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E � A � 	 & � ! 	 � � 	 � � � � < I � � � � B � � # � - � � A ! # ! � ! � / � � � 	 B � � 	 � � � & 	 / � � 1 � � � � # ' �
/ � � � P * � � 	 � � & � 	 � ' � ! � � ' � � # ! # R S S � A # - � � - � # � - � � � B 	 � ' � � � / � ! � � �

1σ
� W & � � A !

� � � 	 ! # � ! Y 	 # P ! * 	 � A 	 � � / � ! � � �
2σ

I # ! R # ! / � � � 	 B � � 	 � - � � - � # � - � � � � � B 	 � ' � �
� 	 � # � � � # 	 B � � A 	 � ! � P * � � � � � B � � 	 � � � & 	 / � � R A � ! 1 � � � � # ' � � � * � � � � / B � � ` � � b � < � c 1 !

� � � � � � � 	 e � & � � � ' � 	 � � � ! # ' ; h = � ' � � � � ! � � � � 	 B 	 � � � � 1 ! � ! � � � ! � � 	 � ! � A 	 A � 	 � ! 4
� � � � A � 	 � # � � I B # ! � � � * � � � � / B � � A ! R S S 	 � 	 � � # 1 ! # � � � � � 	 - � � S 	 A � 	 � ! � � � � - I �
	 � A � � � - � ! � � � � # � ! � & � / m 	 � 	 1 � � � � � # � � � 	 � � & � B 	 �

� � � � 	 � � � � p b � q � � / � P # � # ' 	 � # � � 1 � � # � � 	 	 � � � � e & � � � ' s A � 	 � ' s � � � � A � ` � � � ! 4 � � # � 	
A � 	 � ! 4 � � � � A � c 	 � � � � ! # ' ; < � = & � ! 4 � ! 4 � 	 � # � � ' � R A � ! 1 � � � � # ! 4 x z p h � | < < �
� � � A � s A � � & � � # 	 B � ! m ! � � A ! � � 1 ! # � � � � � 	 - A A � � e � W * 	 � A � 1 � � � � � # � ! � 1 ! � / B � � �
� � � � A � s � � # ! & � & 	 S S � � � � � 	 � � P � ' s 1 ! 1 � � � ! A � W * 	 � A � 1 � 	 � � & � � � � � / � ! � � �

2σ
� ? & � / s 1 ! � � � & � 	 s � # ! � � � � s 1 � 	 � � & � � ' � � � B � � 	 - 1 � 	 � � & � � � ! m ! s 	 � A � � & � � # 	

� ! ! # � � # � # � / e � � m ! A � 	 # 	 B � � A ! m ! / � ! � � - � � � B 	 � ! � # 	
α0

�

λ( �A) rc
s 2σ � � � (

rc
s

)
rc

p 2σ � � � (
rc

p

)
ic(◦) 2σ � � � (ic) (◦) xc

1
2σ � � � (

xc
1

)
yc
1

2σ � � � (
yc
1

)
χ2

red α0�  � " " $ % % ' "  " $ " " " ) * " $ " %  � + " $ " " " ' ' ) � $  ' % " $ "   " $ + + " $ % . " $ % ) " $ ' . ' $ * % % �
8 · 10−9. ' � " " $ % % * ' " $ " " ' " " $ " %  ) ' " $ " " " � " ) � $ . ' " $ %  " $ � " " $ *  " $ % . " $ . " " $ � ' ' % / " $ / / / /  .  � " " $ % % ' " " $ " " % + " $ " %  � / " $ " " " * � ) � $  " " $ % ' " $ � ' " $ ' . " $ % + " $ + ' " $  / % + + " $ / . ' � " " $ % % % + + " $ " " " / + " $ " %  + ) " $ " " " ' + ) � $  � ) " $ " ) ) " $ � * " $ ' " " $ " ) " $ * ' " $ /  " * ) " $  "  � " " $ % % % ) / " $ " " " / % " $ " %  � + " $ " " " ' * ) � $  ' " " $ " ) * " $ +  " $ ' " " $ % * " $ * " % $ % % � " " $ *  ) ' � " " $ % % ' � " $ " " ' ' " $ " %  � + " $ " " " + ) ) � $  ' " $ % . " $ * ' " $ ' + " $ * * " $ + ) % $ � ' % " " $ " "  +)  � " " $ % % ' * " $ " " % " " $ " %  �  " $ " " " ' . ) � $  " + " $ " / + " $ + ' " $ ' * " $ % + " $ * � % $ " + " % " $ � +/ ' � " " $ % % ' % " $ " " % * " $ " %  + ) " $ " " " * . ) � $  + " $ % ' " $ * + " $ ' . " $ ' * " $ + % % $ " + . . " $ � */  � " " $ % % % ' " $ " " % * " $ " %  *  " $ " " " * + ) � $  / " $ % ' " $ + % " $ * * " $ % " " $ + / % $ ' % " * " $ % / )% " ' � " " $ % % * % " $ " " + + " $ " %  � " $ " " % ' ) � $  % " $ ' / " $ " � " $ + * " $ . � " $ + � " $ . . % + ) " $ / /  

W # � � # 	 � � R # ! 4 � � - � 	 I B # ! � � � � 	 B 	 � � � � & 	 / � � s 1 � � � � # ' � � 	 � # � � � x z � b � � � h & � -
� 	 � 	 s 	 A � � � � ' s � / B � 4 � � - � � - � # � - � � � B 	 � ' � �

rp = 0.0139 ± 0.0003
& � -

λ = 3750
` � � � & � � � � � � B � � 	 � & � - # � � s & � 	 � � ! � � �

λ = 3201, 3750, 4300 �A �A c 	
rp = 0.0138± 0.0002

& � -
λ = 8732

` � � � & � � � � � � B � � 	 � & � -
λ = 7755, 8732, 9708 �A �A c � / A � � � � ' ! * 	 � A 	 � �

/ � ! � � �
2σ

�
q � � � � ! # � 	 � # � 1 � � P A ! R S S 	 � 	 � � # ' 1 ! # � � � � � 	 - & 	 � A � � � � � & ' � 1 � � & 1 ! � ! Y � � 	 	

� 	 � � 4 � ! m ! � � A ! � � 1 ! # � � � � � 	 - � � � � 	 � 	 � ! � # 	 ! # & � 	 � ' � ! � � ' � � � � 	 � � � � � I � � � I � � � I
� � | 1 � 	 � � & � � ' � � � 	 � 	 � ! � # 	 � � � � e & � � � ' s A ! R S S 	 � 	 � � # ! � 1 ! # � � � � � 	 -

x
! # & � 	 � '

p p �



5000 6000 7000 8000 9000 10000 11000

λ0.155

0.156

0.157

0.158

0.159

rp/rs

rp/rs our results
rp/rs from article

(A)

� � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � � ! � # � � % & � � � � ( ) � � ! � # � # - � � - ! ( � � ! & � � (
� � & � ( � � 1 & � � � � � � - # & � � � � � � � � � � 4 � � 6 � � ( 8 � � � � ( � ) � # = ) � > ? � � � 1 & � � � � � � 6 � � � @ 
 A B

8 � � � � ( � ) � � ! � � � ( > 	 F � 6 � � G � & # H � � G # ) � - � � ( � � � 6 ) � ? % � & # H � � � ( � � � # � � � � �
1σ

	 F
� � � � � � & # H � � � � � 6 ) � 6 � & � � � � � � ! # � � 1 � ? H � � ) � N O O � Q � � � � % � � � � � � � � � ) ) � � S � �
O � ) � � � � � � � ? � � � � � � � � � � � � � � � � � ! � # 1 � � � % � � � � � � � � � � - � ! � H � 	

U � 6 & � Q � � 	 Y Y � � � - # & � � � � ( � � � � � % � � � � Q � � � � 6 & S ! � � � ( G ) � � � ( G 6 & � � ) � 8 % � � � � 4 � � � � �
) � � � � 4 6 & � � ) � > � - � � 6 � � ( @ 
 A B ! � � 4 � � 4 � � � � � � ( � N ) - � % & � � � � � 4 d f Y h A i 
 
 �
� � � ) � G ) � � ! � � � � H � � 1 � - � ) � � � % � � � � � � � � � ) ) � � S 	 l � � 6 ) � % � � � � � � � � � % � & # H � � �
� � � � ) � G � � � � ! � ! � O O � � � � Q � � & � � ( G % � % � � � � ) 	 l � � 6 ) � % � � � � ! � � � � � # � � � � �

2σ
	 F ! � # G % � � & � ! � � G � � � & 6 Q � G % � � � � ! � � ( - � � H � � � � % � � � � ! � � � � 1 � G � t ) � � ! � � � �

� � � � � � � � � � # S � � 1 � ) � � � � H � � ) � 1 � # � � � � � - � � H � � � � � �
α0

	

λ( �A) rc
s 2σ � � �

(
rc

s

)
rc

p 2σ � � �
(

rc
p

)
ic(◦) 2σ � � � (ic) (◦) xc

1
2σ � � �

(
xc
1

)
y2

1
2σ � � �

(
yc
1

)
χ2

red α0� � � 
 
 �   
 � � 
 � 
 
 
 � � 
 � 
  � � �  
 � 
 
 
 
 � � � � � � �  
 � 
 � � 
 � � � 
 � � 
 � 
 � � � 
 � � � � � � � � � 

� � � 
 
 �    � 
 � 
 
   
 � 
  � � � 
 � 
 
 
  � � � � � �  
 � 
 � �  �  � 
 � � � � 
 � � � 
 � � �  �  � � � 
 � � �
� � � 
 
 �   
 � 
 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � � �  
 � 
 � 
  � 
  
 � � � � 
 � � � 
 � � �  � � � � �

2.6 · 10−4

� � � 
 
 �     � 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � � � � 
 � 
 � 
 
 � � � 
 � � � � 
 � � � 
 � � � � � � � � 
1.27 · 10−9

� � � 
 
 �    
 � 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � � � � 
 � 
 � � 
 � � � 
 � � � � 
 � � � 
 � � �  � � � � � 
 � 
 � �
� � � 
 
 �   
 � � 
 � 
 
 
 � 
 
 � 
  � � � � 
 � 
 
 
 
