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Ã�²�·�²'¿-Ã�²@ãç·�²/Úº¾	±�³�ÏdØk³�ã	ÄÎÅ�ÙTÚº³�Ç�´@Å�Ð%±�Í'ÙÄ�²/·�¸ºÑ�·�Ï¦×.´/¾.×�ÑWÃ�²/×ÁÑÎ±�¾	¾\¼�·ÎÅ/¿.¿	Å G Êü Å/¿Á½�¾	ÀE¼5²/ê.ä\äE³ Ý ³�¾	±�À�ÅE»V²/·�¾	¼�Í7·�Ï�Ä�±�²/ã.²¬Ã�²/ãç·�²@Ú�¾ÁÒ±�³�Ï�Ã�Ä�²/´/²7ÑH³�·Î¿+ÏAÃ�²ñ»V¾	À�²7ÑÎ³�¼'¾�ý#þ	»�Å/×.Å/±�±�Æ�Ç�·Î³�±�³�É5ÿ�ØÃ�Ä�³Î»V¾	±�Ï�¾7»V²/ÉÌÑ�·�Ï�êÁ·�¾.¼�À�Ä�²@±�±�²/Ò ¼5²�·Î¾	¶@Å/À�¾Á·Î¸/±�Æ�ÇåÃ�²�Ò·�²'¿VÑÎ´@Í@Ç5Å�À�²'»V±�Æ�Ç¬»V²/·�¾	¼�Í.·F´T´@³5ÑÎ³�»V²@É:²/¶/·ÎÅ/¿	À�³:¿ÁÃ�¾.¼�ÒÀ�Ä�ÅúÞ ë Å�´/·�¾	±�¼'²ÎØ � ¼5²/´/³�±�Å�ØWî7ï/ï�à5â�Ê��kÍ5À�¸v´@Æ�½�³�¿Á·�¾ÁÒ±�³�É ¿	²@¿	À�²/³�À<´�Ä�Å/¿	½�¾	À�¾I¼'²@ê.ä\äE³ Ý ³�¾	±�À�Å�±�¾.Ã�Ä�²/×.Ä�Å�½�Ò±�²'¿ÁÀ�³dØ�Í'¿ÁÄ�¾ÁÑÎ±�¾.±�±�²/ã.²AÃ�²A´@Ä�Å�ÚFÅ�À�¾	·�¸/±�²@ÉN¿ÁÀ/Ä�Í5¼�À�Í5Ä�¾êÁ·Î¾	¼�À�Ä�²/±�±�²/Ò ¼5²/·�¾	¶'Å�À�¾	·�¸/±�²@ÉûÃ�²�·Î²@¿ÁÆ ÑHÅ�±�±�²/ã	²�êÁ·�¾.¼�Ò

