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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,Ù7Ñ
Ø�Ì�Ó�Ù
ÑYÒ2×�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
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∆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,Ù
Ø�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)
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6 Ò`ÓJÖ%ÊMÒ`Ó�ÌFÇ`Ð_Ó(Æ)Ç#Ê	ÈcÂ ß�Ë�Ð^Ï�Ì&Ó�Ç`È8Ð^Í%ËJÖ%ÊMÎ�Ð_Ð_Ç.-Ë.ÌFË�ÐrÇ#ÈMÆZË.Ì&ÐgÆZË�ÒWÒWÓ�Ç#ÌFË�ÐqÐ9Ê8ÈMÆrÍ%Ëuï�Ê	Ì4Ñ0Ë�ÐrÇ#Ì4Ì(ØË.ÏxÎ%ÒWÇ.-Ë.ÌFË�Ð�à
Ñ0Ó�ÇWÐ=Ç!Ò`Ð=Ð9Ê8ÈMÆ?Æ)Ê�Î	Æ=Í%ËnÑ�çË.Ñ0Ë¢Ó�Ñ0Ë.ÈPØË�Ð<-ÓnÐ�äpÓ�ÒWÇ#Ï(È%Ë.Ì�Ë.È­Ö8Ó�ÌAÆ4Ç`Ë8à}Ð9Ê�Î�Ð=ÒAäpÓ.É4Æ)Ç`Ê8È­Í	ÎtÉ878Ó�Ñ0Ö
Ñ0Ó�Ï(ÈPØË�Æ)Ç`ã	Î:Ë
Û`ï�Ó�Ç`á	Ò#Ë8à

10−6
Ï(Ó�Î%Ð9Ð4âwÌ(ØË.Ï(È8Ó�È�ÆrÍ	Ó�È8ÐrÒ#Ë
Í�Ç`Ð9ã	Î:Ë>=PÓ�Ò`Ó�É)Æ)Ç#ã�Î:ËyÂ�ß.Ë�ÐqÏ(Ì&Ó�Ç#È8ÐqÓ�ÏxÇ`Ð;/

Ð�Ë�ÈMÆfÓ�Ò`Ê8Ì&Ð>É4Ê8Ñ0ÑOËjÎ:È
î%Ò2ÆbÌFË;Ö%ÊMÒ`Ó�ÌFÇ`Ð_Ó�ÈMÆ(Â
ß.Ë�Ð�Ë�×�Ë�ÆZÐ6ÉgÊ	ÑOá�Ç#ÈPØË�Ð�Í%ËJÒAäpÓ.á8Ð9Ê8Ì4Ö�Æ4Ç`Ê8È¯Ë�Æ^Í8Ë-ÒWÓOÍ�ÇW×yÎ�ÐbÇ#Ê8È§ï�Ê8È�Æ^Ó�Ö%Ö8Ó.ÌFÓ�ç ?|ÆgÌFËJÒ`Ë�ÐOØËxÆ)Ê�Ç!Ò#Ë�Ð6Ö�ÒWÎ�Ð

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#ÌFË
Ó�Î�Ð_ÐbÇ

évÓ�Î�È%ËJã	Î ä«Î:È%Ë°ØË�Æ)ÊMÇWÒ`Ë0Í8Ë=ÆAå8Ö%ËE=Nà8æ�Ê�Ç`ÌFË0Ñ�çË.Ñ0Ë
Í8Ó�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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kel�\]m<ceSG[NdnT�\gl�W�ZNo;pe\HqBr
\�dbXsd;leSYXBU*S�T*\0^E\0[�XtX:W�u\�dvaf[NU'wxZeWB^y\zPz{N[|\"}�\�X ~zo:Ze^E^y\�Ze[<d;\HlNT*S0o:\>ceSG[Nd�T*\>WYh\0_�U�^E\>c�\<rzSYk�T*\"U�_Ypl�Z�afWzT&SvcNU&}zaQd�U�ZN[�~ T&StX.S�U'T&T*\sc�\�d�_YW�S�U�[ed�ce\�l�Z�a�d;d�U.u\0W�\�d�\�dbX�V�\�S�afobZ�afl5l�T&aQd�l�\�XBU`XB\��Naf\�T*SnT*Ze[�_�af\"aQWc���Ze[�c�\$U�[eo�U*c�\0[�X.\e~�\�X�T&SgcNU*dbX:W.U*VNaNXBU�ZN[Hd�lNSYXBU*S�T*\$c�\�dtX�S�U&T'T�\�d�c�\g_YW�S"U�[eds[���S�}�\0oBXB\$leS�dnT*S5wxZNWb^E\$c�\T*SEo:Z�afWbVe\yc���\��"XbU*[�oBXBU�Ze[��
��SGW�XBU*[(����pNU`X�XB\�X5K��G�GLY�b~�uSET3��\��0o:\�l�XBU�Ze[(c�\�d9o:�EaQW�d5c�\0[ed;\�d9ceSG[ed�T�\�dWYh\�_�U*Ze[edsc�\5wxZeWb^]SYXBU�ZN[]c���h\�X.Z�U&T*\�dv�NaeUzo:Ze[�XBU*\0[�[�\0[GX�c�\�ds_"W�S�U*[ed�l�T&aQds_"W�SG[�cNdv�*�zpIh\A\�XtS�T.PeK��G�G�Y�;P

