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Siess et al. (2000)
X=0.703, Y=0.277,  Z=0.04
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Baraffe et al. (1998)
Y=0.275, [M/H]=0
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w �Fuxs)w*r��2�vzE��w*u?w*����yts�����w���s�uvs��F� rt�^z ¦ i�i - k Î Î�Îej	§�Î Î�Î�Î
f^¬©°7 zEs�s<q6s�|Art�x} � 2 � § �£Ð��^�vzI} �Frt|�} �NsizE�F����s�z3rtzIrt�^s�rts��N{Ps�y�w*�
rt�FytsIzEs�´2�Fs��^|�s;�ª}*y=rt�FsIÙ�Ú���w,|�ux�Fz3rts�y�z3r�w*ytz��vz��^}*r���s�yE~��F���4�
�ªs�yts��2r±�4yt}��Wrt��w.r?}*��rt�^s��2��w*yE��zEs�´2�Fs��^|�s�� ^ �x�Fs��,�d~"|�} �N{�w*yE�
w*rt�v��s(zE{Ps�|�rEyt} zE|�}�{d~��Ps�rD��s�s��Irt�^s±rY��}��*yt}��^{Fz£}*�Cz3r�w.ytz��P��s(�^zEs
rt�^s�zEsN�v�^�F�v|�s�z?w z({Fyt�v��w*yE~i�6�4w*���F}�z3rt�v|�z(} ��zE{Ps�|�rEy�w*u�rY~6{Ps�������rt�
rt�^s�� w*yt�v}��Fz�|�} ux} �Fytz�w*���T�v���6�v|�s�z��v�=w �*yts�s��Ns��dr�w*rCrt�^s Î�8v§GjjÎ�8 Í
zE�^�6rY~6{Ps�uxs���s�u^��} y�«j��z3r�w*ytz��6w*����w*rCrt�^s # Î�8 k zE�F�FrD~F{Ps�uvs���s�u��ª} y
É¬��z3r�w*ytz ¦ q6s�|Art�x} � 2 � 2�© �

º£�^u�~,�x�\rt�Fs > ����w*���\w �^�,�ª}*yN��w.yEyt}.�����^w ���)zE{Ps�|�rEy�w u��v�F�
�F�v|�s�z�zEs��FzE�vrt�v��s�rt}£�Ns�r�w uvuv�v|���rY~�w ���?� y�w��2�vrD~d��w.yts���s�|�} �^zE�vz3rts��drtu�~
w �Fuxs�rt}��F����s�yts��2rt�xw.rts�rt�Fs�|�uv�^z3rts�y�z3r�w*ytz?�4yt}�� rt�^s=�6��w*yE��z3r�w*ytz
¦ q6s�|Art�x} �^z 2 � § w*��� 2 � Í�© ��Ð��^s�®C«�q?z3r�w.ytz�zE�F}���w > ���^w ���±s�46|�s�zEz
} � # Î�8v§ ��w � �^��rt���6s�z���} y�É¬�Jw �^�Ts�w*ytu�~N«j��rD~6{Ps�z3r�w.ytz�������rt�Nrt�^s
s�46|�s�zEz�w.rEr�w �v�^�v�F�TØ Î�8 Í ��w ���F��rt���Fs�zC�ª}*y�« Ï < « k |�uv�^z3rtsAy��Ns��T�
�Ps�ytz�� \ s±w zE|�yt�v�Ps5rt�^s > ����w*���js°4F|�s�zEz�rt}�w.r�uxs�w z3r¬} �^s5}*��rt�6yts�s
|�}��drEyt�v�^�6rt�v�^�N��w*|�rt} ytz < uv}.��s�y±s���s�|Art�x��s?�*y�w.�2��rY~d���^�v���Fs�y5�Ns�r�w*uv�

uv�v|���rY~Gw �^��s��F��w*�^|�s���}�{6rt�x|�w u³w |�rt�v�2��rY~d�CÊY���6�v|�s�zTrt��w.r=�Ns�w zE�6yts
rt�Fs"rts��N{Ps�y�w*rt�6yts���zEs��^zE��rt�v��s,Ú�w Ó w ���¯Ð��4º �N}�uvs�|��^uxw*y��^w ���6z
z3rEyts��^� rt�Fz�zE�^}��\rt�^w*r�rt�Fs�Ù(Ú���w�z3r�w*ytz�w.yts�zE�^�6rtuv~(�6����s�yts��dr&�4yt}��
�2��w.yE�ªz��2����rt�jzE��w*uxu��F�Fr�|�}��^zE�vz3rts��dr��6s��2�xw*rt�v}��Fz���yt}�� rt�^s³�6��w.yE�
zEs�´2�Fs��^|�s�rt��w.rJ��s��v�2rtsAyt{Fyts�r�w*z�s��6�x�6s��^|�sCrt��w*r�rt�Fs�zEs��v���6�x|�s�z�w.yts
zEs�|�}��^�^w*yE~;�Ns�r�w uvuv�v|���rY~�w*���I�*y�w.�2��rY~;�v���F�v|�w.rt} ytz���Ð��FsTÚ�w*Ó w ���
Ð��4º`�v���6�x|�s�zjzE�F��� s�z3r;�F�v���^sAyj�NsAr�w uvuv�x|��vrD~�w*���Guv}���sAy;s���s�|�rt�v��s
�*y�w��6��rD~��v��rt�^sI|�uv�Fz3rts�y=z3r�w*ytz���yts�zE{Ps�|�rt�v��s�u�~d��Ò³y�w��2�vrD~2�DzEs��^zE��rt�v��s
�v�^�F�v|�w*rt}*ytz��JzE�^|��\w*z(rt�FsNÉ Ê±w*���,Ë£w;Ê5w.rt}��N�v|�ux�v�Fs�z�w*���,rt�Fs
­ s�Ó��N}�uvs�|��^uxw*yCuv�x�Fs��d|�uvs�w.ytu�~Tuv}d|�w*rts�rt�^s�ÙTÚ���w¬|�uv�^z3rtsAy��Ps�rD��s�s��
rt�FsIuv}d|��^z=} �(�2��w.yE�ªzjw ���<rt��w.rj}*�±���xw �drtz�� \ �^�vuvsIrt�^s��v���6�v|�s�z
�6s�yt�v��s��N��yt} � rt�^s¬uv}����¤yts�zE}�uv�Frt�v} ��zE{Ps�|�rEy�w�zE�F}.�¯|�} �^zE�vz3rts��dr��Ps��
�^w��6�v}*y��2�x�={�w.yErt�v|��^uxw*y�rt�^s���y�zEs��FzE��rt�x�2��rY~Nrt}(� y�w��2��rY~d�drt�Fs�~��F}±�F} r
{PsAyt�N�vr¬wj{6yts�|��vzEsT´d��w*�drt�vr�w.rt�v��s��Ns�w*zE�Fyts?} ��rt�Fs��Ns�r�w*uvux�v|���rD~�} y
�*y�w��6��rD~=���F�v|A��w���w ��rtz����Frt�6yts¬�^�v���6�¤yts�zE}�uv�Frt�v} ��z3rt���6~d�

Ð��^s�} �Frt|�} �Ns�z5�6s�zE|�yt�v�Ps��"w �P}.��sTw.ytsT|�} �^zE�vz3rts��dr¬����rt�irt�Fs
uv}d|�w.rt�v}��I}*��rt�^s³Ù;Ú��^w?|�uv�Fz3rts�y��x�=rt�^s³Ó³��· ¦ } y£ÚC�Y« © �F�xw �*y�w �I�
Ð��FsiÜ �x�drts�yt�Ns��F�xw*rts�Ý�w � s"}*�5rt�^s�z3rts�uvuxw*y;{P}�{F�^uxw*rt�v}���{P} zE��rt�x} �^z
rt�Fsi|�ux�Fz3rts�y��vzE}d|��Fyt}��Fs\w uv�N} z3r�s�´d��w*uxu�~²�Ps�rD��s�s��²rt�^w*r�}*��rt�Fs
~�}��^�F��s�z3r=®C«�q�{P} {^�^uxw.rt�x} �^z ¦ ����rt��w � s�z;Ø § «j~2y © w*����rt�Fs
��w*�v�F��zEs�´d�^s��F|�s���Ð��FsT��s��Fs�y�w uC��w.rt�FytsT}*��rt�^sTzE{Ps�|�rEy�w;w.ytsN��s�yE~
zE�v�N�vuxw*y8rt}��6��w.yE�ªz��.�F�Fr�rt�^s�{P}�zEzE�v�^uvs��v���F�v|�w.rt�v}��±} �6�^�v� �^s�y&�Ns�r�w u��
uv�v|���rY~Tw �^��rt�^s�z3rEyt}��F�5�x�^�F�v|�w.rt�x} ��} ��uv}.��s�y��*y�w��6��rD~T�vz�|�} �^zE�vz3rts��dr
����rt�;rt�Fs¬|�} �N{�w*y�w.rt�v��s£~d} �Frt�;}*��rt�^s5ÙjÚ��^w�|�uv�^z3rts�y��
\ ��rt� w²µ2�^}����Ô{P}�{F�^uxw*rt�v}�� } � §Kl {Fyt�v��w*yt�vs�zizE{�w*�^�^�v�F�

zE{Ps�|�rEy�w u�rD~F{Ps�z£} ��� l < « k � k �8rt�Fs?Ù�Ú��^w=|�ux�Fz3rts�y5�vz¬w=�Fs���w ���2�
�v�F�Nu4w*�P} y�w.rt} yE~I��} y5®C«�qIs���} ux�6rt�v}���w.yE~I�*yt�4�6z��PÊY��q6s�|�rt�v} � k ��s
|�}��N{�w.ytsNrt�^s=|�uv�^z3rts�yTrt}�rD��}�yts�|�s��dr�|�w uv|��Fu4w.rt�v}��^z ¦ ��w*y�w*��sjs�r
w*u�� §�¨ ¨[l87 q6�vs�zEz(s�rTw*u�� Í Î Î�Î�© �v�,rt�^s 6 � ¦ 0 j�66© ÚC�Y«��F�xw �*y�w �
w*���T��s����^��rt��w*r��P} rt��� yt�x�6z���w*�xu�w5rts�z3r���} y�|�}ds���w*uv�vrD~N�ª}*y�zE{Ps�|��
rEy�w*u�rY~6{Ps�zTuxw*rtsAyNrt��w �G« 2A< « Ï ��«Iw µ2�v�^�,�FzEsI} �£}��6y�w��6}�{Frts��
zE{Ps�|�rEy�w u�rD~F{Ps�z£w*�����Fyt}�w��F�^w �^��{F�^}*rt}��Ns�rEyE~d�F��s(}��^zEsAyt��w.rt�x} �F�
w*uvuv~;�FsA���^s�rt�^s5|�uv�Fz3rts�y��xzE}d|��Fyt} �^s¬��} y�5 ¨ «j~2yE�D} ux�I®�«�q�z3r�w*ytz
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w |�yt} zEzTzE{Ps�|�rEy�w*u�rY~6{Ps�z(} ��É .Y< « k � k ��Ð��^s��ª�Frt�6yts=�F�vzE|�}.��s�yE~,} �
} rt�Fs�y¬uv}��¥��w*zEz£|�uv�^z3rtsAy¬�Ns��?�Ps�ytz��N�x� �dr£�FzEs��ª�Fuxu�~�s°46rts����jrt�F�xz
�vzE}d|A�6yt}��^s=rt}"rt�Fsjuv}���s�z3rNz3rts�uvuxw*y���w zEzEs�zNw �^�<�v�drt}�rt�^s=�Fyt}����
�6��w*yE��yts����v�Ns 7 Ê3« ­ |�w uv|��Fuxw*rt�v}��Fz��d~TÛ�~d}±s�r�w*u�� ¦�Í*Î�Î*Ïd© zE�F����s�z3r
5 Í*Î �^���6s�rts�|�rts���uv}��0��w*zEz=z3r�w.ytz;w*�����Fyt}������6��w*yE��zj|�} �^ux�
w |�|�}��N{�w*�d~=rt�Fs¬µ2�^}����;z3rts�uxuxw.y£{P} {^�^uxw.rt�x} �8�

â2ç�� m n � '6:£o � � : m å�ä
^ ·³Ûjw*|Aµ2�F}.��uvs��6��s�zJrt�Fs�zE�^{F{P} yErJ}*��w³Ñ³Ë5q \�� ^#] ­ ^ ÊD�2rtsAyt��w*�
rt�v}���w*ud®�}�z3rt�*y�w��6��w*rtsC·³s�zEs�w*yt|��?q6|��^}�uxw.ytzE�^�v{8� \ ^ Û�Ý z8yts�zEs�w*yt|��±�xz
zE�^{F{P} yErts��;�d~=Ñ£Ë¬q \�� ^_] ­ ^ ­ w |��FuvrD~jw ���Iq6{Ps�|��xw*u&·�s�zEs�w*yt|��
Ò³y�w �drtz�� \ s�rt�^w �^µ�Û8�vztw(ÚCy�w �FzEs³�ª}*y�}��6r�w �v�^�v�F�({F�^}*rt}��Ns�rEyE~?�ª} y
rt�^�vz�{�w*{Ps�y���q2rts���s ` w �Ns�z=w*���h@Jyt�v| ­ s��v��s�uxzE} ���ª}*yIw*zEzE�xz3r�w*�^|�s
w*rCrt�^s�rts�uvs�zE|�} {Ps��6w �^�Nrt�Fs³«�q^q^qFº�rt�v�Ns�w uvuv}d|�w.rt�x} �;|�} �N�N��rErts�s
�ª}*y Í � 2 ���=� ] ��q�rt�v�Ns¬�6�Fyt�v�^� Í Î Î�Í#jiÍ*Î�Î Ï � \ s¬w uvzE}�rt�^w �FµTrt�^s
yts��ªsAyts�s5�ª} y�rt�Fs���y³�Fs�uv{F���^u�|�}��N�Ns��drtz��

æ=: ) :�æ=: m ç�:Áä
��w.y�w*��s(ÊA�v��Ú��^w �6yt�xsAy±Ò?�v� ^ uvuxw*y�� ­ �v�^Ó¬w �FzE|A�F�vu4�2r¬®��^Ó?�v� §�¨�¨[l �
^ ¸ ^ � 2[2[. � Ï�Î[2

��s�zEzEs�uvu�«i�PqP�v� §�¨�¨�Î � ^ ¸ ^ q^qP� l[2 � 2/km.
��s�zEzEs�uvu�«i�PqP�v� §�¨�¨6§ � ^�` � §�Î6§ � È�È�Í
��s�zEzEs�uvu�«i�PqP�v� §�¨�¨�¨ ��® ^ q6®J� § §�§ � §�Ï�Í È
��} �^�2�vs�y ` �x�<Ú�w �Fyt��r q��v� ­ s�yt� ¶w*���Fs�×0«i�v��«Iw.yEr ¶�v� @��<Û��v�
«Iw.rErt�^s���z ` �P«i�v� §�¨�¨[2 � ^ ¸ ^ � Í[.�Í � §K. È

Ú�uxw �FzEs�� ` �v��Ë³} y��6z3rEy��}��Õ�³�v� §�¨[l[k � ^ ¸ ^ � lm2 � 2m2�¨
­ s��x� s�uvzE}��f@�� ] �v�6Û&w���zE} � \ � ^ �x�^Ò¬w.yt�N�vyts¬Ò?�6®��x� Í*Î�Î[2 � ^ { ` �
k*¨�¨ � §.Í*Î/.

Ò£�v×��vz ` � @��v� §�¨�¨/. � ^�` � § §K2 � l�Î È
Ó³}��^µNË(�v��Ú�}���uvs�~ ^ �v� §�¨[.[k ��Ú�w*r�w*uv}����Fs5} ��Ð���} � ] �v�Ns��FzE�v}���w*u
q2{Ps�|�rEy�w*uFÐ�~6{Ps�z��ª}*yCÓ ] qdr�w*ytz��*Ñ£�F�x��s�ytzE��rY~±} ��«;�x|��^�v��w �8� ^ �F�
^ yt�P} y

É5s��d~d} �\qP� ` �v�&�Cyt}���� ] �8ÊA�v��Ð8}��Fr�Ú³� ^ �v�&��s�ytuv�v���)®��v� §�¨�¨[l �
^#` � §�§Hk � Í.Ï�¨6§

É5s��d~d} ��qP� ` �x�^Ó¬w.yErt��w �^�jÛ��v� §�¨�¨[k � ^ { ` q^q�� §�Î6§ � §�§K.
É5��ytµ2{�w.rEyt�x|�µ ` � ] �v�dÓ³s��FyE~NÐ£� ` �v��«;|�Ú�w*yErt�d~ ` y�� ] � \ �x� §�¨�¨6§ �
^ { ` qFq�� .[. � Ï6§H.