À�Ä�²@±�±�²@ã	²>Ã�¾	Ä�¾ÁÇ@²7ÑÕÅ¦»V²/·�¾	¼�Í7·�Æ\Ø�À7Ê ¾/Ê�Ã�²�·HÅ�ãÁÅ�¾.À/¿+ÏdØÕ½�À�²Ñ�·�Ï<·ÎÙT¶/²@Éñ½�Å@¿ÁÀ�²@À�ÆÔ´/±�Í5À�Ä�³ñÃ�²�·Î²@¿ÁÆÖ½�³Î¿�·�²È´/Ä�Å/ÚºÅ�ÒÀ�¾	·�¸/±�Æ�Ç¬·�³�±�³�É:À�Å�¼:´@¾Á·�³�¼'²ÎØÁ½�À�²TÇ'Å/Ä�Å�¼�À/¾	Ä�³�¿	À�³�¼�³�²/À�ÒÑÎ¾	·�¸/±�Æ�Ç¦·�³�±�³�ÉW±�¾:Í5½�³�À�Æ�´'Å�ÙPÀ/¿+ÏW³WÄ�Å/¿	Ã�¾	Ä�¾ÁÑÎ¾Á·Î¾	±�³�¾³�±�À/¾	±�¿	³�´/±�²'¿ÁÀ�³W¿	½�³�À�Å�¾.À/¿+Ï¦±�¾.Ã�Ä�¾.Ä�Æ�´/±�Æ�»�ÊÛåÃ�Ä�²/ã.Ä�Å/»�»V¾ºÍ5½�³�À�Æ�´'Å�¾	À@¿+Ï>Ã�²/ãç·�²@Ú�¾	±�³�¾:´ ¯�� Ò�»V³Ã�²/·�²@¿.Å�ÇÓî@îÁÒóÀ�³�»V²/·�¾	¼�Í7· Þ��	�ºØ�
��ºØ�
��ºØ�
����ºØ������ºØ��� �ºØ����ºØ��	�ºØ ö�� �ºØ�� 
:Ø ���"! âDÞ ë Å�´�·Î¾	±�¼5²�Ø � ¼'²@´/³�±ÎÅî.ï@ï�à5â�Ê# ½�¾.À÷¼5²/±�´@¾	¼ Ý ³�³nÃ�Ä�²/´@²7ÑÎ³�·Î¿+Ï ¿Á²@ãç·ÎÅ/¿	±�² ²/¶@Ú�¾ÁÒÃ�Ä�³�±�Ï�À�²/ÉAÀ�¾	²@Ä�³�³AÃ�Í5À�³�Ã�¾.Ä�¾.»V¾.¹�³�´'Å�±�³�ÏNÞ%$W³�Ç5Å�·ÎÅ@¿�Øî.ï"& ¯(' íEÍ5Ä�Í Ý î.ï � á@âÁÊ
)+*%,-*/.�0�1�2436567�8-9(:/3;0=</5;7�>�569@?�?�A
æ:·�Ï�Å/Ã�Ä�²/¶'Å Ý ³�³<Ã�Ä�²/ã.Ä�Å/»�»VÆÔÃ�Ä�²/´@²7ÑÎ³�·�²'¿Á¸WÃ�²'¿ÁÀ�Ä�²@¾ÁÒ±�³�¾P»V²7ÑÎ¾Á·�¾.ÉÂÅ�À/»V²'¿	äE¾	ÄºÑÎ´@Í'Çº×	´@¾	×ÁÑCBé×.´/¾.×�ÑÎÆC¼�·ÎÅ@¿	¿	Å
A0 Þ Teff = 10000K Ø log g = 4.5 âÂ³D�k²�·�± Ý Å�ØVÑ�·�Ï¼5²/À�²@Ä�²/ã.²WÃ�Ä�³�±�³�»�Å�·�³Î¿Á¸IÃÎÅ�Ä�Å@»V¾	À�Ä�Æ Teff = 5780K Ø
logg = 4.44 Ø lg(Fe/H) = −4.49 ÊHíEÄ�²'»V¾ºê.À�²/ã.²�ØÕÃ�Ä�²/Òã	ÄÎÅ/»�»�ÅC¶/Æ�·ÎÅC³�¿	Ã�²�·Î¸/×	²@´@Å/±�ÅµÑ�·�Ïå²@Ã�Ä�¾�ÑH¾Á·�¾.±�³�ÏÌÃ�Å�ÒÄ�Å@»V¾	À�Ä�²@´º¼5²'»VÃ�²/±�¾.±�À�ÑÎ´/²@É�±�²/É¦¿Á³�¿	À�¾.»VÆ�à�îTæ�Ä�Å�¼5²/±ÎÅÞ ¿.»�Ê�ÃdÊ ¯ Ê ¯ â�Êæ:·�Ï�×	´@¾	×�ÑHÆ ö á<Ä�Å/¿.¿Á½�³�À�Æ�´@Å�·ÎÅ/¿	¸µ»V²7ÑH¾Á·�¸ñÅ/À/»V²�Ò¿	äE¾.Ä�Æù¶/¾.×È»V²/·�¾	¼�Í7·�Ï�Ä�±�²/ã.²AÃ�²@ãç·�²/Úº¾	±�³�Ï ³N¼5²/±�´@¾	¼�ÒÝ ³�³�Ø�Ñ�·�ÏE�k²�·�± Ý ÅFB ¿µÍ5½�¾.À�²@» »V²�·�¾.¼�Í7·�Ï�Ä�±�Æ�ÇåÃ�²�Ò·�²'¿�³\¼5²/±�´@¾	¼�À�³�´/±�²'¿ÁÀ�³:Å/À/»V²@¿.äE¾	Ä�Æ\Ê ë ²/·�Í5½�¾	±�±�²/¾�Ä�Å@¿�ÒÃ�Ä�¾ÁÑÎ¾Á·Î¾	±�³�¾kÀ�¾.»VÃ�¾	Ä�Å/À�Í5Ä�Æñ¿ÁÄ�Å/´/±�³�´@Å�·Î²@¿Á¸�¿k»V²7ÑÎ¾Á·�Ï�»V³íEÍ5Ä�Í Ý ÅNÞ)î.ï@ï�à'âÁØHG�À�Å/¼�Ðº¾
Þ�ÑÎ·�ÏI�k²�·Î± Ý Å@â�¿È»V²7ÑH¾Á·�Ï�Ò»V³KJ�Í5Ä�»�Å�±�±�ÅÂ³>ÑÎÄ�Ê�Þ­î7ï/ï � â�ÊL�k³�±�À�¾.À�³�½�¾7¿Á¼�³�ÉÈ¿ÁÃ�¾	¼�À�ÄÀ�Å�¼�ÐF¾è¿ÁÄ�Å/´/±�³�´@Å�·H¿+ÏÈ¿Á²-¿	Ã�¾	¼�À/Ä�Å/»V³dØ�Ã�²�·ÎÍ'½�¾	±�±�Æ�»V³<¿³�¿	Ã�²�·�¸@×	²@´@Å�±�³�¾.»<Í5¼�Å�×7Å�±�±�Æ�Çè´/Æ�¹�¾\»V²7ÑÎ¾	·�¾	É�Ê