qxTzw�S"aNXtobZeWbW�U�_Y\0WIT�\"d�^]SG_"[�U�XBafc�\�dnc�\$T
��\8�"XBU*[�oBXbU*Ze[
Aλ

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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D
P u½ XbU`X:W.\sc���\��0\�^ylNT*\e~af[�\y\��"XbU*[�oBXBU�Ze[(c�\]T
��ZNW�c�W�\<c�\ET&S<^]SG_Y[NU�XBafc�\Eo:ZNWbW�\�d;l�Ze[ec¾uSyaf[e\¿h\�X.Z�U&T*\yd�U�XBa�h\�\yÀGLGÁµX:W�ZelµT*Z�U�[�PÂ ZeW�d�~�ce\�dv¸GS�T�\YafW�d9c�\�T3��\��"XBU�[�oBXBU�ZN[<c�\HlNT'aQd�U�\"aQW�dj^]SG_"[�U�XBafc�\�dÃd;Ze[GXÃo:Z�afW�SG[�XB\"dGP�Äs[yU�^]SG_�U�[�\AT*\c´h\�d8S0dbX:W�\HceSG[ed�T�\�dEh\0o8p�\"T'T�\�dÃce\Ec�U*dbX.SG[�ob\�dtÅ Â \"afW�\"aQd;\0^E\0[�X ~�T*SEl�Z�aQd8d�UBu\0W�\H[���SGVed;ZeWBV�\]leS0djaQ[NU�¶wxZeWB^¿h\�^y\0[GX�d�afW�X.Z�aNXjT�\Ed;l�\0oBX:W.\EdbXB\"T&T&S�U�W�\zP ³ \yo:ZN^yleZeW�X.\0^y\�[�X5c�\ET3��U�[�wxW�S0W.Z�af_Y\¯leSGW�W�SGl�l�ZNW�XyuST
��\��"XbU*[�oBXBU�Ze[E\�dbXsV�\�S"afo:Z�aQl¯lNT'aQdvSY¸�S0[�X.SG_Y\"aG�H��af\iT*\5¸�U&d8U*VNT�\gS�a¯d8U*^yl�T�\iW.\�_YSGW�c<ce\iT*SAo:ZN[edbX.SYX.SG¶XBU�ZN[�d�a�U`¸�SG[GXB\|�

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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AJ

AV
= 0.282

AH

AV
= 0.175

AKs

AV
= 0.112
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ª�«�¬o«E­ ®	¯_°b±'°@²´³µ ±7¶P· µjµ ±+±L¸@¹ µJº ¹ µ�» ±7¶f¼"½

¾ �Q��¿����������N�DÀÁ|E���,�.~M�C|Â�C�2�����N���a�m���=�2~0�s�P���"�ÄÃ%�"�2~,��|Z���<zQÅb�.�`{E���N�Yz����b|Â�C�2�����5Æ"ÇÉÈ]Ê�ÊYË
Ì [jhk] cmsig Í ��������{Z����Å�z�{E�Q�2~M�Î�/���"�az.����~0����~0|,��.���Y���b�2~��2���É�U���J��z.~0z�|Z�/���Ï���W{ZzÐ������Ñ

�C���Ò��'�U~�|Z�R�.�"�U~0�s��{F�@�=|E���@~0�`�/�"�2~0�U���Ä�=�2~3���s���'�C|Â��������.�T����{F{E���O�/��z'�,|�z�{E��� Í ������|ZÓ��2�.�m�.�"�O���"�2~
�2�����=�2~�Ã�z��,�����?�,��|�{E��Æ"ÇÉÈ�Ê�Ê�x

