
���

Chapitre 3
� �����
	�������
��� ��� � ����������� ��� ��	� !�"��� � �#�$ 
%�&�'�"�(�)�� �#� �+*-, � . ���/�0 �)� ,#����132�� 465

7+8�9;:�<>=?9A@CBD=?9FE�G?HIBFJK@FLI:NMO@DPQ:RHIBSBT:UPWVA@

L
XZY\[^]�_U`
ab[dcUe_Ufhg_Dci`kjlDmn_RY\fo`qprYQaW[Qs>YK`FtQs>YK`S`u_wvlxsry>cz_?[{abf|]Q_~}�l��� sr[t�fRe_ � aI`T_C�b_U`
jl?�R[ra�czY\]Q_U`l?y�`Ts{��YK_U`�]Q_U`�e_Dczs>a��I_U`�]rY���lUYrc
]�_��Il�`>e_UprY\_?[ � _+tQf;ab[ � abtrlU�b_�]�ld[�`q��XZab[r}�foldf;s>Y\�R_+tQf;s � �Q_x_U`�c��X�Yrcza���aI`Sl�czaIs�[�]Q_ � _U`Fe_Dczs{a��b_U`���YKjNaI[Q_RYK`T_U`�_U[�cild[>c�prY�XZab[Q]ra � l�cz_�Y\fo`(]Q_q]{aI`�cild[ � _qtQs{Y\f)e_DczY\]rab_Uf�Il�`�c�f;Y � czY\f;_�]rY�]raI`TprY\_��(lU��l � c�aIprY\_����Rlx[Qs?czabs�[�]Q_ � lR��aby�f;lDc�aIs�[_U`�c
[(e_ � _R`T`SlUaIf;_�[Qsr[�`T_RYQ�I_?j_?[>ctQs>Y\f�ldtQt�fRe_?�Q_U[Q]Q_?f�[�sdcAf;_�tr�Il � _w]�ld[�`C��X��q[ra��{_?fo`D��jlRaI` lUYK`S`�a¡t�s{Y\f�]�e_Dcz_?fzjNaI[Q_?f��I_U`~tQsr`�a�c�aIs�[�`f;_R�IlDc�a��{_U`|_Dc(ldyr`us>��Y\_R`)]�_ � �rl � Y\[+]Q_¢`u_R` � s�[�`�cza£czYKld[dci`?�{¤�_Dc;cz_¢aI](e_?_�_R`Ac¡f;_?jNldf;prYKldy{�b_?j_?[>c¡yraI_?[f;_?tQf�e_U`T_?[>cUe_?_�`�Y\f���X�aIjl?�R_ � aI¥S]Q_U`S`�YK`¦s(vY+czs>Yrcz_U`¦�b_R` e_§czs{a��b_U` e_DcilRab_?[>c � sr[�`�ab]�e_UfRe_?_U`¢vl���l�j6g_?j_�]raI`T¥cild[ � _��?`�Y\f��Il�`TtQ��v_?f;_�]Q_U`¡¨d©U_U`?�§ª¦Y\¥S]Q_R�ivlCf�e_?��[�lUa�cO��XZab[ � sr[Q[rY(��«)_�[Qsr`�m�s>Y\fo`D�U�Il��{a�`�abs�[�prY\_¢��X�sr[+l]Q_C�Il�f�e_?trldfocza£czaIs�[N]Q_U`+e_§czs{a��b_U`q_R`Ac¦tr��YQ` � s�jtr�I_S©U_+_Dc¡a��\}�lUYrc¦](e_R¨\[{abf¡Y\[Q_�e_ � �Q_R���b_ ]Q_ � lU��abyQfol�czabsr[]Q_U`�]ra�`Ac;ld[ � _U`?���(fhgl � _ vlF�I_RY\fW�Rfold[Q]�_q��Y\j�ab[Qs{`Sa�cUe_��h�b_U`qe_Dcis{a��I_U`�]rY���lUYrc�]Q_
�Ilq`de_?p{Y\_?[ � _qt�fiab[ � aIt�lU�I_`Ts�[>c¬�{a�`�abyr�I_U`
`�Y\f¦]Q_~�Rfold[�]Q_U`F]ra�`Ac;ld[ � _U`?�W«)_�tr��YK`D�r�I_RY\f � s>Y\focz_�]rY\f�e_?_�]�_C�{ab_ � sr[>cAfiaIyrY\_wvlx�Dldf�¥]Q_?f � _U`~e_Dczs{a��b_U`)tQf;s � �Q_R`
]Q_��I_RY\f���ab_RY�]Q_C[�lUa�`T`Sld[ � _��Ua��\[X¯®+l t�lU`
]Q_Cj�ab��fol�czabsr[�jlDmn_RY\f;_��§ª¦ab[r`Sa���b_R`�e_Dczs{a��b_U`�]rY���lUYrck]Q_���l+`>e_?prYK_?[ � _�tQfiaI[ � abt�lU�I_�`Ts�[dcq]WX�_�© � _����b_U[>ci`
cAf;l � _RY\fo`�]Q_���lx]ra�`AcAf;abyrYrczaIs�[]Q_U`�tQs�t{YQ�Il�czaIs�[�`��I_U`¢tr��YK`km�_RY\[�_U`?��°�sdczsr[�`�czs>Yrcz_R}�s>aI`��I_x}�lUa£c
abjtQs�f�cild[>cq`�YQa£�dld[>c~±�a��O[X�_R`AcFt�l?`l �A� _?t>cildy{�b_�]Q_�}�lUabf;_�]Q_U`|�>®�tQs?c���v_U`T_U`¦`SYKf���l�`�cAfiY � czY\f;_��(lR�Il � czabprYK_�tQs>Y\f(_?[�](e_?]rY�abf;_��Il�]raI`�cild[ � _]Q_ � _U`^e_Dcis{a��I_U` prYQa�m�YK`�cz_Uj�_?[dcq�{s�[dc¢`u_Uf��{aIf+vl � lU��abyQf;_?fq�b_R` � fia£cDv_?f;_U`�]Q_��Y\jNaI[Qsr`�a�cUe_\�(�U_U`�`T_RYQ�I_U`j²e_DcA�Qs�]Q_R`NprYQaqf;_U`�cz_U[>c�lUab[r`Sa�vl³[�sdcAf;_´]raI`TtQs{`�a£czabsr[µ`Ts�[>cx]Qsr[ � �Il't�ldfolU����lh©?_wcAfiab��s�[�s�j²e_DcAfiabp{Y\_



¶d¶ ·K¸r¹ºU»�¼b½Q¾oº�¿z¼bÀrÁNÂ?ÁNÃºdÄ�Ár¼�¿�ÅKÆQÂCºd½�ÇTÀ{»�Å\Â ÆQÂUÇ~ÈÂD¿zÀ{¼�»bÂUÇkÆQÂ¢¿�É�ÊQÂNËwÆ�ºdÁrÇ)»bÂ ÊQ¾;ÀrÌTÍ�Â�ÎzÏ

À{Å´½r¼bÂUÁ�»bÂ�¾;Â?ÌAÀ{ÅK¾;Ç�Ðº^ÆQÂUÇwÈÂD¿iÀ{¼�»IÂUÇ ÑrÅQ¼OÒ�À�Ád¿�Ê�ºd¾o¿z¼IÂ^ÆQÂÇiÉrÇ�¿�ÐÂUÃ�ÂUÇ�½r¼bÁ�ºR¼b¾;ÂUÇ À{Å´ÆÓÔº?Ãº?Ç Â§¿�ÆQÀ�Á>¿»bÂRÇqÆr¼IÇ�¿iº?ÁQÌAÂUÇ~Ðº�ÌAÂUÇkÆQÂ?¾�Á{¼bÂ?¾oÇqÀrÁ>¿�ÈÂD¿UÈÂ�ÌzºU»bÌAÅQ»�ÈÂ?ÂUÇ)¼IÁQÆ�ÈÂ?Ê�Â?ÁQÆ�ºdÃÃÂ?Á>¿|Æ�ÂC¿zÀ>År¿zÂxÍ>É�Ê�Àd¿AÍOÐÂUÇTÂ ÇSÅK¾¬»�ºÇ�¿A¾iÅ\Ìz¿zÅ\¾;ÂxÕ(ºU»�ºdÌz¿z¼bÑrÅ\Â\¸ ÐÖ×»�Ó�ÍQÂ�Å\¾;ÂxºdÌz¿�ÅKÂR»�»IÂ�Ø�»bÂRÇ¢Æ�À�ÁQÁ�ÈÂUÂUÇ�»IÂUÇ�Êr»�ÅQÇ�ÊQ¾�ÈÂ?ÌA¼IÇTÂUÇ�ÌAÀrÁQÌAÂ?¾zÁ�ºdÁ>¿
»Iº�ÃÂ?ÙÇ�Å\¾;Â�Æ�ÂUÇkÆr¼�Ç�¿iºdÁQÌAÂRÇkÇTÀ�Á>¿¦¼�ÇSÇSÅKÂUÇ
Æ�Â »�º�Ã�¼IÇSÇ�¼bÀrÁ^Ú�¼IÊQÊ�ºd¾;ÌAÀ{ÇFÑrÅQ¼�º~ÊQÂ?¾�Ã�¼IÇ|»Iº~Æ�ÈÂD¿iÂ?¾�Ã�¼bÁ�ºD¿�¼IÀ�ÁÆQÂUÇÊ�ºd¾oºU»�»IºhÛUÂUÇ�Æ�Â�ÑrÅKÂR»bÑrÅKÂUÇ ÜUÝdÝ�ÝdÝdÝ²ÈÂD¿iÀ{¼�»IÂUÇ�º�Þ>Â?Ì�ÅKÁQÂNÊQ¾�ÈÂ?ÌA¼�ÇS¼IÀ�Áß�ÅKÇTÑrÅKÂ?ÙA»zÐº�¼bÁ�ÈÂUÄ�ºU»�ÈÂ?Â�Æ�ºdÁrÇ¢»�ÓÔÍr¼IÇTÙ¿zÀ>¼b¾;Â�ÆQÂF»�ÓÔºUÇA¿A¾;À�Á�À�Ã�¼bÂ�¸?¹�À�ÃÊ�ºd¾�ÈÂ�ºRÅ�ÆQÀrÃºU¼IÁQÂ
Þ{¼IÇ�¼b½r»IÂ�ØR»�Ó�¼IÁrÒ�¾oºd¾;À{Å\Ä�Â�ÊQ¾;ÀrÌTÍ�Â�ÊQ¾�ÈÂRÇuÂUÁ>¿zÂ�ÆQÂ�ÁQÀrÃ�Ù½Q¾;ÂRÅdÛ�ºDÞ>ºdÁ>¿;ºdÄRÂRÇFÊQÀ{Å\¾~ÈÂD¿iºd½{»�¼b¾¦Å\ÁQÂ�¿zÂR»�»IÂ+Ì�ºR»�¼b½�¾;ºD¿�¼IÀ�ÁO¸WàrÓ�Â�ÛR¿z¼bÁQÌz¿z¼bÀrÁ�É�ÂUÇ�¿
ÃÀ{¼IÁQÆQ¾;ÂxÂD¿)Ç�Å\¾�¿zÀ{År¿áØ»bÂCÁ�À�Ã½Q¾;ÂCÆQÂ�ß�ÂRÅ\ÁQÂRÇ|º?Ãº?Ç¦À>ÅrÞ{ÂU¾o¿iÇ
Æ�ºdÁ�Ç)ÁQÀd¿A¾;Â Õ(ºU»�ºhÛ?¼bÂ�º Ì�À�Á�Ç�¼bÆ�ÈÂ?¾oºd½r»bÂUÃ�Â?Ád¿¡ºRÅ\ÄRÃÂ?Á>¿RÈÂ�ºDÞ{Â?Ì»Iº�ÃN¼�ÇTÂ+Ðº�Ær¼IÇTÊQÀ{ÇS¼�¿z¼bÀ�Á�ÊrÅ\½r»�¼bÑrÅKÂ�ÆQÂ�Ä�¾oºdÁQÆ�Ç|¾;ÂR»IÂhÞOÈÂUÇ¡¼IÁrÒ�¾oºd¾;À{Å\Ä�ÂUÇ�¿A¾§ÐÂRÇ¡ÇTÂ?Á�Ç�¼b½r»IÂUÇ¬ÌAÀrÃ�ÃÂ â>ã�Ö)ädäÑrÅQ¼�º�¾�ÈÂDÞOÈÂ�»AÈÂxÆQÂRÇ¢Ì�Â?Á>¿iºU¼IÁQÂUÇ�ÆÓÔÀ�½dß�Â§¿iÇ�Ær¼�Ç�¿iºdÁ>¿iÇk¿A¾;À�Ê�À�½�ÇTÌAÅ\¾;ÌA¼IÇ�ÊQÀ{ÅK¾CåÂD¿A¾;Â�Æ(ÈÂD¿zÂ?Ìz¿UÈÂUÇ�Æ�ºdÁrÇ�»IÂ Þ{¼bÙÇ�¼b½r»IÂ�æoËK¼bÌ�º�ÂD¿�ºU»z¸{âRÝdÝr·|ç{ÎbÞdºdÁQÀRÞxÂD¿(ºU»z¸{âRÝdÝrâhèT¸Ké)ÂUÇ¦À{År¿z¼�»IÇ|ÆQÂ�Ì�ºR»�¼b½�¾;ºD¿�¼IÀ�Á�½�º?Ç>ÈÂUÇ¬Ç�Å\¾O»�Ó�¼IÁrÒ�¾oºd¾;À{Å\Ä�ÂÇTÀ�Á>¿kÆQÀrÁQÌ
Å\ÁQÂ�ÈÂD¿iºdÊ�ÂxÁ(ÈÂ?ÌAÂRÇTÇSºU¼I¾;Â�Æ�º?Á�Çk»Iº+Æ(ÈÂD¿zÂ?¾zÃN¼IÁ�º�¿z¼bÀrÁ^ÆQÂRÇFÆr¼IÇ�¿iºdÁ�ÌAÂUÇ�ÂD¿
ÆQÂUÇFÊ�¾iÀrÊQ¾i¼�ÈÂD¿UÈÂUÇ�ÆQÂÌAÂUÇ)ºdÃNº?Ç?¸à?ÂUÇ�ÈÂD¿iÀ{¼�»IÂUÇF»bÂUÇ�Êr»�ÅKÇ�»�Å\Ã�¼bÁQÂRÅQÇuÂRÇFÆrÅ�Í�ºUÅr¿qÆQÂ+»�ºxÇ>ÈÂ?ÑrÅ\Â?Á�ÌAÂxÊQ¾;¼bÁQÌA¼bÊrºU»bÂxæ�ÆQÂ~ê�ºdÄ�Â?¾qÜUëd¶dÝ�è�Ø�ÆQÂ¿�É�ÊQÂCÇTÊQÂ?Ìz¿A¾oºU»\ì�Ø>ÇTÂ?Ã½r»bÂUÁ>¿¡»IÂUÇ)Êr»�ÅKÇ|ºdÊQÊ�¾iÀrÊQ¾i¼�ÈÂ?ÂUÇqÊ�À{Å\¾�ÈÂD¿;ºd½r»�¼I¾�Å\ÁQÂCÌzºU»�¼I½Q¾oº�¿z¼bÀ�ÁNÂD¿¬Æ�ÈÂD¿iÂ?¾�Ã�¼bÁQÂU¾»�ÓnÈÂ?ÌSÍQÂR»�»bÂ
Æ�ÂUÇ¡Ær¼�Ç�¿iºdÁQÌAÂRÇ(Â�ÛR¿A¾oºdÄ�ºR»IºdÌz¿z¼bÑrÅKÂUÇ?¸Uí�ÈÂUº?ÁQÃ�À>¼bÁ�ÇDØh»IÂRÅ\¾)ÈÂDÞ>À{»�År¿z¼bÀ�Á ¾oºdÊr¼IÆQÂFÂD¿�¾iÂ�»Iº�¿z¼£Þ>Â?ÃÂ?Á>¿ÊQÂRÅ6ÌAÀrÃ�Ê�¾i¼IÇTÂ�Ø\»IºÆr¼�ÇTÊQÂ?¾oÇ�¼bÀ�Á�À�½rÇuÂU¾�ÞOÈÂUÂÊrºd¾�Ã�¼�»bÂRÅK¾;Ç�ÊQ¾;À�ÊQ¾;¼�ÈÂD¿RÈÂUÇDØ�»bÂ�¾DåÀ>»bÂ�¼bÃÊQÀ�¾�¿iºdÁ>¿|ß�À{Å¡ÈÂ�Ê�º?¾»Iº�ÊQÂU¾o¿zÂ�ÆQÂ�ÃºUÇTÇTÂ�Æ�ºdÁrÇ�»bÂ�Å\¾�Ç�¼bÄ�Á�º�¿zÅ\¾;Â�ÇuÊ�Â?Ìz¿�¾oºU»IÂNß�ÂD¿;¿zÂ?Ád¿ Å\Á²ÆQÀ{Å{¿zÂ'ÑrÅQºdÁQÆîÐº�»�º�Ò�ºU¼IÇSºd½r¼�»�¼�¿UÈÂÆÓZÅ\ÁQÂ�¿zÂR»�»IÂ Â?Á>¿A¾;Â?ÊQ¾i¼�ÇTÂ~æ�Õ(º?¾�ÃNºdÁ>ÉÜUëdëdÝ�èu¸�ìkÁ¾;Â?ÃNºd¾;ÑrÅ\Â?¾oº�ÈÂ?ÄDºU»bÂ?ÃÂ?Á>¿¡»bÂUÇ)Ç�Å\½>¿z¼�»IÂUÇkÆr¼�ï)ÈÂU¾iÂUÁQÌAÂUÇÇTÊQÂ?Ìz¿A¾;ÀrÇTÌAÀ�Ê{¼bÑrÅ\ÂRÇ¬À�½�ÇTÂ?¾nÞOÈÂ?ÂRÇ¡ÊQÀ>Å\¾�Æ�ÂUÇ(Ç�¿iºdÆ�ÂUÇ¢ÈÂDÞ>À{»�År¿z¼�Ò�Ç¡Æ{¼�ï)ÈÂ?¾;Â?Á>¿iÇ¬æ�ãµÀ�¾z¾i¼�Ç¬ÂD¿�ºR»z¸UÜUëdëdð�èT¸{í�À{ÅKÇÁQÀ>ÅKÇ¬»�¼bÃ�¼£¿iÂ?¾;À�Á�Ç|ÆQÀrÁQÌ�ÐºCÆQÂUÇ ÈÂD¿zÀ>¼�»IÂUÇ|Ã�À>¼bÁ�Ç|Â�ÛR¿A¾håÂ?ÃÂUÇDØ\Ðº�ÇSº�Þ>À{¼I¾(ÌAÂR»�»bÂUÇ¡ÆQÂ�¿�É�ÊQÂ�ÇTÊQÂUÌ�¿A¾oºU»Ë�æ�ñqÁQÙÆQÂ?¾zÍr¼�»�»Oò$é)ÀrºRó�ºdÁ'ÜUëd¶râhè�Ø�ÑrÅQ¼OÒ�À{ÅK¾�Ár¼�ÇTÇTÂ?Ád¿qÅ\ÁQÂ½QÀrÁQÁQÂNºU»£¿zÂU¾�Á�º�¿z¼�Þ{Â�Ø�Ç�Å\¾o¿zÀ>År¿�ÆrÅ´ÊQÀ{¼IÁ>¿�ÆQÂ+Þ{Å\ÂÕ(ºU»�ºdÌz¿z¼bÑrÅ\Â\¸Ö
Ê�¾DÐÂUÇ¬Å\Á�½Q¾;ÂRÒ�¾�ÈÂUÇ�Å\Ã²ÈÂ�ÆQÂUÇ|ÊQ¾;À�ÊQ¾;¼�ÈÂD¿RÈÂUÇ|ÆQÂ�ÌAÂUÇCÈÂD¿zÀ>¼�»IÂUÇ¦ÆQÂF¿�É�Ê�Â+Ë�ØdÁQÀ{ÅQÇ|ÇdÈÂR»IÂ?Ìz¿z¼bÀ�Á�ÁQÂ?¾;À�Á�Ç�»bÂUÇÆQÀrÁQÁ(ÈÂ?ÂUÇ|Ú�¼IÊQÊ�ºd¾;ÌAÀ{Ç¦ÂD¿¬â>ã�Ö
ädäk»IÂUÇ¡Êr»�ÅKÇ¡ºdÊ�ÊQ¾;À�ÊQ¾;¼AÈÂ?ÂUÇ�Ðº�»�Ó�ÈÂR»�ºd½QÀ�¾oº�¿z¼IÀ�Á~ÆQÂF»�º�ÌzºU»�¼I½Q¾oº�¿z¼bÀ�Á ÃNºdÄ�Ár¼bÙ¿zÅ\ÆQÂF¼bÁrÒ�¾oºd¾;À{ÅKÄRÂ�Ê�¾iÀrÌSÍQÂqÞrÇ�¿�É�Ê�Â�ÇTÊQÂ?Ìz¿A¾;ºR»QÂD¿(Á�À{ÅKÇ¦¾�ÈÂUºU»�¼�ÇTÂ?¾;À�Á�Ç(»IÂRÅ\¾�¼bÆ�Â?Á>¿z¼�ô\Ìzº�¿z¼bÀ�Á�ÌS¾iÀ>¼IÇ>ÈÂ?Â�¸>õrÁQÙÇ�ÅQ¼£¿iÂ�ÁQÀ{ÅQÇ
Â�ÛUº?ÃN¼IÁQÂ?¾;À�Á�Ç)Â?ÁxÆ�ÈÂD¿iºU¼�»IÇ¬»bÂUÇ|ÊQ¾;ÀrÊQ¾i¼�ÈÂD¿UÈÂUÇkÊQÍ�Àd¿zÀrÃ²ÈÂD¿A¾;¼bÑrÅ\ÂRÇ
ÂD¿¡ÇTÊQÂ?Ìz¿A¾oºU»bÂUÇ¦Æ�ÂUÇ~ÈÂ§¿zÀ{¼�»bÂUÇÆQÂ�ÁQÀ?¿A¾iÂ´ÈÂ?ÌSÍ�º?Á>¿z¼�»�»IÀ�Á�ÑrÅQ¼�ÇTÂ?¾;À�Á>¿xÈÂ?ÄDºU»bÂUÃ�Â?Ád¿qÆ�ÈÂ?¾;À{Å\Ä§¼bÂUÇ?¸�öQÅ�¼IÇ¢ÁQÀ{ÅKÇ¢ÊQ¾�ÈÂUÇTÂ?Á>¿zÂ?¾;ÀrÁ�Ç¢»IÂx¾�ÈÂUÇ�ÅQ»�¿iº�¿ÆQÂN»IºwÌzºU»�¼I½Q¾oº�¿z¼bÀ�Á6Ãº?ÄRÁr¼�¿zÅ\ÆQÂNºd½�ÇTÀ{»�Å\Â�ÞrÇ¢¿�É�Ê�Â^ÇTÊQÂ?Ìz¿A¾;ºR»z¸�ö�À>Å\¾�ôKÁr¼b¾TØºUô\Á6ÆÓnÈÂ§Þ>ºU»�Å\Â?¾q»�Ó�Àr¾i¼IÄD¼IÁQÂÆQÂ+»�ºNÆr¼IÇTÊQÂ?¾oÇ�¼bÀrÁ�À�½�ÇTÂ?¾nÞOÈÂ?Â�Ç�Å\¾)ÌAÂD¿;¿zÂNÌ�ºU»�¼b½Q¾oº�¿z¼bÀrÁwÂD¿qÆQÂNÑrÅKºdÁd¿�¼�ô\Â?¾¦»�Ó�¼IÃ�Ê�À�¾o¿;ºdÁQÌAÂ�ÆÓÔÂRïÂD¿iÇ�Á�À�ÁÌAÀrÁ�Ç�¼bÆ�ÈÂ?¾�ÈÂUÇDØ�ÁQÀ{ÅKÇ(ÂRïÂ?Ìz¿�ÅKÂ?¾;À�Á�ÇOÅ\ÁQÂqÇ�¼bÃ�ÅQ»Iº�¿z¼IÀ�Á�ÊQ¾;Â?ÁrºdÁ>¿OÂUÁ~Ì�À�ÃÊ>¿zÂq»bÂUÇ�Ær¼£Þ>Â?¾oÇTÂUÇ(ÇTÀ{ÅK¾iÌ�ÂUÇ¡ÆÓÔÂ?¾�Ù¾;ÂRÅ\¾oÇ?¸