�kÄ�Å�´@±�¾	±�³�¾PÀ/¾.»VÃ�¾.Ä�Å�À�Í5Ä�±�Æ�ÇèÄ�Å/¿	Ã�Ä�¾�ÑH¾Á·�¾.±�³�É�Ã�Ä�³�Ò´/¾ÁÑÎ¾	±�²�±ÎÅ¦Ä�³�¿�ÊRî@Êdí\Å�¼�´/³5ÑH±�²�ØZ×.´/¾	×ÁÑHÅ A0 Ã�²W±�Å/¹�¾	É»V²7ÑÎ¾	·�³�³�»V¾.¾	À�±�¾.¿	¼5²�·�¸@¼'²È¶/²/·�¾	¾¦´/Æ�¿Á²@¼�Í5Ù�À�¾7»VÃ�¾	ÄÎÅ�ÒÀ�Í5Ä�Í¦´Â´/¾	Ä'Ç�±�³�Ç>¿�·�²�Ï�ÇZØ�½�¾7»CÃ�²è»V²7ÑÎ¾Á·Î³>íEÍ5Ä�Í Ý Å�Ø�½�À�²»V²�ÐÂ±�²:²@¶NMZÏ�¿	±�³�À�¸:»V¾.±�¸/¹º³�»�¼'²/·�³�½�¾7¿ÁÀ�´@²@»�Í5½�³�À�Æ�´'Å�Ò¾.»VÆ�ÇA±�Å/»V³A·�³�±�³�ÉdØRÃ�²@ãç·�²/Úº¾	±�³�¾�´µ¼5²/À�²@Ä�Æ�ÇñÃ�Ä�³�´@²�ÒÑÎ³�À%¼�Å�¼¦¼>Ã�²/´@Æ�¹�¾	±�³�Ù�À/¾.»VÃ�¾.Ä�Å�À�Í5Ä�Æåãç·�Í5¶/²@¼�³�Ç�¿Á·�²�Ò¾	´ÎØ	À�Å�¼\³\¼�²�Ç'·HÅ�ÐFÑÎ¾	±�³�Ùñ´/±�¾	¹�±�³�ÇP²@Ã�À�³�½�¾7¿Á¼�³�À�²/±�¼�³�Ç¿�·Î²/¾	´I×.ÅI¿	½�¾	ÀÈÃ�²/À/¾	Ä�³ñê.±�¾	Ä�ã	³�³A±�Å-³�×	·�Í5½�¾	±�³�¾�´I·�³�Ò±�³�Ï�ÇZÊ�ô�ÑÎ±ÎÅ�¼5²�Ä�Å/×	±�³ Ý Å�À/¾.»VÃ�¾.Ä�Å�À�Í5Ä<»�Å�·HÅOB ²/±�Å¦±�¾Ã�Ä�¾.´/Æ�¹FÅ�¾	À 3% (200K) Ñ�·�Ï τross = 2 · 10−5 ØÎÍ�»V¾.±�¸�Ò¹ºÅ/¾	À/¿+Ï�ÑÎ² 0 Ã�Ä�³ τross = 0.05 ³-²'¿ÁÀ�Å�¾.À/¿+ÏW±�ÅÂÍ5Ä�²/´@±�¾
0.5% Þ ° áQP � á¦í:âE³ñ»V¾.±�¾	¾�±�Å τross = 0.5 − 50 Ê�ÛÓ¿	Å�Ò»VÆ�ÇIãç·�Í5¶@²/¼�³�ÇI¿Á·�²�Ï�Ç-À�¾7»VÃ�¾	Ä�Å/À�Í5Ä�Å�Ã�²�±�Å�¹º¾	Éµ»V²7ÑÎ¾ÁÒ·�³¦±�³�Ðº¾@Ø5½�¾.»�ÍèíEÍ'Ä�Í Ý Å�Ø'´/¾	Ä�²�Ï�À�±�²�Ø'³�×	Ò ×7Å:±�¾ÁÑÎ²/Í5½�¾.À�Å±�¾.Ã�Ä�²/×.Ä�Å�½�±�²'¿ÁÀ�³�Ê ë Ä�³ τross > 50 Ä�Å�×.±�³ Ý ÅP´/±�²/´/¸¬´/²@×ÁÒÄ�Å@¿ÁÀ�Å�¾.À!ÑÎ² ¯ á/á�í%Ø7±�²�´�²@À�±�²@¿	³�À�¾	·�¸/±�Æ�Ç\¾ÁÑÎ³�±�³ Ý Å�ÇEê	À�²¿Á²'¿ÁÀ�Å�´/·�Ï�¾	Àº±�¾\¶/²/·�¾	¾ 0.5% Êæ:·�Ï<Ä�Å/¿	Ã�Ä�¾ÁÑÎ¾Á·�¾.±�³�É<À�¾7»VÃ�¾	ÄÎÅ�À�Í5Ä�ÆÔ´IÅ/À/»V²@¿.äE¾	Ä�¾
�k²�·Î± Ý ÅW¿Á³�À�Í@Å Ý ³�Ï<Ã�²�Ç@²�Ð%Å�Bú×.ÅWÀ/¾.»Ì³�þ	¼�·�ÙT½�¾	±�³�¾7»�Ø½�À�²È»VÆ�´@³5ÑÎ³�»Ì×7Å�´@³�¿Á³�»V²'¿ÁÀ�¸>ã.Ä�Å�ÑÎ³�¾	±�À�ÅWÀ�¾7»VÃ�¾	ÄÎÅ�À�Í'ÒÄ�Æå²/À�Ñ�·�³�±�Æ�Ã�Í5À�³>Ã�¾.Ä�¾.»V¾.¹�³�´'Å�±�³�ÏdÊ

