800

Limit of SMI axial size resolution
(excitation wavelength λ = 488 nm)

D = 1600 nm

D = 1200 nm

D = 800 nm

D = 400 nm

D = 100 nm

D = 50 nm
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1)

D = 0 nm

0 nm

2)

D = 20 nm

20 nm

3)

D = 40 nm

40 nm

4)

D = 60 nm

60 nm

5)

D = 80 nm

80 nm

D = 100 nm D = 120 nm
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SMI FRINGE

x

x

x

Fringe barycenter
    position

Object barycenter
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Determination of size and topology of a MMC
                      (schematic example)

all the "elements" are labelled with
     the same spectral signature

12

6

3 4
5

12

6

3 4
5

12

6

3 4
5

MMC

a.) Overall size
Intensity

xyz

   size of MMC 
in x, y,z direction

D < FWHM

.b) Topology

each "element" is
  labelled with a
different spectral
signature (specs) 

specs 2
specs 3
specs 4

specs 1

specs 5
specs 6

xyz

xyz

xyz

xyz

xyz

xyz

Intensity

Spectrally discriminated SMI/SI registration , optical detection correction:

(x,y,z)

specs 1

specs 2

specs 3

specs 4

specs 5

specs 6

(xi, yi, zi)
Ri
Si

of the
element i

position
modulation contrast

size(x1, y1, z1)
R1

S1

(x2, y2, z2)
R2

S2

(x3, y3, z3)
R3

S3

(x4, y4, z4)
R4

S4

(x5, y5, z5)
R5

S5

(x6, y6, z6)
R6

S6

oqpsrutLvew Î x 3Ly �Jw��:w�ve~�ps¡Å�V�:p���¡��   �:ps�1w���¡����:�u�Å�u�s�ur����   � |Û| ? x & v:p�r�p�¡�����p��}w)��   ¯>v:�   x �Jv x �Jv x ? x ?âvew�~�w�v x
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Gene Expression Analysis by SMI-Nanoscopy I

Sequences s1,  s2, ......sn  labeled by different spectral signatures S1,  S2, ......Sn

S1

S2

S3

S4

S5

S6

S7

condensed, inactive

open, active

open, active

condensed inactive

somewhat open, somewhat active

open, active

 condensed, inactive

Assumed folding and activity pattern in nucleus
(assumption o < optical resolution e.g. < 100 nm)/

 open, active
a)

b)

n = 2  - 1 combinatorial labeling N

A.V. Failla and C.CremeroqpsrutLv:w¨Î x n�y�� w1¡LwOw]�}�Lvew1�e�:ps�u¡ép�¡ zL| h>~�p��]ve�u�e�]���G�Ï�e���Lw�~����:p���w��L��~��L��w Þux& v:p�r�p�¡�����p��}w)��   ¯>v:�   x �Jv x �Jv x ? x ?âvew�~�w�v x
Gene Expression Analysis by SMI-Nanoscopy II

S1
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S7
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conventional
microscopy

SMI-Nanoscopy

20 nm

40 nm

85 nm

150 nm
since     << optical
resolution, no change in 
conventional diffraction 
pattern observed

Disturbance of
SMI-interference
pattern by object
allows size determination

Nucleus with 2 x n labeled gene sequences

distance SiSu < optical resolution 

A.V. Failla and C.Cremer

0

0
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Gene Expression Analysis by SMI-Nanoscopy III

Observation Volume SMI: 1.5 x 0.3 x 0.3 µm  = 0.14 µm

Volume of nucleus: ~ 500 µm  (lymphocyte) 
several hundred labeling sites distinguishable and identifiable by spectral labeling
e.g. N = 7 n = 2  - 1 = 127 diferentially labeled gene sequencies

Application Cell-by-Cell Analysis of Gene Expression Pattern

condensed, inactive  (example: 0 = 40 nm)

half open, somewhat active  (example: 0 = 85 nm)

open, fully active  (example: 0 = 150 nm)

Multiple expression pattern can be studied in a light optical direct and fast
way in tissue section on a cell-by-cell basis using conventional object slides

3

3 3

7

A.V. Failla and C. CremeroqpsrutLv:w¨Î x ç�y�� w1¡LwOw]�}�Lvew1�e�:ps�u¡ép�¡ zL| h>~�p��]ve�u�e�]���G�Ï�e���Lw�~����:p���w��L��~��L��w ø�x& v:p�r�p�¡�����p��}w)��   ¯>v:�   x �Jv x �Jv x ? x ?âvew�~�w�v x

Gene Expression Analysis by SMI-Nanoscopy IV
Cell-by-Cell Analysis of Gene Expression Pattern

