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tuÎ�Ï)¬uv1kìn`Ñ ÓÔÙ�r6¬Jk
Ñ n�¬uµ�Ü�qstÇª�q;«1k
Ñ1n�¬on�Û�k�muk�¬Jv1k�«�Ù�r6k
ÑÞ¬uµ^mJk
t�µ�×`k�m�r6µ�ªsn�mPÆ�n�mon�Ü^k�¬uk�m�r
�M7=8N:\Ï�÷Gp1k�ø�ùàú�Ï9<�r=q;«
> ��È�muµ�Ü n�«
µ�l�r6k�mu×�n�¬6q;µ�«Þµ�È�©�k
r6¬ond¨

Ò�v1k�n�«�n ª;·�r=qsràÜ¹n�Ñ�k�r6k�muk�«�Ñ`q;Æ�q;¬uµ�Ù�r�Ù�r6k�µ�È�¬uk�Ü^Æ�ªsn�¬Jk�r6Æ�k
t�¬um�n�È�muµ�Üg¬uv1k�j�µ�Æ1Æ�ª;k�m
Æ�ªsn�«1k�¬�r6k
n�motuvÌr6¬on�mor~¨�Ò�v1kP¬Jk�Ü^Æ�ªsn�¬ukPr6Æ�k
t�¬Jmon�v�n ×�kPn�mJk
r6µ�ª;Ù1¬6q;µ�«^µ�È�l�k�¬u¬Jk�m%¬uv�n�«O��Ë`Ë�Ë�Ë
n�«�Ñ r=q;Ý�«�n ª ÿ ¬uµ ÿ «1µ�qsr6k�µ�È�n�l'µ�Ù1¬ þ Ë�Ëd¨ ö�k�×�k�mon�ª�¬uk
r6¬Çq;¬uk�mon�¬4qÚµ`«�r�µ�È�r6Æ�k
t�¬um�n ª�r6·#«�¬uv1k
r=qsr
Ü^µ1Ñ�k�ª»q;«1Ý Û�k�muk¹mJÙ1« µ�« r4Ù1l�r6k�¬orÇµ�È�n®È�k�Û v#Ù1«�Ñ�mJk
Ñ r6¬on�morÖmon�«1Ý�q;«1Ý/q;« ¬uk�Ü�Æ�k�mon�¬JÙ1muk
ÈKmJµ�ÜP2 �`Ë�Ë�Ð ¬uµ���2#Ë�ËÇÐ q;«aµ�moÑ�k�m�¬uµ�mJkG��«1k�Ûßn ×�k�ª;k�«1Ý�¬Jvìn�«�ÑÌr6Æ'k
t�¬umon ª�ª�q;«1k�r6k�ª;k
t�¬6q;µ�«�Ï
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q;Ü^Æ1muµ�×�k�t�µ`«#¬6q;«�Ù1Ù1Ü ��¬u¬6q;«1Ý�Ï�n�«�Ñ/Ñ�k�m6q;×�k^n�«�k�Ü�Æ�qÚm4qÕt�n�ª%Ü^k
n�r6Ù1mukÇµ�È%Ü¹n�t�mJµ�¬uÙ1mul1Ù�ª;k�«�¬
×�k�ª;µ�tJq;¬6·�n�rPn�ÈKÙ1«�t�¬6q;µ�«Þµ�ÈC7=8N:�¨