 � 
 � � � � � � 
 � 
 � 
 
 � � � 
 � � 
 � 
 � �  
 � � � 
 � � � � �  
 � � �
� � � 
 
 �     � 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � � �  
 � 
 � � 
 � � � 
 � � � � 
 � � � 
 � � �  � �  � � 
 �  
� � � 
 
 �   
 � � 
 � 
 
 
 � � 
 � 
  � �  
 � 
 
 
  � � � � � � � 
 � 
 � � 
 � � � 
 � � � � 
 �  � 
 � � 
  �  � � � 
 � � � �
� � � 
 
 �   � 
 
 � 
 
 � � 
 � 
  � � � 
 � 
 
 
 �  � � � � � 
 � �  
 � �  
 � � � 
 � � � 
 � � �  � � �  � 
 � 
 
 � �

 
 � � 
 
 �   � � 
 � 
 
 � � 
 � 
  � � � 
 � 
 
 
 � � � � � � � 
 � � � 
 � � � 
 � � � 
 � � � 
 � � � 
 � � �  
 
 
 � � �

Y Y 




2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
λ0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

x
Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 
 � � � � � � � � � � � � � � � � � � � �  ! � � % � �  � !  ! � & � � ( � *
x

+ �  + - / 1 3 4 6 7 9 : : �
% (  - % � = � >  ! � � = � !  A ! � B � + � � � ! � % � �  � !  ! � & � � ( � * � � - = � ! / � � = ! /

λ
	 � ! � I  ! � &

� � � � � � � �  ! � � % � �  � !  ! � & � � ( � * % � = K I  ! / ! � � � ! � �  � ! � = � + � � ( � � / P Q =  � � �
R =  � � A �  � � � S � + ( � Q � � / V : 7 W 	 Y Z � Q � � � � � � � � � �  ! � � � % � �  � !  ! � & � � ( � * % � = K I  ! /

! � � � ! � �  �  � � - � - � � �  (  ! � � � = � ! / P % � % ( � � � � 	 Y Z � Q � � % ( � �  -  ! � ! � K ( � � !  a
σ

	
b  � (  � � I  � � �  + ! � I  ! � & � � � � � � � �  ! � � � % � �  � !  ! � & � � ( � * � � � � � �  � ( � I  � � � P
� � � �  � � P e f g � � � � � � h j 
 % ( � �  -  ! / � + ( � Q � � V 4 : n 
 : n 
 
 W 	

� � = ! /
λ

	 � -  � � >  - � ! / �  � (  � � I  � � �  + � � � � � � � � � � � � � � � � � �  ! � � � % � �  � !  ! � &
� % (  - % � = � >  ! � � = � !  A ! � B � + � � � ! � � �

λ
n % ( � �  -  ! ! /  � ( � Q � � � P t = � (  V 4 : n 
 
 W

- = & � � � � �  � ( � I  � � P � � � �  � e f g � � � � � � h j 
 	 v � - ! � n I � � ! � Q = * - �  � � & + � � � � � � � � � �

x(λ)
� � I  � � �  ! ! � � � B = � � K  � � & � �  � (  � � I  � � � A � ! � Q = * - �  � /  + ! � I  ! � &

x(λ)
�

� (  - !  � K Q / � � * � � K �  = � I  ! �  � - = � ! / � � = ! / 	 Y - ! � � � n ! � Q = * - �  � /  + ! � I  ! � &
x(λ)

� � � �  � � � � I  � � � �  ! � Z  % � � ( � � !  ! � * � �  � (  � � I  � � � � � 	 � � � � � / � � - � � I  � � �  ! ! �
� � B = � � K  � � & � (  + K = � � � � � � � n % � = K I  ! ! / � � - = & � � � �  � / 1 3 a � 7 
 � 6 V 9 W 	 Y - ! � � � n P � -
! � Q = * - �  � � A � K ! � � � �

x(λ)
� � = � I �  � � & � � + � � � � � � � � � �

x(λ)
n % � = K I  ! ! � A - = & � � � �  � /

1 3 a � 7 
 � 6 	 	 � = � � � = K I �  � � � �  � / 1 3 a � 7 
 � 6 ( � + = � I �  �  > - K ! � Q = * - �  � / � � �
�  � (  � � I  � � � � � + ! � I  ! � & � �

x(λ)
� � ! � � � ! ! � ! � ( � � � �  � � K �  = � I  ! �  �

λ
n � � � � = K I �  

� � � �  � / 1 3 4 6 7 9 : : � � � ( � + = � I �  � � � � � � � = � ! � - = & � � ( � � � � P - = � ! � � = ! � + � �  �
� ! � K Q / � �  � � � � � ( � ! K Q � = � Z �� P - = � ! � � = ! 	 t � � � =  - K  � � + ( � � 	 � 	 
 � ( � � 	 � 	 � n

4 4 




2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
λ0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

x
Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 � � � � � � � � � � � � � � � � � � � � �  ! � � % � �  � !  ! � & � � ( � *
x

+ �  + - / 1 3 4 6 7 9 : : �
% (  - % � = � >  ! � � = � !  A ! � B � + � � � ! � % � �  � !  ! � & � � ( � * � � - = � ! / � � = ! /

λ
	 � ! � I  ! � &

� � � � � � � �  ! � � % � �  � !  ! � & � � ( � * % � = K I  ! / ! � � � ! � �  � ! � = � + � � ( � � / P Q =  � � �
R % ( � � � A �  � � � T � + ( � Q � � / W : 7 X 	 Z [ � Q � � � � � � � � � �  ! � � � % � �  � !  ! � & � � ( � * % � = K I  ! /

! � � � ! � �  �  � � - � - � � �  (  ! � � � = � ! / P % � % ( � � � � 	 Z [ � Q � � % ( � �  -  ! � ! � K ( � � !  d
σ

	
e  � (  � � I  � � �  + ! � I  ! � & � � � � � � � �  ! � � � % � �  � !  ! � & � � ( � * � � � � � �  � ( � I  � � � P
� � � �  � � P h i j � � � � � � k m 
 % ( � �  -  ! / � + ( � Q � � W 4 : q r : q r r X 	

(  + K = � � � � / � ! �  ( % (  � � � � � � � -  = � ! � =  � � A � % ( � � � A I � � � � � ( � � � A Q =  � � � � � � �  � /
1 3 4 6 7 9 : : q !  � � � � ( & ! � � � � �  � � � � I  � � � A � - � � B % � � � � � ( - � ! � � � � � P � ( � � / P Q =  � � � q

� � B = � � K * � � & �  > - K � � Q � A 	 e � � � � � Q ( � + � � q � � > ! � � -  = � � � � / � � - � � � � q I � � ! � [ �
(  + K = � � � � / % � � ! � = � + K % � �  � !  ! � & + �  + - / � � ( � * K � � � A I � � / % � � � ! � [  ! � * �
� = � & ! � * � � � �  � � � � I  � � � P � [ � Q � � � � ( � � � A Q =  � � � � � � � �  �  1 3 4 6 7 9 : : 	

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�  + K = � � � � / � � � A � ! �  ( % (  � � � � � % ( � �  -  ! / � � � Q = 	 � 	 4 �
�

� 	 4 � 	 � � � Q = 	 � 	 4 �
�� 	 4 d - � ! / (  + K = � � � � / q % � = K I  ! ! /  � ( � � � � P �  � � - � - � � �  (  ! � � � = � ! / P % � % ( � � � � 	

� -  � � % ( � �  -  ! / �  ! � ( � = � ! /  + ! � I  ! � & % � ( � �  � ( � �
rp

q
rs

q
i

q
x1

q
y1

� � P � [ � Q � �
! � K ( � � !  

2σ
R K ( � �  ! � - � �  ( � &

γ = 95.5%
T 	 e � � >  � � � Q = 	 � 	 4 �

�
� 	 4 d q % ( � �  -  ! /

4 4 �



2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
λ0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

x
Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 
 � � � � � � � � � � � � � � � � � � � �  ! � � % � �  � !  ! � & � � ( � *
x

+ �  + - / 1 3 4 6 7 9 : : �
% (  - % � = � >  ! � � = � !  A ! � B � + � � � ! � % � �  � !  ! � & � � ( � * � � - = � ! / � � = ! /

λ
	 � ! � I  ! � &

� � � � � � � �  ! � � % � �  � !  ! � & � � ( � * % � = K I  ! / ! � � � ! � �  � ! � = � + � � ( � � / P Q =  � � �
R =  � � A � % ( � � � A �  � � � T � + ( � Q � � / V : 7 W 	 Y Z � Q � � � � � � � � � �  ! � � � % � �  � !  ! � & �

� ( � * % � = K I  ! / ! � � � ! � �  �  � � - � - � � �  (  ! � � � = � ! / P % � % ( � � � � 	 Y Z � Q � � % ( � �  -  ! �
! � K ( � � !  c

σ
	 e  � (  � � I  � � �  + ! � I  ! � & � � � � � � � �  ! � � � % � �  � !  ! � & � � ( � * �

� � � � �  � ( � I  � � � P � � � �  � � P k l m � � � � � � p r 
 % ( � �  -  ! / � + ( � Q � � V 4 : v w : v w w W 	

+ ! � I  ! � &
χ2

red

�
α0

	 x � = K I �  � ! �  ( % (  � � � � � =  � � A � % ( � � � A �  � �  A � ( � � / P Q =  � � �
R � � Q = 	 � 	 4 � � � � Q = 	 � 	 4 4 � � � � �  � � � �  ! ! � T + ! � I  ! � & % ( � �  -  ! ! � B � P � � � � � - ( � �

χ2
red

�
� ( � � � I  � � � B � K ( � � ! & + ! � I � � � � � �

α0
- = & !  � � � � ( / P - = � ! � � = !