Ì [jhk] msigcom Í �������s{Z���+Å"z�{E���2~M�sÃ%�"�2~,��|��T�P���"�+�2���J}�|E�.�Ð�J�Q|�{�{Z���2~0�m���,�,|Z�mz'�,|Z���Ð�������.~CÑ
~��Q�2~M�]�������C���Ò��'�U~0|EÓ��2���Ä�C�.��z�{E���]�'�`Ó���|��/���"�3�C�b�������<|Z����|ZÓ��`��.�������"�2~3�2���R�U���m��z�~Mz�|��P�������
{Zza�����.�C���Ò��'�U~�|Z�Ô�.���=~0����{F�@�=|E���2~M�<�/�b�2~0�U���N~���.��z.~M�C|E���<�=�2~r�2�Y�Q~0z.���J�����Yz�|E�����/��zQ�C|�z�{Cx
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[jhk] msigcom
�������N{�zÎ�m���"�.���������,�

���
σ(phot) = 0.025

�Yz��5���"�2~	{�À ����/��z��"�C|�{F{E�������sw"ÙLÚ���7�C�b|F{E���Ä�'�o{�À ����,z�~M�UÑC�������+��z�~)~Mz�������~M�5Õz?�U�'�0�C�
�m���"�.����������u�xÛu�u�Ùa�mz���xDÜ.���5��~,~0���2~M�+�����.�C���Ò��'�U~�|ZÓ��2���V�/���"�N�������N�2���a�P�"�2~0�U�Î��~MzQ�C|ZÓ��2�.�m�.�"�
�3��.�7{�|Z����z�}�{E�����Ô��|��/���.~M�=|E���Y��z.����{�zÔ�Cz�{�|Z}�~MzQ�C|E���)x

Ü.����|E���U��~M�C|Â�C�2�����	�=�2~�{E���_�;�������o�/���.�C�U~Mz���¿]�/��~���.����~��U�����.�"�����ÄÃ�z)Ý�T���+��|E~0�.�C�C�<�=�2~�{Zz��mz��Q��|��,�@���
z�}��/�"{��2�N��z�~_{;ÀÞ|E���C�.~,�Ò��.��|�z�|E~0������{Zz]~0��{ZzQ�C|Z���?{F|E�3���z�|E~0�a��'�0z�}�{�|Z�]�U|EÑT�����/�=�@�)���"�U~��<{E�Ä�������]�/���.�C�U~0z�{��'�
{ZzV�Yz��Q��|Â�C�2���Nz�}��/�b{F�2�_x ¾ ÀØz���~'Õ���){E���3�T~�|��QÕ��~����3�T���"|Z�=|Z�3��z����i{Z�5��z�~Mz��Q~0z.�����Rw@x�ß@xFwN���b�2~oÓ���z��"�C|�à2��~
{E���V|Z�������J���2��.�3���|Â������5z����P�Q|E�j��ÀÞ�2���Î����.~0|E�Ô���Î�U{Zz.�T�=|�à@�,zQ�C|E�����V���b�@~��2���Î�Ðá�.�m�g��7�C�b|F{E� Í ���W�����/�
σ â t2x�uÔ�/�"�@�<�������2x�×]�mz��,��Õ�������������5��|E~0�.�C�C�.�m�.�"�RÕz