$ Ä � Ä � 
��	� �9' 
='�¿ ¿ ��
PÀ�/='\¿0&('1Ã�À
Á Â�)
� ��� ' )
�P«1kìtJv�n ª�ª;k�«1Ý�k�ÈKµ�m�r4Æ�k
t�¬umon�ªßr6·�«#¬Jv1k
r=qsr�Ü^µ1Ñ�k�ª�qÚ«1Ý qÕrÖ¬uv�n�¬�Ñ`q»¦�k�muk�«�¬�Æ�n�mon�Ü^k�¬uk�m�r�t�n�«
v�n ×�k%r=q;Ü�q�ªsn�m�k�¦�k
t�¬or�µ�«�nPr6Æ�k
t�¬Jmon ª�ª�q;«1k�¨%p1µ`m�k��dn�Ü^Æ�ª;k�Ï�Ñ�k
t�muk
n�r=q;«1Ý�¬uv1k%Ü^µ1Ñ�k�ª 798;:ìÛßq»ª�ª
Ý�k�«1k�mon ª�ª;·aÜ¹n�Î`k�«1k�Ù1¬umon ª�Ü�k�¬on ª�ª�qÚ«1k
r�Ñ�k�k�Æ'k�m
Ï1l1Ù1¬�n^Ñ�k
t�muk
n�r4k�qÚ«Þ¬uv1k�Ü^µ1Ñ�k�ª�k�ª;k�Ü^k�« ÿ
¬on ª�n�l1Ù1«�Ñ1n�«�t�k\t�n�« t�µ�Ü^Æ'k�«�run�¬uk�¨ Òßv1k�Û�qsÑ�k�m�n�«1Ý�k�µ�È�k���tJq;¬on�¬6q;µ�« Æ�µ�¬uk�«�¬6qsn ªsrÌn�«�Ñ
Ñ`q�¦*k�mJk�«#¬,qÚµ`«�q �
n�¬6q;µ�«ìr4¬on�¬uk
r)µ�È�¬uv1kÖÉüû�Ë�Ë�n�«�n�ªÚ·	��k
ÑÌr6Æ�k
t�¬um�n ª1ª�qÚ«1k
rßv1k�ªÚÆ�r�¬uµ�l1mJk
n�Î�¬uv1k
Ñ�k�Ý�k�«1k�mon�t�·al'k�¬6Û�k�k�« 7=8;:+n�«�Ñ/÷@p1k�ø�ùPú9¨

§ Æ�n�mu¬6qst�Ù�ªsn�m%tJv�n ª�ª;k�«1Ý�k�v�n�r�l�k�k�«^Ñ�k�¬uk�mJÜ�q;«�n�¬6q;µ�«�µ�Èdr6Ù1m4È n�t�k�Ý`mon ×�q;¬6·Pq;«Çµ�Ù1m�r6¬on�mor�¨
�PÙ1m�¶Þµ�«�¬uk ��n�m6ª;µar=q;Ü�Ù�ªsn�¬4qÚµ`«�r�r6v1µ�Û ¬uv�n�¬�n�«�k�mJmuµ�mPµ�È���Ëd¨;Ê�Ñ�k���q;«Þª;µ�Ý�?ÌÈ�µ�mot�k
r�n�«
k�mumuµ�m�µ�È�Ù1Æ^¬uµ���Ê
Ë�Ë�Ð q;«-7=8N:�Ï�Ûàv�qÕtJv�q;«Ì¬uÙ1mu«^t�n�«�muk
r6Ù�ª;¬�q;«^k�mJmuµ�mor)µ�È�Ù1Æ�¬uµ���Ë1¨;ÊPÑ�k��
q;«¹k�ª;k�Ü^k�«�¬on ª_n�l1Ù1«�Ñ1n�«�t�k
r�¨%p1µ`m�¬uv1kPÛPn ×�k�ª;k�«1Ý�¬uv¹r6k�Ý`Ü^k�«#¬�r�qÚ«�¬uv1k�n�«�n ª;·1r=qsr�Æ1muk
r4k�«#¬uk
Ñ
v1k�muk�Ï�¶/n�moØ`Ù�n�moÑ�¬�Ü�q;«�q;Ü�q �
n�¬6q;µ�«\Ñ`qsÑa«1µ�¬�Æ1muµ�×`qÕÑ�k�Û�k�ª�ª ÿ t�µ�«�r6¬um�n q;«1k
Ñ�×�n ª;Ù1k
r�È�µ�m�ª;µ�Ý�?�¨
�9«�¶Þµ�«�¬uk ��n�m6ª;µ^r=q;Ü�Ù�ªÕn�¬6q;µ�«�r�Ï�r=q;Ü�q�ªÕn�mLA B ×�n�ªÚÙ1k
ràÛ�k�muk�µ�l1¬on q;«1k
ÑÌµ�×�k�mPnÇmon�«1Ý�k�µ�È�Ë1¨ �
Ñ�k��/qÚ« ªÚµ`Ý"? ¨^Í'q;Î�k�Û�qsr6k�Ï)ÛPv1k�«\Ü�Ù�ª;¬6q;Æ�ª;kìr4Æ�k
t�¬umon®µ�È�¬Jv1k¹run�Ü^k^r6¬�n�m�Û�k�muk^n�«�n ª;· ��k
Ñ
¬uv1k�muk�ÛPn�r�Ù1«�n�t�t�k�Æ1¬on�l�ªÚkÌrut�n�¬u¬uk�m�q;« 7=8;:®n�«�Ñ ÷@p1k�ø�ùàú)ÛPv1k�«/ª;µ�Ý�?�ÛPn�ràª;k�È�¬�n�r�n�È�muk�k
Æ�n�mon�Ü�k�¬uk�m
¨Çö�q;«�t�k¹ù�q;Æ1Æ�n�m�t�µ#r�Æ�n�mon ª�ªsn��1k
r�Æ'k�muÜ�q;¬�¬uv1k^Ñ�k�¬uk�muÜ�q;«�n�¬4qÚµ`«+µ�È%ª;Ù1Ü�q;«1µ#r=q;¬6·
Û�q;¬uv^v�q;Ý�v^Æ1mJk
tJqÕrÔqÚµ`«�Ï1¬uv1k�mon�Ñ`q;Ù�r�ÛPn�r�Ñ�kG��«1k
Ñ È�muµ�Üc¬uv1k�ª;Ù1Ü�q;«1µ#r=q;¬6·¹n�«�Ñ�µ`Ù1m�798;:�¨)Å\k
q;«�qÚ¬4qÕn�ª»ª;·/Ù�r6k
ÑÞn�Ü¹n�rur ÿ ªÚÙ1Ü qÚ«1µ�r=q;¬Ô·amJk�ªÕn�¬6q;µ�«a¬uµ¹Ñ�k�m6q;×�k�r6¬uk�ª�ªsn�m�Ü¹n�rur�n�«�Ñ ���¹ª;µ�Ý@? �

