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�
1 � � � � � 1 � � � � 	 
��  � � � �

1.1 ���������������� �!�"�#
�Ùá /��Ù������HÙZ 1 ×�T�����nÚ`�Ð �c; �Ù>�?�@½. � FLAT d%$Ù�	D E � M�O��Ù���	:Ù?�` ç �'&
7�.)(%* *�,�-$ 1�23 �F�G��	H ¸ */�M�O���� î ] q�XY�Z " 3 � !��¢uZ�X����	p�,��@������
@ î ] -�7	o�7���` \ 
 ^�*`��,++* ��
;

-/.10%2/3
(object, Th-Ar, Flat, bias)

⇓

cosmic ray 4%516 bias 798 : OBJ, TH-AR, FLAT

⇓

normalized FLAT :<; apflatten

flat-fielding ( =/>1?/@%A/B )

⇓

background (scattered light, sky) 4%5 apscatter

⇓

OBJ C/D/E/F apall

TH-AR C/D/E/F apall

⇓G<H/I B ecidentify, refspectra, dispcor

⇓

continuum J/K/F continuum or flux calibration

⇓C/L/F scomb

⇓

reduced spectrum !!

$ 1<2 3 �¡�¢�¡� }¡~¢/ ª¡«¢o¡¬ »*¡, -¦.G¡�µH ¸ * /¦(¡B¡C¥� �¢
 h¢/¡X �cu²" 4NM¥/PO», ± � �
PQ<R � & Î �TS � ��`VU¢¯¦.�G��¢H»" �¼�¢X�`¦´Âg¦*¼7Âg d¡e [ f 
¦; ^��¦d¡e¢@¦.Ù!¡�µu²"¼! �¼�	æ�
FLAT �µ�¦������.  :	!����¢æ � OBJ �²�VWTX � %�'�Ñ	0VY¡(�B�C���.¥M¡O�����¨����¢� � TH-AR �
�(�B�C��	��f�� � - 4 Ó�Ý�-	� 
; ,D�,�$ 1�23 !�;��â+u	" [VZ%[ o E � .	^ ] E ��d�e�@()\y s�-�Ñ	ÿ � f	*�@�i)]�������/´ g%^	* [ ? © 
�; ,�q [ s�-�.¢@�Æ¯�/�!��	u	"%!��%�	æ��������
�	*�^�_ [ g%:	�%7 ��*�.�f	*�@V^�����X�æ��8�/�7 ��*�ú� ] 
;
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=

1 > Ø����LK 1 B�C	X�Y	Z+" 3 ` \ 
 :�?
1.2 ����� ����!	��

��������	/�¨�7 
 ���	��`�. ��á ��0 g%/� �' ,�-Ñ+� � !�Õ�¾ 3�� @�p��_�j������ ;

• bias ... ��U�=+*s�-�f 
 p���� median `	* 
; ⇒ BIAS

• flat ... ��U�=+*s�-�f 
 p���D E � ]���] BIAS `�� ,�ñ © . median `�* 
 ⇒ FLAT

• comparison (Th-Ar � ) ... BIAS `�� ,�ñ	� ⇒ TH AR

• object ... (cosmic ray `�%�' ,�. ) BIAS `��+,ñ�� ⇒ OBJ

A�B�C������}�~�/6�7�-�@�^�^�?�@Ü�� �	
�; ^�^�?�@�������@����+,q ; X���u	" 4<M�@	wZ�x3�� Y�/���´	?�f 
 *! �Í �	
 �ð� o���. 1 B�C����h�/�X���u�""�	��# ] `���� ��
 � ;Ë
1.1 /�$������������`�Ð �c;	Ë ��P [ $ 1�2�3 � ��� 4/M�.�I [ Z�%�X���À�X Î ��&�� ��� 4/M� X���u	"V4/M�	?�f 
�; ^��¾�Ï��Ö�/�@�� 33 G���H�'	s�-Ñ � .)( á [�* M�O�+�.�,   [ O�M�O�+

?�f 
�; Ã�-�/G���t���X�����T���� [ f���.�,�(�?t�¾	&�X��!. 3�y0/ ¾	T�/û�7 [ f 
; ^ ] E /
6�7	-�@ = 3 >�?a	b �	
�;
^¡��0 g�o$ 1¡2¦3 ���	�¡`V& g °�± /�@.¥$ 1¡2¦3 � ��� 4<M	*X �¡u	"V4NM [ . X-Y( I - P ) J»*
k�g"1�Å �	
 ��D�.�Ì�Í+,- y 
 m�n [ f 
�; ^ ] @ echelle � Î ��Ï��� ’dispaxi’ /�0�s�-Ì�Í	? ©
��

1.8.1 ì�í�� ; ^��������� °�± .�$ 1�2�3 � ��� 4/M [ P (Y) 4<M�o���?. dispaxi(s) @ 2 /�(�Í
,�-Ñ+� ;
:�q�.	^�� Î u Þ �	Ö�?¨�7 
 ��!�; 3 "32	@�. apdefault ?�Ì�Í ��
�� 1.8.2 ì�í�� ;

1.3 ��4�5768��� ����!	9�:�;
<�= 	¡(�§	/�. OBJ D E .+wZ�x 30> ��?)\�æ�����@�A�` ç ��%��q�¯. FLAT !�����æ�?�# 
 m�n[ f 
 [ .�$ 1�2�3 �Ù����� °�± .�!�" FLAT ? # 
 *%.�GÙ��H > � � ��BÙq�s�-�7�o½7�C � ?�# E] 
 C � [ Ý�-	,:�7�.	f	*? W)X ������D�� p	,���@�X�R�¾��	��%�' [�E ,���o 
; �	^�?.�7F�k
FLAT /�6�7	-G��	H "����	X	*�(�B�C��	`´�7�. $�����¿¢À�T�$Ñ	0VY	!��¢u	" ��G �ª���/�0 
�H
B��V$ � � R #T+"�� ��I��	o�J�K��	/6�7	-�@�L�:	��2 [ �%/�o 
 0 gV����� ��
; G��	H > ��2�@
�%/�M�Í ��
; ^ g�,- \ E%] qQ!�����æ�` ’ FLAT N’ * ��
 *%.�G��	H+"��%�	X�/¨�7�q�C � /�6
7	-¡@. w¦Zx 3F> �N?)\	æ¡���NO [�P 
 ^	*¦/�o 
¦; ^¡� FLAT N ? OBJ Ñ¢0VY TH AR ` # 
 ^
*�?.+wZ�x 30> ��?)\�æ���`�Q�� �	
 ^	* [ ? © 
�;
RTS �
	¢^��d�e	/�¨�7 
 ��X�Z�@. apflatten

;
Ë

1.2 /¦. FLAT � column 4<M � X��¡u¢"V4<M�²��U�V Ë `Ð ,q ; ^¡� Q<R /�@ 22 G¡�	H�'¢s¡-
7 
 ^	* [ ��D 
¦; : ¤ .ÄG¡�¢H " ���¢X¡��q¡¯¡/.XW»�¦Ý � C � ( & Î �TS � ) `PU�Í �	
¦; ^¡�	* © .
Ø����	o Î ��Ï�	�	*�,-�. ’line’ * ’nsum’

[ f 
; ’line’ @.¢& Î �%S ��Y ,�*[Z�¾�8��VU�Í�`´ g°]\ � $ 1�23 �Ù� 4/M�/�6�7�-�� `½Ì�Í ��
�Î ��Ï��Ú��?�f 
 [ . ’INDEF’ /Ú,�-�Ñ�ÿ � Ã�- � �
line �µ`¦¨�7 
 ^	*/¡o	� . [ l @¡^ ] ?�0¦7 ; :�q¦. ’nsum’ /¡0¡s¡- & Î �)S �PU¡Í	`´ g line ` ç
��Ý � h	/�¨�7 
 line ���U � w�Z�x 3 U���`Ì�Í ��
�; HDS � °�± .�G���H���^ © [ ����* � © 7
q�¯.²^¡��2	@ � © ¯ ( U�ø ) /	* 
 *& Î �)S � [ U	:	� y � 7	0 g¼?�f 
; apflatten � Î ��Ï�¢���
��` 1.8.3 /Ð+,q ;
^¡���¡X�Z¡@.cr¡h	/¡@ �¡á �¡��X¡Z�/���ÿ E�] 
; � ]��¡]�_ � ,¦q��¡X�Z¢*�,¦-�p ¹�` ,¦-Ñ»� .
� ]���] � Î ��Ï����`�Ì�Í ��
 ^�* [ ? © 
;
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• apfind : f 
 line ?���& Î �%S
��` î [ �<;�Î ��Ï�������	` 1.8.4 /Ð+,q ;
apfind � Î ��Ï�	� ’nfind’ ?�G��	HU	`��	� 
 *�. � ���	/ î [ ,�-	� ] 
; �� � . Ë 1.2 /
Ð+,q�������?�@. 22 ���G��	H [ '�s�-�7 
 ��?�.�����0 g%/Ì�Í ��
;
�	����. apfind � Î �¡Ï�¢�	*�,¦-. ’minsep’ ( G��¢H�� >�� ����� ), ’maxsep’

