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	 � S76-VG6>���� � �"!#�$�%	 � S76-KG5-1

CCD &('*)

f
3: CCD �,+(-

�$. �*/ �"! 512× 5120 �*13241�5
12.3mm× 12.3mm6$7 � 	 241�5 24µm× 24µm

Full Well 250, 000 e−/pix8"9": �"; 135 (T=180K) < 10e−

<�=�> 12.75 e−/sec/pix(T=240K)

0.0046 e−/sec/pix(T=160K)

68%(λ = 450nm)?�@�A�B
75%(λ = 550nm)

80%(λ = 650nm)

CTE 0.99999:,CED
2

Conversion Factor 1.3 e−/ADU (2007 F�G,�,��H�I )!�#�$�J � pixel scale 0.99 K /pix
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��� 7���� � V������! 	"$#&%$')( s&*,+.-!/ #�0	12#43$5�687:9&;4<>=&��U�V %�?A@ W �CB���DE �*� /	� ��2	FHG �JI>K5�JL�/E-�M:NCO�P�Q	R	SUTWV ��H Q +
( D E �*� ) XZY ( �,2 )+( [�� 1 ) \$] ( ^�G`_ G )+( a 1 0 [ )+(

< =�>
)+(
8 : ��; 1#5 )

V )b@dc>e /	Ngf ��) 1 W
3.1 Conversion Factor

CCD /�hiRij>k*T51�V + h = A I�/&05Qlh��4m*G*/4n>o�� D�=ip R>Drq�1(W�U�� =>p ��s D n VtJu`v J ���)w � ! N �4x!y{z}|�/i~ Q + �E�Jx�yi� D �5U�V % Conversion Factor: fconv V ?�)E+
n = Nfconv (1)

�$z�|>R	� Q��C�,W n, N �(��V`�JV σn =
√

n, σN =
√

N �J� G���%&�,� + UWV G / �
σn = σNfconv (2)

�$z�|>R	� Q�� ��+
fconv =

N

σ2
N

(3)

V&N�1�W0�f ��+ �CB,/ Conversion Factor
%&�)� 1 /!� + ~*1 N!�2mEG��&h %}� N�1�� :4�>��J�� Q + �

w � ! N V�� G�� σN

%}�
(3) /Jj�V �4�	�>�i� = % '*) V)� 0 ) W_�` � 2007 F�G,��� J S G V D fconv = 1.3

% '�),D W
3.2 �������b�{�

CCD
J Drq D,=>p � + ~�1 `� �% P�f �*=i¡ /4¢!£ � � 8 :i¤ V 1 W�0Jf ��+ S G V 1 E �*� /

���I�4¢�£�/�¥ @l¦iF N�; 1 5 R>SrT�V ��) 1 W*U(� CCD §>¨��5V,U4© F�GCª 1�; 1 5 ��U�V %�«
9	¬>O�P�Q : Nread e−/pix V )b@ W
� :4�	� 0 ­ J ���Cw � !r�J� G�� R + U�� 8 : ��; 1#5 /4nio*T51�V�®4¯ G V 1�W _�` � 2007

F�G,��� ��°5� !(05Q + Nread = 8.4 V�� D W
3.3 ±{²�³´ :"a �&µ = @ /�04f � Drq�1 =�> �5U�V %!¶:·$¸ : ndark e−/s/pix V )�@ W CCD

%�¹!º T51 �
��U � < =�> /�0I1"; 135�%&» ¯&1 D!��J ~�1 W CCD � +�- F�G���¼2F 1"P Q + CCD

%�½	¼	¹>º
T�V)�)¾�¿>ÀiÁ JUÂ 1&Ã�G��JÄ�/"� F N G N ) � J*+O_�` � ndark = 0 V�� D W
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CCD
F�G � =ip&% =i¡ /J¢>£4� � 84: T V Â + 8 : �$; 135 /&04f �
	 �JÄ�/>N�1�U*V %���
�D�,+ �)�i~*1"N���� =i¡ R F��rG V ��) 18W�U.V %�� P
��� V ?�)E+�84:	¤ V D E ���:F�G a 1 0 [%�� Q�� ª U�V % a 1 0 [��
� V ) @ W