�kÍ5Ú�¾.¿	À�´/Í@¾	À-±�¾	¶/²/·�¸/¹FÅ�ÏµÄ�Å�×.±�³ Ý ÅÈ»V¾ÁÐFÑÎÍ<±�Å/¹�¾.É»V²7ÑÎ¾	·�¸/Ù
³è»V²7ÑÎ¾	·�¸/ÙRJ�Í5Ä�»�Å�±�±ÎÅÂÞ­î.ï@ï � âZÑÎ·�ÏF´@Æ�¿Á²@¼�³�Ç



S�T UWVLXNY(ZQ[C\^]@_a`

bdc�eNf�gDhieNjkc@l@m(l(fnj�fko;p(f�q@rNj�s�qut�e"b�j�l(vwrNf�j 5%(180)p(q(l τross < 0.5 x s4o;fzy({N|^rQ}@bw{~y@r τross = 1 t�e�N�"�C��� p(q@eNm(fko x q@r���c@l(m(l(fug���y@r�m(fzy(l4}4��j�fko;p(f�q�rQ�
j�s�q�g^p(q(l@p(eNg"f�q��4y(e"b�j�y(��� x r�jQr��4�^f�bzrNo;���Ov�c@s��Ne"�(l4��
τross > 20 � bwc@e�}4��l�o;f�f�j"b�}�l�t@c(}�e"p(s���c@l(��e"g"r�y@y(����l|�l@q(eN��e^l@bwp(eNc@{N�zsNfko;����o;ekt-fwc@fz� �(� rN� x q@rN��y(l(��r�jNfzo6�p(fzq@r�j�s�q�o;f��^t�sOo;ekt�fwc@}@o;l � s�q(s��@r�l���s�q@o�rNy(y@r�t�e��
�"ekt-l(j�t�e SN�N���C�a� j�e�b�g�}(�kr�y(e�b�j�q(szt�y(e�bwj�{" ¡s�m(fzj�r
��eNy(g"f��(�@l(l�l¢o;e�c�f��(skc(}(q(y@eNv�e=p(e"v�c@eN£�f�y(l(} x r��@q(e"o;f¤�jNeNv�eCh�b�bws�£�fkbwj�g"f�y(y@eN�=�zrNgNl@b�l@o;e"b�j�{N ¥j�fko;p(f�q�r�j�s��
q(� x e"b�eN�Nfzy(y(e�g�v�c@s��Ne"�(l4�¦bdc@e�}4� x eNj�p(q@l(y4}(j�e"v�e§e"jQ�y(e"|�f�y@l4} l/h

� e"j�y(eN|�f�y(l@f�g"��bweNjN�¨ekt�y(eNq@ekt�y(eN�nrNjQ�
o;e"bz©�f�q(�D�Ot�c@l(y(f�p(s�j�l�p@f�q(fko;f�|�l@g"r�y@l4} � �ª r�q(l@b �6S l(��e"�Nq@r���f�y@�«s�m@rNb�j��(lFb�l(y(j�fzj�l(m(fkbw�(l(�
bwp@f��(j�q@eNg x q@rNbzbwm(l@j�rNy(y(���Cb	l@bwp@e�c@{"��eNg�r�y(l@fzo§b�q@r�g"y(l4�g"rNfzo;���no;ekt�fwc�f��¬p(eFp(q(eNvzq@rNo�o;f SY NTH