� 9������L`Ì¡Í
? © 
�; g%:	��& Î �)S
��Y , [ ? © o�7 * © /�@.�^ ]+E ��Ì�Í	`�		��-�O 
;


’order’ @�.�O�M�O�+ /
* M�O�+	��k� E +�D E G���H����	`�6�ÿ�-�7+��D�` U�¯ 
Î ��Ï��	� ;� O	? U	¯ 
;
 !���u	"V���	��� °�± . "����	X [���E���������������������������������� ���!�"�#�$&%' �)(�*)�(�+-,)%/.�!N*��)0 ' ��1

(short quartz) 2�3)4-5�6�7 $98;: 2 *�� 5 apfind
! O�<=4

5�6?>  �8�!?@�A�B�$ apflatten
!

’referen’ C�D�E ��F� short quartz 2�G�H?I $ ’find’ C�D�E �F�J
no
 I�5 apflatten 2�K�<�L �� 

• aprecenter : M�C �;NPOQ!;R�S�T;U)! 	;V  �� > �$XW;Y�!;Z[@\�]�!�^;�)F`_ short quartz
�)�\a

�Z 4�5�M�C ��N�O�b I�2�c�4�d "�#��J�e�f� C�D�E ��F�!�g 2 1.8.5
�h I�d  

• apresize : i�j�k�4�d�M�C ��N�O�!�l�m�n�!�o V  C�D�E ��F�!�g 2 1.8.6
�h I�d  

ulimit, llimit
B�$ M�C ��N)O�!�W�p�q ( r�s�t�u�v ) 2�G�HwI�5�6w> ������B 7 �� )x d $ ’ylevel’B�$zyw{�| L;}w~�� %\!�p)q�_ r � s ��!��;a 2�G�H B 7 �� ’bkg’

J
no
 I�5�6w>  ’avglimits’

2 yes
 L ����$ L���5 !������� j � 5 ! M�C ��N�O���l�m�n�!���� 2�� * L �� S/N

�����
"�#���������� ���������:��

no
B����������� 

• apedit :
m � F D�s��)���  M�C ��N)O�!�T;U c l�m�n 2 o V�L �� apedit

! C�D�E ��F ’width’,

’radius’ 2�G�H�L �� C�D�E ��F�!�g 2 1.8.7
�h I�d  �

1.2
;J�$-W�!;�w@��� Hw� : d�M�C �;N)O���8)!�������h � : 5 ���� ’d’ c ’n’

�)� 2�����L������B�$ M�C ��N)O�!�o V ������B���� _¢¡ u�£�¤�¥  -¡ u�£ J ’?’
! ��� B�¦w§�:���a=��$PB

7 ��¨���©�ª�«��� H B 7 ��Z?@� C�D�E ��F 2 b I�d �?@���Z��� 

• aptrace :
� H�� : d-M�C �;N¬O-Z 45 �;�=��% ' �=( 2®< @¯ C)D-E �=F-!�g 2 1.8.8

�h I�d  �
1.3
�J�$=�;�������� j � 5 $98�!�R�S 2 % ' ��( I�5 � 4;d�°�± ��h � : 5 ���� 9²�$9³�´����µ�T�J r�s�t�u�v  

% ' ��(��*¶����· v ��8¸!�¹ v J���§ k�º�»�G�H�L ����$�¼¶½ 2 m � F D¶s������  c ���¿¾R�B�o V �;��B����À_Á¡ u�£�¤�¥ aÂ C)D�E ��F ’step’
B�$-Ã�Ä�Å�Æ���\:�¨���!�Ç i Bw% ' ��(

I�5 � >�k�G�H�L �� -������!�È 7 �Z 4�5 J�$ ’step’
��É 7�Ê�Ë ����% ' ��(���Ì > � 4;5�I x@ I $�Í ��Ê�Ë ����Î¶��Ï�Ð�!����¸����Ñ�B����¸� 2 ¦�ÒQ@ 6 8�:������X C�D�E �¸F ’niterat’

2 1 Ó W� L ����$-8�!�����! ’low rej’, ’high re’
B G�HwI�d�Ô Z�{�Õ�: d �;! 2 +�Ö;× s % I $0 � ,¸% 2�Ø {�Ù L  (

+�Ö�× s % � : d�Ú J���m�Û�Ü�B�h � :�����$���! � !�"�#�$ d x d x�8!�Zw@�� Ú J�� k�4�d Zw@�B���� )
 

% ' �¸(¶�¶B 7 �¸��$��¶���X�¶Ý�XÞ¶¹¶ß�à � : d 0 D ,�%�!¶(Xá s % u ��âã§¿:¸�ä_ �
1.4
aå 

C�D�E ��F ’flatten’ 2 yes
 I�5�6w> ��$���!�(�á s % u�2 *�� 5 0 D ,�%�0 ' ��1�!�æ�ç�à��

< ��:��� �æ¶ç�à�X*�����· v �¿¹ v�2�G�HãI�5�6?> _èF�( s�K¶< R��m � F D�s������  G¶H
L ��������B 7 �� �¡ u�£�¤�¥ aé � 1.4

�J�$ Ú�ê B�����· v�2 0 � ,�% I�d�°�± ��h � : 5 ��� 9��¹�!�ë�Ãì_îí��ï�ð;× u�ñ ' � �)�;��ñ !�ò�ó��Z���aP��Z > 0 � ,�% � : 5 ��� °�± ���
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k �� �8�� k §�!
	 k ����:�J r�s�t�u ��!
���1 D 
��� L ����!�B���������A�§�:��� 

â[§�: d FLAT N
!;(�+;,)%åÅ)Æ�!
��� 2 � 1.5

�h L  �����J�æ�ç�à � : 5 �w§���){ $98��;
��1 D ��! 4;5 ���� =��!
��|
��!�"�#�J�$ 2-3 C � t�� %�!�1 D ������Zw@�B����� P��! FLAT N
B

OBJ 2�� � (⇒ OBJ F)
 ���f��� º�5 $ � °  TH AR

� � � (⇒ TH AR F)
 

1.4 !#"#$&%'!)('*)+#,#-/.#0)1/2#3
465�7�8�5�9�:�;
0 D ,�%\0 ' ��1 2 apflatten

B�æ�ç�à L ������� > $�<�=�>���^��)F 2
��4�5)I x 4;5 ��$����1 DJ�?�@�A�B�B 7 �� ���!�C�D�Å�E�J�$�µ��¼�½���F�µ�B�����¨���B�� > $�� >�j�k
G�Ú ������ H � j J�$�I[,�J6K D 1�!
L�M 2
N ��O > ������B����� �>���!
P��
I[,�J6K D 1�O k�k�4�5�I x?@��$;8�!
Q�.�R O j � 5 J�$�B I ��(�á s % u�2�S | L ��!�J�T
U�B����� )��: O
V�A 5 $ apflatten 2
K�<;L �)�\$�0 D ,P%WP)J;()+,P%å.;� 4YX �ZO\[ 495 �)� d;» $�>��)!;0 ' �)1�O > § ��5 �\I ,]J�K
D 1�O k�k�4�5�I x?@ � #���É 7�> $ � A�� > � 4�5�I x?@WQ�.�R��
^�� 4�5�I xw@¯ �0 D ,�%�0 ' �1�B
<�= � ����§�$������ S |�¼�½ 2 >���^���F�O j � 5 ! i�< A���Z���!�B�$�>���!
P���I[, J6K D1�O k�k�4�d�_ Ã�¨�����L�M 2�N ����¨���B L�` !�B�$�Iw, J6K D 1��
a v�b�c?I�5 ����"�#�O�J����B����� 
x d $)0 D ,�%�0 ' ��1 2 æ�ç�à I ��� d�» $ �)4�d�d O�J�$�>���^���F�B�J�ï�ð�× u ! � ' ��n £e 0�f�m u !
g�� 6�6�` @�h�A 5�I xw@¯ ���:�O�Z�{ $�8�! d !
C�D���i�j�O�����"�#������� 