χ2
red < 1

�
α0 > 0.5

v
I � � � � � -  �  = � � � � K  � � � � � ( (  = � ( � � � ! ! � � � � ! � Q = * - �  � / P + ! � I  ! � A Q =  � � � � ! � = � I � �
� ! � Q = * - � �  = � ! / P - � ! ! / P � � � �  � � � � I  � � � P � Z � Q � � 	 x � = K I �  � ! �  ( % (  � � � � � � �  A
� ( � � � A Q =  � � � R � � Q = 	 � 	 4 c T - = & Q � = � Z � ! � � � � - = � ! � � = ! ! � Z � � � -  = � � � � + / � �  � � &

� % = � P � A � � � � �  ( B �  � � & ! � �  � � � � ! � + � � � K ( � � !  + ! � I � � � � � � 	 x � = K I �  � ( � � � A Q =  � � �

λ = 6250 �A �
λ = 10250 �A �  = � I � ! /

χ2
red ≤ 1

�
α0 > 0.5

v I � � � � � -  �  = � � � � K  � � � � = � ! � A
� � � ( (  = � ( � � � ! ! � � � � ! � Q = * - � �  = � ! / P � � I  � 	 x �  %  (  I � � =  ! ! /  � Q � � � & �  = � � � � �
� / ! K > - � * � ! � � � � � = K I �  � � -  = � � � � � - ( � � � I ! / � + � � � ! � � % � �  � !  ! � & Q ( � � � �
� � I  � � �  � �  ! � � � Z � Q � � � � � � � / P % � ( � �  � ( � � �  = � I � ! K

2σest
v � !  

σest
	

x � � Q = 	 � 	 4 : v � 	 4 � v � 	 4 
 % ( � �  -  ! / (  + K = � � � � / � ! �  ( % (  � � � � � � ( � � � A Q =  � � �

4 4 




2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
λ0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

x
Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 � �  � � � � � � � � � � � � � � � �  � ! " � � & � � ! � " ! " � ' � � ) � +
x

, � ! , . 0 2 4 5 7 8 � : : �
& ) ! . & � = � > ! " � � = � " ! @ " � A � , � � � " � & � � ! � " ! " � ' � � ) � + � � . = � " 0 � � = " 0 	  " � J ! " � '
� � � � � �  � ! " � � & � � ! � " ! " � ' � � ) � + & � = L J ! " 0 " � � � " � � ! � " � = � , � � ) � � 0 P Q = ! � � �

R = ! � � @ � & ) � � � @ � ! � � � U � , ) � Q � � 0 X : 8 Y 	 [ \ � Q � � � � � � � �  � ! " � � � & � � ! � " ! " � ' � � ) � +
& � = L J ! " 0 " � � � " � � ! � ! � � . � . � � ! ) � � ! = � " 0 P � Q = � � � ! @ � � � & � = � , � � � " � ! � � � � � � � � � � �
� , � � � " � � ) � � & ) ! . ! = ! " � '

χ2
P

	 [ \ � Q � � & ) � � ! . ! " � " � L ) � � " ! . � � ! ) � '
γ = 0.955

	
f ! � ) ! � � J ! � � � ! , " � J ! " � ' � � � � � �  � ! " � � � & � � ! � " ! " � ' � � ) � + � � � � � � ! � ) � J ! � � � P
� � � � ! � � P h i j � � � � � � k l 
 & ) � � ! . ! " 0 � , ) � Q � � X 5 : p q : p q q Y 	

2 4 5 7 8 � : : � ) � � � � P � � . ! = � � � � � . ) � � � J " 0 � , � � � " � � & � � ! � " ! " � ' � & ) � � � � � � \ � Q � �
& � ) � � ! � ) � � �  ! " ! " 0 � ! � � . � � . � � ! ) � � ! = � " 0 P � Q = � � � ! @ � ) � � � � P � � � � � � � � � � �

, � � � " � � ) � � & ) ! . ! = ! " � '
χ2

P

	 | � � Q = 	 � 	 5 q . � " 0 ) ! , L = � � � � 0 � " � ! ) & ) ! � �  � � = ! � � @
� ! � � � � ) � � 0 P Q = ! � � � � ) � � � � P � � � . ) � � � J " � A � , � � � " � & � � ! � " ! " � ' � � ) � + 	 [ \ � Q � �
& � ) � � ! � ) � � & � = L J ! " 0 � ) � � � � P � ! � � . � . � � ! ) � � ! = � " 0 P � Q = � � � ! @ � � � & � = � , � � � " � ! �
� � � � � � � � � � � , � � � " � � ) � � & ) ! . ! = ! " � '

χ2
M

R L ) � � ! " � . � � ! ) � '
γ = 0.955

U

5 5 �



� � � � 	 � � � � � � � � � � � � � � � � ! 	 # � � & ' & � � � � 	 	 # � � � ) + � � - ! / 1 & 	 2 ! / � � � 4 1 � 5 ' & � 2 7 8 	
� � 2 7 8 2 � � 2 	 1 & 	 2 7 8 � � � 4 1 � : 	 � & � � 7 � ! > ? @ A + 2 7 8 # 7 8 4 	 4 � � - ! 4 E 1 � 7 ' � � # � � 7 8 F G

� I @ J ? ? 2 & � - 1 � / 1 2 � + & � � 	 L # 7 M 7 � � 1 7 # � ' 7 � � - # � # 	 P 1 1 & � ) � S T 	 � 1 � ' � & � - � � & 7 2
' 7 � � L � # � 2 & � - 1 � / - � � 7 + � + 	 V V � & � # � 	 � � � # ! / ' 7 ' & � 2 7 1 � S T 	 � 1 � ' & 	 2 � + � # � # �

� & 7 2 # �
2σ

� \ + 2 � / ' 7 4 � � + # 	 / 4 � 7 � � � � / ' & 	 2 � + � # ! � # � L � # 	 P ' & 	 2 � + � # # 7 M 7 / 	 ` 1 2 � + & � �
	 4 7 7 � 2 � � 4 � 2 � ) � � M 7 1 & 	 � 	 L � 4 1 7 M 7 � & 7 2 # P � # � L 	 - 7 4 � 	

α0
�

λ( �A) rc
s 2σ � � � (

rc
s

)
rc

p 2σ � � � (
rc

p

)
ic(◦) 2σ � � � (ic) (◦) xc

1
2σ � � � (

xc
1

)
yc
1

2σ � � � (
yc
1

)
χ2

red α0� � � 
 
 �   �  
 
 � 
 
 
 � � 
 � 
  � � 
 
 � 
 
 
  � � � � � 
 � 
 � 
 � � 
 � � � 
 �  � � 
 � 
 � 
 � � � � � � � � � 
� � � 
 
 �   � � � 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � � � � 
 � 
 � � 
 � � � 
 � � � � 
 � � � 
 � � � 
 � � � � � 
 
 � � 
 �� � � 
 
 �    � � 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � � � � 
 � 
 � � 
 � � � 
 � � � � 
 �  � 
 � � �  � � � � � 
 � 
 
 
  �� � � 
 
 �    � � 
 � 
 
 
 �  
 � 
  � � � 
 � 
 
 
  � � � � � � � 
 � 
 �  
 � � � 
 � � 
 � 
 �  
 
 � � �  � � � � �
8 · 10−10� � � 
 
 �    � 
 
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � �  � 
 � 
 �  
 � � � 
 � �  � 
 � 
 � 
 � � 
 � � 
 � � �

2.5 · 10−12� � � 
 
 �   � 
  
 � 
 
 
 � � 
 � 
  � � � 
 � 
 
 
  � � � � �  � 
 � 
 � � 
 � �  
 � � 
 � 
 �  
 
 � � � � � � �  �
5 · 10−15� � � 
 
 �   �  � 
 � 
 
 
 � � 
 � 
  � �  
 � 
 
 
  � � � � � � � 
 � 
 � � 
 � � � 
 � � � � 
 �  
 
 � � � � � 
 � � �

2.7 · 10−11� � � 
 
 �    � � 
 � 
 
 
 � 
 
 � 
  � � � 
 � 
 
 
 � � � � � � � � 
 � 
 � � 
 � � � 
 � � � 
 � 
 � 
 � � �  � � � � �
3 · 10−4� � � 
 
 �    
 � 
 � 
 
 
 �  
 � 
  � � � 
 � 
 
 
 �  � � � � 
 � 
 � 
 � � 
 � � � 
 � � � 
 � 
  
 � � �  � � � � � 
 � 
 
 � � 
 � � 
 
 �   � � 
 � 
 
 � � 
 � 
  � � � 
 � 
 
 
 � � � � � � � 
 �  � 
 � 
 
 
 � � � 
 � � � 
 � � � 
 � � � � �  
 � � � � � 

� � � � 	 � � � � � ? � � � � � � � � � � ! 	 # � � & ' & � � � � 	 	 # � � � ) + � � - ! / 1 & 	 2 ! / � � � 4 1 � 5 � � 2 7 8 2 � � 2 	
1 & 	 2 7 8 � � � 4 1 � : 	 � & � � 7 � ! > ? @ A + 2 7 8 # 7 8 4 	 4 � � - ! 4 E 1 � 7 ' � � # � � 7 8 F G � I @ J ? ? 2
& � - 1 � / 1 2 � + & � � 	 L # 7 M 7 � � 1 7 # � ' 7 � � - # � # 	 P 1 1 & � ) � S T 	 � 1 � ' � & � - � � & 7 2 ' 7 � � L � # �
2 & � - 1 � / - � � 7 + � + 7 2 � & 	 � � � � # ! / 7 � � � 4 � � 8 4 	 4 ' 7 � � � 7 2 � # 	 � - 4 � � � 	 4 � 	 1 	 4 � � 1 7 # 7 -
& � 4 ' & � + � � � # 	 P

χ2
P

� � & 7 2 � # � + 7 2 � & 	 P 2 ! � & � #
γ = 0.955

�

λ( �A) rs ΔP (rs) rp ΔP (rp) i ΔP (i) x1 ΔP (x1) y1 ΔP (y1)� � �
� � � ! ! $ ! $ � � � � �

% �
� � � !

� �
& � � � � � !

%
'

�
�

�
$ $ ◦ � � �

%
! ◦ � � & ) � � ! ' � � !

�
� � $

�
% � �

� � � ! ! $ ) � � � � $ � � � � !
� � �

� � � � � &
�

'
�

�
�

! ◦ � � ! ' ◦ � �
�

! � � & ' � � ! ) � �
�

)�
$

�
� � � ! ! !

%
� � � � ! ) � � � !

�
&

�
� � � � � ) ! '

�
�

� % ◦ � � ! $ ◦ � �
�

! � � ) $ � � �
�

� � &
+

� � �
� � � ! ! $ � � � � � ! ) � � � !