É �} �^uvs�y�·(�v�^Û8s��v�Fs�yEr£Ú³�x� §�¨ ¨[l � ^ ¸ ^ � 2m26§ � ¨/.m.
Û8w���zE} � \ � ^ �x�FÚCy�w*�^zEs±Û�� ^ �v�^«Iw ��w�Ì3s�µ�@�� @��v� ­ s��v��s�uxzE} �f@��
] �x� Í Î Î6§ ��«;Ë£· ^ qP� 2�Í2§ � km.

Û8w���zE} � \ � ^ �x�FÚCy�w*�^zEs±Û�� ^ �v�^«Iw ��w�Ì3s�µ�@�� @��v� ­ s��v��s�uxzE} �f@��
] �x� Í Î Î�Í ��«;Ë£· ^ qP� 2�Í ¨ �PÛ Í ¨

Û8w���zE} � \ � ^ �v� ­ s��x� s�uvzE}�� @�� ] �v� Í Î Î6§ ���x��«;}��drt�Ns�ytuvs�Ð£�v�
^ ���2y ¶s5®���s��6z�� ^ qF®�Ú�} �F�D��q6s�yt�vs�z ��}�u�� Í.Ï/2 � ­ yt}�� ] w*ytµ2�^s�zEz
Ð8}NÛ8�v���dr�� ^ z3rEyt} �8��q6}d|��^®Jw |��v�PqFw � ­ y�w �F|��vzE|�}F�^{8� k ¨2§

Û8w���zE} � \ � ^ �v�*Û�~d} ^ ��·±�x�.«;�^×�s�yt} uvuxs ` �v� Í*Î�Î*Ï ��«;Ë£· ^ q�� 2/k2§ �
Û 2�¨

Û��^�^��w*�jÉT�^Û��v� Í Î Î6§ � ^ { ` � k*È�Î � Íml[.
Û��^�^��w*�jÉT�^Û��v��q2rts�s����^z ] �v� Í Î Î Ï � ^ { ` � È Î�¨ � ¨6§K.
Û�~d} ^ ��·(�v�dÛ8w���zE}�� \ � ^ �v�F«Iw ��w�Ì3s�µ�@��8@��v� ­ s��v��s�uvzE} � @�� ] �v�
q2�^�F�
@J�3Ú³�v��ÚCy�w �FzEs?Û�� ^ �v� Í*Î�Î[2 ��«;Ë³· ^ q�� 2[2ml � È2§�È

Û�~d} ^ ��·±�x�&Û&w���zE} � \ � ^ �x� ­ s��v��s�uxzE} � @�� ] �v��ÚCy�w �FzEs=Û�� ^ �v�
Í*Î�Î*Ï ��«;Ë³· ^ q�� 2 Ï/. � Í*Ï�È

«Iw*��w.ÌYs�µ2@��D@��v��Û8w���zE}�� \ � ^ �v� ­ s��v��s�uxzE} ��@�� ] �v� §�¨�¨ ¨ � ^ { ` �
kd§�È �PÛ .m.

«Iw*��w.ÌYs�µ2@��D@��v��Û8w���zE}�� \ � ^ �v� ­ s��v��s�uxzE} ��@�� ] �v� Í Î�Î Î � ^ { ` �
k.Ï�Ï � 2/k*È

«Iw*yEr ¶�v� @��^Û��v� ] s�u��ª} zEzEs �?�v�F��w z3yt�&Ò?�v��Ò£} ux�F��w �;�³�v� ­ } yt��s��xuvuvs
Ð£�v�P¹�w {^w*rts�yt}=º£zE}*yt�v}�«i��·±�v� §�¨�¨�¨ � ^#` � § §Kl � Í*Ï�È�È
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