?�� ?�÷�� ������� ����� ������7 �9ú���� �!�#"$� B
ùàµ�Û�k�×`k�m
Ï)¬uµ/Æ1Ù1¬^µ�Ù1m¹n�«�n�ªÚ·1r=qsr�µ�È�r6Ù1m6È9n�t�kaÝ�mon ×`qÚ¬6·\µ`« ��muÜ�k�m^k�Ü^Æ�q;m6qst�n ª�ÈKµ�µ�¬ ÿ

q;«1Ý�Ï�Û�k�v�n ×�k�muk
t�k�«#¬4ªÚ· n�Ñ1Ñ�k
Ñ\nÌ«1k�ÛcÛPn ×�k�ª;k�«1Ý�¬uv r6k�Ý`Ü^k�«#¬�¬Jv�n�¬Pq;«�tJª;Ù�Ñ�k
r�¬uv1kÌ¶�Ý��
H�l�Ja¬Jm6q;Æ�ªÚk�¬Çª�q;«1k
r^n�«�Ñ Û�k¹n�muk^mJk
n�«�n ª;· ��q;«1Ý\n ª�ª�r6Æ�k
t�¬Jmon1¨ap1µ�mÇÜ¹n q;« r6k
Ø�Ù1k�«�t�kar6¬on�mor�Ï
¬uv1k^Ñ�k�m6q;×�k
ÑÞÝ�mon ×`qÚ¬4qÚk
ràÜ¹n�¬�tuvÞ¬uv1µ#r6kÖqÚ« µ�Ù1m�Æ1mJk�×�q;µ�Ù�r�n�«�n�ªÚ·1r=qsr�Ï�l1Ù1¬�Û�k�«1µ�Û muk
t�µ�×�k�m
r6Ù1l1Ý�qsn�«�¬ìr4Ù1m6È n`t�kaÝ�mon ×�q;¬6q;k
r�¬uv�n�¬^n�muk/t�µ�«�r=qsr6¬uk�«�¬^Û�q;¬uv ¬uv1µ#r6kaµ�È�§àª�ªÚk�«�Ñ�k !�m6q;k�¬uµ �
Í�n�Ü�l�k�mJ¬ �oÊ������ �oÏ1ÛPv1µat�µ�Ü�l�q;«1k
Ñ\ù�q;Æ1Æ�n�m�t�µ#r ÿ l�n�r6k
Ñ+ªÚÙ1Ü qÚ«1µ�r=q;¬6q;k
r�n�«�Ñ�k�×`µ�ª;Ù1¬6q;µ�«�n�mu·
¬umon�tJÎ1r�¨