� �
$ � � � � � $ ' '

�
�

�
$ ◦ � � ! ! ◦ � � &

�
� � ) $ � � � ' � � & '

' $
�

� � � ! ! $
%

� � � � ! $ � � � !
� �

& � � � � � $
+

'
�

�
�

$ ◦ � � ! $ ◦ � � ) $ � � ) & � � $
+

� �
�

!
'

� �
� � � ! ! $

�
� � � � ! & � � � !

� �
' � � � � � ) � '

�
�

% + ◦ � � ! $ ◦ � � & ! � � )
�

� � �
+

� �
�

&+
$

�
� � � ! ! $ $ � � � � !

�
� � � !

�
&

�
� � � � � ) ' '

�
�

� % ◦ � � !
� ◦ � � ) $ � � &

�
� � $ � � �

% �
+ � �

� � � ! ! ! $ � � � � ! ' � � � !
�

)
%

� � � � � )
+

'
�

� ' � ◦ � � !
% ◦ � � & ) � � )

+
� � ! ) � �

%
$

� � � � 	 � � � � � p � � � � � � � � � � ! 	 # � � & ' & � � � � 	 	 # � � � ) + � � - ! / 1 & 	 2 ! / � � � 4 1 � 5 � � 2 7 8 2 � � 2 	
1 & 	 2 7 8 � � � 4 1 � : 	 � & � � 7 � ! > ? @ A + 2 7 8 # 7 8 4 	 4 � � - ! 4 E 1 � 7 ' � � # � � 7 8 F G � I @ J ? ? 2
& � - 1 � / 1 2 � + & � � 	 L # 7 M 7 � � 1 7 # � ' 7 � � - # � # 	 P 1 1 & � ) � S T 	 � 1 � ' � & � - � � & 7 2 ' 7 � � L � # �
2 & � - 1 � / - � � 7 + � + 7 2 � & 	 � � � � # ! / 7 � � � 4 � � 8 4 	 4 ' 7 � � � 7 2 � # 	 � - 4 � � � 	 4 � 	 1 	 4 � � 1 7 # 7 -
& � 4 ' & � + � � � # 	 P

χ2
M

� � & 7 2 � # � + 7 2 � & 	 P 2 ! � & � #
γ = 0.955

�

λ( �A) rs ΔM (rs) rp ΔM (rp) i ΔM (i) x1 ΔM (x1) y1 ΔM (y1)% � �
� � � ! !

�
� � � � �

% %
� � � !

�
'

�
� � � � �

�
! '

�
�

� � ◦ � � & ! ◦ ! � $
�

� � ' ! ! � ) ! � )�
$

�
� � � ! ! !

�
� � � � $ $ � � � !

� �
' � � � � � )

+
'

�
�

� � ◦ � � $ ! ◦ � �
%

) � � & � � � $ ) � �
%

$� � �
� � � ! ! ! ' � � � � ! & � � � !

� � %
� � � � � ) � '

�
�

�
! ◦ � � ! $ ◦ � � &

�
� � $

�
� � ! ) � � & $

'
� �

� � � ! ! $ ) � � � � ! ' � � � !
� % %

� � � � � )
%

'
�

�
% + ◦ � � !

� ◦ � �
�

! � � )
%

� � $ ' � �
� �

+
$

�
� � � ! ! $ ! � � � � $ $ � � � !

� %
$ � � � � � )

%
'

�
�

� % ◦ � � $ $ ◦ � � & $ � � )
�

� � )
%

� �
� %

+ � �
� � � ! ! �

+
� � � � ! ' � � � !

�
& ! � � � � � & � '

�
�

� � ◦ � � ! & ◦ � � )
+

� � & � � � �
�

) � �
%

&

� � I



� � � � 	 � � � � � � � � � � � � � � � � � 	 ! � � # $ # � � � � 	 	 ! � � � & ( � � * � , . # 	 / � , � � � 1 . � 2 $ # � / 4 5 / � � / 	
. # 	 / 4 5 � � � 1 . � 9 	 � # � � 4 � � < = > ? ( / 4 5 ! 4 5 1 	 1 � � * � 1 B . � 4 $ � � ! � � 4 5 E G � I > J = = /
# � * . � , . / � ( # � � 	 M ! 4 N 4 � � . 4 ! � $ 4 � � * ! � ! 	 Q . . # � & � T U 	 � . � $ � # � * � � # 4 / $ 4 � � M � ! �
/ # � * . � , * � � 4 ( � ( 4 / � # 	 � � � � ! � , 4 � � � 1 � � 5 1 	 1 $ 4 � � � 4 / � ! 	 � * 1 � � � 	 1 � 	 . 	 1 � � . 4 ! 4 *
# � 1 $ # � ( � � � ! 	 Q

χ2
P

� � # 4 / � ! � ( 4 / � # 	 Q / � � # � !
γ = 0.955

�

λ( �A) rs ΔP (rs) rp ΔP (rp) i ΔP (i) x1 ΔP (x1) y1 ΔP (y1)� � �
� � � 	 	 �

�
	 � � � � �

�
� � � � 	

� �
 � � � � � 	

�
�

�
�

�
�  ◦ � � �

�
� ◦ � � �

�
� � 	 �

�
� � � � � � 

�
�


�

� � � 	 	 �
�

� � � �  � � � � 	
�

� � � � � � �
�

� �
�

�
�

� ◦ � �   ◦ 	 � 
�

� �
� � �

� �
�

� � �
� �

� � �
� � � 	 	 � � � � � � 	

�
� � � 	

� �
� � � � � � � � �

�
�

� � ◦ � � 	
� ◦ 	 � �  � � � �

�
� �

�
� � �

�
��


�

� � � 	 	 	 	 � � � � 	 � � � � 	
� �

� � � � � � �
�

�
�

�
�

� ◦ � � 	 � ◦ � � �
�

� � �
� �

� � �
�

� �
�

�� � �
� � � 	 	 	 	 � � � � 	 � � � � 	

� �
	 � � � � � � � �

�
�

�
� ◦ � � 	 	 ◦ � � �

�
� � � �

�
� � � � � � � �

� 
�

� � � 	 	 � � � � � � 	  � � � 	
� �

� � � � � � 
�

�
�

�
� �

� ◦ � � �
�

� ◦ 	 � � 	 � � 
� �

� �
� �

� � � 
�

� �
� � � 	 	 	 � � � � � 	

�
� � � 	

� �
� � � � � � �  �

�
�

� � ◦ � � 	  ◦ � � �
�

� � � �
�

� � �
�

� �
� �

�


�
� � � 	 	 �

�
� � � � 	

�
� � � 	

�
� 	 � � � � � � 	 �

�
� � � ◦ � � 	

� ◦ � �
� �

� � �
� �

� � 	  � �
� �

� � �
� � � 	 	 � � � � � �  � � � � 	

�


�
� � � � � � � �

�
� �

� ◦ � � 	 � ◦ � �
� �

� �
�

�
�

� � 	
�

� �
�

�

� � � � 	 � � � � � ] � � � � � � � � � � � 	 ! � � # $ # � � � � 	 	 ! � � � & ( � � * � , . # 	 / � , � � � 1 . � 2 $ # � / 4 5 	
� � / 4 5 / � � / 	 . # 	 / 4 5 � � � 1 . � 9 	 � # � � 4 � � < = > ? ( / 4 5 ! 4 5 1 	 1 � � * � 1 B . � 4 $ � � ! � � 4 5 E G � I > J = =

/ # � * . � , . / � ( # � � 	 M ! 4 N 4 � � . 4 ! � $ 4 � � * ! � ! 	 Q . . # � & � T U 	 � . � $ � # � * � � # 4 / $ 4 � � M � ! �
/ # � * . � , * � � 4 ( � ( 4 / � # 	 � � � � ! � , 4 � � � 1 � � 5 1 	 1 $ 4 � � � 4 / � ! 	 � * 1 � � � 	 1 � 	 . 	 1 � � . 4 ! 4 *
# � 1 $ # � ( � � � ! 	 Q

χ2
P

� � # 4 / � ! � ( 4 / � # 	 Q / � � # � !
γ = 0.955

�

λ( �A) rs ΔP (rs) rp ΔP (rp) i ΔP (i) x1 ΔP (x1) y1 ΔP (y1)� � �
� � � 	 	 	 �  � � � � � � � � � � 	

� � �
� � � � � 	 	 �

�
�

�
 � ◦ � � � �  ◦ � �

�
� � � 	 

�
� � �

�
� � 	 ��


�

� � � 	 	  � � � � �  	 � � � 	
� �

� � � � � � �
�

�
�

�
�

� ◦ � � 	
� ◦ � � � � � �

�
�

�
� � �

�
� �

� �
� � �

� � � 	 	 	
�

� � � � 	 � � � � 	
� � �

� � � � � � 	 �
�

�
�

	 ◦ � � 	  ◦ � �
�

	 � � � �
�

� � 	
�

� �
�

��


�
� � � 	 	 	

�
� � � � � �

� �
� � � 	

� � �
� � � � �  � �

�
�

�
� 	 ◦ � � � �

� ◦ � �
� �

� �  �
�

� � 	  � � �
�

� � �
� � � 	 	 	 � � � � � � �

�
	 � � � 	

� �
� � � � � � 	

�
�

�
�

�
	 � ◦ � � �

� � ◦ � �
�

 � �  �
�

� � 	 � � � � �
� 

�
� � � 	 	  � � � � � � � �

�
� � � 	

� �
� � � � � � 	

�
�

�
�

�
	 � ◦ � � �

�
 ◦ � �

�
	 � �  

�
� � 	 	 � � � 

�
� �

� � � 	 	  	
�

� � � � 	 � � � � � 	
� �

� � � � � �  	 �
�

�
� � � ◦ � � � �  ◦ � �

�
� � � 

� �
� � 	 � � � � ��


�

� � � 	 	 	 � � � � � 	 	 � � � 	
�

� � � � � � �  � �
�

�
� � ◦ � � 	 	 � � �

�
� � � � � � 	  � � � �� � �

� � � 	 	 	 	 � � � � 	 � � � � 	
�

�
�

� � � � � 
�

�
�

� � 	 ◦ � � 	 	 � � � � � � �
�

� � � 	 � �
�

	
� � 	 � 
 � � � � � � � � � � � � � � � � � � � � �  � � ! ! � $ � % � � � �

x1
�

y1
� ' ( % � ' � � � + % � � �  � 
 � ( 
 � � . � � � � / 
  � � 


' � � % � � % � � 2

g � # 	 1 � � � I 3 � � � = $ # 	 / � ( � ! � � � / 	 1 	 * 4 1 � � ! � � � & ( � � * � , � ! � M � ! 	 5
x1(λ)

	
y1(λ)