÷køzù ú¢û�ü{û(ý>þ¡ÿ� ü����>þ����	� � ��
 � �&ÿ� þ����� � ��
 � þ���� ���

à?ÂUÇÈÂD¿zÀ>¼�»IÂUÇ�ÆQÂ+¿�É�ÊQÂ�Ë'ÇTÀrÁ>¿¢ÌAÀrÁ�Ç�¼bÆ�ÈÂ?¾�ÈÂ?ÂUÇ¢ÌAÀ�ÃÃÂÆ�ÂUÇ�ÊQÍrºd¾;ÂUÇCÌdÈÂR»bÂRÇA¿iÂUÇ?¸\ä?ºdÁ�Ç�ÂR»�»IÂUÇDØQ»bÂNÌA¼bÂR»ÁQÀrÌ�¿zÅ\¾zÁQÂ�Þ{Å6Ê�ºd¾
»�Ó��¼�»�ÍrÅ\ÃNºU¼bÁ�Ê�Â?¾;ÆQ¾oºU¼£¿k¿iÀ{År¿zÂNÇ�¼bÄ�Ár¼�ôKÌ�º�¿z¼bÀrÁ���»�º¹�¾;À{¼�Û^ÆrÅ6äUÅ\Æ�Ær¼IÇTÊ�º?¾;ºhå �£¿A¾oºU¼£¿áØ»Iº��KÂRÅrÞ{Â�õr¾;¼bÆ�º?Á�ÁÓÔºUÅK¾;ºR¼£¿qÊ�º?Ç¢ÆQÂxô\Á�ÂD¿
»bÂ�ädÌAÀr¾�Êr¼IÀ�Á�ÇTÂ?¾oºU¼£¿kÃ²ÈÂ?ÌAÀ�Á�Á�ºU¼IÇSÇSºd½r»IÂ�¸�àUÂx¹�Í�ºUÇTÇTÂRÅK¾)ÇTÂ¾�ÈÂUÆrÅQ¼b¾oºU¼�¿�Ðº ÇTÀ�Á³ÈÂ?Ê�ºRÅQ»bÂ ÄDºUÅ\ÌSÍQÂ�º�Þ>Â?Ì�Ë¬ÈÂD¿iÂR»bÄ�ÂRÅKÇTÂ�Ø{Æ�ºdÁrÇqìk¾i¼IÀ�ÁO¸örº?¾�Ã�¼¡»bÂUÇxÜUÝdÝ!ÈÂD¿zÀ{¼�»bÂUÇ~»bÂUÇ+Êr»�ÅQÇ+ÊQ¾;ÀrÌTÍ�ÂUÇDØ�ºUÅKÌ�ÅKÁQÂ�ÁÓ�ÂRÇA¿ ÆQÂ�¿�É�ÊQÂ�ÇTÊQÂ?Ìz¿A¾;ºR»qË¡¸|örºd¾�ÌAÀ�Á>¿A¾;Â�ØÊ�ºd¾zÃN¼K»IÂUÇFÜUÝdÝ�ÈÂD¿zÀ>¼�»IÂUÇ
»bÂRÇkÊr»�ÅKÇk½Q¾;¼�»�»IºdÁ>¿iÂUÇkÆrÅ^ÌA¼bÂR»�ØdÅ\Áx¿z¼IÂ?¾oÇkÂUÇ�¿|Ì�À�Á�Ç�¿z¼£¿zÅ¡ÈÂ~ÆÓnÈÂ§¿zÀ{¼�»bÂUÇqÆ�Â�¿�É�Ê�ÂË�Ø½QÂUºRÅ\ÌAÀ{ÅKÊ~Ê{»�ÅKÇ(ÑrÅ\ÂFÊQÀ{ÅK¾OÁWÓ�¼bÃÊQÀr¾o¿zÂFÑrÅ\Â�»>ºUÅr¿A¾;Â|¿�É�ÊQÂFÇuÊ�Â?Ìz¿�¾oºU»i¸DÕ¡¾áåºdÌAÂ~Ðº�ÌAÂFÊ�ºd¾oºdÆ�ÀhÛ?Â�ÈÂD¿zÀrÁQÁ�ºdÁ>¿áØ»�¼�ÈÂ�Ðº)»bÂRÅ\¾�Ä�¾;º?ÁQÆQÂ)»�Å\ÃN¼IÁQÀrÇ�¼�¿UÈÂ¬¼bÁd¿�¾;¼bÁ�ÇUÐÂ?Ñ{Å\Â�Øu»IÂUÇqÈÂD¿zÀ>¼�»IÂUÇ�ÆQÂ¦¿�É�Ê�Â�Ë ÇuÂUÃ�½r»IÂ?Á>¿WÆ�À�Ã�¼bÁQÂ?¾\»bÂ)Ì�¼IÂR»RÁQÀ�ÌSÙ¿zÅ\¾�Á�Â�Ø>½r¼bÂUÁxÊr»�ÅQÇ)Ñ{Å\ÂCÁQÂ¢»IÂ�¾;Â��(ÐÂD¿zÂ�»bÂRÅ\¾�¾�ÈÂ?Â�»�»bÂ¢ÊQ¾;À�ÊQÀr¾o¿z¼bÀrÁºRÅ�ÇTÂR¼bÁ�ÆQÂUÇ)Ær¼£Þ>Â?¾oÇ¬¿�É�Ê�ÂUÇ|ÆÓnÈÂD¿iÀ{¼�»IÂUÇ?¸à�ÓZÅ\ÁQÂ�ÆQÂUÇÊr»�ÅQÇxÒ�ºdÃ�Â�ÅKÇTÂUÇ�ÈÂ§¿zÀ{¼�»bÂUÇNÆQÂ�¿�É�ÊQÂµË!ÂRÇA¿+ä?º?ÁQÆrÅQ»IÂUº! KØ(Ñ{ÅQ¼kÂ�Û>Êr»IÀrÇSº´Ê�À{Å\¾�ÆQÀ�ÁQÁ�Â?¾



"�#%$&#�')(!*+(!,.-0/1 *�2435-.27698 1 3�: 1 3;/1 -�<=2?> 1 3@: 1 -�ACB 1ED F!G

H (02?3I3J( H , 1LK(M>4(M3N8&B 1 * H <�O�(QPCRS$ G!FCTIU :C( H 3V> 1MW *+( H :XRY8�([Z 1 : 1]\ (!Z 1 >?>4( H)^_K(QB�*�<a`[27bc2d-0/1 : 1 >?(
H /1[e 8�> 1 8�3 1 : 1 >?(�fC(!* 1[H -58C> 1 #g' 1 -�- 1 /1 -.<=2%> 1 /1 -�(�2d-h2 H 2d-.24(�> 1 b 1[H -�8 H�1jilk�m[ngoprq?s?sut 3N8&B 1 *�Z&/1 ( H - 1 : 1
-�ACB 1�D "!vu( e : 1 $�wSbM(!Z�#�xC<�8&*+-�( H -	:=2435-�( H - 1 : 1;y�z{z!z!z B9(!*+3 1 ,53 ^ >�|u/1 O_/1[H�1 b 1[H -_3JB 1 ,.-�([,N8C>4(024* 1 : 1
3J< HM1 `�B9>7<=3N27< H >4(}* 1[H :=2d-~O=2?3N2 e > 1QK({>�|��M2?> H 8E3J<=8�3	>4(��l<C*.b 1 :)|�8 H�1 /1 -.<�2?> 1 : 1 "�bE([Z�#

� 1 3c/1 -�<=2?> 1 3V: 1 -�ACB 1]D 3J< H -@�l*r/1 698 1 bQb 1[H -�([3I3J<C,�25/101 3Y(08!`X/1 -.<�2?> 1 3S: 1 -�ACB 1M�S^&1[H ,�<9* 1 B=>?8�3
*+(!* 1 3 ^ bM(0243�698�2�BC(!*�-�(!Z 1[H -�: 1�H <9b e * 1 8�3 1 3cB�*�<CB�*�25/1 -�/1 3M,5<CbEbM8 HC1 3[#_' 1 3�: 1 8!`�-�ACB 1 3c,5(!*+(!,I�
-0/1 *�2?3 1[H -�: 1 3�/1 -.<�2?> 1 3h,J�9(08&: 1 3 ^9e > 1 8 1 3 ^ Z&/1[H /1 *+(r-�*�27, 1 3@:)|�( e < H :C( H - 1 3�*+(!:92?(r-.27< H 3�8�>d-�*+(rO=24<=> 1 -�- 1 3[#
� 1 8&*+3�*+(02 1 3~: 1 >�|���A=:C*�<9Z K10H�1 3�|�(0�)(�2 e >%243I3 1[H -�B�<=8&*�: 1 3�- 1 bEB_/1 *+(r-.8&* 1 3~,I*�<�243I3I( H - 1 3 ^ 2?>?3~BC<93I3 K1 : 1[H -
-.<�8�3	: 1 8!`{: 1 3�*�(�2 1 3�: 1 >�|��~/1 >?2%8&b�#Cx9<=8�*�� H 27* ^ , 1 3�: 1 8[`�-�ACB 1 3�3J< H - e 2 1[H 3�<�89O 10H -_3JBC(r-.24(0> 1 b 1[H -
,�<9*5*r/1 >�/1 3[#CxC<�8&*�-�<=89- 1 3�, 1 3�*�(�243J< H 3 ^ < H * 1 Zr*�<�8&B 1 BC([*��l<=2?3�> 1 3�/1 -.<=2%> 1 3�: 1 -�ACB 1�D (rO 1 ,~> 1 3�/1 -.<=2%> 1 3
: 1 -�ACB 1}� 3J<=8�3�>?(��l<C*.b 1 B9>%8�3@Z&/1[H /1 *+(0> 1 :)|u/1 -.<=2%> 1 3 �VD #

� 1 3�/1 -�<=2?> 1 3�: 1 -�ACB 1cD 3�< H -	: 1 3}/1 -.<=2%> 1 3�,I�C(08&: 1 3 ^ bE([3I3N2dO 1 3 ^ (rO 1 ,	: 1 3�- 1 bQB_/1 *+(r-.8&* 1 3 1 � 1 ,I�
-.2dO 1 3h,�<CbEB�*�243 1 3 1[H -�* 1 $ zcz!z!zc1 -�" z�z!z!zQ��1 -@: 1 3�bM([3I3 1 3@(0>?>?( H -�: 1 w K(Qw z

M�

#�' 1 3�< H -@: 1 3
/1 -.<�2?> 1 3V� 1 8 H�1 3 ^ 698�2_-�*+(rO 1 *+3 10H -�*�([B927: 1 b 1[H -S> 1 3{:92%��/1 * 1[H - 1 3�/1 -�(!B 1 3;: 1 >�|u/1 O=<�>?89-.27< H 35- 1 >?>?(027* 1 #
� 1 8&*�:98&*r/1[1 : 1 O=2 1]1 35- H /1 Z�>%27Z 1 ( e > 1�K(]>�|u/1 ,J� 1 >?> 1 : 1 - 1 bEBC3 W (�>4(!,.-.27698 1C^ bE(�243 1 >?> 1 3�BC* 10H�H�1[H -
H /1 ( H bQ<�2 H 3Y8 HC1 BC(!*�- 1 3I3 1[H -.2 1 >?> 1 (08�BC*�<9, 1 3I3N8�3V:)|u/1 O�<=>%89-.27< H]W (0>4(!,.-.276=8 1 #)x9(!*	>�|�2 H - 1 *.bX/1 :924(024* 1
: 1 > 1 8&*+3�O 10H -�3~35- 1 >?>4(�27* 1 3_:98&*+( H -�> 1 8&*&O=2 1C^ bE(�243�(08�3I3N2[>7<9*�3~: 1 > 1 8�*�bQ<9*+-�>4<C*+3J698�| 1 >?> 1 3 1 `�B9>4<93 1[H -
1[H 3N8&B 1 * H <�O�( 19^ , 1 3;/1 -.<�2?> 1 3�2 H � 1 ,.- 1[H -�: 1 Z�*+( H : 1 3Y698�( H -.2d-0/1 3@:g|�/1[H�1 *�Z�2 1 ,�2 H /1 -524698 1 :C( H 3�> 1 bc27�
>?2 1 8�2 H - 1 *+35- 1 >%>4(024* 1 #�  1 >4({b¢¡1 b 1 �£(�¤,I< H)^!1 >?> 1 3{/1 � 1 ,.- 1[H -�: 1 3}/1 >5/1 b 1[H -�3�>7<�8&*�:C3 ^ B�*�<C:98�2¥-�3@(08EB=>?8�3
B�*�<=�l< H :�: 1 > 1 8�*�,��E8&*�35- 1 >%>4(024* 1C^ ,5< H -�*�2 e 8�( H -(02 H 3I2 K(	>�| 1[H *�24,I�9243I3 1 b 1[H - 1[H bX/1 -�(0>?>%27,�2d-0/1 :98�bM2%>?2 1 8
2 H - 1 *+35- 1 >?>?(027* 1 #0RM/1 ( H bE<=2 H 3�> 1 8�*�/1 O�<=>?8=-524< H�1 35-)>7<�2 H :)|4¡1 -�* 1�10H -.2 K1 * 1 b 1[H -),�<9bQBC*�243 1 #�¦ H�1 Zr*�( H : 1
O�([*�25/1 -0/1 : 1 B��_/10H <Cb K1[H�1 3_35- 1 >?>?(027* 1 3 1 35-�< e 3 1 *uO_/1[1 #0P!��<C* 1�§ $ G!G "a¨)B�*r/1 3 1[H - 1 8 H�1 O=8 1 :)| 1[H 3 1 b e > 1
: 1 3�:92dO 1 *+3	-�ACB 1 3Y:)|u/1 -.<=2%> 1 3�bE([3I3N2dO 1 3 1 -�>?(�-�(a`[< H <Cbc2 1 ([3I3J<C,�25/1[1 #

©gª7«�ª7« ¬)¯®&°�±�²³�´ ²³9µ;µ ° ³C¶¯´ �·=¸ ³=µ

� 1 3]/1 -�<=2?> 1 3�: 1 -�ACB 1�D 3J< H -�-�* K1 3�B�*�<�/1 bc2 HC1[H - 1 3;:C( H 3;>�|�8�>d-�*+(rO=24<=> 1 -�#�x�>?8�3;< H * 1 bE< H - 1 >?(
3�/1 698 10H , 1 B�*�2 H ,�24BC(0> 19^ B9>%8�3S, 1 -�- 1 *+(!:92?(r-.27< H¹1 35-YBC*�/1 3 1[H - 1 :C( H 3h> 1 3Y3�B 1 ,.-N* 1 3h35- 1 >%>4(024* 1 3[#gº H * 1 �
O�( H ,I� 1C^ > 1 3�-�ACB 1 3�3JB 1 ,5-�*+(08!`�< H -�/1 -0/1 :_/1 � H 2?3V:9( H 3@> 1;e 89-@: 1 :_/1 ,I*�27* 1 > 1 3@3JB 1 ,5-�* 1 3h: 1 3M/1 -.<=2%> 1 3
< e - 1[H 8�3�:C( H 3}> 1 :�<CbM(02 H�1 O=243N2 e > 1 # U 2 H 3I2 ^ ,�>?([3I3I2%�&,5(r-.24< H 3JB 1 ,.-�*+(0> 1]1 -}:�<9bE(02 H�1 O=243N2 e > 1 3J< H -
2 H -524b 1 b 1[H -�>?25/1 3[#!'~| 1 35-~B�<=8�*�6=8&<=2 H <�8�3�>?24bM2¥- 1 *�< H 3�>?(�: 1 3J,I*�24B�-.27< H : 1 3�3JB 1 ,.-�* 1 3	: 1 3�/1 -�<=2?> 1 3	: 1
-�ACB 1]D (08L:�<9bE(02 H�1 O=243N2 e > 1 #&' 1 -�- 1 2 H �l<C*5bM(r-.27< H 3JB 1 ,.-�*+(0> 1c1 35-YB�*r/1 ,N2 1 8�3 1 B�<�8&*�> 1 3M/1 -.<=2%> 1 3V: 1
-�ACB 1 � 1 8 H�1 ,5(!* 1 >%> 1 3 H�1 B 1 89O 1[H -�BC([3}¡1 -�* 1 ,�>4(03J3N2%��/1[1 3�3I8�*�>?(�3 1 8�> 1;e ([3 1 : 1 > 1 8&*�B��C<!-.<9bX/1 -�*�2 1
§�\ ([3I3 1 AL$ G!F9y	» '�< H -52~$ G!F!¼ ¨J# \ ¡1 b 1 :C( H 3h>�|�¦�½ ^ < H < e 3 1 *uO 1 3 1 8�> 1 b 1[H -�>?(M698 1 8 1 : 1 :92?35-N*�27�
e 89-.24< H : 1]¾ (�A=> 1 24Z�����¿ 1 ( H 3 1 -@2?> H |ÀA](EBC(03�: 1 * 1 >4(�-524< H]1[H -N* 1 > 1 3S,�<�8�> 1 8&*+3V2 H -N*�2 H 3 K1 6=8 1 3 1 -Y> 1
-�ACB 1 3JB 1 ,.-�*+(0>.#

�C|�2 H - 10H 3N2d-0/1 : 1 3V*+(02 1 3�3JB 1 ,5-�*+(0> 1 3 ^ 698�2�:_/1 B 1[H :L: 1 >?(}- 1 bEB_/1 *+(r-.8&* 1c1 -Y: 1 >?(cB�* 1 3I3N27< H /1 > 1 ,I�
-�*5< H 27698 1C^=1 35-	Z&/1 *r/1[1 B9(!*~>4(�>4<=2&: 1cD <=>¥-�ÁNbM( H�HM1 -~>4(��l<9*5bc8�> 1 : 1 P[(!�9(g# U 2 H 3N2 ^ :9( H 3�> 1 :�<CbM(02 H�1
O=243N2 e > 1C^ 8 H�1 /1 -.<=2%> 1 : 1 -�ACB 1QDL§

∼
w z�z!z!zE� ¨ 1 35-	8 H�1 /1 -.<�2?> 1 :�< H -�> 1 3JB 1 ,.-�* 1 >4(�243I3 1 ([B�BC(!*+(�¡ Â¥-N* 1

> 1 3�*�(�2 1 3	: 1 >�|��_/1 >?2?8�b HC1 89-�* 1}Ã�1!Ä #Cº H * 1 O�( H ,I� 1C^ > 1 3�*�(�2 1 3�24< H 2?3�/101 3�: 1 >�|��~/1 >%2?8&bÅ3J< H -�( e 3 10H - 1 3
: 1 3J< H 3JB 1 ,.-�* 1C^ , 1 ,�2�/1 -�( H -�8 H�1 BC*�<9B�*�25/1 -0/1 ,5(!*+(!,.-0/1 *�2?3�-.24698 1 : 1 3E/1 -.<=2%> 1 3V: 1 -�ACB 1M� #@KU -.2d-�* 1 : 1
,�<9bQBC([*�(�243J< H)^ > 1 3S*+(02 1 3�: 1 >�| Ã�1�Ä 3J< H -�2 H O=243N2 e > 1 3S:C( H 3S> 1 3�B 1 ,.-N* 1 : 1 3¹/1 -.<=2%> 1 3�: 1 -�ACB 1;U #~� 1
3JB 1 ,.-�* 1 : 1 3�/1 -.<�2?> 1 3�: 1 -�ACB 1{Dc1 35-Y/1 Zr(�> 1 b 1[H -�:�<Cbc2 H /1 B9(!*�> 1 3~*�(�2 1 3~: 1 >�|��!A=:�*�<CZ K1[H�1 : 1 >4(h3�/1 *�2 1
: 1MD (0>7b 1 *�#� 1 3@*+(02 1 3Y: 1 >�| Ã�1!Ä (r-�- 1 27Z H�1[H -�8 H bM(a`[27bc8&bÆ(08!`�(�> 1[H -�<=8&*+3h:98c-�ACB 1 3�B 1 ,.-N*+(0> D w ^
(0>4<C*+3{698 1 > 1 3�*+(02 1 3�: 1 >�|���A=:�*�<9Z K1[HC1 : 1 >4(¹3!/1 *�2 1 : 1�D (�>7b 1 *h,N8C>7bc2 H�1[H -h(08]-�ACB 1 3�B 1 ,.-N*+(0> U w�#
U 2 H 3N2 ^ > 1 >7< H Z�: 1 >?(�3�/1 698 10H , 1 : 1 3�/1 -�<=2?> 1 3�: 1 -�ACB 1�D�^ > 1 3	*+(02 1 3�: 1 >�|��_/1 >?2?8�b 1 -�: 1 >�|���A�:�*�<CZ K1[H�1