a 1 0 [���� %86�@ /�� + T��!� :J�i� 0 ­���� �(� � D�
!� Q + �:V G"%� �! � � 1

 �&a 1 0

[ @ � ��� � % ;�1�W(��� �*+ D E ��� R#"Hf D � ��� � F�G a 1 0 [ @ � ��� � %�$
� � 0 ) W
3.5 %'&)(+*

CCD � N�,��"/ 1 pixel -&Vr/�^ G�/i_ G R2~�1 WOU ��^*GC_ G % ����T�1,U�V % o )�.�/�0 o�p (q ' p�132 V ?*)I+ �E� D>� / '*) 1 t4u � ��� � % ��.$�$! @ � ��� � V�4
5�W
��.$�(! @ �$� � 	 E � � �*%(6�@ /!� + T���N*->h %�� Q + ��V % a 1 0 [���� � � ��.��$! @
� �8� � % ;�18W���� ��+ a 1 0 [3�
� % � D8��2 t�u � �(� � % ��."��! @ � �(� � J�6 Q87�T�V
� 0 ) W
3.6 �:98�!,#�$ /�j!k4� ��ª 1��!� +<;�= / ��2>F�G �(��."� 7 [�> � J N ª �,2 § � ��?�@��(�,.(� 7 [
nsky e−/s/pix R	SUT�V ��) 1�� J�+ ��� 7���� � ��B�/i��UWV %�� QA� F N � V2� )�� N ) W�CBE/ nsky

%�B�C 1�/>� + a 1 0 [���� V,��.���! @ ��� � 	 E � �(��%ED ¯ D t�u � ��2 R�F�f��) N ) V,U�© � pixel - V ���Cw � !r�  �! Ä % V�V2� 0 ) W

4
�HGJIHKMLON

� [
��� A�B V:� c,dIeQP�R�S ¬�T ->/2*U+ #�U�V�W P�X ¬EY[Z CCD \ « 9�]_^a` ·�b #�&�c 1
/AW`#
d J ~�1(W
->/2*,+ c,dEeQP�R�S ;Q`EU#V
W : si photons/s �

si = π

(

D

2

)2
∆λFλ

hν
(4)

V&N�1�W&U�U J�+
D :

!�#�$ � h i
Fλ :

��2	FHG ����.$� 7 [
∆λ : ���
	 � � ��e�fhg

J ~�1�W
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3�4���2 R2Á���� J M mag � V Â�+ Fλ � 0 mag � ��2CF G �"��.�� 7 [JR F0mag = 3.92 ×

10−12 W/cm2/µm
J ~�1�U�V %�'*) 15V +�°����O� � �

m1 − m2 = −2.5 log

(

f1

f2

)

(5)

0�Q +
M − 0 = −2.5 (log Fλ − log F0mag) (6)

Fλ = 3.92× 10−12− M

2.5 (7)

V � T�1�W
CCD \4%
	<T ·�b #�� W : ni e−/s � +

ni =
Nfconv

t
(8)

V&N�1�W&U�U J�+
N :

t4u`v J ���`w � !
fconv :Conversion Factor

t : 
 ¼`�	�
J ~�1�W
UWV G8% '*) ��+ � [
� � A�B η �

η =
ni

si

(9)

J!� T�1�W

5
�������

����� l V&���[`�&"' )��#����� P���� Y Z��H9��� 1 !�\ 1 &#c 1 /:#�0C1C5�%
	�]�" `$#�%&(' -!/ #�)�*��5U�V J�+ 1(W-,�/ M ����� ��2�% t ­ � � : � D V Â / N �)w � !K��IiK>R ´ :¤ V D V T51�V + U�����-�. � [
� �,�.����� l Zmag �
Zmag = M + 2.5× log

N

t
(10)