$ Ä $ Ä %O'�À�'1Á&� � 
 � 
(' , Â�Ã�Á���À���Á�¾���)+' 
�Ã�'
�9« nar4·#«�¬uv1k�¬6qstÇÜ^µ1Ñ�k�ª Ï�muµ�¬on�¬6q;µ�«�n ª�×�k�ª;µ�tJq;¬6· � <%r=q;«
> �oÏ�r6Æ'k
t�¬umuµ�Ü^k�¬Jk�m�muk
r6µ�ª;Ù1¬6q;µ�«�Ï)n�«�Ñ
Ü¹n�t�muµ`¬uÙ1mul1Ù�ª;k�«#¬�×�k�ª;µ�tJq;¬6· l1mJµ#n�Ñ�k�« ª»q;«1k
r�Û�q;¬uv1µ�Ù1¬¹tJv�n�«1Ý�q;«1Ý\k
Ø`Ù�q;×�n ª;k�«�¬¹ÛßqÕÑ�¬Jv�¨ �9«
µ�moÑ�k�mÇ¬uµ�Ñ�k�¬uk�muÜ�q;«1k <%r=q;«
>ßÈ�muµ�Ü ¬uv1k¹r4Æ�k
t�¬umon�ªßr6·�«#¬Jv1k
r=qsr�Ü^µ1Ñ�k�ª9Ï�¬Jv1k-� ! muk
r6µ�ª;Ù1¬6q;µ�«
ÛPn�r�Ñ�k�¬uk�mJÜ�q;«1k
Ñ qÚ«�Ñ�k�Æ'k�«�Ñ�k�«#¬4ªÚ· l#·/Ü^k
n`r6Ù1m6q;«1Ý/¬uv1k¹ÛßqÕÑ�¬Jv µ�È�¬uv1µ�m6q;Ù1Ü ª�qÚ«1k
r~¨\Ò�v1k
muk�Ü¹n q;«�q;«1Ýar6Æ�k
t�¬um�n ª�ª�q;«1k�l1mJµ#n�Ñ�k�«�q;«1Ý^qsrà¬uv1k�«�n^t�µ�Ü�l�q;«�n�¬6q;µ�«Þµ�È"<*),+.-ßn�«�Ñ <%r=q;« >u¨