7�8�;
0 D ,�%�0 ' ��1�J�$�k�l v�m�}w~�� %�!�^���F�B���� d�» $���:�B �)4�5�I xw@���$�>���^���F k§�J }w~�� % (

0 D , s (
n�� O
o�� )
!\p�q��
� > Ò���:�$ d � 5 ��r�l O�Í � � Ô !�^���F�O�� 4;5

I xw@¯ ���: 2 ���
s���t�u L � d�» $�0 D ,�%�!�����«�� }?~�� %�B���� 2
� { $�É�v�w�O�æ�ç�à I
5�6w>  � 1.2

!�g�B�J�$
34,000 }w~�� %Ws���B ��4�5�6?>  x d $���������! }w~�� %�J�r�l�O�Í ��> $�>���!�0 ' ��1 2 0 D ,�%�0 ' ��1�B � ����$��������! Ô J 6�6�7 �
I D�x�y�2 � 4�5�I xw@¯ ;8���B�$�W�B�É�v�w O�æ�ç�à I�d 0 D ,�%�0 ' ��1 2 $����z Ô ( d ��A�� 0.1) Ó p�! }?~�� %�! r�s�t�u J�$ L���5�}?~�� % 2 1

O�U 7�{ A 5�6?>  ���!�¼�½ OJ�$
imreplace 2 *���� (1.8.9)

 ��;!
C�D 2�<=4�5 A�§�: d 0 D ,)%�0 ' �)1�!�g 2 � 1.6
O�h L  P��:O�Z�{ $ K�| W�$���������J�0 D ,�%WA�B���� � :��������
O�������$���! _ Ã�J�����:�O I�5 ��(�á

s % u�S |�O�J � ��:�����!�B�$�ò�O���� O�J���§����� 

1.5 }~$/�#�)"/�)�&���/�
��� ;

OBJ F 2 ¦Z���\$zÄ���P c ( } m)!
PZ�����;��� d�» $z���)���;! }[~�� %\J�Þ�� O\� e O�� 4
5 � ��� (

�
1.7)
 ���: 2 I[, s�ñ�D�~�� J�� I�5��
��L ����f������� )��:�O�J�$ OBJ F

O j � 5�M
C �;N)O 2 � » $��)( s)I�5)I x��;$98;: Ó Õ�! _ Ã 2\��� P[����A 5�� ��0 � ,)% I�5 OBJ F k §��
I���> (⇒ OBJ FS)

 
TH AR

O j � 5 J�$���!�¼�½�J���f���� (
¨�Ñ?@

)
 

��� 7�;�F�( s J apscatter
 

1.8.10
O C¸D¶E �¸F¶!�g 2 h IXd  apflatten

!¸� 7 ��� ° OX$ ’apfind’,

’aprecenter’, ’apresize’, ’apedit’, ’aptrace’
! C�D�E ��F G�H�2 ( � ��J OBJ F

O�o I�5 ) < @  ’eparam
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apscatter’
� c�4�5 $ ’apscat1’ (

x d J ’apscat2’)
!¸�X�¶Ñ�B

’:e’ 2��¶�¶L �¸�¿$ dispersion (
x d J

slit)
Å�Æ�!�0 � , ������ñ O�*�����· v ! G�H ��B 7 �� �F�( s�2�K�<�L ����$ apflatten

!�� 7 �
� °O�$
OBJ F

!������w% ' ��(�!�¼�½ 2�< � _ �
1.8
O�J�$

OBJ F
O j � 5�M�C ��N)O 2 � »�5 � � °

± ��h � : 5 � ��a $�8�! d O�$�I?, s�ñ�D�~�� J6O
o I�5�� ��0 � ,�% I�d���� ��$ slit
Å�Æ�O j � 5h � : �ä_ �

1.9
a  �����B 7�d § ’q’

B������� �]�!
line
O j � 5 !�0 � ,�%���¦ d ��:���$ ’line 200’�)��� ����L �� slit

Å�Æ�O j � 5 ��� I�d §�$ ’quit’
� c ����$ � ��J dispersion

Å)Æ�!�0 � ,�%\��h
� :�� _ �

1.10
a  ��
	�§�J�$

’column 2500’
����B���Ñ���Ñ��

column
O j � 5 0 � ,�%�! °�±�2 ¦ �������B 7 �� ��
� I�d § ’quit’

 I ��§ >�L ����$�Iw, s�ñ�D�~�� J 2 � I�� � d��
� ��âw§�: �� 

1.6 ������
��� ;

OBJ FS
!������w% ' �)( 2�< ��$ M�C �;N)O���!�ð ñ��;u�2 (�+;,)%åÅ)Æ�O j � 5 � I #����

5 Þ�¹�ß�!�(�á s % u�2 â�� (⇒ OBJ FS.ec)
 

� � 7�;)F�( s J apall
 

x
�)J
apflatten

�
� ° O�$ OBJ FS
O j � 5 ���)�[% ' �)( 2�< @\��$z8)! | ! C)D�E �)F�!�É _ ÃJ

apall
! C)D-E �=F)� I®5®G;H B 7 �� apall

! C=D-E �=F-!®g 2 1.8.12
O®h I®d  C)D-E �=F ’extract’

2 yes
O I�5�6[> �\$�©�ª;«ZO�Þ�¹;ß;à � : �� M�C �;NPO-! G;H ��$ ’apscatter’

�\� º B;Z;��:)� _ �
� P�!
L�M���Í � ��:)��a $ ’referen’ C�D�E ��F�B OBJ F 2�� A 5�6w> ����B�$ % ' ��(;x�B�!�¼�½�J��� B 7 $�m � F D�s������ O�J L ������J��������� �âw§�: d�£ e 0�f�m u !�g 2 � 2.1

O�h L  ��!��
��B�$������
����O�$�³�´ r�s�t�u�v $�²�´ }?~�� %�!�(�á s % u ��âw§�: �����
O����� 
M�C ��N�O�!���{ k�d ,

% ' ��(����
OBJ

��� > � º�C�D�E ��F�B�$ TH-AR
!�Þ�¹�ß�à 2�< @ (⇒

TH AR.ec)
 ¸��!�"�#�$

apall
! C�D�E ��F ’input’

O�J
TH AR F

$
’referen’

O�J
OBJ FS 2�� : �� 

1.7 �! !"�#
��� ;�Q�.�$�B)J�$

TH AR.ec
O�¦w§�: ��% ê�2 $ Th-Ar

!\Q�.w�
� HwI $9����� & r�s�t;u�v ��Q�.��!�·�&�' 2�()7 $*))!�(�á s % u O
Q�. 2 J�{ j ���)���&@,+�-�B < @¯ ]� 6 $ HDS 2 *�� 5�. â �: d Th-Ar
^;��F 2 �)�
O�¼�ë � : d�M % D (���/�0 � : 5�6 { 1

$
Th-Ar ê !�� H ¼;½ 6 � 5 ��*)B���� 

� � 7�;

•
x��$

splot
B�$-����������!

TH AR.ec
! �

( r�s�t�u v.s. }?~�� % )
O j � 5 $ Th-Ar

! M %
D (�����$ I�5 % ê !
Q�. 2 � H�L �� 

•
^���F�!w@�A�B�!�� H J�$ ecidentify

B < @  ���!�F�( s ! C�D�E ��F�!�g 2 1.8.13
O�h L  

��!�F�( s�2 J I §1� ����$����������
O TH AR.ec
!�(�á s % u ��2�: ��  � HwI�d �
% ê !���;Ñ�O }�354�u�2 � 4;5 � 4;5 $ ’m’

� c ���\$6% ê !�W O�²�798�2�: �;!�B�$�Q;. (Å) 2����
L ��  � H�2�. {6h I�d�:<;�7 O�J�$�8>=�% ê = ;�? Ñ�B ’d’ ;�c ��@ � 1.11

O ? =�¼�½>= °�±
2 h L @

1 http://www.naoj.org/Observing/Instruments/HDS/wavecal.html
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�

’m’ 2�c�4�d>;�7 O�� }
3 4�u =�T�U 8�� :<;�L�	�
?> =�]>=�% ê�����wI���I x��1=�B�����@
x d ��% ê =
g 8�� :���� O�J ���wI � : ?>; ������@��� D�E�3 F ’coordli’ � Th-Ar