4 � ( � 	 ! � / 4 � ! � j $ 4 � � M � ! ! � , * � � 4 ( 4 * ( 	 m m � # � ! � 	 � � � ! � , $ 4 $ # � / 4 . � T U 	 � . 	
$ # 	 / � ( � ! � ! � � # 4 / ! �

2σ
2 � # 4 / � ! � ( 4 / � # 	 Q

γ = 95.5%
9 � r ( � 1 � � � . s � ( � ! �

� � 4 # � � 	 M � 1 . 	 � � � / 	 1 	 * 4 1 � 	
x1(λ)

	
y1(λ)

j $ 4 � � M � ! ! � � / # � � 4 � � , < � = j w w ? � y 	 ( ! 4 j
M � 4 ! � � � & ( � � * � Q � � / 	 1 	 * 4 1 � �

x1(λ)
j $ 4 � � M � ! ! � Q $ 4 � � / 4 5 / � � / 	 . # 	 / 4 5 � � � 1 . � j

1 4 N � � 1 � � � 1 Q 1 � � 4 # � � 	 M � 1 . 4 5 � � / 	 1 	 * 4 1 � � &
x1(λ)

� y � 4 / # � * Q . � . ! � � � & ( � � * � Q
� � / 	 1 	 * 4 1 � �

x1(λ)
j $ 4 � � M � ! ! � Q $ 4 $ # � / 4 5 / � � / 	 . # 	 / 4 5 � � � 1 . � j � � s 	 � 1 � 5 � 1 � / � ! ! 4

� � >



� � � � 	 � � � � 	 � � � � � � � � � � � � � � � � � � � � � � ! � � � 	 � � 	 � 	 � � % % � ' � ) + , - / 1 + � 3 + 5 7 + � � � � 3 � � 	 :

x1(λ)
; < � - = � � % % + 5 < � � � � � � � � � � � , - � � � + ; � < � � 1 � - + B � � � , � � � < � � 1 � - � % � 5 � % + = � � � % �

2σ
' = 1 � � - � 	 � � � � 	 � - : % � � � G - + � = � 	 � 5 � 	 � � � � 	 � � � � � � � 7 + � � � � 3 � � 	 : / �

3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

x1

Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

J � � � � � � L + � � � � 3 � � 	 : - � % � � % � G � � � P Q Q � R � � % 	 + < � 	 � 3 % � % � 5 � � � + /
x1

7 � � 7 1 �
U W Y � ! Z [ [ � < � � 1 < � - � ^ � % � � � � + 1 � + 	 � � % � G � 7 + � � % + < � 	 � 3 % � % � 5 � � � + / � 	 1 - � % �

� � - % � � L % + � � % � 5 � � P Q Q � R � � % 	 + < � 	 � 3 % � % � 5 � � � + / < � - = � � % � % + � � % � � � + % + - � 7 +
� � � � � B , - � � � + � - � � � � � � 	 � � ' � 7 � + , � 	 � k [ ! l � n � � , � � � � P Q Q � R � � % 	 � � < � 	 � 3 % � % � 5 �
� � + / < � - = � � % � % + � � % � � � 3 � 	 � 1 + 1 � Q Q � � � % R � + - : % � B < � < � + � � � � n � � , � + < � � � � 1 � % +
% + = � � � % � s

σ
� t � � � � 	 � � � � � � � 7 % + � � % � 5 � � P Q Q � R � � % 	 � � < � 	 � 3 % � % � 5 � � � + / �

Q � 	 � 3 � 	 � � � � � � � B � � � 	 � 3 + B x y z � � � � � � | ~ 
 < � � � � 1 � % � � 7 � + , � 	 k Y [ ; � [ ; � � l �

) + , - / 1 + � 3 + 5 7 + � � � � 3 � � 	 :
y1(λ)

; < � - = � � % % + 5 < � - � � � � � � 	 � � � � � � � � , - � � � +
� � G - + � = � 	 � 5 � 	 � � � � 	 � � � � � � � 7 + � � � � 3 � � 	 : / ; � 	 � � � � 3 5 � + � % + , - / 1 + � 3 + 5 7 + � � � � 3 � � 	 :

y1(λ)
; < � - = � � % % + 5 < � < � + � � � � � 	 � � � � � � � � , - � � � + ; 7 % + � � 3 � � 	 - � � + � 	 � 5 � 	

	 � � � � 	 � � � � � � � � - � ^ � 	 � = � � � 	 � � % % � % � ^ � � ) + , - / 1 + � 3 + 5 7 + � � � � 3 � � 	 :
y1(λ)

;
< � - = � � % % + 5 < � � � � � � � � � � � , - � � � + ; � < � � 1 � - + B � � � , � � � < � � 1 � - � % � 5 � % + = � � � % �

2σ
' ;

= 1 � � - � 	 � � � � 	 � - : % � � � G - + � = � 	 � 5 � 	 � � � � 	 � � � � � � � 7 + � � � � 3 � � 	 : / � � 3 � � � � � � � Y Y � � � Y [ ' �
� � 1 � � � � % � 3 ; � 	 � � � - � , � 3 � � 7 5 - � � � � , � � < + � + 3 � 	 � � � % + = � � � % �

1σ
; 	 � 3 � ^ % �

, � - � , � 7 + � - / � � 	 : ; � 	 � % + , - / 1 + � 3 � � 7 + � � � � 3 � � 	 �
x1(λ)

�
y1(λ)

; < � - = � � % % � � < �
� � � � � � � � � � , - � � � + ; % � � � G - + � = / 	 � 5 � 	 � � � � 	 � � � � � � 3 � � % + , - / 1 + � 3 + 5 7 + � � � � 3 � � 	 :

Y s �



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-0.5

-0.4

-0.3

-0.2

-0.1

-0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

x1

Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 
 � � � � � � � � � � � � � � � � � � � � �  � " # # � % � � � � � ' � � � � � � � � (   + � -
x1

. � � . 1 2
3 5 7 9 
 ; < < � ' + � 1 ' � � � @ � � � �  � � 1 + � � � D � � � � . �  � � � ' � � � � � � � � (   + � - � � 1 � � � 2

� � � � 2 	 � � � D � � � (  � " # # � % � � � � � ' � � � � � � � � (   + � - ' � � O D � � 2 � � � � � � � � � � � � � . �
 + � � 2 R T � � �  � V ' + � � � � � � � � � X � . + � T � � 2 \ < 
 ] 	 _ ` � T  �  � " # # � % � � � � � � ' � � � � � � � � (  
 + � - ' � � O D � � 2 � � � � � � � � � � � � 1 � 1 � # # � + � � % � � � � � 2 R ' � ' + � � �  	 _ ` � T  � ' + � � � 1 � � �
� � O + � � � � h

σ
	 i � � + � � � D � �  � � . � � D � � � (  � " # # � % � � � � � � ' � � � � � � � � (   + � - �

# � � � � � � + � D � �  � R � � � � � � � R o p q � � � � � � r t 
 ' + � � � 1 � � 2 � . + � T � � \ 7 < x y < x y y ] 	

x1(λ)
� � @ � � � � � � � � � � � D � �  � � 2 ` � � � � + � � � D � �  � � x � . � � � � � � � � � �

y1(λ) �
� � @ �

� � � + � � � D � �  � � . � � � � � � � � � � V � � 	 + � � 	 � 	 7 � � + � � 	 � 	 7 < X 	 _ 1 � �  � x ' � �  � � �  O � � ` � � � 1 � � �
�  � . � � � � � � ' � � R � � � � x  + � � � � � � � x � � ` � � � 1 � � � ( � � ( � � � ( � � � 1 � � ' � + � � � � + � D � �  � � x
� � � 1 � + @ � � � � �  � � 2 R ' � + � � � � + � � x � 2 � 2 � O @ 1 � � 2 T + � � � � ` � T  � � � O + � � � �

2σ
	

� + � � �  � R . � � D � � � ( R � ` � T �  � ' + � 1 � � � � � (  � " # # � % � � � � � �
x1(λ)

�
y1(λ)

O  � . � � � 2 �
� � � � D � ( � � T � - 1 � � � 2 R . � � � � � � � � � � �

x1(λ)
�

y1(λ)
� � ( � � ( - � � ( . � � D � � 2 � � 	 � �

+ � � 	 � 	 7 y x � 	 7 � ' + � � � 1 � � 2 . � � � � � � � � � �
x1(λ)

�
y1(λ)

x ' � � O D � � � 2 � � . � � � � + ' + � � � % � �
� � � � � � ' + � � � � � � � � � �  + � � � � T � � �  � x � �  � � � + 2 R � ` � T  � ' � � O D � � 2 � � � � 1 � �
1 � � � + � � � � � � 2 R � T � � � � � � � + � �  � R � � � � � � � �  � � . �  � � � � + � � ' + � 1 � � � � � (

χ2
P

	
� � + � � 	 � 	 7 � x � 	 7 ; ' + � � � 1 � � 2 ' + � �  % � � 1 � � � + � � � � � � 2 R � T � � � � � � � + � �  � R

� � � � � � � �  � � . �  � � � � + � � ' + � 1 � � � � � (
χ2

P

�
χ2

M

� � ' � � �  � � � �
rs, rp

� x1, y1
	

� � ' � � � . � � � � � � �  + � � � ( T � � �  �
λ9500÷ 10000 �A V � � � � ( � � � � � X 	 � + � � � � ( � � � � � � 1 � � � �

7 h 7



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-0.5

-0.4

-0.3

-0.2

-0.1

-0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

x1

Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 �  � � � � � � � � � � � � � � � �  � � ! � # � % & & � ( � � � � � + � � � � � � � � , # # / � 1
x1

2 � � 2 4 5 7 9
� : ; = > > � + / � 4 + � � � A � � � � # � � 4 / � � � E � � ! � 2 � # � � � + � � � � � � � � , # # / � 1 � � 4 � � � 5 � � � � 5 	