Ç!È É�Ê9Ë)Ì0Í%Î7Ï�Ð+ÌrÑ.Î7Ò9ÓMÔ[ÓMÕEÌ!ÖrÓ9Î¥Ñ5×�Ø�Ô�Ì!ÏCÙJÒ=Í%×&Ô{Ø�Ô0Ù}ÚÔ�Ñ.Ò=Î%Í7Ô0Ù@Ø�ÔVÑ�ÛCÜ�ÔMÝjØCÌ!Ó9Ù�Í7Ô{Ü�Ð�Ò9ÞJßCÔcà.á

ÕEÒCÓ�Ñ�Ð�Ô[Ó�Ñ�Ø�Ô0ÙYÞ�Ò9ÕQÜCÒCÐ+Ñ�Ô[ÕQÔ0Ó�Ñ	Ò9Ü�Ü�Ò9Ù!ÚÔ0Ù[Ê
âãäÜCÌ!Ð+Ñ.Î4ÐVØ�ÔEÇ�å�È!È�æ�çgÍ4Ô0Ù�Ð+Ì0Î7Ô�Ù�Ø�ÔEÍ�è�ß�Û�Ø�Ð�ÒCÖ âÔ[Ó�ÔjÞ5ÒCÕEÕQÔ[ÓCÞ�Ô[Ó�Ñ âÌQØ9Î?Ù�Ü9Ì!Ð+Ì�é êdÑ�Ð�ÔCç)Í�è�ß�Û�Ø�Ð�ÒCÖ âÔ[Ó�Ô

Ù�è�Î4ÒCÓ9Î?Ù�ÔMÐ+Ì!Ü9Î4Ø�Ô[ÕEÔ[Ó�ÑrÊ�ã�×�Õ¢éÔ[ÕEÔcÕQÒ9ÕQÔ0Ó�Ñ¯ç&Í4Ô0ÙVÐ�Ì�Î7Ô0ÙSØ�Ô�Í�è�ß_ÚÔ�Í?Î%×&ÕëÓ�Ôr×9Ñ�Ð�ÔcÌ!ÜCÜCÌ!Ð+Ì0Î4ÙIÙJÔ[Ó�Ñ¯çÜ�Ò�×&Ð
Í4ÌSÜ�Ð�Ô[ÕcÎ âÔ[Ð�ÔVìlÒ�Î4Ù�Ì0×!í�Ì�Í7Ô[Ó�Ñ�Ò=×&Ð+Ù�Ø9×;Ñ�ÛCÜ�ÔVÙ�ÜCÔ[Þ.ÑNÐ+Ì0Í)ÝÇgÊCî�Í?Í4Ô0Ù�Ù�è�Î4Ó�Ñ.Ô[ÓCÙNÎ%ï&Ô[Ó�Ñ�ðl×�Ù�ñ=×�è�Ì0×}Ñ�ÛCÜ�ÔSÙJÜ�Ô[ÞIò
Ñ�Ð+Ì0ÍhÝ�óLÜ9×�Î?ÙcØ9Î?Ù�Ü9Ì!Ð+Ì0Î4ÙIÙJÔ[Ó�Ñ�Ìrô=Ô[Þ{Í�è�Ì!ÕQÒ9Ð[õÞNÌ!ÖrÔ]Ð+Ì!Ü9Î7ØCÔ¢Ø�Ô]Í�è�Î7Ò9Ó9Î4ÙIÌrÑ.Î7Ò9ÓXØ�ÔLÍ�è�ß_ÚÔrÍ?Î?×�Õ�Ê�ö0Ô0Ù;Ð�Ì�Î7Ô0Ù
Ø�Ò9ÕMÎ4ÓCÌ!Ó�Ñ.Ô�ÙYØ9×jÙJÜ�Ô0Þ5Ñ�Ð�Ô{Ù�Ò9Ó�Ñ�Ì0Í4ÒCÐ+ÙYÞ�Ô�Í%Í7Ô0Ù�Ø�Ô}Í�èd÷�Ô�ø�ø�ñ9×CÎ)Ì!ÜCÜCÌ!Ð+Ì0Î4ÙIÙJÔ[Ó�Ñ�Ì0×MÑ�ÛCÜ�Ô}ÙJÜ�Ô0Þ5Ñ�Ð+Ì0Í�Ý�ó}Ô�Ñ
Þ�Ò9Ó�Ñ.Î7Ó9×&Ô0Ó�Ñ_Ø�ÔhÙJÔVØ_ÚÔ�ô=Ô�Í4ÒCÜ�Ü�Ô0Ð_Ü�Ò�×&Ð�Í7Ô0Ù�Ñ�ÛCÜ�Ô0Ù�ÙJÜ�Ô[Þ.Ñ�Ð+Ì0×!íSù}Ê9ö0ÌVÜ9Í?×&Ü9Ì!Ð+Ñ_ØCÔ0Ù~Í?Î4Ö�ÓCÔ0Ù�ÕXÚÔ�Ñ�Ì0Í%Í?Î7ñ=×&Ô0Ù
ÙJÒCÓ�Ñ�Ì!ÏCÙJÔ[Ó�Ñ.Ô�Ù�Ò=×}ì£Ì0Î4Ï9Í7Ô0Ù_ÕMÌ0Î4Ù~ÒCÓSÑNÐ�Ò�×9ô=ÔY×&Ó}Þ�Ô[Ð+Ñ�Ì0Î7Ó{Ó�Ò9ÕQÏ�Ð�Ô�Ø)èuÚÔ�Ñ�ÌrÑ�Ù�Øgè�Î7Ò9Ó9Î4ÙIÌrÑ.Î4ÒCÓ}Ü9Í?×�ÙVÚÔ�Í7Ô¯ô_ÚÔ0Ù
Ü�Ò�×&Ð�Í7Ô�ÙNÎ?Í?Î4Þ�ÒCÓgç�Í�è�Òaí�Û�Ö âÔ[ÓCÔ}Ô�Ñ�Í7Ô�Þ5Ì[Ð5Ï�Ò9Ó�ÔÊ

ö[Ô0Ù�ÚÔ�Ñ�Ò=Î?Í4Ô0ÙQØ�Ô�Ñ�ÛCÜ�Ô�ÝúÜ�Ò9ÙJÔ[Ó�Ñ�×&Ó�Ü�Ð�ÒCÏ=Í âÔ[ÕEÔXØ�Ô�Þ�Í4Ì[ÙIÙNÎ?ï&Þ.ÌrÑ.Î7ÒCÓ�Ô[Ó�Ð+Ì0Î4ÙJÒ9Ó�Ø�ÔûÍ7Ô�×�Ð;Í4Ì!Ð�ÖrÔ
ÏCÌ!ÓCØ�ÔSÙJÜ�Ô[Þ.Ñ�Ð+Ì0Í7ÔVÞ�Ò=×9ô�Ô[Ð+Ñ�ÔÊCî�Í%Í7Ô0Ù�Ô[ÓCÖ�Í4ÒCÏ�Ô[Ó!Ñ�×&Ó{Î7Ó�Ñ�Ô[Ðuô�Ì0Í%Í7Ô�Ø�ÔYÑ.Ô[ÕEÜ~ÚÔ[Ð+ÌrÑ.×&Ð�Ô¹ÚÔ[Ó�Ò9Ð5ÕEÔCç[Ì0Í%Í4Ì!Ó!Ñ_Ø�Ô
ü È�È!È!ÈMæ�ÜCÒ=×&Ð�Í7ÔSÑ�ÛCÜ�Ô}Ù�ÜCÔ[Þ.ÑNÐ+Ì0Í�ÝÇ�ç[ðl×�ÙJñ9×�è âÌ�Ü�Ð âÔ0ÙYØ�ÔcÉ�È�È!È!Ècæ�Ü�Ò�×&Ð�Í7ÔVÑ�ÛCÜ�Ô}Ù�ÜCÔ[Þ.ÑNÐ+Ì0Í�ÝÈgÊCË�Ô�Ñ
Î7Ó!Ñ.Ô[Ðuô�Ì0Í%Í7ÔEÐ�Ô�ý âÔ�Ñ.ÔM×&Ó�ÔEØ9Î4ÙJÜ�Ô0Ð�ÙNÎ4ÒCÓ¢ÙNÎ4ÕMÎ%Í4Ì0Î4Ð�ÔMÜ�Ò�×&ÐYÍ4ÌQØ9Î4Ù5Ñ�Ð�Î4Ï9×9Ñ.Î7Ò9ÓûØ�ÔEÕEÌ0ÙJÙJÔCçÌ0Í%Í4Ì!Ó�ÑYÌ!Ü�Ü�Ð�Òaí[Î4ò
ÕMÌrÑ.Îdô=Ô0ÕQÔ[Ó!Ñ	Ø�Ô�É âÌcó�È

M�

Êgö[Ô0Ù�ÙIÎ4ÕQÜ=Í7Ô0Ù�Ù�Ò�×�Ù	Ñ�ÛCÜCÔ0ÙYÙJÜ�Ô[Þ.Ñ�Ð�Ì�×!í�Ó�Ô{ÙN×�þQÙ�Ô0Ó�Ñ	Ü9Í%×�Ù âÌ;Ø~ÚÔ[ÞIÐ�Î4Ð�Ô�Í4Ô
Í4Ì[Ð�ÖrÔ�ÚÔ�ô=Ô[Ó�Ñ�Ì0Î?Í�Ø�ÔjÜ�ß_ÚÔ0Ó�ÒCÕ âÔ[Ó�Ô0Ù[Ê~ö[Ô0ÙVÑ�ÛCÜ�Ô0ÙMÝÈgÊ?åQÔ�Ñ;ÝÇgÊ?åMìlÒ9Ó�ÑVÍ7Ô�×�Ð�Ì!ÜCÜCÌ!Ð�Î¥Ñ.Î7ÒCÓ�Ê�öCè�Ì!Þ�×�ÎdÑ�ÚÔEØ9×
Ü�Ð�ÒCÏ=Í âÔ[ÕEÔ}Ù�è�Î7Ó�Ñ.Ô0ÓCÙNÎ?ï&ÔSÍ4ÒCÐ+ÙJñ9×&Ô�Í�è�Ò9ÓcÌ}Ì�ÿ)Ì0Î4Ð�Ô{Ì�×!í�Ø=Îdô=Ô0Ð�ÙJÔ0Ù�Þ�Í4Ì[ÙIÙJÔ0Ù�Ø�Ô�Í?×&ÕcÎ7Ó�Ò=ÙNÎdÑ0ÚÔÊ

��������� �
	�	����������������	����

ö0ÌQØ9Î4Ù5Ñ�Ð�Î4Ï9×9Ñ.Î7Ò9ÓûÌ!Ü�Ü9Ì!Ð�Ô[Ó�Ñ.ÔQØ�Ô0Ù]ÚÔ�Ñ.Ò�Î?Í4Ô0Ù{Ø�ÔcÑ�ÛCÜ�ÔûÝXÔ0Ù5Ñ�Í7Ò�Î7Ó�Ø)è7éÔ�ÑNÐ�ÔQ×�Ó9Î?ìlÒ9Ð5ÕEÔÊ_ö[Ô0Ù¹ÚÔ�Ñ.Ò=Î%Í7Ô0Ù
Ø�Ô;Ñ�ÛCÜ�ÔLÝûÙJÒ9Ó�Ñ�Þ�Ò9Ó9ï&Ó_ÚÔ0Ô0Ù�ØCÌ[ÓCÙ�Í4ÔMÜ9Í4Ì!Ó��~Ì�Í4Ì!Þ.Ñ.Î7ñ9×�Ô��NÚÔ[ÞIß�Ô�Í?Í4ÔcØ�ÔMßCÌ0×9Ñ�Ô�×&Ð@Ø�Ô ü È!ÈEÜCÌ!Ð+ÙJÔ[Þ5Ù �5çÍ âÌ
Ò â×�ÙJÒCÓ!Ñ�Þ�Ò9Ó�Þ�Ô[Ó�Ñ�ÐrÚÔ0Ù�Í?ÌMÜ�Ò=×�ÙJÙNÎ âÔ[Ð�ÔcÎ4Ó�Ñ.Ô[Ð+Ù5Ñ.Ô�Í%Í4Ì0Î4Ð�ÔcÔ�Ñ@Í4ÔcÖrÌ�!�Ê�"0Î�Í�è�Ò9Ó�Þ5ÒCÓCÙNÎ7Ø âÔ[Ð�Ôc×�Ó9Î7ñ9×�Ô[ÕQÔ0Ó�Ñ�Í7Ô0Ù
ÚÔ�Ñ.Ò�Î?Í4Ô0Ù�Ø�ÔhÑ�ÛCÜCÔ�ÝMØ�Ô�ÕMÌ!ÖrÓ9ÎdÑ.×&Ø�Ô�Ù�Ì!Ü�ÜCÌ[Ð�Ô0Ó�Ñ.Ô0Ù	Ü9Í%×�Ù�Ï�Ð�Î%Í?Í?Ì!Ó�Ñ.Ô0Ù�ñ=×&Ô�#gÊ?å=ç0ÒCÓ�Ò9Ï�Ñ.Î7Ô[Ó!Ñ~×�Ó�ÔSØ9Î?Ù5ÑNÐ�Î7ò
Ï9×9Ñ.Î4ÒCÓ;Í4Ô�Í7Ò9Ó�Ö�Ø)è�×&Ó;Ü9Í4Ì[Ó;Î7Ó�Þ�Í%Î7Ó_ÚÔhØ)è�Ô[Ó�ô=Î7Ð�Ò9ÓEó�È�Ø�Ô[ÖrÐrÚÔ0Ù�Ü9Ì!Ð_Ð+Ì!ÜCÜ�ÒCÐ�Ñ�Ì0×�Ü9Í4Ì[Ó$�~Ì0Í?Ì!Þ.Ñ.Î7ñ9×&Ô&Ê[Ë)Ô�Ñ�Ñ.Ô
Þ�Ò9Ó�Þ�Ô[Ó�Ñ�Ð+ÌrÑ.Î7Ò9ÓMØ)èuÚÔ�Ñ�Ò=Î?Í4Ô0ÙYÞ�Ò9Ð5Ð�Ô0ÙJÜ�Ò9Ó�Ø âÌ}Þ�Ô{ñ9×�Ô�Í�è�Ò9ÓEÓCÒCÕEÕQÔ�Í4Ì{Þ5Ô�Î7Ó�Ñ.×&Ð�Ô�Ø�Ô%��Ò�×�Í7Ø)ç9Ø9×QÓ�Ò9Õ Ø�Ô
ÙJÒCÓ}Ø~ÚÔ[Þ�Ò�×9ôCÐ�Ô�×&Ð�Ì0×�&@à�&

e
ÙIÎ âÔ[Þ�Í7ÔÊ[öCè�Î7Ó�Þ�Í?Î4ÓCÌ0Î?Ù�Ò9Ó�Ø�Ô�Þ�ÔhÜ9Í4Ì!Ó{ÙJÔ[ÕEÏ9Í7Ô}éÔ�Ñ�Ð�Ô@Í?Î5ÚÔ0Ô âÌh×&Ó�ÔhØ_ÚÔrìlÒCÐ5ÕMÌrÑ.Î7Ò9Ó

Í7Ò9Þ5Ì0Í4ÔYØ9×;Ø9Î4ÙJñ9×&Ô
�~Ì�Í4Ì!Þ.Ñ.Î7ñ9×�ÔÊ�Ë�Ô�Ñ�Ñ�Ô�Ð�Ô�Í?ÌrÑ.Î7Ò9Ó�Ô[Ó�Ñ�Ð�ÔcÚÔ�Ñ.Ò=Î%Í7Ô0Ù_ÞIßCÌ0×&Ø�Ô�Ù~Ô�Ñ�Þ�ÒCÓ=ï&Ó�Ô[ÕEÔ[Ó�Ñ�ÙJÜCÌrÑ.Î4Ì0Í[Ì0×
Ü9Í?Ì!Ó'�~Ì0Í4Ì[Þ5Ñ.Î4ñ9×&Ô@Ô0Ù5Ñ)×&Ó{ÔNí[Ô[ÕEÜ9Í7ÔYØCÔYÍ?Ì�Þ�ÒCÐ.Ð�ÚÔ�Í?ÌrÑ.Î7ÒCÓ�Ù5Ñ.ÔrÍ?Í4Ì�Î7Ð�ÔYÔ[Ó�Ñ�Ð�Ô�Í7Ô�Ñ�ÛCÜ�ÔYÙJÜ�Ô[Þ.Ñ�Ð+Ì0Í�Ô�Ñ�Í4ÌhØ9Î?Ù5ÑNÐ�Î7ò
Ï9×9Ñ.Î4ÒCÓ�ÙJÜCÌrÑ.Î4Ì�Í7ÔSØ9Ì!ÓCÙ�Í4Ì��_Ì0Í4Ìaí[Î4ÔÊ)(9Ì!Ð_ÔNí[Ô[ÕEÜ9Í7Ô9ç[Í7Ô0Ù�ÚÔ�Ñ�Ò=Î?Í4Ô0Ù�Ø�ÔhÑ�ÛCÜ�Ô$* ÙJÒCÓ!Ñ�Ó�Ô�Ñ�Ñ�Ô[ÕQÔ0Ó�Ñ�ÕQÒ�Î7ÓCÙ
Ì[ÙIÙJÒCÞ�Î5ÚÔ0Ô0Ù�Ì0×�Ø9Î4ÙJñ9×&Ô+�~Ì0Í4Ì[Þ5Ñ.Î4ñ9×&ÔEÔ�ÑSÜ�Ô�×9ô�Ô[Ó�ÑSÙJÔ¹ÐrÚÔ[ÜCÌ!Ð�Ñ5Î4Ð�ÙN×&Ð�Ø�ÔjÖrÐ+Ì!Ó�Ø�Ô�Ù;Ø=Î4Ù5Ñ�Ì!Ó�Þ5Ô0Ù�ç&ðl×�ÙJñ9×�è âÌ
Í�è�Î7Ó�Ñ�ÚÔ[Ð�Î7Ô�×�Ð�Ø=×�ßCÌ0Í4Ò,�_Ì0Í4Ì!Þ.Ñ.Î7ñ=×&ÔcÙ�ÜCß~ÚÔ[Ð�Ò.- ê4ØCÌ0Í.Ê�Ë�Ô0Ù�Ø9Î4Ù5Ñ.Î7Ó�Þ.Ñ.Î7Ò9ÓCÙ�ÙJÒCÓ�Ñ�Í%Î5ÚÔ[Ô�Ù�Ì0×!í¹Ø9Î?ÿ�ÚÔ[Ð�Ô[Ó�Ñ�ÙQéÌ!ÖrÔ0Ù
Ù5Ñ.Ô�Í%Í4Ì0Î4Ð�Ô�Ù!Ê./	Ì!ÓCÙ�Í4ÌYÕEÔ0ÙN×&Ð�Ô@Ò â×{Í7Ô0Ù@ÚÔ�Ñ�Ò=Î?Í4Ô0Ù�ùSÝ�ç�ÕEÌ0ÙJÙNÎ¥ô=Ô0Ù�Ô�Ñ)Í?×�ÕMÎ4Ó�Ô�×�ÙJÔ0Ù�çaÏCÐ�é×�Í4Ô[Ó�Ñ)Í7Ô�×�Ð)ÐrÚÔ�Ù�Ô0Ð�ô�Ò=Î4Ð
Ó9×&Þ�Í5ÚÔ0Ì0Î7Ð�Ô âÌ�Ø�Ô�Ù�Ñ�Ì0×!í�ô�Ô[Ð+Ñ.Î7Ö�Î7ÓCÔ�×!í�ç0Í4Ô�×&Ð�Ø9×&ÐrÚÔ0ÔSØ�Ôhô=Î4ÔSÔ0Ù5Ñ�Í%Î7ÕcÎdÑ0ÚÔ[ÔCç�Í7Ô0Ù�ÚÔ�Ñ.Ò=Î%Í7Ô0Ù�ÕMÌ[ÙIÙNÎdô=Ô�Ù�ÙJÔVÙJÒCÓ�Ñ
ìlÒCÐ.ÕXÚÔ0Ô0Ù�ÐrÚÔ[Þ�Ô[ÕEÕQÔ0Ó�Ñ�Ô�Ñ�ÒCÓ�Í7Ô�Ù�Ñ�Ð�Ò=×9ô�ÔSØ�Ò9Ó�Þ�Ó_ÚÔ[Þ5Ô0ÙIÙJÌ�Î7Ð�Ô[ÕEÔ[Ó�Ñ âÌSÜCÐ�Òaí[Î4ÕMÎ¥Ñ0ÚÔVØ�ÔYÍ7Ôr×&Ð)Í?Î4Ô�×;Ø�ÔhÓCÌ0Î4ÙJò
ÙIÌ!Ó�Þ�Ô9çÍ âÌ¹Ò â×�ÙJÔMÙIÎ¥Ñ.×&Ô[Ó�ÑYÌ0×�ÙIÙNÎ�Í4Ô0Ù�Ü=Í?×�Ù�ÖrÐ+Ì!Ó�Ø�Ô�Ù{Þ�ÒCÓ�Þ5Ô[Ó�Ñ�Ð+ÌrÑ.Î7ÒCÓ9Ù�Ø�ÔEÖrÌ�!SÔ�Ñ�Ø�ÔQÜCÒ=×�ÙIÙNÎ âÔ[Ð�Ô0ÙVÎ7Ó�ò
Ñ.Ô[Ð+Ù5Ñ.Ô�Í%Í4Ì0Î4Ð�Ô0Ù	Ø)è�Ò â×EÔ�Í?Í4Ô0Ù�Ù�Ò9Ó�Ñ_Î4ÙIÙN×&Ô0Ù�ç!Ü�Ð�Î7Ó�Þ�Î4ÜCÌ0Í7Ô0ÕQÔ[Ó!Ñ~ØCÌ!ÓCÙ�Í7Ô�Ù�ÏCÐ�Ì0Ù�ÙJÜ9Î4Ð�Ì�×!í)Ê�Ë�Ò9Ø�Ô0� ü Ç!Ç9É1��ÕEÔ�Ñ
Ô[Ó}ô!Ì0Í7Ô�×�Ð_Í7ÔSÍ%Î7Ô[Ó�Ô0Ó�Ñ�Ð�ÔSÍ4Ô�Ø~ÚÔ�ô�Ô�Í7Ò9Ü�Ü�Ô[ÕEÔ[Ó�Ñ�Ø�ÔSÍ�è�Ì[Ù5ÑNÐ�Ò9Ó�ÒCÕcÎ7Ô{Ô�Ñ~Í4Ì{Þ�Ò9ÕQÜCÐ�ÚÔ[ß�Ô0ÓCÙNÎ7ÒCÓ�Ø�Ô0Ù;ÚÔ�Ñ.Ò=Î%Í7Ô0Ù
ÕMÌ[ÙIÙIÎ¥ô=Ô0ÙSÔ�ÑVØ�ÔEñ9×&ÔrÍ?Í7ÔEÕMÌ!Ó9Î âÔ0Ð�ÔMÞ�ÔrÍ4ÌMÌ¹ÕEÔ[Ó_ÚÔ âÌMÍ4ÌQÜ�Ð�Ô[ÕcÎ âÔ[Ð�ÔEÐ�Ô0Ü�ÐrÚÔ0ÙJÔ[Ó!Ñ�ÌrÑ.Î7Ò9Ó¢Ø�ÔMÍ4ÌMÙ5Ñ�Ð�×&Þ.Ñ.×&Ð�Ô
ÙJÜ9Î7Ð+Ì0Í4Ô{Ø�Ô�Í4Ì%�~Ì0Í?Ìaí[Î7Ô�Ìrô�Ô[Þ2* Ò9Ð�ÖrÌ!Ógç)"!ßCÌ[Ð5Ü9Í4Ô0ÙIÙ43 ù�Ù5Ñ.Ô[Ð.Ï�Ð�ÒCÞ65�� ü Ç9å!ó1�JÊ