J/+ 1�W

6 021�3 �4(5�6�798;: �=<.>�?A@/BACED.B�F�<.G�H�IAJLK�M=NL)�*PORQ 8TS +/U(V(W�XZYL[ :]\A^;_ [�`a U;b�c OAd S/N eRf U$gRh-ikjkl 8�m CED;BPF(n 8Lo�pAq�rka ULV-s�t�u�v�w S�: S/N = 5
h
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��j
	���
�� SZm l�� 8�a U Q 8 e���� V \A^$_���� h�� 8��Ap Nnosie

8Ta U 8 �
S/N =

nit

Nnoise

(11)

8���� U�V
��X O ��e m !=O pixel
[
" e$# p � U 8�a U 8 �

Nnoise =
√

nit + mnskyt + mndarkt + mN2
read

(12)

S f U�V

7
%'& (*),+

7.1 2008/12/4 ( - ) .0/
1

4: data – 243 J2000

��� ��X Alpheratz (α Andromeda)v�5
00h08m23.3sv�6

-29 7 05 8 26 9: 6�7
2.1 mag

;*< : ��=�> S
α And. O@?BA [ f U 6.1 mag ODC h ��� a U*E�F�G # l e � Q.OIH4�KJ/O C :@Le � pPm l�l � ��� SZmDMON # l�V

7.2 2008/12/25 ( - ) .0/POQ=h�R � p �4S�T4U�V@W�X e�Y0A M U N[Z$\]N hD^�_�� 4.5A6�7 [ ?�� ��X=h ��� a U 8 � \ Q8 ea`cb V o N�o � ��� SZmKde\�MOf � :OgOhjilk 	 M4N # l�V

7.3 m0npo0qsrut η, vaw0x0y Zmag z|{~}��� O@��� S�: � H@�I�=O �I�k: ��X N�� O b�cR[ d _ p����ApO�$� � 8���� 	 U O S �
��� O� [ :�� : o lAV@� ^�� T4���/[ :����O� �����|�*��O � ^4� T ���[�
� V O
 ¡�[¢ h�£ � l�V �¤�¥[¦ �§��¨D��©� e¨@ª@« :K¬ # p � M � VO­I®�� IRAF
S OD¯ ¤[° ��¢*± F 8 � u SO²e� 	Pl-g Sf U�V 6�7�³�´k: < 3�± F O ��� Zmag = 25

8(o l�V
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1
5: IRAF data-1

file name apertur itime N ni η Zmag

21alpha.fits 15 1 2.84× 106 3.70× 106 0.0352 18.2

21alpha0.fits 13 0.1 3.12× 105 4.05× 106 0.0386 18.3

21alpha1.fits 15 0.1 3.28× 105 4.27× 106 0.0407 18.4

21alpha2.fits 20 0.15 5.03× 105 4.36× 106 0.0415 18.4

21alpha3.fits 20 0.4 1.10× 106 3.57× 106 0.0340 18.2

�
(4),(7) ��� �

Fλ = 5.67× 10−13 W/cm2/µm

si = 1.05× 108 photons/s

Zmag = 2.1 + 2.5 × log
N

t1
5 ��� �IS�T�U�VKW�X�� 6�7�³�´/:Id 	��
	��
	�h 8 # p

η = 0.038 , Zmag = 18.3 mag

8(o lAV

7.4 � z
�����
� O���� u : nsky photons/s/pix

h�� � U-Vf � > O@C�e��s# p � M ����� (25 pixel) O�� �Oª ¦ O �
	 : Nmean photons
h 8 # l i O h"! a V