¶/n�t�muµ`¬uÙ1mul1Ù�ª;k�«#¬Ç×�k�ª;µ�tJq;¬6·Þqsr�n�¬u¬Jm6q;l1Ù1¬uk
Ñ/¬uµÌªsn�muÝ`k¹rut�n ª;kat�µ�«#×`k
t�¬6q;×�k^Ü^µ�¬4qÚµ`«�ràqÚ«
¬uv1k¹r6¬Jk�ª»ªsn�m�Æ1v1µ�¬Jµ#r6Æ1v1k�muk�¨�Òßv#Ù�r�Ï�Ü¹n�t�muµ`¬uÙ1mul1Ù�ª;k�«�t�kÌqsr�k��1Æ�k
t�¬Jk
Ñ\¬uµ/Ñ�k�Æ�k�«�Ñ µ�« ¬uv1k
Æ1v#·1r=qst�n ªPr6¬umuÙ�t�¬uÙ1mJk^µ�È�¬Jv1k¹t�µ�«�×�k
t�¬6q;×�k���µ�«1k�µ�m�k
Ø�Ù�q;×�n ª;k�«#¬6ª;·�Ï�µ�«/¬uv1k^k�¦�k
t�¬6q;×�k^¬Jk�Ü ÿ
Æ�k�mon�¬uÙ1mukPµ�m,ª;Ù1Ü�q;«1µ#r=q;¬6·^µ�È�¬uv1k�r6¬�n�m
¨�Ò�µ�Ñ�k�¬Jk�muÜ�q;«1k�¬Jv1k�Ñ�k�Æ'k�«�Ñ�k�«�t�k�µ�ÈC<*),+.-�µ`«-7=8N:�Ï
Û�k�n�mu¬6q �_tJqsn ª�ª;· r4k�¬�<%r=q;« >�¬uµ ��k�muµ�ÏPn�l�r6µ`mul�q;«1Ý n ª�ª�ÜÌn�t�muµ�¬uÙ1mJl1Ù�ªÚk�«�¬an�«�Ñ muµ�¬on�¬6q;µ�«�n ª
l1muµ#n�Ñ�k�«�q;«1Ý/q;«�¬uµ\¬uv1k H�</),+0- JÞÆ�n�mon�Ü�k�¬uk�m
¨/p�qÚÝ`Ù1muk\Êar6v1µ�Û�rÇ¬uv1k¹mJk
r6Ù�ª;¬or^n�r�n®ÈKÙ1«�t ÿ
¬6q;µ�« µ�È
7=8N:\¨\Ò�v1k�ªÚµ�Û�k�m�k�«�×�k�ª;µ�Æ'kaqsr�Ñ�kG��«1k
Ñ l#· r4¬on�mor�qÚ« Ûàv�qÕtJv Ü¹n�t�mJµ�¬uÙ1mul1Ù�ª;k�«�¬
l1muµ#n�Ñ�k�«�q;«1Ý¹Ñ�µ`Ü�q;«�n�¬uk
r�muµ�¬on�¬6q;µ�«�n ª�l1muµ#n`Ñ�k�«�qÚ«1Ý'¨�§ ª�q;«1k
n�m ��¬�¬uµ�¬Jv�qÕr!1�µ#µ�m�·�q;k�ªsÑ1rà¬uv1k
muk�ªsn�¬6q;µ�«�r6v�q;Æ�Ï

<32,4�5��76��98 �
�#7 8;: " þ Ë�Ë:8
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Vmac = −7.9 + Teff / 500

p�q;Ý�Ù1mukÇÊ�¨ ¶/n�t�muµ`l1muµ#n�Ñ�k�«�q;«1Ý�n�r�nàÈKÙ1«�t�¬6q;µ�«Ìµ�È�7=8N:�¨�Ò�v1k�ª;µ�Û�k�m�k�«#×`k�ªÚµ`Æ�k
Ý�q;×�k
rßÜ¹n�t�muµ�¬JÙ1mul1Ù�ª;k�«#¬P×`k�ªÚµ1tJq;¬6·�n�rPnÇÈ�Ù1«�t�¬6q;µ�«�µ�ÈNk�¦�k
t�¬6q;×�k�¬uk�Ü�Æ�k�mon�¬JÙ1muk�¨
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p�q;Ý�Ù1muk �1¨ �%µ�Ü^Æ�n�m4qÕr4µ�« µ�Èaö#¶ � ÿ Ñ�k�m6q;×�k
Ñ.7 8;: n�«�Ñ ÷Gp1k�ø�ùàú�Û�q;¬uv Æ1Ù1l ÿ
ª�qsr6v1k
ÑÞ×�n ª;Ù1k
r�t�µ�Ü^Æ�q�ª;k
ÑÞl#·4��n ·#mJk�ª�Ñ�k�ö�¬umuµ�l'k�ª9¨