� � � E � � � , # � % & & � ( � � � � � + � � � � � � � � , # # / � 1 + � � P E � � 5 � � � � � � � � � � � � � 2 � # / � � 5 U
V � � � # � W � � � �  � + / � � �  � � � � � Y � 2 / � V � � 5 ] > ; ^ 	 ` a � V # � # � % & & � ( � � � � � � + � � � � � � � � , #
# / � 1 + � � P E � � 5 � � � � � � � � � � � � 4 � 4 � & & � / � � ( � � � � � 5 U + � + / � � � # 	 ` a � V # � + / � � � 4 � � �
� � P / � � � � e

σ
	 f � � / � � � E � � # � � 2 � � E � � � , # � % & & � ( � � � � � � + � � � � � � � � , # # / � 1 �

& � � � � � � / � E � � # � U � � � � � � � U l m n � � � � � � o q 
 + / � � � 4 � � 5 � 2 / � V � � ] � > u v > u v v ^ 	

# � � 4 / � � � E � 5 � 2 � # � � � � + � � � � � � � � , 	
y � E � � � � � � � � � � �  � � 4 & P � # ( � �

x(λ)
4 � , � � � � � � 5 7 9 � : ; = > > + � � / � � � � � � 1 �

� � � � � � �  7 9 e  ; v � : � � A � � V 5 � � � � , 2 � � � � � � u E � � � � + � � � / U � � � � � 2 � � 2 4 5 � � � � � � � �
7 9 � : > ; = > > � � � � � � � � � � � V � 1 4 � � � , � � � � � � � + , � � � ] : u > ; ^ 	 ~ � % � � � P 4 � � � � �  a � �

� � V � 1 4 � � � , � � � � � � 5 7 9 � : ; = > > � + � / � � 4 5 � � � � � � a �  � # � � � � � � � � u + / � 4 � � � � � , 1 �
V � � � a �  � � � � / � � 	 � � � 4 P � � + � 4 E � / # � P � � u E � � U � � , � � V � 1 4 � � � 5 � 2 � � � � � � � � � �

x(λ)
4 � ,

� � � � � � 7 9 � : ; = > > � 7 9 e  ; v � : # � E � � � � � � � � / � 2 � � E � 5 u 4 � , � V � � U � � � � � � � � V � 1 4 � � � 5 �
2 � � E � � � ,

x(λ)
� � / � 4 � � � � � � � a � � � � / � � � E � � # � U 	 � � � � � 5 � � 4 � � � � � � P � � � � � � � � � �

2 � � E � � � � 4 � , + / � � � / # � � � � / � � � � � 5 U � � 4 � � �  � � � # � U 2 � � 2 4 � 5 U � � � � � & � / 	

� e e



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

y1

Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 � � � � � � � � � � � � � � � � � � � � � � " # � $ � � � ' ( ( � * � + # � � - � � + � # + # � . � � � � 1
y1

2 � + 2 � 4
5 7 � : ; < = = � - � + � - � @ � A + # � � � � � � � � � � " # � $ � 2 � � � # � - � � + � # + # � . � � � � 1 � � � @ � # 4

� � @ # 4 	 � # � " + # � . � � ' ( ( � * � + # � � - � � + � # + # � . � � � � 1 - � @ M " + # 4 # � � � # � � + � # � @ � 2 �
� � � � 4 P Q @ + � � � S @ + � � T � + � � � U � 2 � � Q � � 4 W = ; X 	 Z [ � Q � � � � ' ( ( � * � + # � � � - � � + � # + # � . �
� � � 1 - � @ M " + # 4 # � � � # � � + � + � � � � � � ( ( + � + # * � � @ � # 4 P - � - � � � � � 	 Z [ � Q � � - � � � + � + # �
# � M � � � # + f

σ
	 g + � � + � � " + � � � + 2 # � " + # � . � � ' ( ( � * � + # � � � - � � + � # + # � . � � � � 1 �

( � � � � + � � � " + � � � P � � � � + � � P m n o � � � � � � q s 
 - � � � + � + # 4 � 2 � � Q � � W � = w x = w x x X 	

� f =



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

y1
Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 �  � � � � � � � � � � � � � � � �  � � � # $ � % � � � ( ) ) � + � , $ � � . � � , � $ , $ � / � �  � 2
y1

3 � , 3 � 5
6 8 � ; < = > > � .  , � . � A � B , $ � � � � � �  � � � # $ � % � 3 � � � $ � . � � , � $ , $ � / � �  � 2 � � � A � $ 5

� � A $ 5 	 � $ � # , $ � / � � ( ) ) � + � , $ � � . � � , � $ , $ � / � �  � 2 . � A N # , $ 5 $ � � � $ � � , � $ � A � 3 �
�  � � 5 Q S A , � � � T .  � � � V � , � � � W � 3  � S � � 5 [ > < \ 	 ^ _ � S � � � � ( ) ) � + � , $ � � � . � � , � $ , $ � / �
�  � 2 . � A N # , $ 5 $ � � � $ � � , � , � � � � � � ) ) ,  , $ + � � A � $ 5 Q . � .  � � � � 	 ^ _ � S � � .  � � , � , $ �
$ � N  � � $ , 

σ
	 i , �  , � � # , � � � , 3 $ � # , $ � / � � ( ) ) � + � , $ � � � . � � , � $ , $ � / � �  � 2 �

) � � � � , �  � # , � � � Q � � � � , � � Q n o p � � � � � � q s 
 .  � � , � , $ 5 � 3  � S � � [ � > w x > w x x \ 	

�  x



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

y1

Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 �  � � � � � � � � � � � � � � � �  � � � # $ � % � � � ' ( ( � * � + $ � � - � � + � $ + $ � . � �  � /
y10 � + 0 � 2 3 5 � 6 7 8   � -  + � - � ; � < + $ � � � � � �  � � � # $ � % � 0 � � � $ � - � � + � $ + $ � . � �  � /

� � � ; � $ 2 � � ; $ 2 	 � $ � # + $ � . � � ' ( ( � * � + $ � � - � � + � $ + $ � . � �  � / - � ; E # + $ 2 $ �
� � $ � � + � $ � ; � 0 � �  � � 2 H J ; + � � � L ; + � � M � -  � � � M � + � � � O � 0  � J � � 2 Q  7 R 	 U V � J � �
� � ' ( ( � * � + $ � � � - � � + � $ + $ � . � �  � / - � ; E # + $ 2 $ � � � $ � � + � + � � � � � � ( ( +  + $ * � � ; � $ 2 H
- � -  � � � � 	 U V � J � � -  � � + � + $ � $ � E  � � $ + _

σ
	 ` + �  + � � # + � � � + 0 $ � # + $ � . � � ' ( ( � * � + $ � � �

- � � + � $ + $ � . � �  � / � ( � � � � + �  � # + � � � H � � � � + � � H f g h � � � � � � i k 
 -  � � + � + $ 2 � 0  � J � �
Q �  o p  o p p R 	

� _ �



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-0.5

-0.4

-0.3

-0.2

-0.1

-0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

x1
Obs
UBVRIJ Claret 1998
UBVRIJ Claret 2000
ugriz Claret 2004

(A)

� � � � 	 �  � � � � � � � � � � � � � � � � ! � � � $ % � & � � � ( ) ) � + � , % � � . � � , � % , % � / � � ! � 2
x1

3 � , 3 � 4
5 7 � : ; < = = � . ! , � . � ? � @ , % � � � � � � ! � � � $ % � & � 3 � � � % � . � � , � % , % � / � � ! � 2 � � � ? � % 4

� � ? % 4 	 � % � $ , % � / � � ( ) ) � + � , % � � . � � , � % , % � / � � ! � 2 . � ? M $ , % 4 % � � � % � � , � % � ? � 3 �
� ! � � 4 Q S ? , � � � U ? , � � V � . ! � � � V � , � � � W � 3 ! � S � � 4 X = ; Y 	 [ \ � S � � � � ( ) ) � + � , % � � �
. � � , � % , % � / � � ! � 2 . � ? M $ , % 4 % � � � % � � , � , � � � � � � � , ! � � , ? � % 4 Q � S ? � � � , V �
� � . � ? � 3 � � � % � , � � � � � � � � � � � � 3 � � � % � � ! � � . ! , � , ? , % � /

χ2
P

	 [ \ � S � � . ! � � , � , % � % �
M ! � � % , � � � , ! � /

γ = 0.955
	 h , � ! , � � $ , � � � , 3 % � $ , % � / � � ( ) ) � + � , % � � � . � � , � % , % � / �

� ! � 2 � ) � � � � , � ! � $ , � � � Q � � � � , � � Q l m n � � � � � � p r 
 . ! � � , � , % 4 � 3 ! � S � � X � = u  = u   Y 	

� v w



3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000

λ
-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

1.25

y1
Obs
ugriz Claret 2004
UBVRIJ Claret 1998
UBVRIJ Claret 2000

(A)

� � � � 	 � � � � � � � � � � � � � � � � � � � � � � " # � $ � � � ' ( ( � * � + # � � - � � + � # + # � . � � � � 1
y1

2 � + 2 � 4
5 7 � : ; < = = � - � + � - � @ � A + # � � � � � � � � � � " # � $ � 2 � � � # � - � � + � # + # � . � � � � 1 � � � @ � # 4

� � @ # 4 	 � # � " + # � . � � ' ( ( � * � + # � � - � � + � # + # � . � � � � 1 - � @ M " + # 4 # � � � # � � + � # � @ � 2 �
� � � � 4 P R @ + � � � T @ + � � U � - � � � � U � + � � � V � 2 � � R � � 4 W = ; X 	 Z [ � R � � � � ' ( ( � * � + # � � �
- � � + � # + # � . � � � � 1 - � @ M " + # 4 # � � � # � � + � + � � � � � � � + � � � + @ � # 4 P � R @ � � � + U �
� � - � @ � 2 � � � # � + � � � � � � � � � � � � 2 � � � # � � � � � - � + � + @ + # � .

χ2
P

	 Z [ � R � � - � � � + � + # � # �
M � � � # + � � � + � � .