σ(S) â u�x�Æ"Ùs�mz.�@x2ã����z.���J�"|E��� Í {Zz��=�2�����b�=|EÑ
�C|E���j�DÀÁ�2�j}�~0��|Â�]�'z��@�T�=|E���m��ÀÖ���,�]�����b�=ÑQá�'�U~0�a��z.���C�"����ÕzÔÃ�z�|��rä%�@�,�C�2x_å��J��z�~��,|Z�U��{�|Z�.~ Í �2���a~0����z'�,|Z���
~Mz���|Z���V���V{;À ��'���b|�{Z�5�.�"�U~Mz7á æE���]�2�sÃ%��~M�)�Ò��Q{Zz����Q�5�����r~Mz�|E���i�/���.�C�U~Mz�{E���3�'�	{E���){Zz�~0�Q���2~M�?���Ó���|ÂÅ�z�{E���"�C���
���s�,���Ä~Mz�|E���`�/���"�Ä�T��z.���2������.xb�%{����,�3z�{E��~0�<��|Fç��U|F{E�+���s�3��'���.~,��|E����~i{E�N�������R�/�����,�U~Mz�{��'�3{ZzRyrÜR�,��~,Ñ
~0�.�C��� Í ���a��z�~M�C|E�U��{F|E�.~D���b�2~o{E���+��'���b|�{Z���`���]��������ä;���@���5è�y	�b{F{�|E���<�0��éÒÊ���������}���~C�Ît�ê�Ù�ÙÄëQÊ�{E�7�����.}�z�ì
�'��z�{�x_t�ê�v�uNë.íO~Mz����Tì.�.�J�'�]z�{Cx@t�ê�ê�ÙÄë�yD�b{�{F|E���+���O�'��z�{�x_t�ê�êbt7î/x�yrÀÖ���U�]���b�2~��U���V~Mz�|Z�/�����VÓ��2�Îï3z�~,Ñ
~�|��/����é¦ïO~MzQ��è t�ê�ê�Ú.î`��~0�����b�P���"�+�����R�U{Zz��/�=|Fà2�,zQ�C|E�����5�"��.��z�~Q��.���V���"�2~�{Z���+~��.��zQ�C�Q�2~M�?{E���"���?�'��{E���
~0����z'�C���2~M�s~Mz��b|E�����.x ¾ z����+{�zÎ�m���=�2~0�Î�rÕ�W{;À;��.�T��z����,|F{�{Z���m�b�,|F{�|��"��Ô���b�@~�{Zz��Cz�{�|Z}�~MzQ�C|E���j�����U�����,|Z�.�"�
z��2�U�2���m�"���{Z�.�C�,|Z���É}�z.�"��.�m�T�@~V{�zj~0���0zQ�C|E���:�����W��'�C�"|�{E��� Í ���ð�������R�=�2�����b�P��~RÓ��oÀÁ|�{r~0�.��~Q����P���"�C�m{Z�
�U���J����~M�C���J�.���r�J���b�����DÀÁ�2���Ò���{Zz.�����V�DÀ ��'�C�"|�{E���Ä�����"�i{�zR�b|Z�,�U~�|E}b���C|E���Ô�����iÅb|��C���T�/���`���+~0����z'�,|Z���
�'�O{Zz���|��U�U~0|E}����C|Z���Y���s{�ÀÁ|E���U{�|Z��z�|��P���Î������zL¿.���]����~0���0zQ�C|E���J��z�~O~Mz�������~���Õz�{Zzs{�|Z�����a���RÅb|��"��.�R�/���"�
z�{,���zQ�C�"|E~0���NèÛÈ�}"�5Æ�u�ubt7î/x

ª�«�¬o«;ñ ò�· º ±7¼�ó »�µ

å��Ô�,�5Ó���|��U�����U�.~,���5{�zV��|Z�/����~0�=|Z����|E������|Â�C�V��z�~D{Z���3|Z���U�.~��C|Â�C�2�����3���V��|��U�0z����U��� Í ��{�{Z�<�U~��"��Åb�V�Tz
�/�b�2~0�U�R��z����<�����.¿Ô�Cz.�Ä���Rà2�7�2~0� Í �=��|ÂÅ�z��"�i{;ÀÖ��~0|E�7|E���R���?{Zzs��|Z�,��z����U�Rz������"����.� Í Õzs�TzQÅ"�b|Z~r��z�~Mz�{F{ZzL¿��
ô |E����z.~��,���<�b��}�|E������|��U�0z����U�+�J���"�.�����+���+{;ÀØz.�T�/���U|�zQ�C|E���)xbÜ.���r��|Z�,��z����U���O�/�����r�2��.�3��.~Q��.���r�=��|ÂÅ�z��"�
{Zza��|��,�=~0|E}��b�,|Z���Y��}��P��~;Åi����a�����5��z�~Mz�{F{ZzL¿�����è%y�z.�]zQîi�'�<�����N��|��U�0z����U���]�J���"�.�������]è�yDz.�N}�îPx

Ì yDz.�az�xi×N�S���C|�{F|Z�/�j�2���mÅ�z�~�|�z�}�{Z��z�{,���z'�C�b|Z~��W�'z��@�T�=|E�������W�����"��{;À;��.�,z.~M�UÑC�������g���,������Qz�{?Õzg{�z
�Ò��.�b|Zz����j�����Î��~,~0���2~M�a�U�0z�����z�~0�����T�@~?{E���Ô��z�~Mz�{F{ZzL¿���� ô |Z����z�~0�U�b� Í Õzg�TzQÅb�"|E~?�@���g�Y|F{�{�|��/�.Ñ
�U�������Ô�DÀÞz�~0��x
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Difference between each star and the linear fit to the MJ-spectral type calibration
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