� � s�q(s�� x­z®"®�¯ � �° jkc@l(m(l(f�p(eNjNeN��eNg¢eNjF¤�jQrQc@e"y(y(���Ft@c(} A ����g"f��wt��y(f	p(q@f�gN�	|^r�fzj 3% lCg�bwq(fwt�y(fzo¢b�e"bwjQrNg�c(}(fzj 0.5% x l@y4�j�fzv�q@r�c@{Ny(�	��p@eNj�e"��eNjkc@l(m@rNf�jNb�}�y�r 0.08%
�-± p@f��(j�q@� xgN�	m@l@bdc@fzy(y(�	f§t@c(} ± eNc@y(�@r²p(e³o;ekt�fwc@}@o � s�q(s��@r´l

y@rN|�l@o x q@r���c@l(m@rN µjNb�}�p@e�p(e"j�eN�4rNo³y@f��NeNc@f�f x m@fzo³y@r
0.01 x p@eN�4r��z�	g"rQ}Op@e�c@y(e"f�bweNg"p@r�t-f�y(l(f �± p(e�o;eN£�{" «p(q@eNv�q�rNo�o;�~¶�·�¸µ¹	º � � s�q(s�� x ­z®"®�¯ �y@r§e"bwy@eNgNf�p(e�c@s�m(fzy(y(���¦y@r"o;lFl¦t-q(s�v�l@o;l»r�gNjNeNq@r"o;l
o;ekt�f�c@f��n�"��c@lnp(e"b�j�q(e"f�y(��b�l(y(j�fzj�l(m(fkbw�(l(f¢bwp@f��(j�q@�
��e"o;p(e"y(f�y@j�eNg�t�gNe"�(y(e"�Kb�l@bwj�fko;� ¯@­�¼µ½�¾(�/± q�r�gNy@f�y(l(f
¤�jNl4�Obwp(fz�(j�q(e"g�b�y�r���c�  t-r�fko;��o;lOp(eN�zgNeNc@l4c@e�e"p(q(fwt�fw�
c@l(jN{�p@r�q@r"o;f�j�q@�Rq(fkrQc@{"y(������g"f��wt � p ��S4�¿S � �À �µq(l�b �-­ x S gNl�t-y(e x m(j�e�b�l(y(j�fzj�l(m(fkbw�(l@f�b�p(f��(jNq(� xp(e�bwj�q(e"f�y(y@�	f	y@r�e"b�y(eNg"fHy@rN|�fz�^lOb�jQr�y�t-rNq(j�y(e"��o;ekt�fw�
c@fz� x �"e"q(eN|�e	bweNv�c-rNbws� �jNb�}�o;f���t-s�b�eN�Ne"� x m(j�eµv�eNg"eNq(l@jeC��eNq(q(fz�(j�y(e"��q�r��Ne"j�f�p(q(e"v�q@r"o�o;� �

Á+ÂÃÁ+Â/Ä�Å4Æ;Å(Ç�È�É4Æ/ÊÌË+Í-Ç�Î;Í�Ï6È�Ï6É=ÐNÑ6ÐNÉ(È�Ç�Ê�Ò/Ó�Ô§Æ;Å�Õ
Ë+Í�Ï6Å

± l@b�j�fzo�r ¯�­EÖ q@rN��eNy@rW}(g�c(}(fzjNb�}×bwp(fz�(j�q@r�c@{Ny(e"�Øl
bwp@f��4c(��l(y(jNf�q@©�fzq(e"o;fzj�q(l(m(fkbw��eN��t-gNeN�@y(eN��b�p(fzq(l(ekt�e�o­kS�¯�Ù t-y(f�� � � eN��eNg"l(y(l(y ­z®"®"Ú4Û�Ü rQc@fzvwr�lOt�q �L­z®"®�Ù4Û�� e��
��eNg"l(y(l(y�lOt-q ��S��"�N� � �Ý e�¤z|�f�c(c@fw�Þbwp@f��(j�q�rNo x p(eNc@s�m(f�y(y@��o Ö���� szt�q�}(g��
�(fzgN��o²y@rObwp@f��(j�q@eNv�q�rN©�f ª �	±DÜ �/ß � Ý r�y(m(s��=l�t�q � xS��"�"S � g�r�p(q(f�c@f SN�N�(­ vzekt-r=l¦eN�"q@r��"eNjQr�y(y@��oRl@oD�^f x�N��cDp(q(eNg"fdt�fzyRr�y�rQc@l(�¢©�l(�zl(m(fzb��(l4�np@rNq@rNo;fzj�q(eNg²f�f
��e"o;p(e"y(f�y@j�eNg �kà �²l@bwp@e�c@{"��eNg�rQc@l ��Ù y(f��Nc@f�y�t-l(q(eNg�r�y4�
y(���^c@l(y(l@��q@rN�wc@l(m@y(���^jk}4�^fwc@����¤wc�fzo;f�y@j�eNg �"á r��zy(l4�
�@r�c@s�m(f�g"���§bw��eNq@e"bwjNf���p(e"��g"e�c(}4c�r�p(q(e"gNekt�l(jN{�l(�ko;fw�
q(fzy(l4}�q@r��wt�fwc�{Ny(eCt�c(}���r��^t�eNvze�l(����e"o;p@eNy(fzy(j�eNgOb�l4�
bwjNfzo;� � b�o � Ý q(l4c@e��^f�y(l(f � �Ý e"b���eNc@{N�@s²q(fz��skc@{Qj�l@q(s� µ£�l@�âb�p(f��(jNqDp(q@fdt-b�j�rNg��
c(}(fzj�bws4o�o;s�bwp(fz�(j�q(e"g���e"o;p@eNy(fzy(j�eNg x y(fzp(e"b�q(fdtãbwj�g"f�y4�y(e¢l(�ko;f�q(fzy(y(�	f=¤��(g"l(g"r�c@f�y@j�y(�	f=|�l(q@l(y(�äc�l(y(l(�³y(f
bwe"eNj�g"f�jNb�j�gNs� �j��zy@r�m(fzy(l4}@o x p@e�c@s�m(fzy(y(��oKp(e�o;ekt�f�c@{��y(��oåbwp@f��(j�q�rNoåekt�l(y@eNm(y(e"�Ì��gNfz�dt�� �=± eNeNjNy(eN|�f�y(l(f

� rN��c@l@�@r ­"æãç^è�é(è�ê�ë�ì�éãínîNï�ê�ð@ï�ñ-ëwñ@ì^ïQò�ó�ô�ó�ì^ëõê�í´ö�÷ø é4è�îNï�ñ�èNù�úõ÷üû³ýÿþ�è��ãë��dè³ô��üéLù��	��
�
N÷�
��^ú	� û³ý��������� è�é���èQì�ô��üéLù��	��
�
���

Ý r�q@r"o;f�j�q � j�r^q@rN�Ne"j�r � ­ � � S!�
Teff (a), K 6540± 100

T�Ú��"� T(­z�"�
Teff (b), K 6570± 100

T"Ú��"� T(­k�N�
log g(a), dex 4.12± 0.08

�(� ®N® �@� ""T
log g(b), dex 4.15± 0.08

¯@� ­N­ ¯�� �@­
Z(a), dex 0.031± 0.002
Z(b), dex 0.030± 0.002

V sinI(a), km/sec 8.05± 0.5
V sinI(b), km/sec 8.07± 0.5

o;fw�^t�sRq(fzr�c@{Ny(��o;lâlây@r��Nc@  t-r�fko;��o;lR¤z�(gNl(g�rQc@fzy(jQ�
y(��o;l=|�l@q(l(y@r"o;l=o;e��^f�j^�N�	j�{C�kr�p(l@bzr�y(eCgCgNl4t�f

EWa = EW obs
a (1 + k) x

EWb = EW obs
b (1 + k)/k xv�t�f k = Eλ,b/Eλ,a

håe"j�y(e"|�f�y@l(f¢p(eNj�e"��eNgF��e�o;p(e��
y(fzy(j�eNgCy@r�t-rNy(y(e"��t@c@l@y(f�gNeNc@y(� ��á r���s4o;fzf�jNb�} x jQr���e"�p(ekt@��ekt�gNe"�zo;e���fzy�j�e�c�{N��e�p(q@l�t�e�bwjQr�j�e"m(y(e"��q@r��zy(l(�(f
c@s�m(fzgN���Obw��eNq@e"bwjNf�� x ��eNv�t-r�c@l(y(l(l���e"o;p(e"y(f�y@j�eNg�s�g"fw�q(fzy(y(eCq@r��wt�fwc@}( µjNb�} �

Ö c(}�b�l@bwj�fko;� 41 Dra k = 0.65 t@c@} λ = 5000 #$ l
p(q@rN�(j�l(m@fzbw�@l�y@f��zr�g"l@bwl@j�e"j�t�c@l(y(�âgNeNc@y(� �

à ekt�f�c@{Ny(�	f b�p(f��@j�q(� bwjNq(eNl4c�l@bw{ p@q(eNvzq@rNo�o;e"�
SY HTH y@r§e"bwy@eNgNf�bwfzj��(l²o;ekt-fwc@fz� x q@rNbzbwm(l(jQrNy(y(�����e"o;p4c�f��4bwe�o&%µ¶4¹ $(' �

Ý q(lWb�q@r�g"y(f�y(l@lWb¬p(e�o;eN£�{N  o;fzj�ekt-rEy�r�l@o;fzy({��
|�l(�K�(g�r�t�q�r�j�e"g�y�r���c�  t-r�fko;����¤��@gNl(g�rQc@fzy(j�y(���K|�l4�
q(l(yCc�l(y(l(��bµo;ekt�fwc@{"y(��o;l�eNp@q(fdt�f�c(}4c�b�}Cy@r��"eNqCp@rNq@rQ�
o;f�jNq(eNg x t-rN µ£�l@��y@r�l4c�s�m@|�f�f�b�eNe"j�gNfzjNbwj�g"l(f�l4��o;fw�C�t�sOb�eN�Ne"� �"� r���eN��o;f�j�ekt=l@bw�(c@ µm@rNf�j�g�c@l4}(y@l(f�y@f�eNp@q(fw�
t�f�c@f�y(y@e"bwjNlKb���e"q(e"b�j�lKe"bwfzgNe"v�e�g"q@r�£�f�y(l(} x l@�zo;f�y(}( ��£�fz�§p(q@e"©�l4c@{�c@l(y(l@l x y(e�y@f�fzf�¤��@gNl(g�rQc@fzy(j�y(s� u|�l4�
q(l(y@s �Q� rN���"��c@l�e"p(q(fdt-fwc@fzy(� Teff x log g l�o;fzjQrQc(c@l@m4�y(e�bwj�{ Z

�
Ý q(eNfz�(�(l( Øbw��eNq(e�bwj�l³e�bwf�g"eNvzeKg"q@r�£�f�y(l(}»y@rKc�s�m

��q@f�y(l4} V sin(i) y@rQ��ekt�l4c@l«p(e"bwc@f²e"p(q(fwt�fwc@fzy(l4}«p�rQ�
q@r"o;f�j�q(e"g�o;ekt�f�c@l x bwq@rNgNy(l@g"rQ}¢p(eNc@s�|�l(q(l@y(� c@l(y@l(� xq@r"b�bwm@l(jQr�y(y(�	f6t�c(}�q@r���c@l(m(y(����bw��e"q(e"b�j�f���gNq�r�£�fzy(l4} xb�y�r���c�  t-r�fko;��o;l�p(e�c�s�|�l(q(l(y�rNo;l � Ý e�c@s�m(fzy(y(�	f�p@rQ�
q@r"o;f�j�q(�ubwq@rNgNy(l@g"rQc�l@bw{�bCq(f��zszc�{Qj�rNjQrNo;l§l�b�bdc�fdt�e"g"rQ�
y(l4}=¤�jNeN�=bwl@b�j�fzo;�Dt�q(s�vzl@o;l�r�gNjNeNq@r"o;l � jQrN��c � ­ � �� r���gNl�t�y@e x g�p@q(fdt�f�c�rQ��e"|�l(�"eN��l@�zo;f�q@f�y(l(�^eNp@q(fw�t�f�c@f�y(y@�	f�y@rNo;l¢p@rNq@rNo;fzj�q(� bweNg"p@r�tãr� µj=bCq(fz��skc@{QjQrQ�
jQrNo;l�t�q(s�vzl4��r�g"j�eNq@eNg x p(eNc@s�m(f�y@y(��o;l¢q@r�y(fzf � l¢jQr��4���f�l@o;fz µ£�l�o;l»b�gNeNlFp(eNvzq(f�|�y(e"b�j�l �dx m(jNe�l²v�eNg"eNq(l@je�g"eN�zo;e���y(e�bwj�lCp(q@l@o;f�y(fzy(l4}Oy@rN|�fz��p(q(eNvzq@rNo�o;�²t@c@}
eNp@q(fdt�f�c@f�y@l4}�p@rNq@rNo;fzj�q(eNg��4r���ekt-l(y(eNm@y(������g"f��dt x jQr��l=��e"o;p(e"y(f�y(jNeNg^�(q@r�jNy(����b�l@bwj�fko �



)�*,+�-.*0/�1213/415+.687�9;:�*,+�<�/>=;:@?BA�<�7�AC6D=;E�F�/@G�15+�H�IJ7K*ML
STAR N�O

P3QSR�T;U�V�W�X>Y[Z;\^]�_0`	Z;a>X�b�Y b^c^Y8Z;a>` d>Z�Y�e!YKf�Y�bScSgihjYKkld�Y	Z;a�hm]�Z�noXpa>hqkpr!`Cs5Y[Z�Yut�X>Yvt>e�nw`
Teff = 10000, log g = 4.50