Observation Volume SMI: 1.5 x 0.3 x 0.3 µm  = 0.14 µm
Volume of nucleus: ~ 500 µm  (lymphocyte) 

several hundred labeling sites distinguishable and identifiable by spectral labeling
e.g. N = 7 n = 2  - 1 = 127 diferentially labeled gene sequencies

Multiple expression pattern can be studied in a light optical direct and fast
way in tissue sections on a cell-by-cell basis using conventional object slides

3

3 3

7

A.V. Failla And C. CremeroqpsrutLv:w¨Î x ö�y�� w1¡LwOw]�}�Lvew1�e�:ps�u¡ép�¡ zL| h>~�p��]ve�u�e�]���G�Ï�e���Lw�~����:p���w��L��~��L��w�ù x& v:p�r�p�¡�����p��}w)��   ¯>v:�   x �Jv x �Jv x ? x ?âvew�~�w�v x
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øLx Þ1n �	h | �:ps�1wOw��V����t��V�eps�u¡��9���u�Xw y ���� !�Ñ2 ö ) n ¦u¦ ) ¾qZ!¿]2 ¾�Z�� x x�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x 3ÓÞ
øLx Þ ÎÔ�	h | �:ps�1wOw��V����t��V�eps�u¡��¹t��:ps¡Lr��e�LwO��ps¡Lw)��v9w]�}�Lvew1�e�:ps�u¡é�   � �1���:w y � �� 	� 2 ö ) n ¦�¦ ) ¾ ZÀ¿ 2l¾ Z�� xôx�xOxOx�xOx�x 3ÓÞ
ù x Þ z}| h¹~�p���v:���:������w��:w]�U�±tL� x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x 3�n
ù x ï ¯\veps¡Å�]p��L�sw��   z}| h�±¡���¡L�u�:p���p�¡Lr x xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x 3�ç
ù x ø ^ �}��w�veps~�w�¡������ z}| h¹¡���¡L�u�:ps�1ps¡�r�   ù�¦¨¡L~¿% ��¡�� Þ ¦�¦¡L~¿% � v:w)�Ï��w1����� � xØxOx�xOxOx�xOx�xOx�xOxOx�xOx�x n ¦
ù x ù ^ �}��w�veps~�w�¡������ z}| h¹¡���¡L�u�:ps�1ps¡�r�   Þ ¦�¦¡L~À% � r�vew�w1¡é��w1�u�L� � x�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x nrÞ
ù x^3 ^ �}��w�veps~�w�¡������ z}| h¹¡���¡L�u�:ps�1ps¡�r�   3 ¦¨¡L~¿% � r�vew�w1¡é��w1����� � x·xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x n³ø
ù x n � ru���s��w�ve���   �}pSÄ�w1v:w1¡u� � h!� x9xOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x Î�¦
ù x Î z w1����¡����:tL~�~���ve���   ¡���¡L���Xp���p�¡Lr�v:w)�Xt��«���"�����:w y ¾ ZÀ¿ 2�ù ç�ç ¡L~ x x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x Î Þ
ù x ç z tL��w�ve�Å���Xps�:p���¡��   �����³�e�Lw �Xp���wO�}p��X�:veps�LtL�:p���¡��9~�w1�u�Xt�v:w)� ) ���u�Xw y ¾�ZÀ¿]2Öù çuç ¡L~ x xOxOx�xOx�xOx�xOxOx�xOx�x Î Þ
3}x Þ � �G�Lp������ � h!�¿�   �u¡Lw¼,�tL�uv:w)�:��w�¡��"���}¤Mw)�'�   ��v9�e�Lw �V�}p����ß�}p��M����¡���w�~�w)���:tLvew�~�w�¡��e� x xOx�xOx�xOx�xOxOx�xOx�x Î¿ù3}x ï � �G�Lp������ � h!�¿�   �u¡Lw¼,�tL�uv:w)�:��w�¡��¹�u�}¤Mw1�]�   ��v9�e�LwO�����:w1ve���Z�Lp��X�e��¡��]wO~�w1�u�Xt�v:w1~�w1¡��e� x\xOx�xOx�xOx�xOxOx�xOx�x Î¿ù3}x ø | w1�u�Xt�v:w)������¡��:w1��t}�:p���w��V�}p����³���u�:p«�eps�u¡��9�   �:�Lw   �utLv"���L¤Mw1�'���9v:w1�����:p���w��:���:w�vepsw)� ï}x�xOx�xOx�xOx�xOxOx�xOx�x çrÞ3}x ù � �}p����à�}p��X�e��¡Å�]w1�9��w]� � w�w1¡é� � �����}¤Mw)�'���O¥%vew1�:tL�«���á�:�L� � ¡ép�¡ � ���L�sw 3Lx 3 § x x�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x çrÞ