7YÓ�ÔQÌ�×9Ñ�Ð�Ô¹Þ5Ì!Ð+Ì!Þ.Ñ0ÚÔ[Ð�Î?Ù�Ñ.Î4ñ9×&ÔcÙJÜCÌrÑ.Î4Ì0Í4Ô¹Ø�ÔQÞ�Ô0ÙjÚÔ�Ñ�Ò=Î?Í4Ô0Ù{Ô0Ù5Ñ�ñ9×�è�Ô�Í?Í4Ô0ÙSìlÒCÐ.ÕQÔ0Ó�ÑSØ�Ô0Ù}Þ�Ò9Ó�Þ�Ô[Ó�Ñ�Ð+Ì!ò
Ñ.Î7Ò9ÓCÙ�ç�Ø�Ô0Ù�Ì!ÕMÌ[Ù�ç!Þ�ÒCÕEÕEÔ�Ô[Ó{Ñ0ÚÔ[ÕEÒ=Î4Ö�Ó�Ô0Ó�Ñ_Í7Ô0Ù�Ø�Ôr×!í}Ö�Ð+Ì!Ó�Ø9Ù�Ð�Îdô�Ì�×!í{Õ�Û!Ñ�ß�Ò�Í7Ò9Ö�Î4ñ9×&Ô0Ù8"!Þ�Ò9Ð5Ü9Î4ÒCÓcÔ�Ñ
ù@Ð�Î7ÒCÓ�Ê=Ë�Ô�Ü�ß_ÚÔ0Ó�ÒCÕ âÔ[Ó�Ô�Ô�Ù�Ñ�ÜCÌ!Ð�Ñ.Î7Þ�×�Í?Î âÔ[Ð�Ô[ÕEÔ[Ó�Ñ�ô=Î4ÙNÎ7Ï=Í7Ô�Ü�Ò�×&Ð~Í7Ô�Ù{ÚÔ�Ñ.Ò=Î%Í7Ô0Ù�Ø�Ô�Ñ�ÛCÜ�ÔcÝÈ âÌEÝ�É�Ê=Ë)Ô�Ñ�Ñ.Ô
Ü�Ð�ÒCÜCÐ�Î5ÚÔ�Ñ0ÚÔ�ì7×9Ñ_Ø_ÚÔ[Þ5Ò=×9ô�Ô[Ð+Ñ.ÔSÜ�Ò=×&Ð�Í4ÌSÜ�Ð�Ô[ÕcÎ âÔ[Ð�ÔYìlÒ=Î4Ù�Ü9Ì!Ð8(=Ì!Ó�ÓCÔ5[ÒCÔ.50� ü Ç9ó�Ç��)Ô�Ñ âÌVÍ4Ìhï&Ó;Ø�Ô0Ù�Ì!Ó�Ó_ÚÔ[Ô0Ù
9 È�ç�ã�ÕQÏ9Ì!Ð+Ñ�ÙN×&ÕcÎ4Ì[Ó,� ü Ç 9�: �@ÕQÒ9Ó�Ñ�Ð+Ì]ñ9×&ÔMÍ7Ô0Ù¹ÚÔ�Ñ.Ò=Î%Í7Ô0Ù}Ø�Ô�Ñ�ÛCÜ�ÔûÝ�ç�ÚÔ�Ñ�Ì!Ó�ÑSØ�Ô0Ù{Ò9Ï!ð�Ô�Ñ�ÙSðuÔ�×&Ó�Ô0Ù�ç)Ó�Ô
Ü�Ò�×9ô�Ì0Î4Ô[Ó�ÑVÜ9Ì[ÙcéÔ�Ñ�Ð�Ô�ÑNÐ âÔ0ÙEÚÔ�Í7Ò�Î7ÖrÓ~ÚÔ[Ô0ÙSØ�ÔMÍ4Ô�×&Ð�Í%Î7Ô�×�Ø�ÔEÓCÌ0Î?ÙIÙJÌ[Ó�Þ�ÔCç&ÔNí�Ü9Í%Î7ñ9×�Ì[Ó�Ñ�Ì0Î4ÓCÙNÎ�Í7Ô0ÙSÞ�ÒCÓCÞ�Ô[Ó�ò
Ñ�Ð+ÌrÑ.Î7ÒCÓ9ÙVØgè�ÚÔ�Ñ.Ò�Î?Í4Ô0Ù[Ê�7YÓ�Ô;Þ�ÒCÓ�Þ5Ô[Ó�Ñ�Ð+ÌrÑ.Î7ÒCÓ¹Ø)èuÚÔ�Ñ�Ò=Î?Í4Ô0Ù�Ø�Ô{Ñ�ÛCÜCÔ0Ù�ù Ô�ÑSÝ�ç�Ô[Ó�Ñ.Ò�×&ÐrÚÔ0Ô0Ù�Ø�Ô�Ó_ÚÔ0Ï9×�Í7Ò=ÙNÎdÑ0ÚÔCç



;=<?>=<+@BA?C+DFE)GIH.JK.LNM)O)LPKQSRUT H A M)VWV)K G?G K.L XZY

K.L H VWM)[\[ JK.K E VWK$T.LPLPM DFA T H]A M^V`_ba <dc Tfe)Thg c Tfe)ThiSY.XfXZY�j8e JK�k�V A LPLPKV H4E VWK H K GlG K D M^V D KV H QmT H]A M)V
D M^[n[\K E Vho�QpM E�q K0e)K%Y.r JK H M AlG K.L8M E\qZG?E Lts qWuUv L Axw^E K[\KV HyG?A JKK.LBK H eWM^V HzG T0eWKV^L A{H.JK�L q T H]A T G K|LPK
L AIH]E K2O A KV0KV0eWK�LPLPM E L}e)K G T G?A [ A{H K~eWK2L H TfO AlG?A{H.JK2e)K

1 M�.pc−1
<U@ K2VWM)[\OWQpK E LPK.L q QpM q Q A JK H�JK.L}eWK.L

TL6LPM D�A T H A M)V)Lb_ba�M)V H\JK H.JK q Q JK.LPKV H.JKK.L q TfQ'a G TT EZ� i�Y.Xf���j <�� TfQ][\TfV v iSY.XfXZY^s�Y.XfX��j4eWM^VWVWK E V
q M A V H eWK|R E K u^A L H M^Q Axw^E K0K H e A L D�E^H K G Tb��M)Q][\T H]A M)VheWK.L JK H M A?G K.L~[�TL6L A RZK�L <)c K�L JK H M A?G K.LN[\TL6L A RUK.L
LPK,LPM)V H ��M^Q [ JKK.LhQ JK D K[\[nK.V H s8��rf��e���KV H QpK�K G?G K�L�e)TfV)L�eWK�L\T.LPLPM DFA T H]A M^V)L�_ba�e���T q Q��K.L���TLP�
LPK v iSY.XfXfr�j <)c T q^GlE L�OWQ A?G?G TfV H K JK H M A?G KbeWK H�v)q K%a D M)V)V E K�K.L Hy�Wv o
_ba > Y > s G Tbe)M E)�]A �K[\K JK H M AlG K�eWK
G ��TL6LPM D�A T H]A M)V�_ba�V E [ JKQpM�eWK E� eWK G T D M)V)L H K G?G T H A M)V�e E`�Wv o�VWK <�c K qZG?E L4��T[nK E� eWK�L~Tf[�TL~K.L H
D K GlEWA e)K.L$� G K1�  xTfe)K.Lts�e)TfV)L G K$¡^T E QpK.T Ey<���u T DFE VWK�eWK.L|LPK qUH L£¢ E QmL|LPM^V H eWK�L JK H M A?G K.L|eWK H�v)q K�a <
¤ ��M E O GlA M)V^L q TL w^E K D K H Tf[\T.L
¥�M E K E V�Qt¦M G K+e JK D�A L A ��e)TV)L G T D T G?A OWQmT H]A M^V§e E e A Tfo�QmTf[n[\K�¨$©
q TfQ G T H K D6u V Axw^E Kbe)K G ��Tt¥ E L H K[\KV H �T G TbL JK w^E KV D K q Q A V D�Axq T G K <fª TfV^L D K H Tf[�TL q Q JK D�A K E� sfeWM)V H}G T
q Q JK.LPKV D K0VWM D]H E Q VWK'[�TfQ w^E K G K.L D�A K E�«uZA RZK.Q V)T E� eWK G � uyJK[ A L qWu �KQpK0VWM)Qpe�s)K H eWM^V HBG K.L~e A RZKQmLPK.L
T qWq TfQ A{H A M)V)L|M)V H2A V)e A�w^EzJK G K.L H K[ q L q QpM q QpK.L�T Ef� L£K.[\T AlG?G K.L
K H T Ef� [nM A L6LPM)V)Lts=L6TfV)L D K H Tf[�TL
D M^VWV E eWK H M E^H K.L G K�L D�EWGIH]E QpK.LNK HBDFA R A?GlA L6T H]A M^V)Lts G � uZE [\TV AIH.JKbLPKQmT A{H O A KVhT qWq T E R)Q A K <
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@ KÁVWM^[nOWQpK E L£K�L H KV H T H]A RZK�LhM)V HÁJK H.JKÁ[\KV JKK.L q M E Q«M^O H KV A Q E VWK D T G?A OWQmT H]A M^V q Q JK D�A LPK�eWK.L
[�Tfo�V AIH]E eWK.LhTO)LPM G?E K.L�eWK.L JK H M A?G K.L�eWK H�v)q KÂa < ��T Gxu K E QpK E L£K.[nKV H s�M^VÃeWM A{H ��T A QpKÁ��T D KÃ�T§eWK
VWM^[nOWQpK E L£K�L~e AlC`D�EWG{H.JK�L4M^O)LPKQSRUT H]A M^VWVWK GlG K.L <

¡WM E^H e���TfOWM^Qpe D K�LPM^V H eWK�L JK H M A?G K.LN[\TL6L A RUK.L w^EWAzJK�RZM GlE KV H QmT q^A eWK[\KV H�<�c K E Q}e E Q JKK0eWK�R A K
JK H TV HND M E Q H K^sWM)V�T«eWM)V D [nM A V)L4eWK D6u TV D K.L4eWK G K.L~M^O)LPKQSRZKQ w^E K G K�L JK H M A?G K.L2eWK H�v)q K'L q K D]H QpT G
q^GlE L H TfQpe A � w^EWA QpK.L H K.V H8q^GlE L G M)V)o H K.[ q LNL E Q G TbL JK w^E KV D K q Q A V D�A�q T G K <=@ K q^GlE Lts^K.VhQpT A LPM)VheWK G T
q KV H K2QmT A eWK4eWK G T|ÄUM)V D]H]A M^V0eWKb��TL6L£K2Å�V AIH]A T G K4M E Ä=�»Å=i�� A?GlG KQ�g ªfD T G M�Y.X)Æ�X2Çt¨ AlG?G K H T GÈ< Y.XfX��j s
K GlG K.L~LPM^V HNA V A{H A T G K.[nKV HNq K E V)M)[\OWQpK E LPK.Lts D M^[ q TQ JKK.L2T Ef��JK H M A?G K.L�eWK q^GlE L2��T A O G K.L
[�TL6LPK.L2K H
eWK H�v)q K'L q K D]H QmT Ef�«q^G?E L H TfQpe A ��L <

É V q^G?E LNe���¦K H QpK q K E V)M)[\OWQpK E LPK.Lts H Qt�K.L q K E eWK D K.L JK H M A?G K.LBLPM)V Hzq QpM D6u K�L4e E\ª M G K AlG]<.� M^[n[\K
A?G K�L H e A?C+D�A?G K0e���M^O H KV A QNe)K.L~[\K.L E QpK.L~e)K%e A L H TfV D K q Q JK D�A LPK.L q M E Q G K.LNM)Of¥�K H L JK G M A o�V JK.Lts^M)V\e A LP�
q MZL£Khe)K H Qt�K.L q K E e�� JK H M A?G K.L|eWK H�v)q K`aÁeWM^V H4G T GlE [ A VWM^L A{H.JK«K.L H~D M)VWV E K <�ª K EWG K[\KV H8w^E K Gxw^E K.L
E VWK�LBe���KV H QpK�K G?G K�L�M)V HyE V)K q TfQmT GlG T � K H Q A o�M^VWM)[ JK H Q Axw^E K|L EWC L6Tf[\[nKV Hyq Q JK DFA LPK q M E Q H KV H KQyeWK
e JK H KQ [ A VWK.Q G � JK DPu K G?G K4TfO)LPM GlE K
eWK.L}[\Tfo�V A{H E eWK.L <�� K HpH K JK D6u K GlG K~K�L H eWM)V D [\T GUD M)V)V E K)s G T
L H T H]A LP�
H]A�w^E K JK H TfV H�A V^L E)C L6TfV H K < �^M E Q G K.L JK H M A?G K�L G K.L qZG?E Lye A L H TV H K.Lts�VWM)V0LPK EWG K[\KV H�G � A V D KQ H]AIH]E e)K~L E Q
G T%e A L H TfV D K'QpK G T H]A RZK0T E o�[\KV H K^s^[�T A L JKotT G K[nK.V H�G ��K ��H]A V D]H]A M^V A V H K.QpL H K G?G T A QpK'e���T�RfTfV H � q^G TV wZEWA
A V H QpM^e EWAIH�G T4V JK D K.L6L AIH.JKNe�� E VWK D M)Q]QpK D]H A M)V w^EWA QÈK.VWe G K�Ld[\To�V A{H]E eWK.L A V H Q A V)L�K w^E K.L�KV D M^QÈK q^G?E L A VW�
D KQ H T A VWK.L <�@ K q^G?E L�s G K�L JK H M A?G K�LdeWK H�v)q Kz¥�K E VWK�LPM)V H LPM E RZKV H�G M D T G?A L JKK�L�e)TV)L�eWK.LdQ JKo A M)V^LdeWK8��M^Q �
[�T H]A M)V\e�� JK H M AlG K.L~Q JK D K.V H K.L~T.LPLPM DFA JKK.L0�T$e)K D M^V)L A e JKQmTfO G K.L2e)KV)L AIH.JK.L4eWK D M G M^VWVWK%eWK q M E L6L A �KQpK.L
w^EWA�q K E RZKV H ��T A QpKbRUTfQ A KQ G ��K ��H A V D]H]A M)V�e�� E VWK G?A o�VWK%eWK0R A L JKK+�T G ��T E^H QpK < �ZTfQ�T A?GlG K E QmLts^eWK.L2K�Ê�K H L
e AlC`D�A?G K.L��T'[nK�L E QÈK.Q q M E Q G K.L JK H M A?G K�L A VWe A R A e E K GlG K.Lts H K G L w^E K G T'QpM H T H]A M)V�M E\E VWK'O A V)TQ AIH�JK�V)M)V
e JK H K D]H.JK.K)sUL£M^V H L E L D K qfH A O G K�L4e���T GIH�JKQpKQ G K E QmL q QÈM q Q A JK H.JK.L2M^O)LPKQSR JKK.L <

�)M E Q'L���T.Ê�QpTV D6u^A Q0e EÂq QpM)O G �K[\K GlA�JKÂ�T G T§e JK H KQ][ A V)T H]A M^V�e)K.Lhe A L H TfV D K.Lts}M)V H A QpKÁLPM E RZKV H
T�RfTfV H Tfo�K�e E ��T AIH4w^E K G K.L JK H M AlG K.L�eWK H�v)q K`a�L£M^V HBH Qt�K.L
LPM E RUKV H [\K[nO)QÈK�L|e���Tf[�TL
M E e���TL6LPM)�
D�A T H]A M)V)LN_ba <�c T'[\K.L E QpK0eWK.L4e A L H TfV D K.L4T Ef��JK H M AlG K.L4eWK H�v)q K�a`K.L H T G M^QmL~O)TL JKK0L E Q G T%e A L H TfV D K
eWK G ��TL6LPM D�A T H A M)V,[��KQpK)s w^EWA K�L H K GlG K�6[,¦K[\Kne JK H KQ [ A V JKK q TfQ G T�[ JK H�u M^eWK`eWK G ��Tt¥ E L H K[nK.V H �T
G T�L JK w^E KV D K q Q A V D�A�q T G K�ima G TT E^� Y.Xf� ; j < _~V D M)[ q QpKVWeWQmT§eWM)V D$w^E � AlG K.L H%D Q E=DFA T G eWK+R JKQ A k�KQ
w^E K G � JK H M A?G K0K.L H O A KV E Vh[\K[nO)QÈK qWufv L Axw^E K0eWK G ��TL6LPM D�A T H A M)V <f� TfQ][\TfV v g ª�H KV D K G i�Y.XfX > j�M)V H
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Ñ�è�Ð.Ò�Ü)ØbÜ�èüÛ�×WØbÓ)Ö)×W×WØ|â Ð.ÑlÒ�ÓWÔmÐ�Õ]Ò�Ö^×�÷fâ�Ø|ê^ÛWÒ)Ø.Ý Õ}àWÔ�ÞØ.âFÒ?ÝUÞØÙnØ.×UÕ�â�Ø|ê^Û�Ø
Ñ�è�Ö^×$ÔpØâ6ãWØÔpâ6ãWØ2Ò�â�Ò^ý^þ2×)Øbâ�Ö^Ùnø
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ÝPØ��%ÞØ�ÑxÖZÒ�Ú�×yÞØ.Ý4Ð.ó�×\Ü�èSÞØtçZÒ{Õ]ØÔ}Õ]ÖZÛZÕ]Ø$ÜyÞØ�ï�Ö)Ô Ù�Ð�Õ]Ò�Ö^×nØ�Õ4â�Ö)×UÕpÐfÙ�Òx×)Ð�Õ]Ò�Ö^×nà^ÐfÔzÑ�Ø.Ý2Ø�û�ØtÕpÝ
ÜWØ$Ù�ÐfÔ�ÞØ.Ø�Î��^×
Ø�û�ØtÕ ÷ZÑ?Ð�Ñ?Û�ÙhÒ�×)Ö^ÝFÒIÕ.ÞØ0Ü�èüÛ�×WØ�ÞØtÕ]ÖZÒlÑ�Ø'Ø.Ý Õ8Ü)Ö)×W×yÞØ.Ø%à^ÐfÔ��

L = (4πR2) × (σT 4
eff)

Ö}éÛ
R

Ø.Ý Õ8ÑxØ$ÔmÐ�ßZÖ^×`ÜWØ'Ñ�èSÞØ�Õ]ÖZÒlÑ�Ø)÷
Teff

ÝPÐ0Õ]ØÙ\à}ÞØÔmÐ�Õ]Û�ÔpØ$Ø�û�Øâ]Õ]ÒIçUØ$ØtÕ
σ

ÑxÐ«â�Ö)×^Ý�ÕpÐf×UÕ]Ø�Ü)Ø
	�Õ]Ø�ï�Ð×�Î�ô.Ð
Ü^ÒlûNÞØÔpØ×)â�Ø'Ø×UÕ�ÔpØ0Ñ?Ð%Ù\ÐfÚ�×^Ò{Õ Û=ÜWØ0ÓWÖZÑxÖ)Ù�ÞØtÕ�ÔÈÒxê^Û�Ø'ÐfÓ)ÝPÖZÑlÛ�Ø'Ü^Û�	fÖZÑ�Ø�Ò?Ñ�ØtÕBâ�Ø�ÑlÑ�Ø0ÜWØ0Ñ�èSÞØtÕ]ÖZÒlÑ�Ø'Ø.Ý ÕBÐ�Ñ�Ö)ÔmÝ
ÜWÖ^×W×}ÞØØ'à)ÐfÔ��

∆Mbol = 2.5 log
L

L�

= 5 log
R

R�

+ 10 log
Teff

Teff�ô.Ð|Ù�ÐfÚ�×ZÒIÕ]Û�ÜWØ�ÓWÖZÑxÖ)Ù�ÞØtÕ�ÔÈÒxê^Û�Ø|ÐÓ)ÝPÖZÑ?Û=ØbÜ^Û$Ý£ÖUÑ�Ø�ÒlÑ�÷�Ý£Ö^×$ÔmÐ�ßUÖ)×$Ø�ÕyÝPÐ~Õ]ØÙ\àyÞØÔmÐ�Õ]Û�ÔpØ�Ø�û�Øâ]Õ]ÒIçUØhÞØtÕÈÐf×UÕ
â�Ö^×W×^Û=Ýt÷1Ò?ÑÔpØ.Ý Õ]Ø«éÐ2Ø.Ý Õ]Ò�Ù\ØÔ�ÑxØ~ÔmÐ�ßZÖ^×0ÜWØ4Ñ�èSÞØtÕ]ÖUÒ?Ñ�Ø'éÐ2à)ÐfÔ�Õ ÒxÔ�ÜWØ.Ý�â�ÖUÛ�Ô Ó)Ø.Ý}Ü)Ø4Ñ?Û�ÙhÒÈéØÔpØNØtÕ�Ü)Ø.Ý�çZÒIÕ]Ø.Ý6ÝPØ.Ý
ÔmÐfÜ^Ò?Ð.Ñ�Ø.Ý%ÜWØ+Ñ?Ð�Ó^Òx×)Ð.Ò�ÔpØ)÷dÐ�Ò�×)ÝFÒ�êZÛ�Ø+ÑxÐ\ÕÈØÙnàyÞØÔmÐ�Õ]Û�ÔpØÁØ�û�Øâ]Õ]ÒIçUØòéÐ�à)ÐÔmÕ]Ò�Ô�ÜZÛ§Õ�ß)àWØ�ÝPàWØâ]Õ�ÔpÐ�Ñ�àWÖUÛ�Ô
ÐfÓWÖUÛ^Õ]Ò�Ô\éÐ�ÑxÐ�Ù�ÐfÚ�×^ÒIÕ]Û�Ü)Ø�ÐÓ)ÝPÖZÑ?Û=Ø�ÓWÖZÑxÖ)Ù�ÞØtÕ�ÔÈÒ�êZÛ�Ø,Ü)Ø�Ñ�èSÞØtÕÈÖZÒ?ÑxØ�Î�fÒx×)Ð.ÑxØÙnØ.×UÕ ÷�àWÖZÛ�Ô0Ð�çUÖZÒxÔ�Ðfâ�â.éØ.Ý
éÐ,Ñ?Ð§Ù�ÐfÚ�×^ÒIÕ]Û�Ü)Ø,ÐfÓ)ÝPÖUÑ?Û�Ø,ÜWØÁÑ�è�ÞØtÕ]ÖUÒ?ÑxØ§Ü)Ðf×^Ý�Û�×WØ§Ó^Ðf×WÜWØ,àWãWÖfÕÈÖ)Ù�ÞØtÕ�ÔÈÒ�êZÛ�Ø)÷zÒ?Ñ4ÔpØ.Ý Õ]ØÁÛ=×ÂÜWØÔ]×^Ò�Ø.Ô
à)ÐfÔmÐfÙ�éØtÕ�ÔpØ+éÐ«Ø�Ý�Õ]ÒxÙnØÔP÷ÑxÐ%â�Ö^Ô ÔpØâ]Õ]Ò�Ö)×�ÓWÖUÑ�Ö^Ù�ÞØtÕ�ÔpÒ�ê^Û�Ø^÷)ê^Û=Ø'Ñ�è�Ö)×�ÜyÞØ.Ü^ÛWÒIÕ8Ü�èSÞØtÕ]Û�Ü)Ø.ÝBÕ�ãyÞØÖ^ÔÈÒxê^Û�Ø.ÝÎ

ä�ÑWï�Ð.Ñ?ÑlÛ^Õ}Ð�ÕpÕ]Ø×WÜ)ÔÈØ�Ñ?Ð0Ù�Ò?Ý6Ý6ÒxÖ)×$ÝPà)ÐtÕ Ò?Ð.Ñ�Ø��bÒxàWà)ÐfÔpâ�ÖZÝ~ØtÕzÝPØ.Ý8ÙnØ.ÝFÛ�ÔpØ.ÝNÜWØ0à)ÐÔpÐ�Ñ?ÑxÐ æØ.Ý8àWÔ�ÞØâ�ÒxÝPØ.Ý�éÐ
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Ñ*×"Ø�Ô,Ù�Î;Ó��GÐ<Ì�Ð$Ò/×"Ö3Ô3Ù�Ù[Ò�Ó/Ñ�Ü�Ì�Ð��jÌ3Î�Ñ*Ô&ÕbÔ&Ó/ÑMØyÚÔmÑYÔ&Ð7Õ(Î;ÓyÚÔ,Ô,Ù&Ê
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��Ô<;�Ô&Ô3×�=²ÔAÑQÌ,Í*Ê?>A@,Ç�Ç�Ç"BC
AÞ?Î;ðPÌ�Ü�ÐmñÔ,Ù��D;�Ç�ÇE
iÒ�Ó/Ñ^Ð�ÚÔ,Ì,Í�Î�Ù/ÚÔM×�ÓNÐ$Ô3ÍKÔ�ìDÚÔSÙ7Ñ*Ô3Í�Í�Ì,Î;Ð$Ô�Þ?Ò�ÕbÜ�ÍKÔmÑ�Ø�ÔF@/õMÌ&ÙJÙ[Ò�ð
Þ?ÎKÌ�Ñ*ÎKÒ�Ó�Ù�HÝaÞ7Ò�ÕbÜ�ÐYÎ�ÙkÔ3ÙØ�Ì�Ó�ÙD×"Ó�Ô�Ù[Ü�ß�ñÔ&Ð$ÔFØ�ÔG@IH/Ü�ÞUÞ7Ô&Ó/Ñ?Ð�ÚÔ&ÔWÙP×"Ð^ÍKÔ�ø�Ò2Í;Ô�Î�Í*Ê&ë,Ì5Í�Î�Ù7Ñ*Ô5Ø�Ô,ÙUÕ�Ô&ÕbÏ�Ð$Ô,Ù
Ø�Ô5Þ?Ô3ÙDÌ,Ù[Ù[Ò�ÞPÎ�Ì�Ñ*Î;Ò�Ó�ÙDÔ,Ù7Ñ\Ï�Ì&Ù/ÚÔ&Ô�ÙP×"ÐQÍ�í_ÎKÓ��GÒ�Ð*ÕbÌ�Ñ*ÎKÒ�Ó�Ü�Ò2ÙPÎ�Ñ*Î;Ò�Ó�Ó�Ô3Í9Í;ÔWÔmÑ\Þ?Î;ÓyÚÔ,ÕbÌ�Ñ*ÎKò�×"Ô�Ò�Ï/Ñ*Ô&Ó2×"Ô5Ü�Ì�Ð�ÍKÔ
ÙJÌ�Ñ*Ô3Í9Í�Î`Ñ*ÔLÌ&Ù7Ñ?Ð$Ò�Õ ÚÔmÑ?ÐYÎKò�×"ÔbôNÎ;Ü�Ü�Ì�Ð$Þ?Ò�Ù&Ê�ë,Ô,Ù�Ø�Ò�Ó�ÓUÚÔ&Ô,Ù�ôNÎ;Ü�Ü�Ì&ÐYÞ7Ò�ÙNÒ�Ó/Ñ
ÚÔ&ÖmÌ,Í;Ô,Õ�Ô&Ó�Ñ�Ü�Ô&Ð7Õ(ÎKÙLñÌJ�D;�Ç�Ç
Ø�ÔlÞ7Ì,ÍKÞP×�Í;Ô&ÐØ�Ô,ÙWØ�Î�Ù7ÑYÌ�Ó�Þ?Ô3Ù5Õ�Ò3Û/Ô&Ó�Ó�Ô,Ù�Ü�Ð�ÚÔ,ÞPÎ�Ù[Ô,ÙF>
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ByÜ�Ò/×"Ð�Þ[ß�Ì�Þ?×"Ó�Ô�Ø�ÔlÞ?Ô,ÙZÌ&ÙJÙ[Ò�Þ?ÎKÌ�Ñ*ÎKÒ�Ó�Ù�HÝÊ
ë&Ô}Ð�ÚÔ,ÙP×�Í`ÑYÌ�Ñ
Ø�Ô�ÍKÔ3×"ÐlÞ?Ò�ÕbÜ�Î9ÍKÌ�Ñ*Î;Ò�Ó²Ô,Ù7ÑaØ�Î�ÙkÜ�Ò�Ó�ÎKÏ�Í;Ô�Ù[Ò/×�Ù5�GÒ�Ð7ÕbÔ�Ø^í�×"Ó�Ô{Ñ$Ì�Ï�Í;Ô�ÚÔ3Í;Ô,Þ7Ñ?Ð$Ò�Ó2Î;ò�×"Ô}Ì,×
ËgÔ&Ó�ÑPÐ$ÔlØ�Ô(��Ò�Ó�ÓUÚÔ&Ô,Ù�Ì&Ù7ÑPÐ$Ò�Ó�Ò�Õ(Î;ò�×�Ô,Ù�Ø�Ôlø�ÑPÐ<Ì&Ù[Ï�Ò/×"Ð$ÖK>GË���ø"BUÜ�Ì&ÐMÍ�í_ÎKÓ/Ñ*Ô&Ð*Õ ÚÔ&Ø2ÎKÌ,ÎKÐYÔ�Ø�Ô�ÍKÌlÏ�Ì&Ù[ÔlØ�Ô
Ø�Ò�Ó�ÓUÚÔ&Ô,Ù�LÎNM*Î;Ô�áO>P�Þ[ß�ÙkÔ,Ó�Ï�Ô3ÎKÓ�ÔmÑHÌ,ÍYÊUõ�QRQRQ"B�Ù[Ò2×�ÙdÍ;Ô Ó�×"Õ ÚÔ&Ð$ÒTSVUi÷,SWUR@R@YX�U/ÉRZAÈ\Ê�ë�ísÌ&Ü�Ü�Ì�Ð�Ñ*Ô&Ó�Ì�Ó�Þ?Ô
Ì,×�î
Ì&ÙJÙkÒ�Þ?ÎKÌ�Ñ*Î;Ò�Ó�Ù�HÝqÔ,Ù7ÑZÌ&ÙJÙP×"Ð�ÚÔ,ÔLÞ7Ì&ÐZÔ3Í9Í;ÔlÌ�ÚÔmÑ,ÚÔaØyÚÔAÑ*Ô&Ð7Õ(Î;ÓyÚÔ&Ô�ñÌLÍKÌ[�GÒ/ÎKÙLñÌ
Í�ísÌ,ÎKØ�Ô
Ø�Ô,ÙFÜ�Ò�ÙPÎ�Ñ*ÎKÒ�Ó�Ù�

ÕbÒ2×�ì/Ô&Õ�Ô,Ó/ÑYÙ�Ü�ÐYÒ�Ü�Ð$Ô,ÙdÔmÑ�Ü�Ì�Ð<Ì,Í9ÍKÌ�î,Ô,ÙlôNÎ;Ü�Ü�Ì�Ð$Þ?Ò�Ù&Ê�\Z×"Ô�Í;ò�×"Ô3Ùkð?×"Ó�ÙHØ�Ô3Ù�Ü�Ð$Î;Ó�Þ?Î;Ü�Ì,×�î�Ð3ÚÔ,ÙP×�Í`ÑYÌ�ÑYÙNØ�Ô�<;�Ç�Ç
Ù[Ò�Ó/ÑWÐ�ÚÔ3ÙJ×�Õ ÚÔ,Ù�Ø�Ì�Ó�ÙWÍ�Ì[]�Ì�ÏDÊQÉ�ÊN@"Ê_^�Ò/×"Ð�Þ[ß�Ì�ò�×"Ô{ÚÔmÑ*Ò/Î�Í;ÔLÐ�ÚÔ&Ü�Ô&Ð<Ñ*Ò�ÐYÎ7ÚÔ&Ô
Ø�Ì&Ó�ÙWÍ;Ô3×�Ð�Þ*Ì�ÑYÌ,ÍKÒ�ÖA×"Ô`

Í;Ô�Ó�Ò�Õ Ø�ÔdÍ�í_Ì&ÙJÙkÒ�Þ?ÎKÌ�Ñ*Î;Ò�Ó5HÝ ñÌdÍ�Ì�ò�×"Ô3Í9Í;ÔdÔ3Í9Í;Ô�Ì�Ü�Ü�Ì�Ð<Ñ*ÎKÔ&Ó/Ñ1
2Í�í_ÎKØ�Ô&Ó/Ñ*Î���Þ7Ì�Ñ*Ô3×�ÐZôHÎKÜ�Ü�Ì�Ð$Þ?Ò2ÙWÌ,Î;Ó�ÙJÎ�ò�×"Ô
ÍKÌlÜ�Ð$Ò�Ï�Ì�Ï�Î9Í�Î�Ñ3ÚÔlØ^ísÌ&Ü�Ü�Ì�Ð�Ñ*Ô&Ó�Ì�Ó�Þ?Ô�Ô,Ù7Ñ�Ø�Ò�Ó�ÓUÚÔ&ÔQÊQë,Ô�Þ7Ì�ÑYÌ,ÍKÒ�ÖA×"Ô�Þ?Ò�Ó�Ñ7ÎKÔ&Ó/Ña@[@/É�Q{ÚÔmÑ*Ò/Î�Í;Ô3Ù�Ê

��Ô
Ü�Í�×�Ù�
�Í�í_×�Ñ*Î�Í9ÎKÙJÌ�Ñ*Î;Ò�Ó Ø^í�×"ÓÃÚÔ&ÞJß�Ì&Ó/Ñ*Î�Í�ÍKÒ�Ó�Ø�ÔaØ�Ò�Ó�ÓUÚÔ&Ô,ÙFß�Ò�Õ�Ò�Ö�ñÔ,Ó�Ô`
�Ñ*Ô3ÍDôHÎKÜ�Ü�Ì�Ð$Þ?Ò2Ù�
MÚÔmì2Î�Ñ*ÔlÍ;Ô,Ù
Ô�b^ÔmÑYÙyÙYÛ�Ù7Ñ,ÚÔ,ÕbÌ�Ñ*ÎKò�×"Ô,ÙDØ�ÎNc�Þ?Î�ÍKÔ,ÙWñÌOÚÔmì/Ì,Í9×"Ô&Ð�ÍKÒ�Ð<Ù[ò�×\í�Î�Í/ÙmísÌ�ÖAÎ�Ñ\Ø^í�×"Ó�Ô�Þ?Ò�ÕbÜ�Î9ÍKÌ�Ñ*Î;Ò�Ó�Ø�Ô�Ø�Ò�Ó�ÓyÚÔ&Ô,ÙyÎ�ÙJÙJ×�Ô
Ø�Ô�Ø�ÎNbZÚÔ&Ð$Ô&Ó�ÑYÙWÌ,×�ÑYÔ3×"Ð<Ù5ÔmÑSÕ ÚÔmÑ?ß�Ò�Ø�Ô,Ù&Ê
ë&Ô,ÙUØ�ÎKÙ7ÑYÌ&Ó�Þ?Ô,ÙMÕbÒ3Û2Ô&Ó�Ó�Ô,ÙMÌ,×�îNÌ&ÙJÙ[Ò�Þ?ÎKÌ�Ñ*ÎKÒ�Ó�Ù,HÝd�GÒ2×�Ð7Ó�ÎKÔ,ÙÜ�Ì&ÐôNÎ;Ü�Ü�Ì�Ð$Þ?Ò�ÙSÙ[Ò�Ó�ÑyÞ?Ò�Ó�Ó�×"Ô,ÙÌmì2Ô&Þ

×"Ó�Ô Ö3Ð<Ì�Ó�Ø�ÔqÜ�Ð3ÚÔ&Þ?ÎKÙPÎKÒ�Ó�Þ?Ò�Õ�ÕbÔ�Í�ísÌ�Ñ$Ñ*Ô,Ù7Ñ*Ô,Ó/Ñ�ÍKÔ,ÙlÐ�ÚÔ,ÙP×�Í`ÑYÌ�ÑYÙlØ�Ôe�<;�Ç�Ç{Þ?Î�Ñ,ÚÔ,ÙlØ�Ì�Ó�Ù�Í;Ôf]�Ì�Ï�ÊÉ�ÊN@"Ê\ø,Î
Ñ*Ò/×�Ñ*Ô,ÙdÍ;Ô3Ù�ÚÔmÑ*Ò/Î�Í;Ô3ÙdÕ�Ô,Õ�Ï�Ð$Ô,Ù�Ø�í_×"Ó�Ô�ÕhgÔ,Õ�Ô(Ì&ÙJÙ[Ò�Þ?ÎKÌmÑ7ÎKÒ�ÓiHÝ Ü�Ò/×�ì/Ì,ÎKÔ&Ó/Ñ3gÔmÑ?Ð$Ô Þ7Ò�Ó�ÙPÎ;ØyÚÔ&Ð�ÚÔ&Ô3ÙbñÌ�Í�Ì
ÕjgÔ&Õ�ÔlØ�Î�Ù?Ñ$Ì�Ó�Þ?ÔLØ�×{ø�Ò2ÍKÔ3Î�Í�
�Í�í_Î;Ó�Þ?Ô&Ð<Ñ*Î`Ñ7×�Ø�ÔlÙ$Û�Ù?Ñ3ÚÔ&ÕOÌ�Ñ*Î;ò2×"ÔlÎKÓ/Ñ?ÐYÒ�Ø�×�Î`Ñ*Ô
ÙP×"ÐMÍ;Ô3×"Ð�ÕOÌ�Ö3Ó2Î�Ñ*×"Ø�Ô�Ì�Ï�Ù[Ò�ð
Í�×�Ô`
mØ�Î;Ð$Ô&Þ*Ñ*Ô,Õ�Ô&Ó�ÑgÍ9Î?ÚÔ&ÔdñÌ�Í�í_ÎKÓ�Þ?Ô&Ð�Ñ7Î`Ñ*×"Ø�Ô�ÙP×"Ð

Dmoy

>k]�Ì�ÏDÊ&É�Êl@�

∆Mmoy

BC
3ÔPî,Þ�ÚÔ,Ø�Ô&Ð<Ì,Î�ÑZñÌ�Ü�Ô3ÎKÓ�Ô
0.1
ÕOÌ�Ö

Ø�Ì�Ó�ÙSÍKÔ�Ü�ÎKÐYÔHØ�Ô,Ù�Þ7Ì&Ù&Ê/Ë^Ô&Ü�Ô&Ó�Ø�Ì�Ó/Ñ1
,ÍKÌ�ÑYÌ,Î�Í9Í;Ô
L
Ø�ÔNÍ�í_Ì&ÙJÙkÒ�Þ?ÎKÌ�Ñ*Î;Ò�Ó
Ô,Ù7ÑØ�Ì�Ó�ÙÑYÒ2×�ÙSÍ;Ô,ÙSÞ*Ì&Ù�Ï�Ô,Ì,×"Þ7Ò2×"Ü

Ü�Í9×�ÙFÍ�Ì�Ð$Ö3Ô(ò2×"Ô
Í�í�Î;Ó�Þ?Ô,Ð<Ñ*Î�Ñ*×"Ø�ÔaÙP×"ÐSÍKÌOØ�Î�Ù7ÑYÌ�Ó�Þ?Ô(ÕbÒ3Û2Ô&Ó�Ó�Ô
Dmoy

Ø�ÔaÙ[Ô,ÙbÚÔAÑ*Ò2Î9Í;Ô,Ù&Ê/÷SÎ;Ó�ÙPÎ�
�Í�í_ÎKÓ�Þ?Ô&Ð�Ñ*Î;ð
Ñ*×"Ø�ÔWÍ�Î7ÚÔ&Ô�ñÌ5ÍKÌ�Ü�ÐYÒm�GÒ�Ó�Ø�Ô3×"Ð�Ø�Ô�Í�í_Ì&ÙJÙ[Ò�Þ?ÎKÌ�Ñ*ÎKÒ�ÓdØ�Ò�ÕOÎKÓ�ÔWÙP×"Ð^Í�í�Î;Ó�Þ?Ô,Ð<Ñ*Î�Ñ*×"Ø�Ô�Ø�ÔWÍKÌ�Ø�Î�Ù?Ñ$Ì�Ó�Þ?Ô�ÕbÒ,Û/Ô&Ó�Ó�Ô"Ê
ë,Ì�Þ7Ò�Ó/Ñ?ÐYÎKÏ�×�Ñ*Î;Ò�Ó�ñÌ5Í�í_Î;Ó�Þ?Ô&Ð<Ñ*Î`Ñ7×�Ø�ÔWÙP×"Ð^ÍKÌ�ÕOÌ�Ö�Ó�Î�Ñ*×"Ø�Ô5Ì�Ï�ÙkÒ/Í�×"Ô�
mÎKÓ�Ø�×�Î`Ñ*Ô�Ü�Ì�ÐgÍ�ísÔ�b^ÔmÑ�Ø�ÔNÜ�Ð$Òm�GÒ�Ó�Ø�Ô�×"Ð?