1
6:
� O���� u

file name Nmean nsky

21alpha.fits 575.4 575.4

21alpha0.fits 145 1450

21alpha1.fits 118.7 1187

21alpha2.fits 115.4 769.3

21alpha3.fits 157.5 393.8

nsky =
Nmean

t
(13)
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f � >�[���� � N [K��X O u 8T:���M U��;u e��j# p � l O S � ²e� 	�l nsky O g :���� ���
	m A M # p � U 8�� j � 	EU-V ��# p � nsky O g :�
si �$� N # l 21alpha3.fits
Ns�c² l  ���¢ h£ � p

nsky = 394 photons/s/pix8(o lAV�Ll��
1 pixel = 0.992 arcsec2

M O S n′

sky =
nsky

0.992 photons/s/arcsec2
8DM �

n′

sky = 402 photons/s/arcsec2

8�� A$Q 8�iTSZm U(Vf U � : �K1 5 O g O �
	Rh 8 � �
ni = 3.99× 106 photons/s/pix8�a U 8 � Q 	]h � (5)

[O£ � 	[� n′′

sky mag/arcsec2
: �

n′′

sky − 2.1 = −2.5 log

(

nsky

ni

)

(14)

8DM � �
n′′

sky = 12.1 mag/arcsec28�� A$Q 8�iTSZm U(V

7.5 S/N z ���
Q.O�� °@¤ S�T�U�V O 6�7�³�´ e ��� # l O S � Zmag = 18.3

8 ¯ ¤ ° �I¢*± F=h o-p���� � u ol�V@��� :
apertur

:�a _ p
20
8-o lLV����Rh4­I® O 1k[[� 8D� U-V M

:
N
h 6�7 [���� o l-g[�

∆M
:(6�7�����S f U�V

1
7: IRAF data-2

file name itime N M ∆M S/N ( ��� g ) S/N ( ��� g )

21alpha.fits 1 2.93× 106 2.133 0.002 543 1817

21alpha0.fits 0.1 3.20× 105 2.037 0.003 362 559

21alpha1.fits 0.1 3.36× 105 1.985 0.003 362 576

21alpha2.fits 0.15 5.04× 105 1.985 0.002 543 724

21alpha3.fits 0.4 1.20× 106 2.206 0.001 1086 1148

M
8

∆M e �|�l	I� � � (5),(7) � � � S/N OK��� g :
S/N =

10−
M

2.5

10−
M−∆M

2.5 − 10−
M+∆M

2.5

× 2 (15)
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Ns� �|��U�V
S/N O���� g : � (11),(12) ��� � � U Q 8 e SPm U(V m

:
m = π × (apertur)2 ' 1257

S f U�V
S/N O@��� g e���� g�[ d _ pO��� ��O : � �O�����kO�� �	� � ¤�¥I¦ � ��¨�� ©� $¨ ª « h ¬ #p � M � l ��6�7���� e�	 m A M # l Ns� G 8 � j � 	ZU(V

7.6 
��av w zj{�}
S/N , t

[�
|; M gRh���jkl��  �© h � j�U�V � (11),(12)
h
£ � p ni

[�� � p O 2 ��J�� � h �m � �
(9)
Ns�

si e �|��U 8 � � (4) ��� Fλ e �j��U(V Q 	 8 � (5),(7)
h@£ � 	[� 4L5�6�7 e ���U�V­�®A[���� M �  �© S�qArPo l 4�5A6�7 h�� 8�� U-V

1
8:
4�5�6�7

S/N t (s)
4�5�6�7

(mag)

5 20 12.9

10 10 11.6

10 1 9.8

15 60 12.3

15 30 11.9

20 25 11.5

20 5 10.4

8 ���
� � [�� ��S��! Q=h#" N=o.p ��� o l O : < ��p G # l O S�$PoDN # l S�a V IRAF

h&% # p Of �� ���¢�O ��� : CCD �O�=O �I��e(' � � � 8Tp�i*),+ [ M � � o l�Vf 8 � �.-[� ¦ h �Zm M e �/� U�_ m Q 8 e�0 [ i l A �	1 f[# l O [��32�4 S�mTp � M �/Q 8 [5�6 m � o lAV
E!7�8:9 Sji # 8 � ��S�q�f h�; p�p(< A _ m G # l 8	=�>�o�p � � a V? o �A@ � f � e 8 \CB�D � � o lAV