nLx Þ z p���wO~�w1�u�XtLvew�~�w1¡u���9�}p��X�:vep��Lt}�:p���¡Å�"�   n�ç   �}�]pßv���¡��L��~��s�Ï�:w���w1�]�:w)�   ve��~ã��¡Lw�?âve���u�:w1�]�:p���¡�� xlx�xOxOx�xOx�x ö ¦nLx ï ?â��~�����ve�u�Xp���¡c��w]� � w�w1¡a�:��w£�:ps�1w£�Lp��X�:veps��t}�:p���¡j���}����p�¡Lw1�lt��Xp�¡Lr¼�����â�e�Lw   �G��p9ve��¡��}��~����c�Xw1�sw)�'�:w)�Ø¥Èù 3©Þ  �}�]p §M��¡Å�é�e�Lw �}p��M�ev:p��Lt}�eps�u¡�v:w1�����:p���w��:� n�ç   �}�]pà�:w���w1�]�:w)���u¡L���Ïps¡��u¡Lw�?âv:�u�u�:w1�'�eps�u¡�� xµx�xOx�xOx�xOxOx�xOx�x örÞ
nLx ø ^ �L��~��L��w��   �}w���w�¡Å�}w�¡���wO�Åw�� � w1w�¡��Xp���wOw1�V����t��V�eps�u¡���¡Å� zP�[õ ¥%�uv"�L�sw)�����Lp�¡LrG§ x³x�xOxOx�xOx�xOx�xOxOx�xOx�x ökïnLx ù � �}pSÄ�v����]�:p���¡£ps~���ruw��   �$?âve�����Xw)�'�eps�u¡�� xãxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ö³ønLx^3 �Jp��X�:veps�LtL�:p���¡��   �:v���¡��e�]vep��}�:p���¡   ���'�e��vepsw)�"�Xp���w�~�w1�u�Xt�v:w1~�w1¡��e� x xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ö³ø
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Î x Þ z}| h0òáp�r�������¡Å��~�p�� õ w)�X�u�stL�:p���¡c¥�òV� õ § xOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x öunÎ x ï z p���w �����sp��Lv��V�eps�u¡é�Lve�}�]w1�e�9w]�L��~����sw Þ x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ö ÎÎ x ø z p���w �����sp��Lv��V�eps�u¡é�Lve�}�]w1�e�9w]�L��~����sw ï x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ö ÎÎ x ù � �}�V��¡��]w)� zL| h�¨�th | �:����������ru� xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x öuçÎ x^3 �Jw��:w1v:~�p�¡��V�eps�u¡£�   �:ps�1w ��¡��é�:�u�Å�u�s�ur����   � | �u�]ve� | �u�sw)�]tL����vV?â�u~��L�sw��}w1� |Û| ? x�xOx�xOx�xOx�xOxOx�xOx�x öuöÎ x n � w�¡LwOw��}�Lv:w)�:�:p���¡ép�¡ z}| h¹~�p���v:���:�����G��w]�L��~��L��w ÞJxOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x�Þ ¦u¦Î x Î � w�¡LwOw��}�Lv:w)�:�:p���¡ép�¡ z}| h¹~�p���v:���:�����G��w]�L��~��L��w ïOxOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x�Þ ¦u¦Î x ç � w�¡LwOw��}�Lv:w)�:�:p���¡ép�¡ z}| h¹~�p���v:���:�����G��w]�L��~��L��w ø xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x�Þ ¦ ÞÎ x ö � w�¡LwOw��}�Lv:w)�:�:p���¡ép�¡ z}| h¹~�p���v:���:�����G��w]�L��~��L��wnù xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x�Þ ¦ Þ
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Þ�x Þ �Jp�vX�et���� �V�}p���� z}| h�ï�}p��X�e��¡��]w �Lw]�:w1v:~�p�¡��V�eps�u¡ � �����sw ÞcxOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xKÞ²ï
Þ�x ï �	h | �V�}p����ß�}p��X�e��¡Å�]wO�}w]�ew�ve~�ps¡����:p���¡ x�x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xKÞ Î
Þ�x ø �	h |·z ¯"� | �:ps~tL�����:p���¡�� y�� �]�u~��Å��v����:ps�u¡é��w]� � w�w�¡��}pSÄ�w1v:w1¡��á~�p��]ve�u�e�]�u�G��ew1���L¡�pÝ��tLw)� x�xOx�xOxOx�xOx�x(ïÓÞ
øLx Þ �	h | �:ps�1wOw��V����t��V�eps�u¡��9���u�Xw y � �� !� 2 ö ) n ¦�¦ ) ¾ ZÀ¿ 29¾ Z�� x�x�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x 3³ï