= D m ���
3���u����������
; _���� � J IRAF
=¶R�O����

{ � d�:��: J�^�!�" u#�$����%���: ����= ��&�:� Z : )
��Q�'�J�É�v�w � Ô������L ��¨�� �( m ����3)��u)k §�)+* �-,-���/. ��@ d ¨ I�01%2� ]9= ( m � =
Q-' � )+* ��,-��: � :�k �3��>8���f�@

Þ j =�4 35�� 3-4 � =�% ê� � HwI�d §$� ’k’ ������L � ? ;�� ¹>=�4 3�5�3 O�6 ` @�7?{ d�:
;�, J ’j’

�
n
� » =�4 3�5�3 O�8�9 d�:<;�, O�J ’o n’

@

L;��� =�4 3�5 (
� I�� J�Þ _ =�4 3�5 )

O j�:+��? =�¼�½ �;:+%;d §�� ’l’ �����;L � ; �]� H[I� k�%�d % ê O j
:� ��� Th-Ar
= ( m ���
3���u��¤�¥wI�� ©�ª�«�O�� H?I���$. ��@<�= %

d � H���I���: � :�k N�×?> s�L ��@

’f’ ;�c � ; �'� H[��.�d ( m � O j�:+� �@4 3�5 & r�s�t�u;v ; Q-'>=�·�&�' ��(A��d;» =-! � >
�=�;��ñ���:�: � �����;B h I�����. � _ �

1.12
a @

’x’ ; ’y’
O;Z %-� �-³;´ ; ²�´>= B h9�
i �C�D ��, ��@-g � ���24 3�5>;�E �>=�·�& � ¦ ��O�J�� ’x’

=�� ; O ’o’
�

’y’
=�� ; O ’r’ ������L��@GF I�� Õ .�d�Ú J��Z� HAH � ;�I � I�� � ’d’

O�Z %���. { ��� @J! � > ������ñ =�· v ; ¹
v J ’: function’, ’:xorder’, ’:yorder’ � o V��, �
= � � E � 8�Í ��� (0.1-0.2 r�s�t�u )

����Z
��O C�D L � _ · v O j
:�� J�� B 6-1

O�h I�d � (�K 3�L�M�H O ��:�� ��o V ��� � ����a @ d¨ I �1��x){�N : ¹ v O L � ; � 0J%;d ! � > ��� � E �>8�Í ��� � %-�)I xA�1= � ���>8
�;f �����@
��� I�d § ’q’ � ! � > ������ñ ¼�½ ��O�P�I � � §�O ’q’ � � H ¼�½ ��O�P�L ��@

• refspectra � OBJ FS.ec
=
Q�'�$�B>=�^ 3�L>;�I�� TH AR.ec ��M�H�L � _

1.8.14
a @

( Q�v =�$B & ^ 3�L���&
: � ?>; � ��, ��@�¡ u�£���¤�¥ @ )

• dispcor ��K�| =\Q-'�$�B �;: �Q_
1.8.15

a @ ?;.+� ��Q�' �\� {/R)�)§ .�d ��á sS�/u 8�â[§ . ��@
splot

��T ��U�����, ��@

∗ ∗ ∗ ∗

Ó W � Þ�¹�ß�à ��.�d ��á s�� u 8�â?§ . ��@ ��� J splot � ��4 35 ��� ��M�H�L � ?>;�� ¦�� ?
; 8 ��, ��@
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1.8 �~"��/*�����	�
��
1.8.1 echelle

I R A F
Image Reduction and Analysis Facility

PACKAGE = imred
TASK = echelle

(extinct= onedstds$kpnoextinct.dat) Extinction file
(caldir = ) Standard star calibration directory
(observa= observatory) Observatory of data
(interp = poly5) Interpolation type
(dispaxi= 2) Image axis for 2D/3D images
(nsum = 1) Number of lines/columns/bands to sum for 2D/3D i

(databas= database) Database
(verbose= no) Verbose output?
(logfile= logfile) Text log file
(plotfil= ) Plot file

(records= ) Record number extensions
(version= ECHELLE V3: July 1991)
(mode = ql)
($nargs = 0)

1.8.2 apdefault

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apdefault

(lower = INDEF) Lower aperture limit relative to center
(upper = INDEF) Upper aperture limit relative to center
(apidtab= ) Aperture ID table

(b_funct= chebyshev) Background function
(b_order= 1) Background function order
(b_sampl= -10:-6,6:10) Background sample regions
(b_naver= -3) Background average or median
(b_niter= 0) Background rejection iterations
(b_low_r= 3.) Background lower rejection sigma
(b_high_= 3.) Background upper rejection sigma
(b_grow = 0.) Background rejection growing radius
(mode = ql)
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1.8.3 apflatten

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apflatten

input = FLAT List of images to flatten
output = FLAT_N List of output flatten images
(apertur= ) Apertures
(referen= ) List of reference images

(interac= yes) Run task interactively?
(find = yes) Find apertures?
(recente= yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = yes) Trace apertures?
(fittrac= yes) Fit traced points interactively?
(flatten= yes) Flatten spectra?
(fitspec= yes) Fit normalization spectra interactively?

(line = INDEF) Dispersion line
(nsum = 100) Number of dispersion lines to sum or median
(thresho= 10.) Threshold for flattening spectra

(pfit = fit1d) Profile fitting type (fit1d|fit2d)
(clean = no) Detect and replace bad pixels?
(saturat= INDEF) Saturation level
(readnoi= 0.) Read out noise sigma (photons)
(gain = 1.) Photon gain (photons/data number)
(lsigma = 4.) Lower rejection threshold
(usigma = 4.) Upper rejection threshold

(functio= spline3) Fitting function for normalization spectra
(order = 3) Fitting function order
(sample = *) Sample regions
(naverag= 1) Average or median
(niterat= 5) Number of rejection iterations
(low_rej= 3.) Lower rejection sigma
(high_re= 3.) High upper rejection sigma
(grow = 0.) Rejection growing radius
(mode = ql)
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1.8.4 apfind

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apfind

input = List of input images
(apertur= ) Apertures
(referen= ) Reference images

(interac= no) Run task interactively?
(find = yes) Find apertures?
(recente= no) Recenter apertures?
(resize = no) Resize apertures?
(edit = yes) Edit apertures?

(line = INDEF) Dispersion line
(nsum = 400) Number of dispersion lines to sum or median
nfind = 0 Number of apertures to be found automatically
(minsep = 40.) Minimum separation between spectra
(maxsep = 150.) Maximum separation between spectra
(order = increasing) Order of apertures
(mode = ql)

1.8.5 aprecenter

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = aprecenter

input = List of input images
(apertur= ) Apertures
(referen= ) Reference images

(interac= no) Run task interactively?
(find = yes) Find apertures?
(recente= yes) Recenter apertures?
(resize = no) Resize apertures?
(edit = yes) Edit apertures?

(line = INDEF) Dispersion line
(nsum = 10) Number of dispersion lines to sum or median
(aprecen= ) Apertures for recentering calculation
(npeaks = INDEF) Select brightest peaks
(shift = yes) Use average shift instead of recentering?
(mode = ql)
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1.8.6 apresize

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apresize

input = List of input images
(apertur= ) Apertures
(referen= ) Reference images

(interac= no) Run task interactively?
(find = yes) Find apertures?
(recente= no) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?

(line = INDEF) Dispersion line
(nsum = 3) Number of dispersion lines to sum or median
(llimit = -20.) Lower aperture limit relative to center
(ulimit = 20.) Upper aperture limit relative to center
(ylevel = 0.1) Fraction of peak or intensity for automatic w
(peak = yes) Is ylevel a fraction of the peak?
(bkg = no) Subtract background in automatic width?
(r_grow = 0.) Grow limits by this factor
(avglimi= yes) Average limits over all apertures?
(mode = ql)

1.8.7 apedit

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apedit

input = List of input images to edit
(apertur= ) Apertures
(referen= ) Reference images

(interac= yes) Run task interactively?
(find = no) Find apertures?
(recente= no) Recenter apertures?
(resize = no) Resize apertures?
(edit = yes) Edit apertures?