Ü�Ô3×2Ñ�gÔmÑ?Ð$ÔNÔ,Ù7Ñ*Î;Õ ÚÔ&Ô5Ô&Ó�ÙP×"Ü�Ü�Ò2ÙJÌ�Ó/Ñyò�×�Ô�Í�ívÔPî3Ñ*Ô&Ó�ÙPÎKÒ�Ó�ÙkÜ�Ì�Ñ*ÎKÌ,ÍKÔFØ�Ô�Í�ísÌ&ÙJÙ[Ò�Þ?ÎKÌmÑ7ÎKÒ�ÓHÍKÔ�ÍKÒ�Ó�Ö5Ø�Ô5ÍKÌ5Í9Î;Ö�Ó�Ô
Ø�ÔLì2ÎKÙ�ÚÔ&Ô(Ô3Ù?ÑaÚÔ&ÖmÌ,Í;ÔqñÌ(ÙJÌ
ÑYÌ,Î9Í�ÍKÔaÜ�Ð$Ò�n�ÔAÑ,ÚÔ,ÔbÔ,ÓqÜ�Ì�Ð<ÙkÔ,Þ�><ÝQÐ$ÒR=dÓ}ÔmÑ5Ì,Í*Ê�@,Ç�Ç�Ç"BV
�Þ7Ì,ÍKÞ?×�Í7ÚÔ&ÔeñÌbÜ�Ì�Ð<Ñ*ÎKÐWØ�Ô
Ù[Ò�ÓOÔPî3Ñ*Ô&Ó�ÙPÎKÒ�ÓaÙP×"ÐyÍKÔdÞPÎKÔ3Í�ÔAÑSÔ&ÓaÙP×"Ü�Ü�Ò�ÙJÌ�Ó/Ñ×"Ó�Ô�ÙYÛ�Õ ÚÔmÑ?ÐYÎKÔ�Ù[Ü�ßUÚÔ&Ð$Î;ò�×"Ô"Ê�ë&Ô3ÙMì�Ì,Í;Ô3×�Ð$Ù

∆Mprof

Þ*Ì,Í;ð
Þ?×�Í7ÚÔ,Ô,ÙUÜ�Ò2×"Ð\ÞJß�Ì�ò2×"Ô5Ì&ÙJÙkÒ�Þ?ÎKÌ�Ñ*Î;Ò�Ó�Ù[Ò�Ó/Ñ�ÐYÔ,Ü�Ò�Ð�Ñ,ÚÔ,Ô,ÙØ�Ì&Ó�ÙyÍKÔI]�Ì�ÏDÊ�É�Êl@"Ê2ë�í�Î;Ó�Þ?Ô,Ð<Ñ*Î�Ñ*×"Ø�Ô�ÑYÒ�ÑYÌ,ÍKÔFÙP×"ÐQÍ;Ô,Ù
ÕOÌ�Ö3Ó2Î�Ñ*×"Ø�Ô,Ù�Ì�Ï�Ù[Ò2Í9×"Ô,Ù5Ø�Ò/Î�Ñ�Ø�Ò�Ó�Þ5Ü�Ð$Ô&Ó�Ø�ÐYÔ
Ô&Ó�Þ7Ò�ÕbÜ/Ñ*ÔLÍKÔ,Ù5Ø�Ô3×&îaÙ[Ò2×"Ð$Þ?Ô,ÙWØ^ívÔ&Ð*Ð$Ô3×"Ð<Ù�Ø�ÔlÍ�Ìo�jÌqpÞ[Ò�Ó
ÙP×�Î�ì�Ì�Ó/Ñ*ÔOó

∆M =
2.17

Dmoy

× (∆Dmoy + L/2)



r7sut.sJvaw`xEx�yz�z�{ |�}
vD~Rx {*�Cz���� ~���x {�� ~ {�� x`w � ~R�f� z x ��� wm� �F��z�{ yz�� wm� ��z�{��Ez�{ ~ {�{ w � �k~ � ��w�x {��kz�{*�Y� � {��`� w ���Ez�{�� � ���Ez � �{�� ~"��yz���z��F� � z5��� ��x �Vz���� � � � �Ez5� yz x�yz�� yz�z5� ~ ������z"��z����Ezf�E� wY�Pw`x �Ez � ���Ez �Y� z x`x z5{ �`� { ~R�f� z x �F� w`xE�{ yz�� � z x �a� wm� ���Ez �Ywm� �D���Ez������Ez�� �&x z ~ �l��z�� x`~ � ��� zJ�~ ��� � � � � � { ~ � �kw`x �Ez

Dmoy
� wY� ��� ~ � � {V� ~Rx �Vz ~��R�yz�� wm� �kz�{ sRvD~Rx {��VzF� ~ {"� w�x�� z�� ~ � wm� �q{ �k� ���kz � z x � � { ~ �"z��Ez�{,� ~ � ~ ��� ~1� z�{�� � �E� ~ ��� w {��"� w`x �_���uz��C��z � �{C� ~Rx � ~ ��� ��yz�� ��~Rx z5z�{C�:�`z

∼   �(~ {G¡�¢ � � x`~ ���   |R|`£1¤a� wY� �F��z�{ yz�� wm� �kz�{*��� � {*¥`� � �N� ~Rx �¦z�{*� � z3� ~�(~ � xY� � � �EzK| s
§ �7¨ ~ � w`x ���Ez ��� � ~ {a�Ez�©&� � ��zo� wY� ����zK� ~ ��� � �&�Ez*� ~[�(~ � x�� � � �`z ~ ¥`{ w � � zfª
«¬ ~ { ~�sq®�� � ~ � ~�� �N��zT�`zJ��� ~ {¯{ w � ��~ � ��w�xhx �uz�{C���Y� � { x,yz���� � ��z ~ ¥���z°�Ez �R~Rx �*{ ~ � � {C� ~�x �Vz`�q����z�{V� ��~R� � � ��zj{ �

(L/2)/Dmoy > 0.1
� ~ � w ��{ w`x�� � � � � {¯z±� ~ � ~ � ~ ��� ~²� ze� � �E� ~ ��� w {f� w`�f� z±{ wY� ���Vz�_� �kx��Pw � �f~ � �kw`x { � �,� ~ � � {V� ~Rx �VzK�Ez*��� yz�� wm� ��z(ª
MJ = mJ2MASS

+ 5 log π′′ + 5

§ �,{�� ~ � � �*�E� ��x � � � ~ ��z � z x �G�`z�{ ~ {�{ w � �k~ � ��w�x {*��z�{K��� � {[�E� w ���Ez�{°ª�³I�E�Ez�� ® � w �¦� ��� {��q³I�E�`z��
¬ z x � ~�� � � {:´ � � � {Fz���´ w�µ z�� ¬ z x � ~�� � � {�´ � � � { s«¬ ~ {3¥ s�®�� ��� ~ {¯{ w � ��~ � ��w�x z�{C��{ �E� { ~R�°� z x �G� wm��x � wm� �K� wY���mwY� � x�yz���� � �"z��G���uz��_z��o�Ez±�E� w���Pw`x �Ez � �?�q����z�{V� � �~R� � � ��z°{ �

(L/2)/Dmoy < 0.1
� ~ � w ��{ w�xh� � � � � {¯z°� ~ � � {C� ~Rx �Cz �°w ¨Yz xEx zT�Ez��� ~ {¯{ w � ��~ � ��w�x � w`�f� z�{ wY� ���Czo��� ��xY�Pw � �(~ � ��w�x { � �,� ~ � � {C� ~�x �VzK�Ez*��� yz�� wY� ��z�{Gª

MJ = mJ2MASS
− 5 log Dpc

moy + 5

¬ z�� ~ � w`x �Vz�� x z��E� ��x � � � ~ ��z � z x ����z�{ ~ {�{ w � �k~ � �kw`x {<��z�{a��� � {D� wY�kx � ~��kx z�{ s ¬ z���� wm��� z�{C�<��� ~��&�� ~Rx �.��� � {_¶ � {C� � © yzF� � zF��� � {���� yz�� wm� �kzFz�{C��� wY�kx ����� � {q{ ~ � ~ � ~ ��� ~²� z�� � �E� ~ ��� w {��Ez �Y� z x � �k� �`� yz �� � {¯z s
·:w � w�x {K��zT� ~ {K� ~ ��� � � � � � z����Ezf��� ~ {¯{ w � ��~ � ��w�x ¬ ~ {�{ ��w �Ez ��~R�V¸`~�� � � {���� wY� �:� ~ � � z����kzf� ~JxEw � �kw`x�Ezf� � {C� ~�x �Vz �°w ¨mz xEx z x �uz�{C�:� ~ {*� yz�© x�� z(z x � ~�� { w`x �Ez({ ~ �W� w �h�"� ~�x �Ezfz � ��z x { ��w�x { � ���kz(� � z�� s¹�wY� �a�Vz����¦z ~ {¯{ w � ��~ � ��w�x � � ��z�{C� ~ � w ��{ �º~�� � � { ~ ��z[�Ez�{�� ~ � ~ �N� ~²� z�{ ��x � �l�Y� � � z��N��z�{�� � �`� ~ ��� w {�� wm� �� yz���z�� �5��x z��,��z�{a� � {C� ~�x �Vz�{��Ez�{ yz�� wY� ��z�{�� � ��z"����zK� w�x � � z x � s

»�¼�½�¼�¾ ¿FÀÁYÂ"Ã&ÄÆÅ�Ç�Å�Â5È	Á(Ä�ÉËÊºÈ	ÁYÌYÅ²Ê�ÍqÎ�Ç�Å�Ê�Ï&ÌhÎ�Ð1Ï7ÊkÂ ÀÁ�ÁJÁYÌYÅ�Ð1Á±Ñ*Ê�Ò�Ò�Ç�Ð1Î�Ï&ÂdÁ"Å ¾7ÓÕÔ�ÖYÖ

´�z�{K� w`w ��� w�xEx�yz�z�{5� � �`� ~ ��� w {o{ w`x �*� w�xEx�yz�z�{K� ~Rx {���zf{�¨�{C�"�z � z § ¬,× ® ¡lØ1Ù�ÚRÚRÚ s Ú"¤ �f~�� {K� wm� ���� yz�� w � � z<Ø   |R|   s ÙR}Y� ~ � w ��{,� � za��z�{�� w`w ��� w�xEx�yz�z�{DÙm¢iÛ ®R® { w�x �.� w`xEx�yz�z�{�� wY� �_��� yz�� w � � z<Ø²Ù�ÚRÚRÚ s Ú s¹�wY� �<� w�� � ~ ��z����kz�{a� w`w ��� w`xEx�yz�z�{��E� yz�{?z x �¦z�{�� ~Rx {��kz�{F�`z �R� � ~ � ~ � w � � z�{�� xEwY� { ~"�Yw�x {I��� wY� { � �Ez�V� ~Rx { �Pw � � z�����z�{�� w`w ��� w`xEx�yz�z�{�� � �E� ~ ��� w {�� w��°� z*{ �E� ��ª
α = α0 + (T − T0) × µα∗

0
× sec δ0

δ = δ0 + (T − T0) × µδ0w ��
T0 = 1991.25

�
T = 2000.0

z��
µα∗

0
= µα × cos δ

s
´�z�{�� w`xEx�yz�z�{aÙm¢iÛ ®R® { w`x �,� � {¯� w�x�� ¥��kz�{<�Ez�� �E� {���� ��x �¦z�� �º~ �Vz�Ü_Û ¸EÝ × � �`� �Ez�� � z�� ~��R�:� � � � � { ~R��¦z � ��{���� ~"�mwY� � ~ �V���z�{ ~��R� � ~ � ~ � w � � z�{ ��xY� � ~ � wm� �"z�{ ~ ����� �l��yz�{o�~°· Û ® Û<Þ §�x�� � ~ ��z�� ® � � z x �VzIÛa���¯� �l� z s´ ~ � � {V��z3�_��z x �V� yz�z3� ~ {�{ yz�z3z x � ~ � ~�� �z��V��z±�~ ��� �kx �¦z�� �º~ �Vzdz�{V�a� ~ � � {V��z3� w`� �����z��¦z3�Ez�{�� w`w ��� w�xEx�yz�z�{� � �E� ~ ��� w { �fw � � © yz�z�{a� wm� �,��z�{  K  r Úo{ wm� ���Vz�{a� yz��Ez���� w � �Cyz�z�{�� ~ � vDß |R| s ´�z�� ~ ¨ w�x �EzK��z��¯�`z����¯�`z



àRá â7ã�ä_å�æNç�èEé�å"ê¦ç�ë�ì(í�ì(îfåRï"ì�ç�êCð7ñEí�åRè`ò¯ëYæNð&íKñEí�òoóí�ê¦ëYçNæ�í�òFñEí�ê�ô`õEí(öTñ`åRì�òaæ�íKõEé�ë�÷¯ø`í5ù¦ú
ûDò�ò?ë�÷Vçkå"ê¦ç�ë�ì

Dmoy ü õE÷¦ý ∆Mmoy L ü õE÷¦ý ∆Mprof þ è�ã`ñ_ÿAóí�ê¦ëYçNæ�í�ò�ö é�í�ê¦í�ìYð&í�ò��ä�� ��äjù�ù�ù
�Iõ�ã��R÷Vë�éCõ�çNð7ò ü û�ý 145 ± 02 � ã � â â � � ã	�
� �� ��Iõ�ã�ä�í�ìRê�ã��"ð&õ�ð7ò ü öEý 140 ± 02 � ã � â á�� � ã	� � � � ���ë
�°ã�ä�í�ìmê"ã�ä�é�ð
� ü ä&ý 118 ± 02 � ã ��� � � � ã � � �
� ��,í�æ�å��Gö�� ü�� ý 410 ± 12 � ã � á � � � ã���à ��à �
�7é�ð&î°õYæ�í�é�� � ü�� ý 366 ± 23 � ã�� � � � � ã��mâ à �ä_ëYæ�æNç�ìEñ`í�é����� ü� ý 592 ± 28 � ã�� � �
�� � ã	��� ��á �mâ
!`í�é�ò¯í�ð7ò"�Gö�� ü$# ý 318 ± 27 � ã��&% � � � ã��� � �

α
!`í�é�ò¯í�ç ü�' ý 177 ± 04 � ã � � �� � ã � à �� �ä_å�ò�òWç�ë�õEí�ç�å
()�`å�ð7é�ð7ò ü ù�ý á ���å�÷Ví�é�ê�å��Gö*� ü,+ ý 368 ± 17 � ã�� � á�� � ã���à � �ä�í�õ`øEí�ð7ò"�Gö�� ü�- ý 615 ± 35 � ã��� � � � � ã���à � âä�í�õ`øEí�ð7ò.�Gö	á ü ��ý 270 ± 12 � ã�� � ��� � ã���á � �

�`ëRê�å�æ �� � �
�
/1032547680�9 â7ã,�;:�<>=@?BA�CDC
A*E1FG=IH1JK=�E1LNMPO�E1L�FKL�QSRC
ATFUCB?WVXCB?YL�?Z?8[NJK=@L\A@=�[
HN?^]._a`*<�LbV
=@?BA@L�H1JcCWQd[e�C7HNH1C
Dmoy

LNMfOgL&?h?8[NJK=IL\A@=�[HN?i]._^E1FU[�j8=�CBH*A�VXC.k"l\m
m`&<�LgV
=I?cEnC7FK?U=o[HpCBH^Q;L>q
H�=�ArMsVXC3L�?Z?8[NJK=>tC�CuRL"vrw =@H�J)C7Ffx
A@=yAGM�VXC^?>M&F�vILzV
=@?BA@L&H1J)CWQd[
e
C7HNH�C{C7?BAaVX[HNH|tC&CgE1L�F

∆Mmoy = 2.17∆Dmoy/Dmoy

`*<�L�A@L�=�v	voC
L
VXC

Jr}NL�~�M�C�L&?h?8[NJK=IL\A@=�[HWE1FU[�j8=�CBH*A�VXC�_�F)[N��HuC�A*L�vG`X�$��m
m
mG�B`�<1w�C7?BA$=IQ;L�A$=o[HuVXC�v@LpV
=@?cEnC7FK?)=�[HuC7HbQzL\x
q
Hs=yAGM�VXC3L&?h?8[NJK=>tC�CuRL�v@L3E1FU[&��[H1VXCM�F�VXCivrw�L�?Z?8[NJK=@L�A$=o[HpCB?7ANVX[
HNH�tC�C�E1L�F

∆Mprof = 2.17(L/2)/Dmoy

`
<�L�VXC7FcHs=
RC7F)C�Jc[�v�[H\H1C�V�MpA@LN�&v�CBLNM|E1FXtC�JK=@?8C.voC�H1[Q��
F)C�V�wGtC
A�[�=�v�C7?.VXC�ATe7EnCW_�F)C
A�C7H*M�C7?�VsL�HN?iv@L�JKL\x
v	=y�
FKL\A@=�[HN�|C7H���[H1JhA@=�[H�VXC;voCM�F��*<5`"�W[NA�[HN?u~�M�Czvcw L�?Z?8[NJK=@L\A@=�[
H��NL&?h?)=o[&EnC8=@L�x7�8LNM�FfM�?zC7?BA^ATF)[&E
tC
A�CBH1V�M�C�?>M&F3voC�JG=oC8v\En[5M&F.~�M1w�[H{E�M�=I?h?8C|v�M>=�L�?Z?B[\JG=oC7FYM�H�CDV
=I?7AIL�H1J)C�Q�[
e
CBHNH1C\`

í�òCê_ñEí
10′′

ã���ÿuå�òCêVé�ë`î�óí�êVé�ç�íKóí�ê�å�ìmê_ò�ð\�Jò�åRîfî°í�ìmê�õEé"óí�÷Vçkò¯í�ñ`å�ì`ò�æ�í�òqñ`í�ð
��÷Cå"ê�å�æ�ë�ï�ð&í�ò>�?æ�ë`é�òh��ð&íIõYæ�ð5(òWç�í�ð7é�ò<å�ò�ò¯ë`÷Vç�å"ê¦ç�ë`ì�ò"��iû.�
�Gò¯ë�ìmê<õ`ë�ò�òWç�è�ækí�òDõEëYð&é�ð&ìEí*î��í�îfí�ò¯ëYð&é�÷Ví ' çkõEõ`åRé�÷VëYò>�Yë�ì3÷Vë`ì�ò�çkñ��í�é�íæ�ÿËå�ò�ò¯ë`÷Vçkå"ê¦çkë`ìGå"ôRåRìmê_ækå�ñ�ç�òCê�åRìE÷VíFå�ðoõ�æ�ð7ò�õEé�ë`÷�øEí"�mëYçkòWçkì�÷Vë`îfî°ídóí�ê�åRìmê_ækå�õ�æNð7ò�õEé�ë`è`åRèYæ�í	ã���í�ê�å�ð
�ñ_ÿ ç�ñEí�ìRêCç��&÷Cå"ê¦çkë`ì(í�òCê<ñ`íp� �
�
  ã���å  çkï7ãEâ7ã,�Kîfë`ìRêWé�íGæ�åKñ�çkòCêVé�çkè�ð�ê¦ç�ë�ì5ñEí�ò�ò¯ëmð&é�÷Ví�òaí�ì¢¡Pë`ìE÷¦ê¦ç�ë�ì5ñEíækå3ñ�çkòCê�åRì`÷Vídå�ðiõ�æNð7ò:õEé�ë`÷�øEíp�mëYçkòWçkì�ã���å5î�óí�ñ�çkåRì`ídñEí�ò�ñ�ç�òVê�åRìE÷Ví�ò�å�ð õ�æ�ð7ò�õEé�ë`÷�øEíp�mëYç�ò�çkìTí�òCêFñEí
0.1′′

ã�!�ëYð&é<õ�æNð7òFñ`íoò��ð&é�í�ê�óí\�Rê¦ëYðYê¦í�ò�ækí�òaçkñEí�ìmê¦ç	�7÷Cå"ê¦ç�ë�ì`ò�å"ôRåRìmê<ñEí�òIñ�ç�òCê�åRìE÷Ví�ò�òWð&õ�óí�é�ç�í�ð7é�í�òW�å
0.3′′ò¯ë`ìmêDé�í8£�í�ê�óí�í�òaí�ì[ê�åRìmê���ð&íKõEëYò¯òWçkè�æ�í�ò�å�ò�ò?ë�÷Vçkå"ê¦ç�ë�ì`ò<å�æCóí�å"ê¦ëYçké�í�ò�ã�û ÷Ví�òCê�åRñ`í\�RìEëmð7ò�å>�Yë�ì`ò<í�¤_í�÷¦ê¦ð�óí�ð7ìEí�òmóí�ækí�÷¦êCçkë`ìKõEé"óí�æ�çkî(çkì`å�ç�é�í�òWð&é�æ�í�ò�ê�ô`õ`í�ò�ò¯õEí�÷¦êVé�å�ð
��õEëmð&éìEí5ï�åRé�ñEí�é���ð7í5ækí�ò(óí�ê¦ëmç�æ�í�ò*ñEí[ê�ô`õEí öhí�ê�ñ`ë`ìmê�æ�å(÷Vækå�ò�ò¯í3ñEídæNð&î(çkìEë�òWç�ê�óí5í�òVêIñ�ç�ò?õ`ë`ì�çkè�æ�í	ã�ä_í�ê�ê¦íòmóí�æ�í�÷Cê¦çkë`ì5í�òCêDè�å�òmóí�í�ò�ð7é,æ�ÿËçkì�¡Pë`é¦îfå�êCçkë`ì5ò¯õEí�÷¦êVé�å�æ�íKõEé"óí�ò¯í�ìmê¦íKñ`åRì�òaæ�íK÷Cå�ê�å�æ�ë�ï�ð7í ' ç�õEõ�åRé�÷Vë�ò�ã`ä�í�òê�ô`õEí�òDò¯õEí�÷CêVé�å�ð
�Kõ`é�ë��Yçkí�ìEìEí�ìRê<ñ_ÿuë`è`ò¯í�éo�Rå"ê¦ç�ë`ì�òaå�ðdò¯ëYæ7í�ê�ì`íg¡Pë`ìmê�õ`å�òaõ�åRé�ê¦ç�í�ñEí�òDñEë�ìEì,óí�í�ò ' ç�õN(õ`åRé�÷VëYòIõEé�ë`õ`é�í�î°í�ìRê�ñ�çlê¦í�òRã1!EæNð7òFñEíKñ�óí�ê�å�ç�æ�òFòWð&é�÷Ví�ò�ê�ô`õEí�ò�ò?õ`í�÷¦êWé�å�ð��[ò¯ë`ìRêañ�çkò¯õEë�ì�ç�èYæ�í�òIñ�åRì`òaækí