øLx ï �	h | �:ps�1wOw��V����t��V�eps�u¡��9���u�Xw y ���� !�12 ö ) n ¦�¦ ) ¾�ZÀ¿]29¾�Z���Á Þ ¦�¦ x·x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x 3�ø
ù x Þ oqpsv��M�J�:tL~�~���ve�Ï�   ¡���¡��u�:ps�1ps¡Lr�vew1�:tL�«��� xlxOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x n³ø
ù x ï � tL~�w1v:p������³�Lv:w)�Xw1¡��e�V�eps�u¡��   ¡���¡L�u�:p���p�¡Lr�v:w)�XtL�s�e�9�u�}�e��ps¡�w1�   v:�u~~ùu¦�¡L~¿%¿��¡Å� Þ ¦�¦¡L~À% � vew1���Åw)���L� � x n ù
ù x ø � tL~�w1v:p������³�Lv:w)�Xw1¡��e�V�eps�u¡��   ¡���¡L�u�:p���p�¡Lr�v:w)�XtL�s�e�9�u�}�e��ps¡�w1�   v:�u~ Þ ¦u¦¡�~À% � r�vew�w1¡é��w1����� � xqx�xOxOx�xOx�x n ù
ù x ù � tL~�w1v:p������³�Lv:w)�Xw1¡��e�V�eps�u¡��   ¡���¡L�u�:p���p�¡Lr�v:w)�XtL�s�e�9�u�}�e��ps¡�w1�   v:�u~ 3 ¦�¡L~ � r�vew�w1¡é��w1�u�L� � x9x�xOx�xOxOx�xOx�x n�3
ù x^3 � tL~�w1v:p������J�Lvew1�:w�¡��e���:p���¡Q�   ¡���¡L�u�:p���p�¡Lrm~�w)���:tLvew�~�w�¡��e�Ï�Åw1v   �uv:~�w1�Q�u¡8ùu¦m¡L~Â% ) Þ ¦u¦m¡L~.% � v:w)��Xp�¡LrutL����v"�Åw)���L� � ) ��¡�� Þ ¦�¦¡L~¿% � ruv:w1w�¡��Xp�¡LrutL����v9�Åw)���L� � x�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x n�3
ù x n ?â��~�����v:p��X�u¡é��w]� � w�w1¡ ø �}pSÄZw�vew�¡��á~���ve¢G�¹�   �:�Åw)�]p�~�w�¡��9�   �e�Lw �:��~�w��:p���w�¥ Þ ¦�¦�¡L~Ï§ x�xOx�xOx�xOxOx�xOx�x n Î
ù x Î � p�~�p«���"�   �Xp���wO�}w��:w1v:~�p�¡��V�eps�u¡�p�¡ z}| h¹~�p��]ve�u�e�]�u�G� xßx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x nuö
ù x ç z w1����¡����:tL~�~���ve���   ¡���¡L���Xp���p�¡Lr�v:w)�Xt��«���"�����:w y ¾�ZÀ¿'2�ù ç�ç ¡L~ x x�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x Î�¦
3}x Þ÷õ w1�:tL�s�e�"�   ���V�ew�v����ß�}p��M����¡���wO�}w]�ew�ve~�p�¡����:p���¡��9p�¡ z}| h¹~�p��]ve�u�e�]�u�G�Ï�Xw1v:p�w Þ x�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x Î n3}x ï õ w1�:tL�s�e�"�   ���V�ew�v����ß�}p��M����¡���wO�}w]�ew�ve~�p�¡����:p���¡��9p�¡ z}| h¹~�p��]ve�u�e�]�u�G�Ï�Xw1v:p�w ï�x�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ÎuÎ3}x ø õ w1�:tL�s�e�"�   ���V�ew�v����ß�}p��M����¡���wO�}w]�ew�ve~�p�¡����:p���¡��9p�¡ z}| h¹~�p��]ve�u�e�]�u�G�Ï�Xw1v:p�w ø�x�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ÎuÎ3}x ù õ w1�:tL�s�e�á���}p����ß�}p��X�e��¡��]wO�}w��:w1v:~�p�¡��V�eps�u¡��9ps¡ z}| hâ~�p��]ve�u�e�]���G���:w�vepsw ÞéxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x Î ç3}x^3 õ w1�:tL�s�e�á���}p����ß�}p��X�e��¡��]wO�}w��:w1v:~�p�¡��V�eps�u¡��9ps¡ z}| hâ~�p��]ve�u�e�]���G���:w�vepsw ï�xOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x Î ç3}x n õ w1�:tL�s�e�á���}p����ß�}p��X�e��¡��]wO�}w��:w1v:~�p�¡��V�eps�u¡��9ps¡ z}| hâ~�p��]ve�u�e�]���G���:w�vepsw øÛxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ç ¦
nLx Þ | tL�s�:p��L��w z}| hâ�:v���¡��e�]vep��}�:p���¡   ���'�e��vepsw)�9�Xp���wO~�w1�u�Xt�v:w1~�w1¡��e� xµx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�xOx�xOxOx�xOx�x ç Î
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