(line = INDEF) Dispersion line
(nsum = 10) Number of dispersion lines to sum or median
(width = 30.) Profile centering width
(radius = 15.) Profile centering radius
(thresho= 0.) Detection threshold for profile centering
(mode = ql)
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1.8.8 aptrace

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = aptrace

input = List of input images to trace
(apertur= ) Apertures
(referen= ) List of reference images
(interac= yes) Run task interactively?
(find = yes) Find apertures?
(recente= no) Recenter apertures?
(resize = no) Resize apertures?
(edit = no) Edit apertures?
(trace = yes) Trace apertures?
(fittrac= yes) Fit the traced points interactively?

(line = INDEF) Starting dispersion line
(nsum = 20) Number of dispersion lines to sum
(step = 3) Tracing step
(nlost = 3) Number of consecutive times profile is lost befo
(functio= legendre) Trace fitting function
(order = 3) Trace fitting function order
(sample = *) Trace sample regions
(naverag= 1) Trace average or median
(niterat= 0) Trace rejection iterations
(low_rej= 3.) Trace lower rejection sigma
(high_re= 3.) Trace upper rejection sigma
(grow = 0.) Trace rejection growing radius
(mode = ql)

1.8.9 imreplace

I R A F
Image Reduction and Analysis Facility

PACKAGE = imutil
TASK = imreplace

images = flatL_Bc0 Images to be edited
value = 1. Replacement pixel value
(imagina= 0.) Imaginary component for complex
(lower = INDEF) Lower limit of replacement window
(upper = 0.1) Upper limit of replacement window
(radius = 0.) Replacement radius
(mode = ql)
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1.8.10 apscatter

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apscatter

input = OBJ_F List of input images to subtract scattered li
output = OBJ_FS List of output corrected images
(apertur= ) Apertures
(scatter= ) List of scattered light images (optional)
(referen= flatL_Bc) List of aperture reference images

(interac= yes) Run task interactively?
(find = no) Find apertures?
(recente= yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = yes) Trace apertures?
(fittrac= yes) Fit the traced points interactively?
(subtrac= yes) Subtract scattered light?
(smooth = yes) Smooth scattered light along the dispersion?
(fitscat= yes) Fit scattered light interactively?
(fitsmoo= yes) Smooth the scattered light interactively?

(line = INDEF) Dispersion line
(nsum = 20) Number of dispersion lines to sum or median
(buffer = 1.) Buffer distance from apertures
(apscat1= ) Fitting parameters across the dispersion
(apscat2= ) Fitting parameters along the dispersion
(mode = ql)

1.8.11 apscat1, apscat2

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apscat1

(functio= spline3) Fitting function
(order = 3) Order of fitting function
(sample = *) Sample points to use in fit
(naverag= 1) Number of points in sample averaging
(low_rej= 5.) Low rejection in sigma of fit
(high_re= 2.) High rejection in sigma of fit
(niterat= 5) Number of rejection iterations
(grow = 0.) Rejection growing radius in pixels
(mode = ql)

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apscat2

(functio= spline3) Fitting function
(order = 9) Order of fitting function
(sample = *) Sample points to use in fit
(naverag= 1) Number of points in sample averaging
(low_rej= 3.) Low rejection in sigma of fit
(high_re= 3.) High rejection in sigma of fit
(niterat= 0) Number of rejection iterations
(grow = 0.) Rejection growing radius in pixels
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(mode = ql)
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1.8.12 apall

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apall

input = OBJ_FS List of input images
(output = OBJ_FS.ec) List of output spectra
(apertur= ) Apertures
(format = echelle) Extracted spectra format
(referen= OBJ_F) List of aperture reference images
(profile= ) List of aperture profile images

(interac= yes) Run task interactively?
(find = no) Find apertures?
(recente= no) Recenter apertures?
(resize = no) Resize apertures?
(edit = no) Edit apertures?
(trace = no) Trace apertures?
(fittrac= no) Fit the traced points interactively?
(extract= yes) Extract spectra?
(extras = no) Extract sky, sigma, etc.?
(review = yes) Review extractions?

(line = INDEF) Dispersion line
(nsum = 20) Number of dispersion lines to sum or median

# DEFAULT APERTURE PARAMETERS

(lower = INDEF) Lower aperture limit relative to center
(upper = INDEF) Upper aperture limit relative to center
(apidtab= ) Aperture ID table (optional)

# DEFAULT BACKGROUND PARAMETERS

(b_funct= chebyshev) Background function
(b_order= 1) Background function order
(b_sampl= -10:-6,6:10) Background sample regions
(b_naver= -3) Background average or median
(b_niter= 0) Background rejection iterations
(b_low_r= 3.) Background lower rejection sigma
(b_high_= 3.) Background upper rejection sigma
(b_grow = 0.) Background rejection growing radius

# APERTURE CENTERING PARAMETERS

(width = 15.) Profile centering width
(radius = 30.) Profile centering radius
(thresho= 0.) Detection threshold for profile centering

# AUTOMATIC FINDING AND ORDERING PARAMETERS

nfind = 16 Number of apertures to be found automatically
(minsep = 40.) Minimum separation between spectra
(maxsep = 1000.) Maximum separation between spectra
(order = increasing) Order of apertures

# RECENTERING PARAMETERS

(aprecen= ) Apertures for recentering calculation
(npeaks = INDEF) Select brightest peaks
(shift = no) Use average shift instead of recentering?

# RESIZING PARAMETERS

(llimit = -17.) Lower aperture limit relative to center
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(ulimit = 17.) Upper aperture limit relative to center
(ylevel = 0.05) Fraction of peak or intensity for automatic w
(peak = yes) Is ylevel a fraction of the peak?
(bkg = no) Subtract background in automatic width?
(r_grow = 0.) Grow limits by this factor
(avglimi= yes) Average limits over all apertures?

# TRACING PARAMETERS

(t_nsum = 10) Number of dispersion lines to sum
(t_step = 3) Tracing step
(t_nlost= 10) Number of consecutive times profile is lost b
(t_funct= legendre) Trace fitting function
(t_order= 3) Trace fitting function order
(t_sampl= *) Trace sample regions
(t_naver= 1) Trace average or median
(t_niter= 2) Trace rejection iterations
(t_low_r= 3.) Trace lower rejection sigma
(t_high_= 3.) Trace upper rejection sigma
(t_grow = 0.) Trace rejection growing radius

# EXTRACTION PARAMETERS

(backgro= none) Background to subtract
(skybox = 1) Box car smoothing length for sky
(weights= none) Extraction weights (none|variance)
(pfit = fit1d) Profile fitting type (fit1d|fit2d)
(clean = no) Detect and replace bad pixels?
(saturat= INDEF) Saturation level
(readnoi= 0.) Read out noise sigma (photons)
(gain = 1.) Photon gain (photons/data number)
(lsigma = 4.) Lower rejection threshold
(usigma = 4.) Upper rejection threshold
(nsubaps= 1) Number of subapertures per aperture
(mode = ql)
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1.8.13 ecidentify

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = ecidentify

images = TH_AR.ec Images containing features to be identified
(databas= database) Database in which to record feature data
(coordli= linelists$thar.dat) User coordinate list
(units = ) Coordinate units
(match = 1.) Coordinate list matching limit in user units
(maxfeat= 100) Maximum number of features for automatic iden
(zwidth = 10.) Zoom graph width in user units
(ftype = emission) Feature type
(fwidth = 5.) Feature width in pixels
(cradius= 10.) Centering radius in pixels
(thresho= 10.) Feature threshold for centering
(minsep = 2.) Minimum pixel separation
(functio= chebyshev) Coordinate function
(xorder = 2) Order of coordinate function along dispersion
(yorder = 2) Order of coordinate function across dispersio
(niterat= 0) Rejection iterations
(lowreje= 3.) Lower rejection sigma
(highrej= 3.) Upper rejection sigma
(autowri= no) Automatically write to database?
(graphic= stdgraph) Graphics output device
(cursor = ) Graphics cursor input
(mode = ql)

1.8.14 refspectra

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = refspectra

input = OBJ_FS.ec List of input spectra
(referen= TH_AR.ec) List of reference spectra
(apertur= ) Input aperture selection list
(refaps = ) Reference aperture selection list
(ignorea= yes) Ignore input and reference apertures?
(select = interp) Selection method for reference spectra
(sort = ) Sort key
(group = ) Group key
(time = no) Is sort key a time?
(timewra= 17.) Time wrap point for time sorting
(overrid= no) Override previous assignments?
(confirm= yes) Confirm reference spectrum assignments?
(assign = yes) Assign the reference spectra to the input spe
(logfile= STDOUT,logfile) List of logfiles
(verbose= no) Verbose log output?
answer = yes Accept assignment?
(mode = ql)
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1.8.15 dispcor