§�r�¬uv1k�ÈKmJk�k�Æ�n�m�n�Ü^k�¬uk�m 798;:+n�«�ÑÌ¬uv1k�Ð�Ù1muÙ�t���Ü^µ1Ñ�k�ª�n�¬uÜ^µ#r4Æ1v1k�muk
r�n�muk�Ù1Æ_Ñ1n�¬uk
Ñ
Û�q;¬uv k
n�tuv ¶/n�moØ`Ù�n�moÑ�¬���¬u¬4qÚ«1ÝÞq;¬uk�mon�¬6q;µ�«�Ï)¬uv1k¹ÜÌn�t�muµ�¬uÙ1mJl1Ù�ªÚk�«�¬�×`k�ªÚµ1tJq;¬6·\qsr�n ªsr6µ�Ù1Æ ÿ
Ñ1n�¬uk
ÑÌn�t�t�µ�moÑ`q;«1Ý^¬Jµ�¬uv�qsr�k�Ü^Æ�q;m6qst�n ª�muk�ªsn�¬4qÚµ`«�¨"��k
t�n�Ù�r6k�ö#¶ � muÙ1«�r,q;«al�n�¬otJv¹Ü^µ1Ñ�k�Ï`q;¬
qsrPÆ'µ#rur=q;l�ª;k�¬uµÌn�«�n ª;· ��k�r4k�¬or�µ�È%r6k�×�k�mon�ª*v�Ù1«�Ñ�muk
ÑÞr6¬on�mor�n�«�Ñ�qsÑ�k�«�¬6q�ÈK·aÆ1mJµ�l�ª;k�Ü¹r�q;«Þ¬uv1k
��¬or*ÈKµ�m)Æ�n�mu¬4qÕt�Ù�ªsn�m%r4Æ�k
t�¬umon�ª#ª�q;«1k
r%n�r)nàÈ�Ù1«�t�¬6q;µ�«�µ�È�7 8N: ¨,�P«�t�kà¬uv1k�n�¬Jµ�Ü�qst)ª�q;«1kPÆ�n�mon�Ü ÿ
k�¬uk�mor�n�«�Ñ®q;«1Æ1Ù1¬�Æ�n�mon�Ü^k�¬uk�m�r��Ôr4Ù�tuv/n�r </),+0-�Ï�< 2�� 5 Ï=��! muk
r6µ�ªÚÙ1¬4qÚµ`« ��n�muk^Ñ�k�¬uk�muÜ�q;«1k
Ñ�Ï
¬uv1k�«�k
n`tuv�r6Æ'k
t�¬umuÙ1Ü t�n�«�l�k�n�«�n ª;·	��k
ÑÌq;« Ê�� ��v1µ`Ù1morPµ`«�nÌö�Ù1« !�ª;¬um�n���Ëd¨

$ Ä���Ä �ÇÁ '�Ã���¿�����
 Â 
 � ½aÃ�Ã �*Á Â�Ã�*
Ò�v1k+¶/n�m�Ø�Ù�n�m�Ñ�¬���¬J¬6q;«1Ý n ª;Ý�µ`m6q;¬uv1Ü q;« ö#¶�� Æ1muµ�×�qsÑ�k
ran�« k
r4¬6q;Ü¹n�¬ukÞµ�È�¬Jv1kÌÈKµ�mJÜ¹n ª
Ù1«�t�k�mu¬on q;«�¬6·\q;« k
n`tuv È�muk�kÌÆ�n�mon�Ü^k�¬Jk�m
¨#��· ��¬u¬6q;«1Ý\v�Ù1«�Ñ�muk
Ñ1r^µ�ÈÖr6Æ'k
t�¬umon ª�ª�q;«1k
r�Ï�Û�k
¬6·#Æ�qst�n ª�ª;·ün�tJv�q;k�×�kaÈ�µ�muÜÌn ª�Ù1«�t�k�mu¬�n q;«#¬6q;k
rÌµ�È���û�Ë\Ð È�µ�m-7=8;:�Ï���Ê	��

������ÈKµ�mO<%r=q;« >uÏ
n�«�Ñ���Ë:8@Ë�ûaÑ�k��\È�µ�m^÷@pdk�ø�ùàú9¨�§ t�µ�Ü^Æ�n�m6qsr6µ�«\µ�ÈPÜ�Ù�ª;¬6q;Æ�ª;kaµ�l�r6k�mu×�n�¬6q;µ�«�rÇµ�ÈP¬uv1k¹run�Ü^k
r6¬on�mÇ¬on�Î�k�« n�¬�¬uv1karun�Ü^k^µ`l�r6k�mu×�n�¬uµ�mu·�Ï)µ�m�µ�l�r4k�mu×�n�¬4qÚµ`«�r�µ�Èß¬Jv1kìrun�Ü^k¹r6¬on�m�¬on�Î`k�« n�¬
Ü�Ù�ªÚ¬4qÚÆ�ª;k�µ�l�r6k�mJ×�n�¬uµ`m6q;k
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