Xklr�e!YKf�cmxy] Z�]�z�a|{K}>~�~��>�ycBX4b^a��jY gjklr�e!YKf�c��;W�bSc@t�]�_0`	Z;a>X�b�Y b^c^Y8Z;a>` d>Z�Y�e!YKf�Y�bScSgihjYKkld�Y	Z;a�hm]�Z�noe�f@��a�hlklr�`Cs5Y	Z�n� r.f�b^z^a�����Z�c�X>Y�e!Y b^n5_�kpr�e�YKf��(xy] Z�]�z�aj{K}>~�~����p`
l/h = 2 � kpr!e!YKf��|��]�Z�k4a�bSb�a4{K}>~�~;���l`

l/h = 0.5
cib^a��mc4klr�e!YKf�c �X�n2�@c�`Kf�Y bSb^n3Yqevf@�|Z;a�t>bSn8\�t�b�a��;Y b^cSg

l/h
�
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Teff = 10000, log g =
4.50

¢|¹p± µ £K³�«»ºy¦ ¤�¦�¼�©o½K¾>¿�¿�À�ÁÂ«Ã¢�ª^©�Äj£ ²�¹p± µ £K³�«�Å´¡�ªS«@·�¦�§�¨	¤;©>¢�ª�£ ªS«�£j¨ «Sª^­m£�­y«^®;£�¨�¯�«�¥Æ¨ °�£ ¯�­(¤�±�¢ÈÇ´±.³�ª^¼^©�¢¤;©�²S±!ª^£É³�«^ªS«S²
H

«
K CaII

¢p¹p± µ £K³@¶;¥Êºy¦�¤�¦�¼^©�½K¾�¿�¿�À>Á!Ë(Ì(¦ ¤�¹p©�ª^ª^©�½K¾>¿�¿SÍKÁi«�ª^©>Äm£�²»Î µ ³@¶»¨K³�¦�®;©�¶
l/h = 0.5
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'.Ò�û�À ÍBÀsØ!ÑPá@ñsâNá@ÏmÖ¼ù�À Â¯Ø����N��Á�ØÍ+*¥ÍBØ-,�����Ø	�A£.ß�B°��(�q�A�B�¼¨���À.·Îç(æ�ó�Ó¡ô3Ò�ò�ò���ÀsØ�þ/.aá@ñ10	á"Ó�×FÀsØNç�ÓÕÒ�ò(ê���ÀéØ�ðÐá@á"Ö¡ÿ2�ÀsØ	ù;á@ó�Ó¡á@òMõ;À Â¯Ø� @¿N¿N¢�Ø�Í3*¥ÍBØ(Þ!ú!Þ	Ø�¿N��¿



4-5 687:9-;�<(=?>A@�BDC

EGFIHKJ�LNMPO/QIHRO

SNT-U
V�W�X�TZY�[�\^]�_a`&bdcfea_hg�_hi�jk]�blc-bdmAbonqpNrs]
nab(t(b(u$_
ea_h`wvx_�ywr{z|nqzwg�_�}hjDy
gh~(��zwg�_�}�_����(c�t(_at
~weqz&ghm�ghp����A_(nq_�g�_
]�b�ea�-�A_(nq_�gZu�e�}

a
_

b
c-b�r�]�bdghzwg�mAb(t�`&bdbdmAt
zwmA`wmAt-z&g�ghb

� V��$�^�w���
λ ������ EWa ����R� FWHMa �h��R� EWb ������ FWHMb �h��R����o� �
�-� 4�� � � 5�� 5-��� 5�� 5-��� 5�� Y 4 � 5�� Y� $¡

¢�£¤� � �-5�4�� 4-5 5��  $Y�Y 5��  - $� 5�� Y ��5 5�� Y
� 5
¥K¦N� � �-5 � � ��  5�� 5
� � 5�� 5
� � 5�� Y ��5 5�� Y � ¡
¢�§¨� � � ��� � �-� 5�� 5
� � 5�� 5 �
Y 5�� Y 4 ¡ 5�� Y 4-�
¢�§¨� ¡ 5 ��� � Y�  5�� 5 �
¡ 5�� 5-��� 5�� Y
� 5 5�� Y-¡-Y¢�§¨� ¡ 5 � ��� ��Y 5��  -  � 5��  -  � 5�� Y-¡�¡ 5�� Y � �©3ª � ¡�  5 ¡ � ¡ 4 5�� 5-4�� 5�� 5 � 4 5��  �� 5 5�� Y-Y
�
¥K¦N� ¡� $¡�¡ ���(� 5�� 5 ¡ 5 5�� 5
�
5 5��   �
5 5�� Y 4 �¢�§¨� ¡� $¡ ��� 5 ¡ 5�� 5-��� 5�� 5-�   5�� Y(� � 5�� Y 4
�
¢�§¨� ¡�  � Y � 4-5 5��  -  � 5��  - $� 5�� Y
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