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = dispcor

input = OBJ_FS.ec List of input spectra
output = OBJ_FS.ecw List of output spectra
(lineari= yes) Linearize (interpolate) spectra?
(databas= database) Dispersion solution database
(table = ) Wavelength table for apertures
(w1 = INDEF) Starting wavelength
(w2 = INDEF) Ending wavelength
(dw = INDEF) Wavelength interval per pixel
(nw = INDEF) Number of output pixels
(log = no) Logarithmic wavelength scale?
(flux = no) Conserve flux?
(samedis= no) Same dispersion in all apertures?
(global = no) Apply global defaults?
(ignorea= no) Ignore apertures?
(confirm= no) Confirm dispersion coordinates?
(listonl= no) List the dispersion coordinates only?
(verbose= yes) Print linear dispersion assignments?
(logfile= ) Log file
(mode = ql)
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1.2: apflatten
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1.4: apflatten
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1.5: apflatten
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1.8: apscatter
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1.10: apscatter
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G R �(f$KaP���E � R Á�O ��C å � � \,C��	�$l�
$o O �	� O �$� f ~
��E R Á�O � å � � \,C���(l��� � f�I(K�L §�¨�ó L�P ¯��	
(� O�f(K��(L	� ¹ f C�� ÿ ê�� KFI ö�� E�r�K ��� ∗ l��	��� f(K ��<��C E R Á�O � º�»�� �(� e(f�~ I C c �,R(��� ��¾���R Á�O �.� L��$u n�o t,P imtrans R c n � x� K

y
� l�� e�� ø P �F��R lineclean l E � ~�� o�o�� imtrans R c n�� x

� K
y
� l�� e�� ø f(KJPª�«�{ pFY(q�C KJe o å(ìJç(í a’

L � ý�f C�� P
A’=a’×medianA

K � f(KJP�ª�«�{ p�Y�q�C�� � ��� e o å(ìaç�í A’
L ø tJe(fF~
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2.3 ����	�
� ����������������	������
� 1 �(� ��P î ç�ï l�������û�� P�����ç�� R Á�O � ¶�· l u��aÁ ¹�o�W�ä X \ ��L#ktae(f�c �aR� f�K�I ö � ��� � ��o ~$I ���F��ø tJe o�WFä X \ � R �FP ���@� � � ìaç	� ��[ ��C����(��� L�QC ��� ��n��(� � n�� O(fF~I C�WFä X \ � � tJP Â�ø d�� 0 ³�´ l E �_Þ�ß(R ��P U�[ � �� �! ç(í l�"�8k����WFä X \ � l��
��û�� f ��µ L�s�f�~ � o P QSO

��P U�[ � �# $! ç$í C c ��
(ø�� O�% C ³�´ �(��R s o�n�� ��P å
3$�FX W�� % l(��o O�K'& �a��m�� e � O�~(I�ekt C�º�» ��P�� � R c n���(�)�� e(f < ý�I(K � ��sf�LFP�>�?�� ��º�» � IRAF l�ð O �Fô�� ��*�+ R E � I(KFL � ý�P (�)(l�,(ø f�I�K mF§�¨�� s�f�~
2.3.1 È�-kÍÉÎFÈ�ÐFË�Ñ�Ç�.0/2123kÐFË5406�723�829�)�:2;
������û�� e o�WFä X \ � CFÂ�l�< 2.1 RF�k��o LFP�I�I R � ����� � � ìJç�� ��[ ��C���� ��% C
��= ��>�ç�?�? ��� L�@�A ß u � n��F£ e � O�f�~(I C�WFä X \ � l�����û�� f 1(R P$� � ü�B�C R�
��� � C���� L � � ��� e � O�f(K ����û(C�º�» L���� � � O�~
� 1 ��� �FP(å 3(� \ åHìJç�í FLAT CD����ûHCF¾�¿HR Á@O ��� � �Mo ~ �E��û � e o å�3(� \ åìaç�í

(FLAT N) � FLAT l�F f�KaP 	 2�ç�G2H(K ����I �FG �Fo�� ? R Á�O � �FP � X����(Û C�J
� í�3�L � � ��� e o P C�n�K � �Fo å�3(� \ å(ìJç(í R�� f (

I C å(ìaç�í l BLAZE
K � f ) �

BLAZE= FLAT/FLAT N

I e l â"ã K � � R apall � � � �"û"� f K²P C.nLK � � o å 3 � \ C"W ä X \ � L # t e f (BLAZE.ec)
~I C�W�ä X \ �(�FP ���@� � � ìaç�� ��[ ��C�����l ü�B�C R s�t�u �F� O(f C�� P(I C�W�ä X \ � l

���@û v ikj [k\JC�����l 1 RF� fM} �Fo�m@C v
BLAZE.ecn

P < 2.2
} �Fâ@ã�C�WFä X \ � l�F f�KJP

�6��� � C���� LFü�B�C R � � % � e o�W�ä X \ ��L#ktae�fTv < 2.3
} ~

BLAZE.ec CD����û �FP boxcar � E � I�KFL � ý�f (2.6.1)
~ 2-3 � ç�ï�K �F� P xwindow =

?@A
¾���C�� XF����r (e.g. 4100)

P
ywindow=1

K :�8�� f�KJP�����ç2� C�WFä X \ � C�����C ikj [�\Jlm�n�o å�ìaç(í�L#ktae(f C�� P$I�e � BLAZE.ec l�F f(KaP ����û�� e o å(ìJç(í BLAZE.ecn
v <

2.2
}HL#ktae�f�~

2.3.2 Å�Æ2M2N0O ÎQP�)�R2S2T
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K � f )

~�� ��%kK �F� �MP ��= � >Fç�?�?�L�sHt �� ¤ u ��n�� O�f�% l�ð O�f�~�� � P��	��% C�WFä X \ � R Á�O � P�ÿ ê�R bin l ý n�� Q C ikj [k\aC
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P
sensfunc

P
calibrate
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9(o�ó ý o"9 ~



2.4.
; ä :��_� 0�� ? û 37

2.4 ����	�
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����ç�� � 2"< ����û�� e o ; ä :����(� 5 scombine lFð�9(� Á ��� f�3'2 4�� ý�f�~ ¶�· 4 2

Á 0��ç2� � ��G n��
9 f Þ�ß � 5��'0����(l 2Ff �(�
0�º���4�§�¨�� s�fF~@C
	D��� q�0����(��� <��� 5 å �aç�; ä :�� 3F���Jì���, 4 i���ç � ý �"9(�
9�Þ�ß <�� 5��
��4�I e o ; ä :���� 4�� Á 0 ¶· � <�� < tJe o ; ä :��_�'< � f ó�¹�� s�fF~
scombine � � 5 input 5 output 0 å�������+ l7�8�� f�� �"5 group

�
’images’

2 � 5 combine
<FÁ

9(� � ’average’ �(� 2 � f�~
C
	D��� q�4 ü�ý � 5 å �aç�; ä :�� 3F���aì���, l�� >�<�i���ç � 9(�"9 f Þ�ß�5 ��<�����ç��
0 î ç(ï ��<(��l ð�9(�(� � � 2 5 C�	D 0��'0�¾'0 S/N ô'0���9	� > m�� u�e �(� � � ~ 3 e l��(¹f o�¤ < 5�Â�ø d
>� ¾���4 4100 � :F��� 0�Þ�ß <�� 5 input

å������ 07�8'0 2"3 ö��
5
input=OBJ.ec[501:3600,*]

0 � � < `�ø f'2 5 ����ç���<�Á 9(����0 500 � :���� l�I �"! 2 ��oFî ç(ï l�# ������ �F�(� e(fv m�õ�ö�÷���� ���$�� �(�F�(� � n�o å������ l.�n��F��9���m � 9 } ~
å@3 � :�; � % �.o ; ä :%� � m 5 scombine ����ß §�¨�ó�4 5 � % 4&� >*<(' � � ý � 9$� 9 2 5 � ç��Û�<�>�H �
� 4�) ��* ��� � � ~'3 0 $�% 0�¾�¿ � 5�î ç�ï º��+ å���j � 	�0,�� <�2 � ��t �
9

0�� 3�3 � ��[ � ~
�F��5 scombine

� 5�- r 0 å(ìJç(í � t #kt.* o ; ä :���� 0�/k�aß u ò v ��� }'< m�ð�9 t"*(fF~
input=A.ec,B.ec,C.ec