�,ëmæ¦ã*�u¥oH*ATFU[\V�M�JhA$=o[HdL�H1V�¦iM�=�VXC�A�[�AT}1C�k.L\A@L5ñEí � �²û ü ��àRà\�1ý¯ã þ ëmð7òGå7�Yë`ì�òGé�íB£�í�ê�óí��Râ � óí�ê¦ëYçNæ�í�òìEíKõEëYò¯òRóí�ñ�åRìmêaõ`å�òaæ�í:ê�ô`õEíoò¯õEí�÷CêVé�å�æqö°å�ç�ì`òWç5�Yð&íD%Rá±óí�ê¦ëmç�ækí�ò�ò�åRì`òa÷Vækå�ò�ò¯í�ñEí*æ�ð7î(çkìEë�òWçlê�óí	ã



§X¨�©�¨uª"«\¬N¬�®&®&¯ °\±

0.0 0.2 0.4 0.6 0.8 1.0 1.2
distance of cross-matched sources (arcseconds)

1

10

100

N

Hipparcos vs. 2MASS

²1³$´�µ"¶1· §X¨�¸p¹�ºD»¼B½>¾>¿yÀ@Á\À�ÂX¼�¿rÃ Ä�ÂX¼BÅ*À@Ä	Æ�ÇKÁ�À$ÄoÈÅbÇcÉ)È�ÄI½ »¼�¼g¼BÅ*ÀTÉU¼gÊgÄ,ËXË1Á�É)Ç)È½�¼
À1ÌÍÏÎ.Ð
Ð5Ñ�Ê�Ä@½BÀ�È�Ò�ÉGÁ&Ó;Ód¼
ÂX¼7½|Â
Ä@½BÀ@Á�Å1Çc¼7½YÁN¾�Ë5¿�¾&½�Ë1É)ÈNÇrÔ1¼pÕ�È�ÄI½)Ä@Å�Ñ�Ö&ÁW¿IÁ�ÉyÒ\¼¾&É�ÂX¼B½�Ä@Å1À�¼7ÉUÕ8Á�¿�¿�¼7½�¼7½BÀiÂX¼D×�Ñ$×&Ø ′′ Ñ



Ù
Ú ÛXÜ�Ý*Þ&ß�à@áNâ�Þ>ãrà@ä�å�æ�å�çzÞ
è>å�àéãcêXëNæWÞ
á\ìhäsß�ê5æ�ëNæ&ìpíæ7ãräsà�ß@æ&ìYëNægãyî\ïNæ�ðñë\Þ
å�ì"ß@æ�ïNâKä�òhó\æbôrõ

öY÷Uø ùú�ûKüaý.þ"ÿü����Gþ����	� û�
 ù����"ü�����yûyûGþ��

��������� ���������� �"!�#�$&%��'�)(+*�,�#-�.#�/ ��0�213!��54�687 �-�

9\äê5â�ì;:�Þ�ìZìUê5âKæ�âiê5åNæpòcÞ&ß�à@áNâ�Þ>ãrà@ä�å�àIâcâ>íæ�ïNâKä\òZó\Þ
ásß@æpë�êdïNäà@åã.ë\æ=<sê5æpëNæ�ßIÞDïNóNä
ãGä\ç íæ7ã)âGà@æ�>�à	ß1æ&ìcã
å�íæ�òcæ&ìZìhÞ�à@âKæuë?:�Þ
ïNï�ß�à�@�êXæ�â^ï�ß�êXìUà@æ�ê5â�ìBANßéãUâKæ&ìpëNæ;ìíæ>ß@æ�òrãrà@ä�åÏïNóNä�ãrä\ç íæ7ã)âGà)@�ê5æ&ìpìUê5â�ßIæ&ì=C�D�Ezìhäsê5âKò)æ&ì
FHGJILK�K�âKæ&ìcãGÞ
å
ãræ&ì�ÜM9\äê5â|ò)æON$Þ&à@âKæP>�ï\Þ&ìWç;äà@å\ì�ëNæ'@�êXÞ>ã)âKæRQXÞ
è7ì�ìhä\åã�ëiíæ�ë�àcíæ&ì'SÞbßIÞzïNó\ä
ãrä�ç íæ7ã)âKà@æ
ë\Þ
å�ì|ßIæ{òcÞ>ãKÞ&ß@ä�è7ê5æ'FHG5ITK�K1Ü�U�äsêXì�Þ;<ä\å\ì�ëNä�åNòYà@çzïNä�ìíæO@�êXæDß@æ&ìbíæ7ãGäsà	ßIæ&ì�âKæ�ç;ïsß	àIìZìhæ�åã"ìUê5òcò)æ&ìZìUà�V
<sæ&ç;æ�å
ã3ß@æ�ì.ò)ä�åNë�àéãcàIä\å\ì.ìZê\àW<Þ�åãræ&ì.>së\Þ
å\ì�ß@æ&ì3ã)âGäàIì�á�Þ
åNëNæ&ì

JHKs XY rd flg = 1 ou 2Ý�æZQXÞ
èYã)âKÞ�ë�êNà,ãiß[:�ä\âKà@èBà@åNæ^ë\æ�ßIÞWïNó\ä
ãrä�ç íæ7ã)âKà@æ�Ü]\�Þ
å\ì�ß@æ�ì"çzæ�à�ß	ß@æ>ê5âKæ&ì3ò)ä�åNë�à,ãràIä\å\ì.>
à	ßH<Þ&ê�ãTF->
ò.:�æ&ìcã^V_SÞ`Vhësà@âKæa@�êXæ�ßIÞ�çzÞ�è�å�àéãrê5ëNæ�æ�ì)ã�à	ìhìUê5æ�ë?: ê5åNæ^ïNó\ä
ãrä�ç íæ7ã)âKà@æ�Þ;<æ�òaÞ.bTêNì)ãGæ�ç;æ&åãiëNæ�ï\âGäHANß
æ7ã�ß[:oíæ7ãräsà�ß@æ;å?: æ&ìcã^ï\Þ�ìWìZÞ>ãrê5â>íæ�æ�ÜMG Þ&ß@ó\æ�ê5âKæ�êXìhæ�çzæ�åã >�ïNäsêXâ�åNä�ãUâKæ íæBãcêXëNæP>�ä�å åNæuï\æ�ê�ã^ï\Þ�ì
ìfædòcä\åãræ&åãræ�â^ë�:�ê5åNædìíæ�ßIæ�òrãcàIä\å�ëNæ&ì�íæ7ãräsà�ß@æ&ìDá\Þ�ì
íæ�æ;ìZêXâ^ò)æ7ãKãræñìhæ�êNßIæ'<Þ�ß@æ�ê5âgòcÞ
â^å\äsêXìDä\ácV
ãcàIæ�åNëNâKà@ä�å\ìgã)âGä�ï ïNæ�ê�ë?:oíæ7ãGäsà	ßIæ&ì�Üed�å�æ0f*æ7ã >�åNäsêNìWÞ;<sä�å\ìWÞ_f1Þ&à@âKægSÞuëNæ&ìñíæ7ãGäsà	ßIæ&ì�ëNæ{ãyî\ïNæÏð�>
ò.:�æ&ìcã^V_SÞ`Vhësà@âKægà@å
ãUâKà@å\ì_Sæ`@sê5æ�çzæ�åãaáNâGà�ß	ß	Þ
åãræ&ì�æ7ã3ë\Þ
å�ìYëNæWåNä�ç;á\âGæ>ê�h¢òrÞ�ì.æ>ß	ß@æ�ìi<ä\åã�ëNä\å\ò�ìZÞ�V
ãcêXâGæ&â"ß@æ&ì�ë�íæBãræ�òrãræ�ê5â�ìgïNäsêXâ"ß@æ&ì�ïNäsìhæ&ì�ßIä\åNèBê5æ&ì�Ükj�æ&ì�ç�Þ
è�åsà,ãrê5ëNæ&ì�åNæ¢ïNäsê5ârâKä\åã�Þ&ß@ä�âKìmlæ7ã)âKæ
ëiíæ7ãræ�ârç�àIåiíæ�æ&ìT@�ên:�SÞ¢ï�Þ
â�ãrà@â3ë\æ&ìYïNäsìhæ&ìYä�áãræ�å�êXæ&ìYìUê5âiê5åDãræ�çzï\ì.ò)äsê5âyã>Ü?\�Þ
å\ì.ò)æ�òcÞ�ì.>
ß@æ=QXÞ
è
<Þ&ê�ãTopæ7ã�ä\å�â>íæ�Þ&ß	à	ìfæ�êXåNæ�ïNóNä
ãGä\ç íæ7ã)âGà@æ�ë?:�äsê�<æ�â�ãrê5âKæ�Ü

Y ph qual =
I

Ý�æZQXÞ
è.ã)â�Þ
ë�êNàéãiß	ÞB@�êXÞ�ß	à,ã�íægïNóNä
ãGä\ç íæ7ã)âGà�@sê5æWëNæ�ßIÞgìhäsê5âKò)æP>á�Þ�ìíæ�æ�ìUê5â�ßIæ�â�Þ
ïNï\ä\â�ã3ìUà@è>å\Þ&ß�ìZêXâ
áNâGêNàéã >�ß	Þp@sêXÞ&ß	àéã&íæbëNæ�ß	Þ�ç;æ�ìZêXâGæ�>5ß	Þ�ì)ãKÞ>ãràIìcãrà�@�ê5æ�ëNæzë�íæ7ãGæ�òrãcàIä\å?>�æ7ãGò�ÜMj&æ&ì�ìhäê5âKò)æ&ìgßIæ&ì^ïsß	êXì
AXÞ
á�ßIæ&ì.ìhä\å
ã3ßIÞ�áNæ�ß	ßcíæ�æ&ìq: Iq:sæ7ã3ßIæ�ê5â�ì"àIåNò)æ�âyãcàéãrê5ëNæ&ì"ëNæ�ç;æ�ìZêXâGæWìhä\å
ã3à@å-NZíæ�âGàIæ�ê5âKæ&ì=SÞRo_r�siÜ

Y cc flg = 0Ý�æJQXÞ�èdàIåNë�à)@�ê5æ�ß	ÞÏï\â�íæ&ìhæ�åNòcæ íæ.<æ�åãrê5æ�ß�ß@æ�ëNæÏòcä\åãGÞ�ç�àIå\Þ>ãrà@ä�å äsê�ëNæÏò)ä�å�N@êXìUà@ä�å ìUê5âpëNæ&ì
ìfäê5âKò)æ&ì�Þ�ìcã)âKä\ïNóî�ìUà)@�ê5æ&ì�â>íæ�æ�ß	ßIæ&ì�Ü
ôTßXæ&ìcã�ß	àcíæOSÞgßIÞgïNâKä"h�à@çbà,ã&íæ�ìUê5â�ß[:�àIçzÞ�è�ægë?:�Þ
âyãræ0N$Þ
òrãGì�òrÞ&êXìíæ&ì
ï\Þ
âWëNæ&ìÏíæ7ãräsà�ß@æ&ì¢áNâGà�ß	ß	Þ
åãræ&ì¢äsê á�à@æ&å ë\æ&ì¢ìhäsêXâGòcæ&ìbïNâKä\òZóNæ�ì{ë?:oíæ�è>Þ�ß.äê ïsß	êXì¢è�â�Þ
åNë íæ�ò)ßIÞ7ã�Ü
I�A5åuëNæ¢ì.:�Þ�ìZìUê5âKæ�â3ê5åNæDïNâKä\á\Þ
ásà	ß	àéã&íæbëNæ{ò)ä�åãGÞ
çbà@å\Þ7ãcàIä\å;ß	Þ{ï�ß�êXì	N$Þ&àIá�ß@æDïNä�ìZìUà@á�ßIæP>Nà	ß�N$Þ&ê�ã�ßIæ
ïNâKæ�åNëNâKæ�íæ�è>Þ�ßiSÞBt&íæ�âKä�ë\Þ
å\ì.òZó\Þ
ò)ê5åNæ^ë\æ&ì�ã)âKäsà	ì�á\Þ
åNë\æ&ì�Ü

Y bl flg = 1Ý�æuQNÞ
èdëiíæ&ìUà@è>åNædß@æ�åNä�ç;áNâKæ�ëNæ�òcä\çzïNä�ìZÞ
åãGæ&ì�ç;æ�ìZêXâ�íæ�æ&ìpìUà@çbêNß,ãKÞ
åiíæ�çzæ�åã�ß@ä�âKì�ësê ïNâKä�V
ò)æ&ìZìUêXì^ïNó\ä
ãrä�ç íæ7ã)âKà�@�ê5æ5ÜnK&à�ìZÞR<
Þ&ß@æ>ê5â�æ&ìcã�ìUê5ï�íæ�âKà@æ�êXâGæ5SÞ�ê5å?>�ßIÞzìfäê5âKò)æ�ìfæ�ìUà,ãrê5æzë\Þ
å\ìgê5å
æ�åH<sà@âKä�åNåNæ�çzæ�åã3ò)ä\å-N@êXìYæ�å
ãUâ�Þ"l vIå\Þ
åãaê5åNæWë�íæ&è�â�Þ
ë\Þ7ãcàIä\åzëNæWßIÞpïNâ>íæ&òUà	ìUà@ä\åbï\óNä
ãrä�ç íæBãUâKà�@�êXæ�Ü

U�äsêNìaÞ;<sä�å\ìgíæ&è>Þ&ßIæ�çzæ�åã�<�íæ�âGàwA3íæ.ß@æ&ì�QXÞ
è7ì
ext key

ï\äsê5â�ß@æ�ìiìhäsê5âKò)æ�ì�íæ7ãræ&åNë�ê5æ&ì.>
gal contam

ïNäsê5â
ßIÞzò)ä�åãGÞ
çbà@å�Þ>ãrà@ä\å�è7Þ&ßIÞ�òcãrà)@�ê5æ�æ7ã

mp flg
ïNäsêXâ�ßIæ&ì^ïsßIÞ
å�SæBãræ&ì^çbà@å\æ�ê5âKæ&ì.>�ò)ä\çxSæ7ãræ&ì�æ7ã�ìZÞ>ãræ>ß	ß	àéãræ&ì�Ü

ôTßYìhæ�ìhä�åã�ãräsêXìzÞ;<�íæ�â>íæ&ìÏíæ�è7Þ&ê�hySÞJt&íæ�âKä äsê
null

Ü?I.ï\â.Sæ&ì�Þ
ïNïsß	à@òrÞ>ãrà@ä\å ëNæ&ìRANßéãUâKæ&ì.>ià�ß�âKæ&ìcãræ ÛHz"C
íæ7ãräà	ßIæ&ì.>Xìfäà,ã�Ú�r1Ü{C�s�ëNæ¢ß[:oíæ�òZó\Þ
åãrà	ß�ß@ä�åzà@åsà,ãràIÞ&ß�ë?:oíæBãräsà�ß@æ&ìgëNæpãyî\ïNædð�Þ;<sæ&ò.ã�î\ïNæbìfï\æ�òrãUâ�Þ&ß�æ7ã�òUß	Þ�ìZìhæ
ëNæ^ß	êXç�àIåNä�ìUà,ã�íæWë�à	ìhïNä\å�àIá�ß@æ�ì
Ü

������� 4 6}|]�~�2!�*��w!��;!~� ����0���;!�$��H|]��(-13!~� ��

9\äê5âaÞ�ìZìUê5âKæ�âiß[:�óNä\çzä\è5íæ�å�íæ>à,ã&íæWëNæ^ß[:oíæ�òZó\Þ
åãrà	ß�ß@ä�å?>�ß@æ&ìpíæ7ãräà	ßIæ&ìYçbêNß,ãràIï�ß@æ&ì"æ7ã�ï\Þ
â�ãràIòUê\ß	à�Sæ&âGæ�ì"ë\äsà�V
<sæ&åãZlæ7ã)âKædíæ�ß	àIç�àIåiíæ�æ&ì�ÜPU�äsêXìYÞ.<sä\å�ìYïNâKä\ò�íæ�ë�íæDæ�åDã)âKäsà	ì¢íæ7ãGÞ�ïNæ&ìYìUê5ò)òcæ&ìZìZà�<sæ&ì�Ü



����������H�)�`�c�P���;�������p�P�B��� ��`���P�`�H�������)�P� ���

�_���c���` '��¡�`��� ��.���`�c���¢�^���P£¤�)£¥� ��g¡���)�H���`�����P¦;�`�Z�)���P�`£§��¨�©�ª¬«HZ®°¯)±u�`�c¦;�`�a�2�=�0���M²0³�³�³;´µ�P�`�
��¶]  ��`���B�?�·���c�`���¥�w¸]�¥�;���0¶]�e¹Z���c�P�`���¥��£i�P�-¶]��� ��.���`�¥ R���c�_�?£¤�`�[� ��`���P���H�����w�����=�c�º�^���H�����`�H���P�`£�?� ��.���-��»
���0£L£¤���c¦2¶c�w��¡�`���_£T£�¶c£3�¥�`�H�������)�_£º�?�¼���^�����_½ ¾��¤���B�)�m���)£§�c�_��£¤�)�P���P�����¿�¥�0�����P���.�¥�)�P�'�c��À���Á���P�R�������w¸]�^���0�w�����
Â���P£¤�[Ã0�P���	�¤���H¶�Ä ��Z�2� ��0���) '�)� ��ZÅ-Æ ��2���-�w���_£q¡�Z���_���0£i�?� ��` '��£�£��)�P�P£.Ã2Ç ��.���-���)�_£È�c�L�[ÉP�c�Ê«��PÃ-Æ	�������_�����_£
£§�c�`���^����£§�^�P�-��Ë�¶]�0£º�.��ÌÊ���)�P�_�����_£�¡� ��`�^������£3�0£��

�_�J�c�0¶`Í`��¡�` +� ��.�����P�J�J�^���P£¤�)£¥� ��Î¡���������`�B�;Ä����H���`¦0�u��¶ÐÏ���¦��P�5�c���"Í`�) '��� ��J�c� ��_£§�`�H�Ê�����P£m�)�
�¥�;���_����¦.¶]�u²Hª5T¨�¨��?Ñk�pÏ��`¦p�c���c�c�p���¢����£^�����c�^���_�H�^���'¶]�c��£§�H¶]���^���.�a£§�P�x�-��¶�£Ê�c���P���c�+ÄH�-��£��)�
�P����£��)���¥�;���_����¦.¶]�]��Ñk�.�����+����ÀÒ���¥ '�;�����P�&�_£¥�B�������W���_���������P£B�)�¢ +�_£¤¶]�����M¡¶g���_£ ��.���-���)�_£Ê�c�-¶������_£
�����c�c�����§� ��`�_£p�.�m���_£'£§�-¶]���^�0£p R¶c���¥�)�����0£'�c�&£§�P�H�R�P�`£+� ��_£§�-��¶��_£+�P���'²HªJT¨�¨&£¤�L���x£ ��`�P�����;�������
���c¦2¶c���_�����+�`�H�^�������P��Ë�¶����^�� p�c�-£����H�����0£^�q�)��À ��`�����0¶]���&¡�

6′′
�cÂ���P£¤��Ã?�_¸]�5�?� ��2Ä-�W���`�µ¶]�c�+�c��£�£¤���-���

�^���H���� R���P�.�¥�)�P�¢�c�P������  ��.�^����Ë�¶]��Ã��)�_£BÅH� ��.���-���)�_£=�P�+�P���^��� ��_�§�����H�����w���P���c� ��_£§�`�������H�L¶]�c�ÊÄ��_���0¶��
�c���c���"Í`�� R�W� ��B����À ��_�����;¶]���+¡�

6′′
���H� ��2� ������2Ó��2� ��_�_£`�

�_�=�^���H�)£¤��¡�_ p� ��.���`�c�m�¿�^�P�P£¤��£^� ��Ê�`�R¶]�c�Ê���_�§�P�`���§�P�Ê�-��¶�£º£�É�£¥� ��` '�;����Ë�¶��Ê�P�_£ ��.���H�����0£º�c�-¶������_£
�;Ä ��`� ��`�_£q�`�pÀ��0�)£����H�T¶]�c�R���`Ë-¶M½�.���R���)���`�����` +�`�H�	£�¶��T���O���;���_�)�P¦2¶]�¢Ô�ÕHÖO×�ÕHØ�Ù.Ø�Ú�ÛÊÕ`Ü�ÝqÕ]Þcß_à�ÙBá`Ø�â
ãyÞ0à[Ú�äW×]à�ÙÂÛ2Ú�á`å�ÛM�-¶�Ñ?Ñ®qªæ¯�®T�P + +���P¦0�.�kçéèLÉ�£i²0³�³�²"´§��«��)�`�=Ë�¶]���[�¼�)��ÀÒ�P�� +�.�¥�)�P�q£�¶����)�	 '¶c���������w��»
�^�W� ��º�)£�£¤¶]�a��¶R�¥�;���_�)�P¦2¶]�aÑ?Ñ®qªê�_£¥��`�¿�c�����c�^�)�c�ºÄ-��£��)�����Z�c�a¨�©�ª¬«HZ®qÃ_�w�P£.�~�0£^�e�.Ä ��`� ��q� ��`�^�0£§£��_�)���
�c��À��_�����Ê¶��c�¿���`Ë�¶�½�.���¿�-�����`�����` +�`�H�T£¤¶]�È���m�¥�;���_�)�P¦2¶]�Ê�w¶c��»� 5½�` +���������0ë?�.� ÃP¶]�p�^�`�[���_���p�c�P +�c���
�?� ��.���-�w���_£¿�`�c���`¦2�)£¥�^� ��`�0£¿�P�`�P£m�)�¢�¥�;���_�)�P¦2¶]�uÑkÑ®µª �2�ÊË�¶c�Â�0¶]���_���`�����M½¶Î¸]¦2¶]���`�B�^�� p +�+���0�w���_£
�P����£T¨�©�ª¬«HZ®qÃ-�c�=�c� ��_£§�`�H���_�H��_¶]�^¶]�m�)�c�`�H����¸��¥�;���0¶��ÑkÑ®µªì�P���P£�¨�©�ª¬«HZ®B�.Â���P£¤�[Ã�Æ;Ì ��2���-�w���_£
�^�� p R¶]�c�_£º¡�q�c���^��� ��`���P���H���w�������=�.�n�_¶Ê�¥�;���0���P¦2¶]�µÑkÑ®µªí�P�H� ��.� ��L�^���-¶-Ä ��`�_£`�`���HÄ-�)�����mî�³�ïm�c�µ�^�_£
��.���H���)�_£q�P�H�L¶]�c�O£ ��`�P�`���.�¥�)�P���.Ä-�`�	���;¶]�L�^�� p����¦0�P�P�����-À ��`���)�0¶]���¢¡�

6′′
�.�	�P�H�º�c�P�P� ��.� ��O���2Óð�.� ��`�_£.Ã

�[�·����ÀÒ���¥ '�;��������£¤¶]�T�)�R£ ��`�������;�����P� ��.�����H�µ�^�.�����¿ÀÒ�H�)£µ�)£�£¤¶]�O��¶5�¥�;���_����¦.¶]�RÑ?Ñ®qªñ��Ñk�_£q�������_�����_£R¡�
À��_�)�����O£ ��`�P�`���.�¥�)�P�u�^���¥���_£§�c�P�P�c�`�H�Z�_�J�P�����P�¤�)�c�O�_¶�Íp���)�P�_�����_£Z�c���5� ��_£§�-��¶��_£a�����Z²HªJL¨�¨��kòP�H¶]�
�c�_£q£ ��`�P�����;���)�P�P£q£¤¶]� ��`�����0¶]���_£¿¡�

6′′
Ã]�)�_£ ��.���-�w���_£Z�?�{�P�H�µ�P�`£ ��.� ��R���"Ó��.� ��`�_£`�?���+�����H�qË-¶]�R�������_�����_£

���H���H���_���c�0£;Ã��)�0¶]�È�c�c�`���P  ��.�^���)���?�~�_£¥�Â�P�`£L£¤¶�£§�^�_�H�������)�Ê����½�.�^���Ê�0ëk�`��� ��`�B�P�`��[� ��2���-�w�����^�P +�P��¦;�c���M�

èq�������P£BË�¶��p¦;�"½���¥�5¡�p¨�©�ª¬«HZ®ó�c�-¶�£Z�;Ä-���P£µ�^���-¶-Ä ��R¶��c� ��.���H�����+ R¶c�W�����-���O£¤¶]�c��� ��` +�`�H���_�)���PÃ
�c���B�c� ��_£§�`�����º�P���P£n�)�	ÑkÑ®µªñ�¤Â¶Ê�^�-¶]��£e�c�º�^�.�����	�`�P�_�WÉ�£§��£�¶����)�	�P�;��¶]���º�c�_£ ��.���H���)�_£�P�L�[� ��_�§�����c»
�����w���P��Ãk�P�u�p '��£B�`� ��.Ä-���c�_�c�^�R¶]�5���`£B�c�'£§�-¶]���^�p���_�c�P�c�����H���p�P���P£=��� ��`���P�����¥�w���)�P�¢�c�J®�ô;������©Ò�
£.�{��¦2�W���c�L�c�;¶�Í ��.���-���)�_£n�c�-£�£ ��_�P���H���)�T 5½�` +���-¶]  ��_���a¹Z���c�������^��£.Ã0¹Ê©�òÊÅH�����`Å�Ã3���¼¶]�c�Â���c���������_�P���H�
¡�B�[�¼�`£�£3���^�)�;�������

α
òP�_��£§�0���2�Â�[�¼�_¶��^���p¡�¿Ñ?�_£3»^õ��_¶�]®q�{�`�c�2¡�_£a®�ô;���m¯Ò�¥�P + '¶]�-���¥�;���)�P�'�c����Ä ��`�.´¥Ã-�^�.�����

£§�0¶c�)�¿�.�	 5½�` p� ��.���H�����¿�c�-����½�2�¤���O�`£�£¤��¦;� ��`��¡�
α

òP�`��£§�0��Ã��¥�����^�.�L�� '�`£µ�^���P£¥�¥����¶]�O�c���P���������_ p�`���
�����c�0É��_¶��P�B���{�`£�£§�P�^���;�����P�RÑ��`£§»¤õ��_¶�

¡ö�)�Ê£¤¶c�W���Ê�c�Ê�^�.�����Ê���`���c�`�����c�B£�¶��È����£��)�c¦2¶c�)�����W� ��PÃ-�c���"Í`�� R�W� ��m�.�T R¶c�W�����-�����^��� ��B�P�_£ ��.���H���)�_£º�.�
���H¶��Ê�`�5£§�`�§�����H�aË�¶]�¢�¥�`�����0���c�_£ ��2���-�w���_£Ê�^¶] R¶c���`���a����¶�£¤�)�0¶]��£Ê�c�¢�^�_£Ê�c���P�P��� ��2� ��0£;Ãn�w�È���_£¥���5²0Ì��
��.���H���)�_£	�P�`�P£T���~�`���P�����¥�w���)�P�M�

÷�ø�ù�ø�÷ ú�ûü�ý�ü�þ ÿ���������ü	�Zÿ�
��kü�����?üPþ3ÿ��������

©Ò�º�^���HÄ-���`���R '�_�)�H���`�P�`�H�¿�?�~�¤Í0�� '�)�c�`�Ê�`�ö� ��2���_���T���_£m��ÉP�c�_£'£§�c�`���^���0¶�Í��c�_£�²0Ì�� ��.���-���)�_£+�c�
�[� ��`���P���H���w�������M�������c�P�0�����P£	Ë�¶��B�)�B�¥�;���0���P¦2¶]�¿¹Z���c�P�`���¥��£LÀÒ�H¶]�¥�����i¶��c�=����ÀÒ���¥ '�;�����P�O£§�c�_�¥�^���_�)�=�c�
�P�`£§�PÃ�¡��£§�.Ä-�-�)�c¶]�	��ÉP�c�T£§�c�`���^���_�0�P��� ��.���H���)�PÃ3��£§£¤¶Z�?�{�P�P£§�`�ðÄH�.�¥�)�P�P£��_¶q£§�-�_�.���P�P�c���)�c� ��`�P�`�c�P�������c�
�)�' R�)£�£¤������£§�P�;���)�_�)�+¹Z���c�P�`���¥��£`�Mè ��_���c +�-�)�P£.Ãc���n�����¥���WÄ-�R�-���`�¢£§�-¶�ÄH�`�H�µË�¶n�¼¶��c� ��.���H�����'����£§�c��£§�
�c���-��¶�£Ê�?�·¶]�c��� ��2���`�¥ R�����;�����P�5�c��£§�P�¢�[ÉP�c��£§�c�`���^���_�[Ã?�P���a�-��ë ��`���`�H��£Ê�_¶����;¶]��£��)�c� ��`�P�`�c�P������£`�
Â���P£¤�[Ã?�_¸]�x�c��� ��.���`�� '�)�c�`�º�)�RÄH�_�)�0¶]�º�)�¢���w¶�£Ê�c���P�P�`�����¢��¶J�[ÉP�c��£§�c�`���^���_�i���¼¶]�c� ��.���-�w���PÃk�c�-¶�£



����� ���	�����! #"%$&�(') #*	+-,.+-/0��1(+	 2'43�5%,6��"879*��!3:,;5%,�7=<,�')*� !�#,�7>5%,?'A@8B%,-CD58��+	7E�#,;B%$F*	G9H8,JI)K

�(LM*8+87N/O,.+P<,8QMB8��$R�TSU #+�'),.$4/V<,.5	 W�� #$F,65%,;X	IZY[CM\?]^Q�3:+%,6$F,.G_H%,.$FG_H%,6"	 `"	�W `*81($F�.B%H	 #a�3:,=7b3:$c�ASd*	$Z `1� `+%,
,�'e�`�=B%$(<,�Gb W7b #*8+J58,�7f'A@8B8,�7>79B%,.G)'g$&��3�hiB%*�3:$fG_H8��Gg3:+8,j5%,�7?k�l�mn<,�')*M W�`,�7>5%,j�TST<,.G_H8��+�'4 !�W�`*8+c�

o *M3	'>5�Sp�."%*8$F5�Q����n<,�'Z*� W�`,�7q*8+�'r5cs3ts,�'g$F,u,bh.Gg�W3�,�7r5%,i�TSv<,.G_H8�.+M') W�W�`*8+-G4��$w�ASp*8$F #1x #+%,i5%,=�`,�3:$R'A@8B%,
79B%,.G)'g$&���y+�Sd,�7g'fB8�.7E7�BP<,.Gg Wze<,.,:�

{ +87b3% |'Z,8Q(,.+ML� #$F*	+6�W�q/O*M |') 4<,N5%,q+%*�'g$F,J<,.G_H8��+M') W�!�#*	+j,�74'}G4*8/0B%*	7M<,q5�Sv<,x')*� !�#,�7R5%*8+M'~�ASp*8$Z `1� `+%,q5%,�7
'A@8B%,�7j79B%,.G)'g$F��3�hD,�74'q3�+	 #a	3�,8Qw��07_�(L�*M #$>�#,D�V�T�)�	�!���.�����}�.�9���F���e�8�.�b���x�O�T�6*M3:�n,�'q���)�U��*�3�Y�X�X��
\f3:Gg3:+%,q��3	'g$F,?79*�3:$FGg,�5�Sd*	"879,.$vLM�(') #*	+J+�Sd,�7g'R5� `79B%*8+� #"	�`,y�%��,?$F,��`,�Lc<,;YtX�X�,�74'R"8�.7�<,q7b3:$}3�+%,?79B%,.G_�
'g$F*	79Gg*8B� #,J���B%$Z W79/O,q*8".�T,.G)') W�FQ���L�,.GP3�+%,?5� `79B%,.$&7b #*	+u5%,

108 Å.mm−1
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ï�Ó�Ç`á	Ò#Ë�Ð�Ë�Æ�Ö	Ò!Î�Ð ÌFÊ�Î�Ï�Ë�Ð}ã�Î ädË�Ò!Ò#Ë�Ð�È%ËwÒ#Ë�Í%Ë�æ8Ì&Ó�Ç`Ë.ÈMÆ(Â�ß8äpË�×~ËxÆyÐ9Ë.Ì&ÓNÍ�äUÓ�Î	ÆZÓ.ÈMÆ�Ö	Ò!Î�Ð Ñ-Ó�ÌFã	ÎwØË�ã	Î:Ë�ÒTävØË�ÆZÊ�ÇWÒ`Ë
Ð9Ë.Ì&Ó=á	Ò#Ë�Î�ËyÂ

@^Ê8Ì)Ñ0Ó�Ò`Ë.Ñ0Ë.ÈMÆ�à�Î�È%ËnØËxÆ)Ê�Ç!Ò#ËuÍ8Ë6ÆAå8Ö%Ë0íDÇ#ÈMÆZË.Ì4ÑVØË.Í	ÇWÓ�Ç#ÌFË;Ö%Ê	Ð_Ð0-Ë.Í%Ë;Î:È0Ç`È%Í	Ç`ÉgËiÍ8ËuÉgÊMÎ%Ò#Ë�Î�Ì�Í�ädË.È�/
æ�Ç#ÌFÊ	ÈA/_Õ�ÂWÜrË�Æ}Ó.Ö%Ö8Ó�Ì&Óxç ?2ÆPá	Ò#Ë(Î:ËyÂ�1�Ó�Ç`ÐcÇWÒ�È�äpË�Ð4ÆPÖ8Ó.ÐRÌ&Ó�ÌFË8à.Ë.È;Ì&Ó�ÇWÐ�Ê	ÈiÍ8ËqÒWÓ?Ö8Ì�ØË�Ð9Ë.È%É4Ë^Í8Ë?Ö%ÊMÎ�Ð_ÐbÇB-Ë.ÌFË�Ð�à
Í%ËiÆgÌFÊ�Î	æMË.ÌNÎ:È%ËiÆ)Ë�Ò!Ò#Ë�ØËxÆ)Ê�Ç!Ò#ËJÓ(æ�Ë�ÉqÎ:ÈDÇ`È%Í	Ç#É4ËJÍ%Ë-ÉgÊ�Î%Ò`Ë�Î:Ì>Û

B − V
â�Í%ËDCfÔ:Â!Ü�àyÉ�äpË�Ð4Æ:/�-Ó0/9Í�Ç#ÌFËÓ�Î�Ð_ÐbÇ

évÓ�Î�È%ËJã	Î ä«Î:È%Ë°ØË�Æ)ÊMÇWÒ`Ë0Í8Ë=ÆAå8Ö%ËE=Nà8æ�Ê�Ç`ÌFË0Ñ�çË.Ñ0ËÍ8Ó�È	ÐjÉgË.ÌAÆZÓ�Ç`È8Ð�É)Ó.Ð�Ë�È%ÉgÊ8ÌFË-Ö	Ò!Î�Ð�ÌFÊMÎ:Ï�Ë	à�Ó(æMË.ÉrÎ:È
Ç#È8Í	Ç#ÉgË;Í%Ë;ÉgÊMÎ%Ò#Ë(Î:ÌwÛ

B − V
âcÍ%ËJÜ�Â Õ�Â

F8ÊMÎ:ÌfÖ%ÌFË.È%Í%ÌFËiË.È-ÉgÊ8Ñ0ÖMÆ)ËiÉgË�ÆEË�×�Ë�ÆfÍ	ÇW×EØË.ÌFË.ÈMÆ)Ç#Ë(Ò�Í�ÎDÌFÊ�Î�Ï�ÇWÐ9Ð9Ë.Ñ0Ë.ÈMÆ�à	Ê8ÈJÇ#ÈMÆgÌFÊ8Í�Î%Ç|ÆfÒTädËbÅ.É"-Ë�ÐNÍ%Ë
ÉgÊMÎ%Ò#Ë�Î�Ì

E
à�ÉxädË�Ð4Æ:/�-ÓG/_Í	Ç#ÌFËNÒWÓ?Í�ÇW×EØË.ÌFË.È%ÉgËqË.ÈMÆgÌFË>ÒAä«Ç#È%Í	Ç`ÉgËrÍ%Ë^ÉgÊ�Î8Ò#Ë�Î:Ì�Ê8á8Ð9Ë.ÌvæPØË^Ë�Æ ÒTäUÇ#È8Í	Ç#ÉgËqÍ%ËqÉgÊMÎ%Ò#Ë(Î:Ì

Ç#È�ÆbÌFÇ#È8Ð�-Ë.ã�Î:ËH4

Eλ1−λ2
= (mλ1

− mλ2
) − (mλ1

− mλ2
)0 = Aλ1

− Aλ2

ÊI-Î
Aλ

Ë�Ð4Æ Ò`Ërï�Ó.É4ÆZË�Î:Ì Í%Ë^ÉgÊ8Ì)ÌFË.É)Æ4Ç`Ê8È;Í%ËrÒAäpË_Å�Æ)Ç`È%É)Æ4Ç`Ê8È;Í8Ó�È	ÐPÒ`Ó^á8Ó.È%Í%Ë^Ö�7%Ê�ÆZÊ8ÑVØË�ÆgÌZÇ#ã�Î:Ë?É4Ê8È8ÐbÇ#ÍPØË.Ì(ØË.Ë:ÂJ�Ó�È8ÐEÒTäUÇ`È	ï�Ì&Ó�ÌFÊ�Î:Ï(Ë8àMÒ`ÓjÒ#ÊMÇ�Í�ädËbÅ�Æ)Ç#È%É)Æ)Ç#Ê	È-ÍRØË�î:È	Ç`Ë;Ö8Ó�Ì

Rλ =
Aλ

EB−V
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cNaf\yuS$T
��SGVed;ZeWBl�XBU�ZN[y\�X9uS$T*SicNU&}zaQd�U�ZN[��
MJ = mJ − 5 log Dpc + 5 − AJ
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AJ/AV = 0.282
~Ir�U�\0Æ0\H� ³ \0V�Z�w�d;Æ"k<��K��G�NÇ,��P ³ ��\��"XBU�[�oBXBU�ZN[<\�dbXvW"h\0cNaeU�XB\]c�\]lNT'aQdc��ºaf[>XBU*\0W�d��NaQS0[�c]Ze[EleS0d8d;\ic�aH¸�U&d�U�VNT*\yuSiT3��U�[�wxW�S0W.Z�af_Y\zP

�����	�3� È�¥E§Q«*°eÉ� °�Ê�ÊË¥yÌ
J − H Í H − Ks Î

Ï Z�afW�\"d:XBU*^y\0W5T3��\"}�\�X>c�\µT3��\��"XBU�[�oBXBU�ZN[�d�afWgT�\�dËh\�XBZ�U'T�\�dEc�\Ð[eZGX:W�\Ñh\0o8peSG[�XBU'T&T�ZN[�~�[eZ�aQdHSY¸�Ze[edo:ZN[edbX�W�a�U�X�T*\>cNU&SG_"W�SG^E^E\Ao:Z�a�T�\YafWb¶8o:Z�a�T�\"aQWn�
J − H

~
H − Ks

�;P ³ SgT&U�_Y[�\AV�W.U&d�h\�\Ad�afl�\0WBl�ZNdGh\0\AS�aG�c�ZN[�[Ih\0\�dHX:W�S0cNa�U�XHT�\�dyo:Z�aeT�\"afW�dEU�[�X:W.U*[ed0u\0�Naf\"d¯c�\"dÒh\�XBZ�U&T*\�d<c�\ÐT&SDd�h\��Naf\0[�ob\�leW.U�[eo�U*leS�T*\e~´XB\"T'T�\�d�Naf\ic´h\�X.\0Wb^HU�[´h\�\�dslNSGWsÓ±ZNZeWB[�[�\0\"w±��K��G�NO,�:~NSGl�W�u\�dvo:ZN[�¸�\0W�d�U�ZN[ycNSG[edsT*\gd�kNd:X�u\0^E\gl�p�Z0XBZe^¿h\�X:W.U*�Naf\M�� ½ ¹G¹�P ³ \�d´W�\"T*SYXBU*Ze[edIc�\jobZe[�¸�\0W�d8U*Ze[gd;Ze[�X´ceZe[�[´h\�\�d�leSGW	R�SGWbl�\�[�XB\0W	�3M"LGL�K��b~�h\"T&SGV�ZNW"h\0\�dvuSjleSGW�XBU*Wc�\�d�c�Ze[�[´h\0\�d�c�aEM�� ½ ¹G¹
2nd Ô�Õ�ÖB×�Ø�Ù�Ø�Õ�Ú�Û"ÜzÝ´Ø,Ü�Ø�Û0Þ,Ø PG{�T'T�\�d´d�ZN[�X´^]S�U�[GXB\0[eSG[GX�^HU*d;\�dvuS�ß�Z�afW;~"d�a�U`XB\uS>T*S]l�afVNT&U*obSYXBU�ZN[|c�\�d9c�Ze[�[´h\0\�djcNaDM�� ½ ¹G¹gà Ü&Ü
ábâ�ãNä¯å�ÛeÚ*Û�Ý�Ø,Ü3Ø�Û0Þ,Ø ~zceSG[edÃT*SHd;\0oBXBU�ZN[(q*æ5P�ç	P`V�cNaè�é�ê Ü�Û�Õ�ÛeÚ3ë�×Bä<âeì êQê Ü3Ø�Ù|Ø�Õ�ÚnÚ3ëËÚxí�ØHî�ï à âGâ à Ü&Ü
ábâ�ãNä<å�ÛeÚ�Û�Ý´Ø Ü3Ø�Û0Þ,Ø ~zcNU&d;l�Ze[NU*VNT�\E\0[<T&U*_"[e\]d�afWsT*\d�U�XB\jð$\0V<M�� ½ ¹G¹]�

(J − H)2MASS = 1.019 × (J − H)Koornneef − 0.038

(H − Ks)2MASS = 0.779 × (H − K)Koornneef + 0.030³ Ssd�h\��Naf\0[�ob\sc�\vo:Z�a�T�\YafW�d´ce\jÓ±ZNZeWB[�[�\0\"wN��K��G�NO,��dY��h\�XB\0[ec$cNajX
kel�\�d;l�\�obX:W�S�T0LG����\0[9VeS0d�uSÃ_YS"afo8p�\��b~S�a>X
kel�\gd;l�\0oBX:W�S�T ½ M$��\0[]peS�aNX9uSA_�S�afo8p�\���P Ï Z�aQW�T*\�d�X
kel�\�d�d;l�\�obX:W�S�aG�9ß3\"aQ[�\�d�~GT�\jX:W�S0oGh\go:Z�a�T�\YafWb¶o:Z�a�T�\"aQWzce\�T*Snd�h\0�Naf\0[eo:\nleW.U�[eo�U*leS�T*\�c�U&}tu\0W�\s�Naf\YT��Naf\nl�\"a5c�\so:\YT&a�U"c�\�d±_fh\�S0[�XB\�d�~,^]S�U&d�T*SncNU&}nh\0W�\0[�¶o:\n[���\�dbX±leS0d�obZe[ed�U�c´h\0W�SGVNT�\s���|\0_"[e\0W	K��G�"ç0�;P ½ U�[Nd8U3~,[�Z�aQd�d�afl�l�Z�d�\�W.ZN[ed�U�o:U0��a	��U'T*d	d;Ze[�X±o:ZN[NwxZe[ecNaQd0P
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AV
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AV
= 0.112
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MJ = (0.27 ± 0.02) × S − (4.33 ± 0.32)
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σ = 0.22
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σ2(comb) = σ2(phot) + σ2(S) + σ2(dist) + σ2(red) + σ2(bin)
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Difference between each star and the linear fit to the MJ-spectral type calibration
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