γ = 0.955
	 h + � � + � � " + � � � + 2 # � " + # � . � � ' ( ( � * � + # � � � - � � + � # + # � . �

� � � 1 � ( � � � � + � � � " + � � � P � � � � + � � P l m n � � � � � � p r 
 - � � � + � + # 4 � 2 � � R � � W � = u v = u v v X 	

� w <



-0.0015 -0.001 -0.0005 0.0005 0.001 0.0015 0.002
rs�xs

c

-0.0004

-0.0002

0.0002

0.0004

rp�rp
c

� � � � 	 �  � � � � � � � � � � � � � � � � � � �  � ! � # � & � � � � � & + � & - � � & � � � � � � � � 0 & � �  � +
� & � 2 � � � � � �  � 3

χ2
P

�
χ2

M

 & 2 � � � � � � � � 2 & � & + � � � � �
rs, rp

� 2 � � � 2 � � � 5 �  � �
� � & � � & � � 7  � 8 � 0 & � �  & 2 � � � +  �  � 3 � � � & = 	 � � � � �  � � � � � � � 3

γ = 0.955
@ � � 3 � � � � � !

# � � � � & � � � & 2 & 0 �  � � � �  � � �  
9500 − 10000 �A E � � � & 3 � � � � � G 	 � J  � � � �  & 3 � �  � 3

�
� � � � � � � � � �  & 3 � # � & � � � @ 2 � � � � � �   & 3 � � � 2 � � � 0 � � &  � � + � � & � � � � � � � � 0 & � �  � +

� & � 2 � � � � � �  � 3
χ2

P

	 P 2 � � R  & 3 � �  � 3
�

� � � � � � � � � �  & 3 � # � & � � � @ 2 � � � � � �   & 3 �
� � 2 � � � 0 � � &  � � + � � & � � � � � � � � 0 & � �  � + � & � 2 � � � � � �  � 3

χ2
M

	 P � � � �  X 2 � 3 + � J 8 � � �  � � &
� � � � � � � � � � J = � �  � � � � & � & + � R � # � � @  & J � � �  �

2σ
@ 2 � � J 7 �   X + � � & + � & - + � � � � &

� � _ _ � � �  � � & � �  X - 2 � 2 � & � � � 	

� a b



-0.4 -0.2 0.2
x1�x1

c

-0.6

-0.4

-0.2

0.2

0.4

0.6

y1�y1
c

� � � � 	 �  � � � � � � � � � � � � � � � � � � �  � ! � # � & � � � � � & + � & , � � & � � � � � � � � / & � �  � +

� & � 2 � � � � � �  � 3
χ2

P

�
χ2

M

 & 2 � � � � � � � � 2 & � & + � � � � �
x1, y1

� 2 � � � 2 � � � 5 �  � �

� � & � � & � � 7  � 8 � / & � �  & 2 � � � +  �  � 3 � � � & = 	 � � � � �  � � � � � � � 3
γ = 0.955

@ � � 3 � � � � � !

# � � � � & � � � & 2 & / �  � � � �  � � �  
9500 − 10000 �A 	 � G  � � � �  & 3 � �  � 3

�
� � � � � � � � � �  & 3

� # � & � � � @ 2 � � � � � �   & 3 � � � 2 � � � / � � &  � � + � � & � � � � � � � � / & � �  � + � & � 2 � � � � � �  � 3
χ2

P

	

N 2 � � P  & 3 � �  � 3
�

� � � � � � � � � �  & 3 � # � & � � � @ 2 � � � � � �   & 3 � � � 2 � � � / � � &  � � + � � & � � � � � � �

� / & � �  � + � & � 2 � � � � � �  � 3
χ2

M

	 N � � � �  W 2 � 3 + � G 8 � � �  � � & � � � � � � � � � � G = � �  � � � � & � & +

� P � # � � @  & G � � �  �
2σ

@ 2 � � G 7 �   W + � � & + � & , + � � � � & � � ^ ^ � � �  � � & � �  W , 2 � 2 � & � � � 	

� ` a



� � � � � � � � � �

� 
 � � � � � � � � � � � � � � � � ! # � � % # ( 
 � ) � + - � � � � � # ( ( � / � � 0 # # � / � � ( � � � � � � ( � � � # ( � # � � ( 
 # 4
� � � 5 � � 
 # � � � / � / � � � 0 # # 
 / # � : 5 < � � ( 
 � � � � 4 � : 5 ? � � ? � � : 5 ( # ( � � + ( A 
 ? � � � � � � � � + # E
F � � � / � / � � � 0 # ! � : � � � � ! � � ( � � / � + 
 � 5 � # � � 4 � � % � # 
 � � � / � � # � � � % � ? � 
 � � � �
� � � � + � � � # ! 
 
 / � N E � � + � � # + � � R� / � ? � � # < � � � � � � ) � : � ( U # ? # � � ( 
 � 4 � � � 
 #
? / � � # ! / � ? W � � � � � : E X � 
 - � � / # ( E Z E [ # \ E ] � / � � ( � � � � � � : ? � � # ( # + � ( � # 
 � A U U # 0 # � � � �
� � � � + � � � # ! 
 
 / � N � � � � # � : � � � � : � � / � � � � � � ) � � # # � # � � 4 � � % � ? � 
 � � � � � � � + � � � # !

� � ! ( # ( � � + f g h i j ] \ k # f g l k j m Z Z ( � � � � � � ( � � � � � � E o # � � � - � � � / � ( 5 � ) � � � # � + � ) � W
� � < � N � � � + : + # ? � � � � � # ! + # 
 � A U U # 0 # � � � � � � � � + � � � # ! 
 
 / � N # � � � W � � � � : + # # ?

� � � / # # � � � 
 # 5 � � + � ( U � / ? � � � # � � � � � � E � � ! � < � # 5 ( # ( � � + � � < � N � � � + : � ? � � � � � # !

 � A U U # 0 # � � � � � � � � + � � � # ! 
 
 / � N ( # ( � � + � � # � � ( 
 # + � � � s � � � � / � � # � � ( 
 # 5 E t / # A � � +
� ( � W � � � ( ( # ( � � + � 4 f g h i j ] \ k / � ( 5 � ) � � � # � � � < � N � � � + : 5 # � � � / � � # � � ( 
 # 5 ? � � � � � # 4

 � A U U # 0 # � � � � � � � � + � � � # ! 
 
 / � N � � ? / � ( � � � � ( / � ( � � + � � # � : � � � � : - � � � � / � + !

 � 
 � ( � W � � � ( # ( � � + : f g l k j m Z Z A � � / � ( 5 � ) � � � # � + � 
 ( # + � � � � � � � ! � � # + � � � s # 5

� � # � � � � � E o ( � W � � � 
 � � � / � � # � � � % � ? � 
 � � � � � � � + � � � # ! 
 
 / � N � � � � � � / � ( 5 � ) � � � # �
W + � � � s � � � ( ! E

o � � < � # 0 � \ E l m � / # � � � � � : � � � / � � # � � ( 
 # � # � � < � N � � � + : � 
 � A U U # 0 # � � � :
� � � � + � � � # ! 
 
 / � N � � ! � # � # + � % � � # � � � ? � � � � � # � � � � � - � � � W � � � � : � � � / � � � � � � ) � � # #

� # � � 4 � � % � # 
 � � � / � � # � � � % � ? � 
 � � � � � ! � ( � 5 � ! � # / � ( ( + � � / � � � : 5 � � # ( ( � / � � 0 # � � � � +
# ( ( � � � � � � � # # ( # ( � � + E o � � ( � � � � � + ( � � � < 0 � � / # � � � � � : 0 � � � / � � � � : � � � # � :
� � � � - ( � � � � � � ( � � W N � # � � � < � N � � � + : + 
 / # � : + < � � ( 
 � E � � � � W � � � � + � � # � � - � � �
< � � � s # � ( � � � # ? � / # � � � R� � � : 5 � # � � 4 � : 5 
 � A U U # 0 # � � � � � � � � � + � � � # ! 
 
 / � N + � � � s �
( � � � � � � ( � � W N � # 5 � � � / � � # � � ( 
 # 5 
 � A U U # 0 # � � � � � E � � � / � ? � # � # � ( � 5 / � � ! � � ( ! � / #
� � / � 5 � � � � � � # � � 4 � � % � 
 
 � � � / � � # � � � + W ? � 
 � � W � � � � + � � � # ! � # ( 
 � ? � � ? � : 
 
 / � N E
� < � ! ( � � � # � W 
 � ? � � � � % � / � ? � # � # ! � / � � ( � � � � ! � � ( � < � 4 � � � � � � � W N U # ? # � � ( 
 W N ? � � � � W E

o � ) � : + / � ? W � � � � � � + ! � � ! � � ( ! � � � � � � / ) � � � # � W + � � � s � � # ! / � � # W ( � A 
 ? � � � � � � � :
( W � � � # � � � # � + � � # � : � � � � : � ( + E / # ( \ E Z � E � � � � � ! ? � � # ( # + � ( � � ( � # � � � � � � ( � � W � � �
/ � � � � � ( 
 � + / � ( ( � ! � # # # ? � W � � � # ! ? � � ? � : � � � + � ( U � / � A 
 ? � � � � � � � : E

l Z i



� � � � 	 � � � � � � � � � � 	 � 	 � � � � 	 � 	 ! � # � � ! 	 � � � � 	 � & ' � � � ' 	 * � # - . . 	 � 	 � ' ! # 0 � # ! � � ' � ' 	 *

� � � � 3 � 5 7 	 � � 	 � # � 9 � � ' : 0 � � � � � ; � � ! # < � < 	 . . � � � ' � 	 � � > ' : ; � # � � � 0 # � �

5 7 	 � � � � � 	 0 � < � ' � ' � 9 � # 0 ' � E
σ

� � � * � 	 � ! � � : H I � K L � N N � � 	 0 � < � ' : � � & 9 � > ! � ! :

	 ' ! � � � � � ! � � 	 	 � # � � 0 # R 0 � ! 0 	 � � 	 0 # R � � � � � � �
x � � # - . . 	 � 	 � ' ! < � * � # < � � 	 �

� 	 ' � R ' : � & � � # ' # � � # ! � � ' � ' 	 * � � � � 3 �
x1

	
y1 � � # # ! 0 � ! � ! 0 � ' ' # � 	 ' � R ' : R 	

� 0 � < � � ! 	 � ' : R � # - . . 	 � 	 � ' ! : 0 � � � < � # � # ] � ' 	 	 � 0 � < � � ! 	 � ' # _ # & � � # ' � � # ! � � ' � ' 	 *