0 � � < `�ø
5 group
<��

’aperture’, combine
<��

’average’ �(� 2 `�ø f'2 5 3
Á 0 ; ä :��_� 0��

�'4 #�t"*(fF~�� î ç�ï 0 S/N ô <�0  �� j � �1� l���¹ f�3'2 m�� ý�f�~
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� � =�� û�����º��(� ý���3'2 4 �(� ��9 ~ IRAF � � 5 doecspec
2 9 � ï�;�: ����� � 0�� >��E ø�� �a� s���~ �F�(��5 3�3 � ��� ="<�è�: � � .�0��F��î ç�ï º�� �E �_¾�¿ � ¼�½�� ��~�"�#���3

0�� <FÁ 9(� �C�� ��� s(� 5 è�: � 2 9! �� ��ï�;�:���� <�"�ó�¹�0 � 0�� ��#�� 4"5� * � � î çï º�� < �(¹ �����$
;���$�% 5�=��Fó�¹ [ ��û�� ��3'2 4�§�¨ < � �F~ .�0���"�0 � 5 å�3$��� 0��
��û �E � � > wamkff

2 5 ����&(����� � ��������û �E � � > waextract � #��(' ��)�*�+ ����,.-
3�*0/���ï�;�:'2 ��1Fð�9 � "�¤ <�� 5
task wamkff=wamkff.cl

task waextract=waextract.cl

2 �  �1��02 -
wamkff 3 � 5 1)

<�4 9�1"5 �(� 	 ; 0�5�6 � 5 -�7 à 0��î �	 ��� 2���8�9 0�º(�'4�:(÷�ó å�3<;�,å$ì,ç$í�=�/ 5D�$��û � * " å@3>; ��� #��@? 3�0 .� � EBAC- �*0 1 < 5 ��ç � C 	 0�"�¤�0 å$ì,çíD' ; ��;
��· 0�E�9 å�3�;
���!F 2 ��% 0 å�ìaç�í�,�� `(ø
5�� *���ì�å��(ì���;�2�F 1�	 2�ç�G�H
"�8 �EBA �GA <�F 1�9 ��- � /�< 5 2) *�+�3 � 5 2.3

V 3 ¼�½ F ""5 å@3<; �aå$ì,ç(í�� ð�9�"�� ìaç
� � � ��0��#��H'0�� %��EIA "�¤�0 ; ä :��KJL' BLAZE.ecn

,<� ø ��? 3�0�º(� �E  �1"9 ��- � 	
� å�����J 07�8 � 5 epar wamkff 3�3 ý���-

waextract 3 � 5 â�ã'0�M���� � � ç�,�<�Á 9�1�����&�5�6 �E 9�5������û F 5 BLAZE.ecn 3�F� 
1 � ìaç�� � � ��0�����H'0�� %���EIA�? 3�0�º� �E  �1
9 ��- 3�3 3 � 5�������û�� � 1 <�� 5��
��&�5�6�01 < "�8 F "�	 2�ç�G H�� �'0 ?�? ð�9!1"9 ��- .�� ���
��ï�3�:�� � G�<�����=!9�A�=��
2�3 � ç(ïN' interac

, 2�F 1�`(ø ��3�2 4�3 ý���-'3�*�� no
<�F 1 4 2 2 5�* � 0Fº�� � ��<�1 =O�

��<��  �1������ ; ä :��KJ����GF 1!2 � 0�3"5�P(  å�æ�ç�èQ;
� 0�î ç�ï�� �0R �GF º���� � Þ�ß 89
<�S�T 3 #���-
U F 2�V
5W

IRAF
�/>�? � ; �!X�2�F "ZY\[!]�^�_ +�` ��acb!d�e�f 0hg!i�j ' 1997 k 3 l�5�m\n�o�p�q��?�@r ,

8!9���s�t 0 3�2�-
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##################################################################

# wamkff.cl W. Aoki 26 Jan. 1999

##################################################################

# 1)QUARTZ frame (combined) => normalized flat frame

# 2)Produce blaze profile

# QUARTZ / med(QUARTZ) => smoothed QUARRTZ

# extraction of smoothed QUARRTZ

# normalization => blaze profile

#

# Set parameters for: apfind, aprecent, apresize, apedit

# apflatten, aptrace

# apall

# (parameters of boxcar are given in this procedure)

##################################################################

procedure wamkff(sq_f,f_f,nf_f,nbl_f)

# Input

string sq_f {prompt = ’Short quartz frame name’}

string f_f {prompt = ’Flat frame name’}

#Output

string nf_f {prompt = ’Output Norm. Flat frame name’}

string nbl_f {prompt = ’Output Norm. Blaze profile name’}

begin

string flat_f, sqtz_f, normflat_f

string blaze_f, blaze_ec_f, blaze_ec0_f, blaze_ecn_f

flat_f = f_f

sqtz_f = sq_f

normflat_f = nf_f

blaze_ecn_f = nbl_f

#temporary files

blaze_f = "blaze_tmp"

blaze_ec_f = "blaze_ec_tmp"

blaze_ec0_f = "blaze_ec0_tmp"

### 1)QUARTZ frame (combined) => normalized flat frame ###

## apfind for short quartz frame

apfind(input=sqtz_f)

# interac=yes, find=yes, recente=yes, resize=yes, edit=yes)

## apflatten

apflatten(input=flat_f,output=normflat_f,referen=sqtz_f)

### 2)Produce blaze profile ###

## QUARTZ / med(QUARTZ) => smoothed QUARRTZ

imarith(operand1=flat_f,op="/",operand2=normflat_f, result=blaze_f)

## extraction of smoothed QUARRTZ

apall(input=blaze_f,output=blaze_ec_f, referen=flat_f, \

interac=yes, find=no, recente=no, resize=no, edit=no, trace=no)

## normalization => blaze profile

boxcar(input=blaze_ec_f,output=blaze_ec0_f,xwindow=1024,ywindow=1, \

boundar=’wrap’)
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sarith(input1=blaze_ec_f,op="/",input2=blaze_ec0_f, output=blaze_ecn_f)

##

end
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###################################################################

# waextract W. Aoki 3 June 1999

###################################################################

# 1)Subtraction of SKY

# apscatter, apfind, aprecenter, apresize, apedit, aptrace

# 2)Extraction

# apall, aprecenter, apresize, apedit, aptrace

# 3)Normalization

# Object / Blaze

###################################################################

procedure ccd_proc(s_f,bl_ec,s_ec,sn_ec)

string s_f {prompt = ’Stellar frame name’}

string bl_ec {prompt = ’Blaze profile name’}

string s_ec {prompt = ’Output extracted profile name’}

string sn_ec {prompt = ’Output normalized profile name’}

bool interact {prompt = ’Ran task interactive? (yes/no)’}

begin

string star_f, ref_f, stars_f

string blazen_ec, star_ec, starn_ec

star_f = s_f

blazen_ec = bl_ec

star_ec = s_ec

starn_ec = sn_ec

#temporary files

stars_f = "stars_tmp.imh"

### 1)Subtraction of SKY ####

apscatter(input=star_f,output=stars_f,interac=interact)

### 2)Extraction ###

apall(input=stars_f,output=star_ec,referen=star_f,interac=interact)

### Normalization ###

sarith(input1=star_ec,op="/",input2=blazen_ec, output=starn_ec)

##

end
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2.6.1 boxcar

I R A F
Image Reduction and Analysis Facility

PACKAGE = imfilter
TASK = boxcar

input = blL_bc1_ec Input images to be fit
output = blL_bc1_ec0 Output images
xwindow = 4100 X dimension of box
ywindow = 1 Y dimension of box
(boundar= wrap) Boundary (constant,nearest,reflect,wrap)
(constan= 0.) Constant for boundary extension
(mode = ql)

2.6.2 standard

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = standard

input = H2037bfs_ecw Input image file root name
output = test Output flux file (used by SENSFUNC)
(samesta= yes) Same star in all apertures?
(beam_sw= no) Beam switch spectra?
(apertur= ) Aperture selection list
(bandwid= 5.) Bandpass widths
(bandsep= 5.) Bandpass separation
(fnuzero= 3.6800000000000E-20) Absolute flux zero point
(extinct= ) Extinction file
(caldir = onedstds$spec50cal/) Directory containing calibration data
(observa= ) Observatory for data
(interac= yes) Graphic interaction to define new bandpasses
(graphic= stdgraph) Graphics output device
(cursor = ) Graphics cursor input
star_nam= hilt600 Star name in calibration list
airmass = 1. Airmass
exptime = 300. Exposure time (seconds)
answer = YES! (no|yes|NO|YES|NO!|YES!)
(mode = ql)
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2.6.3 sensfunc