� � � � 3 � a ' < � � � # � c d e f g c # � # & ' � � � ' : � # # ! 0 � ! � ! 0 9 3 	 	 � ! � # � � ! 	 � � � � 	 � � # - . . 	 � 	 � ' ! :

� # ! � � ' � ' 	 * � � � � 3 �

j � & 0 � ' 	 � � 	 � ! � � :
x xteor x1 x1teor y1 y1teor λ( 
A)

H I E m L n � K
0.437± 0.013 ∼ 0.58 0.307± 0.075 ∼ 0.49 0.21± 0.12 ∼ 0.21 6779

o e p q e g t � v
0.482± 0.032

m � � K � −0.07± 0.36
m � E � L

0.75± 0.52
m � N x N

6550
o e p q e g t x v

0.635± 0.026
m � x N E

0.38± 0.24
m � N x x

0.38± 0.38
m � N � n

6550
o e p q e g t � v

0.538± 0.026
m � x m L

0.23± 0.32
m � N � x

0.44± 0.46
m � N n n

6550
H I � K L � N N

0.615± 0.028 ∼ 0.67 0.52± 0.26 ∼ 0.49 0.14± 0.42 ∼ 0.21 6750

� N �



� � � � � � � � � �

	 �  � � � � � � � � � � � � � � � � ! � � � # � % � & � � � � � ) ) � ) � � � # , � ) � � � / , � � 2 � � / � � � 5 5 6 � 7 8 8 : ; < < � > �
	 ;  A � � � B � % , / � � � � � � � � � ! � � � # � % � & � � � � � � # / � � � � � � � � � � � & � � � � � ) ) � ) � � � � � / , � � E

2 � � / � � � F 5 5 � G 7 H : ; < < K > �
	 L  M � � � � � P � # ) ) # � � � � � � � � � # � � � � � � P � � ) ! � # 
 � , � � � , % � # � S 5 U � G H L : ; < < 8 >
	 H  � � / � � � � # � , � % , � � � � � �  # � ) ) # � � � � � � W # � � P � P � � � # � � / , � � � � � / , � � 2 � � / 5 Y F � � : ; < < 8 > �
	 G  � � � � B � 
 � � # , � ) � � � / , � � 2 � � / � � � ] ^ _ � � K 8 : ; < � < > �
	 7  M � , # � � 
 , �  # � � , � � E / � ) � � � ) � � # , / � � , � ) � W � � , , 2 � � � # � � 2 ) � � # , � # % � 
 � , � ) � W � 2 � 2
	 K  � � P � % , � � � � , � � � � � , � ) � � � , � & � � � � / , � � � � P � 
 � _ d F � � 7 H H : ; < < g > �
	 g  � � � � � , � & � � � � � ) ) � ) � � � � � � � � % , � % � � / , � � � � � / , � � 2 � � / S ] F � � L H K : ; < < K > �
	 8  � � � � B � 
 � � � � � � � � � % 
 � � � � � � � & � � # # , � ) � � � / , � � 2 � � / � � � ] ^ _ � � L � : ; < � < > �

	 � <  � � � � � % � � �  � � � � � � � � % 
 � � � � � � � B � 
 � # , � ) � � � / , � � 2 � � / � � � ] ^ _ � � � L 7 : ; < � < > �
	 � �  � � � � � � , � �  � � � � � � � � % 
 � � � � � � � B � 
 � # , � ) � � � / , � � 2 � � / � � � ] ^ _ � � � H < : ; < � < > �
	 � ;  � i j i k l � m n � � o � � � q r j s t � u m j t � ] Y � � � G K � : � 8 8 L >
	 � L  � � � ) � � # , � � / , � � � � � / , � � 2 � � / S 6 d � � < < � : ; < < H > �
	 � H  � s t x l j q n y z � � { � � � i j i k l � m n � � o � � � | s } l � � � � � � � i n s j j i n r t � i � l � l x y

l q r j s � y � y n y � o � � � l m n l � � 8 g G �
	 � G  � � / # � � � � � � � � 
 � / � ! / � � % ) ) � � 8 L 8 � � � 8 � � � � K �
	 � 7  � � � � � � � ) / � � � � � � ' �  �  � , � � � � � 8 H < 8 ; ; K  �
	 � K  ( y | s } i � $ � o � � � o l r i � l r y x i q n l � s � j l � s r n l t l � } � � i t y z : o � � � y � � l r | y � > � 8 7 ; �
	 � g  % y } n q � � � � o l r i � l r y x i q n l � q r l r y q r y n l � : o � � � l m n l > � 8 7 K �
	 � 8  B � � � � � � � � � � / , � � 2 � � / � � � � 8 H ; � � 8 7 � � � K L �
	 ; <  � s t x l j q n y z � � { � � � s � l t s � � � ) � � � i j i k l � m n � � o � � � 8 8 � �

� s t i x t s k l j l � i r j y x i q n y i s � j l r t � i � l � l x y l q r j s � y � y n y � o � � o � % �

� L ;



� � � � � � 
 � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � # �

� � � � � � � � � ' ( � � � � � � # � � � � + � � � - � + � � � � � � � � � � 0 # �

� � � � � � � � 
 � � � � � � � � # 0 � � � + � � � - � + � � � � � 3 # � � � # � �

� � � � � - 	 	 - 
 
 � � � 5 � � - � 7 8 � ' 
 � 5 
 � � � � � � ' 
 � 5 � � � � � � 7 � � � � ' 
 �
� � 0 9 � � 
 � 7 ' � � � 
 � 7 � �  � � + � � � 8 � + - � � � � � � � � � � 3 �

� � 3 � + � � 8 < - � ( � � � � 5 � � � ' � � 7 � � � � � � � � � � # � � � � � � < 8 - � + 
 � � � 5 � � � � � � � � � � �

� � � � @ - � � � � � '  � � � � � # 0 � � � + � � � - � + � � � � � 3 � � � � � 0 � �

� � # � � B C B D E � F G � � H � 5 � J K L E C M G N O � � P � 5 � Q J R E � � � � � � � M S C J K � T F C K � � � � # W � � � �
X � � � � � �

� � 0 � � � �  [ � \ � � � � � 0 � � � 
 � 7 � �  � � � � � � � 3 � � � � 3 � � �

� � � � � � 
 � � - ' - 	 5 � � 
 � 7 ' � � � 
 � 7 � �  � ] ^ _ 5 � � � � b � 9 9 � c �

� � 9 � @ � � � � 7 � � - � 5 � � � � � 
 	 - 8 5 � � 
 � 7 ' � � � f g 5 � 9 � b � � 0 � c �

� � � � � � + 7 � 
 � � 7 � 
 � 5 � � 
 � � � � � � 
 - � 5 � � + � � 8 8 -  5 � 7 ' 
 � 8  � 7 
 � k 7  � � � 
 � 7 ' � + 7 � � m ^ n 5 � � # #
b � 9 9 � c �

� � � � @ � � � � 7 � � - � 5 � � 
 � 7 ' � � � f o 5 � � � b � � 0 � c �

� � � � � � � � � � 7 � � 5 p � \ � < - '  5 � � � � � � � 5 � � � � \ � < < � � � 5 � � 
 � 7 � �  � � � � g g n 5 3 9 � b � 9 9 # c �

� � � � @ � [ � � � < 7 ' ' - � � 5 r � � � � � 7 � ' 5 @ � � � � � 
 � � � 5 � � � �  7 � 5 � � 
 � 7 � �  � � � � ^ s o 5 � � 3
b � 9 9 9 c �

� � 3 � @ � � � - � 5 � � � �  7 � 5 � � � � � - � � � 
 - 
 � 8 � 5 � � 
 � 7 ' � � � 
 � 7 � �  � ] n ] 5 � 3 � b � 9 9 � c �

� � � � � � P � W F S F G J t 5 � M S C J K � T F C K � g o 5 � � # 3 b � � � � c �

� � # � � � P � W F S F G J t 5 � M S C J K � T F C K � u s 5 � 9 9 b � � � 3 c �

� � 0 � � ( ( 8 - 
 7 ' � � � � 5 � � 
 � 7 � �  � � � � s g f 5 � � 0 b � � 0 � c �

� � � � 
 � � 7 ' 
 5 \ � � ' � 
 � 7 ' 5 k � � � 
 � 8 8 � 8 � ' � - 
 � 8 � 5 � 7 ' 
 � 8  � 7 
 � k 7  � � � 
 � 7 ' � + 7 � � m f ^ 5 � 9 �
b � 9 9 0 c �

� � 9 � 
 � � 7 � � �  5 + � � � �  5 � � � �  7 � - 
 � 8 � 5 � � 
 � 7 ' � � � 
 � 7 � �  � ] ] ] 5 � 3 b � 9 9 3 c �

� � � � x � y F { | B O 5 � M S C J K �  N C F G R } C � � � � � b � � 0 3 c �

� � � � + � � � � �  � 5 � � \ 7 ' � � 5 k � � � � � � � � 5 � 7 ' 
 � 8  � 7 
 � k 7  � � � 
 � 7 ' � + 7 � � ] n n 5 � 0 � � b � 9 � � c �

� � � � � � [ 8 � � - 
 5 � � 
 � 7 ' � � � 
 � 7 � �  � m m ^ 5 � � # b � � � 0 c �

� � � � � � [ 8 � � - 
 5 � � 
 � 7 ' � � � 
 � 7 � �  � m g m 5 � 9 0 � b � 9 9 9 c �

� � �





Покупайте Ваши книги быстро и без посредников он-лайн – в 

одном из самых быстрорастущих книжных он-лайн магазинов!  

окружающей среде благодаря технологии Печати-на-Заказ.

Покупайте Ваши книги на

www.more-books.ru

Buy your books fast and straightforward online - at one of world’s 

fastest growing online book stores! Environmentally sound due to 

Print-on-Demand technologies.

Buy your books online at

www.get-morebooks.com

VDM Verlagsservicegesellschaft mbH

Heinrich-Böcking-Str. 6-8 Telefon: +49 681 3720 174 info@vdm-vsg.de
D - 66121 Saarbrücken Telefax: +49 681 3720 1749 www.vdm-vsg.de