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = sensfunc

standard= test Input standard star data file (from STANDARD)
sensitiv= test1 Output root sensitivity function imagename
(apertur= ) Aperture selection list
(ignorea= no) Ignore apertures and make one sensitivity fun(logfile= logfile) Output log for statistics information
(extinct= ) Extinction file
(newexti= extinct.dat) Output revised extinction file
(observa= ) Observatory of data
(functio= spline3) Fitting function
(order = 4) Order of fit
(interac= yes) Determine sensitivity function interactively?
(graphs = sr) Graphs per frame
(marks = plus cross box) Data mark types (marks deleted added)
(colors = 2 1 3 4) Colors (lines marks deleted added)
(cursor = ) Graphics cursor input
(device = stdgraph) Graphics output device
answer = yes (no|yes|NO|YES)
(mode = ql)

2.6.4 calibrate

I R A F
Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = calibrate

input = APM08279L0 Input spectra to calibrate
output = test2.fits Output calibrated spectra
(extinct= no) Apply extinction correction?
(flux = yes) Apply flux calibration?
(extinct= ) Extinction file
(observa= ) Observatory of observation
(ignorea= no) Ignore aperture numbers in flux calibration?
(sensiti= test1) Image root name for sensitivity spectra
(fnu = no) Create spectra having units of FNU?
airmass = 1. Airmass
exptime = 13678. Exposure time (seconds)
(mode = ql)
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2.6: standard

����������� � ������� � ��� a  ��� � ��	 � ��
��

�
2.7:

������������� ������ ����� � ��	



48 � 2 � b���� ��Y�[�]���q��	��
�������

�
2.8: `�� � ����� ��������� 
��������� �



49

�
3 � HDS � � � � � � � 	 � 
 � � 

� 1 � 2 � ����� ������� � � �����hb���� ��������� ��� 
 � Y�[ ]������ �� �! ����"�#�$�%���&
�('*) ��� � � HDS Y�[�] �,+.-/�.0 � � &,1/2 
3'5476�� Y�[�](�.� �,8 
:9.; �.� �=<(> ) ���,�� � Y�[ ]�q�� ��8/?�� 
A@ ����� 1 � 2 ���B��� � ��� �BC�D�E���������'��� � ) � ����� ������ � HDS ��F�[.G�H/I�J d � �� /K��,L � � �/"�#.M ���.& �,'

3.1 HDS N ���	�PORQTSVUPWRX
3.1.1 Y�Z�[�\�]�^_ � � 
 � Y@[<] �*� % �a`*b ( ` � [dc ID) ef1 K � 
 �f'fg 1 � CCD h 
7i 
 �fj � � FITS ` �
� �=e � � 
 � �*k � �=l �nm=o �nj � � g 1 �@` � [=c ID efprqfs � � 
 �f' ` � [=c ID

� � ’HDSA’
� 1�tvu 8 w ��%��x`�b���& � (2001 k 1 l.y�z�{ ’HDSA00002480’ )

' `.b ��| �.E������ u}��Y�[
] _ � ��~/� �.�.��,��� �����/� � �,9�;����,� ` �.���,' `�������� � � E�
�� ’.fits’

� 1 K����
� (HDSA00002480.fits � )

������'
3.1.2 FITS ��[v�.�����_ � ��
 � FITS Y�[�] �7� ��%.� �,� �(�,�7� Y�[�](� �(�/@ � d � ��[.�7��
�[ 
 � (

E�
 � � ��,�.�@Y�[�],� � � K � 
�� ) e,�.� ��
��,' 
�[ 
 � �.� � _ � ��
�������� � ��`7��[.H � � ( l� � � �.����� CCD � ���B��� ) e L��	� 
 � (
! > 
�� � � [ 
������� ������2�� �B����  )

'
3.3¡ � � ���,�  ���¢ 
�£ 
 � ��	 ��¤��5'< � �.�.¥�¦/I�] �,§.!��,9.;��.� � g 1 k � d�� �,£��.��
�£ 
 ��e,�.� ��
 �.h E�� �.¥��,¨.£

].e L.©	��
 �,'
3.1.3 ��[v��ª�«������
¨.£d¬,� � ���.7®d¯ 4100 ° � ���7� �d± � � ®d¯ 2048 ° � � � �(¨.£d¬ ( ² .I ��(³�� � 9.; )
�,��@ ���7´�£.µ.£ � �7���¶.·�e,1 K � 
 � !��,' ´�£.µ.£ � �7�� �,� �.���.& �.?�� �.���,¨.£¬,¸�¹/º�� �,�/@ �,».� � ¸.¹/º�� �,8 
¼E�� �,�7h��,¨�£/¬ � _ ��� ��6 �,µ�� d����¼½ � �,L.� �¾ ��'
¨�£�¬ ��¸�¹�º�� � ��h 
�i�
 � CCD

� 1 ! � 2 ¿�À�>�1���¸�¹�º�� � ! ����k �.¨�£�¬ � ��� �
4100×1024 ° � � �=enÁ � 1 �fFÂI � � �f� �f'�E 
 � h 
*i 
 ´5£*µ5£ � ��� n¶5·=e 50 Ã (4100×50° � ��� ) 1 K � 
��,'ÂE�
�� � qÄ� � 3.1 � ��
¼� ¨.£/¬7e���� 
��.E ���.���,'Â�, �5Å.� � � ² 
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I���,³���� 9�; �,¨�£/¬���� � 1 ! ���	��� � e,� ² �I��� �,8d?���9.; � � �.´.£.µ�£ � �.��¶�· � 50 Ã.>�1.1 K � 
���'

x x x x

-� -� -� -�

1024 1024 1024 1024

data1-1 data1-2 data2-1 data2-2

50pix

?

overscan
for data1-1

?

overscan
for data1-2

?

overscan
for data2-1

?

overscan
for data2-2

CCD-1 CCD-2

data
readout

�
3.1: CCD ¨�£/¬
��������� � '� e ������� �.��.®�¯,���/e �/± � � ®�¯

HDS � 9*; �nµ � d � � ½ � �����de*& ������� { � � �7k �f¨*£=¬(�*� � 6 �*� �n´7£*µ*£ � ��� ¶.· �,¨7£/¬ �,§7! �����7� � � � � �.E � e � i <�� !.' �.� � 87! ® � 1 ! � � � Å�� � ��� ���('

3.2 HDS N �����PW��TU N �������
3.2.1  �!�"�[	#	$&%�[('
)/�	*	+

IRAF
���7? �(¨.£/¬ � q�� ���,9.; �-, � �,£.�.� 
.£ 
 �/e,1 ! � !��7E������ qÄ� FITS . � �

�.� ��/ ��� � º K � ��0�1��7� q���� ¾ �(!.'=E 
/� FITS . � ��� � ¸.¹�2 D ¬ � � rfits
� �7? �

q���3�4 � .������ � � ¾ �,'
( 	 ) rfits input.fits 0 output.fits< � ��.������.� � [0]

� 1 K�
	5 (HDSA00000001.fits[0] � )
0�1 q�� ���.E�� e�� ¾ �,'

3.2.2 6�[�7�[	!	"&8	9�:	;/�	*	+
3.1.3

¡ �
�	��� ��� 
 � � HDS ��¨�£�¬ ��� ´�£�µ�£ � ����,¶�·�e�� K � 
 � ! �,'�E 
�� Å��
� � 
x� g�< � �.? � -�=�� q���� ¾ ��'/�B �.µ �	, ���x½ � �
����e�³�>�� ¾ ���@?�@���� � 5 �
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´.£�µ.£ � ����,¶.· ��� q��������,< 
¼E���� � ¾ ��'
• ��¸.¹�º���� ��j  ��� ´�£.µ�£ � �.��,¶�· (50 × 4100pix) �
	�� �����,'
• ��¸.¹�º����� ��� �.¨.£�¬.2��¼�������.��� � ´.£�µ.£ � ����,¶�· �
	���  �
� ��i/u '
• � ¸�¹�º ��� �Bj  � � ¨�£�¬� � � �.h 
�i 
 ��� �  � 2 K �B' � �  �B  ��� 3.2.2 � � q '
• ¨�£/¬,¶�·/º K
� q,º��¼��� CCD  ��� Á � 1���. ����� �.������
 � u¼1 ����� ( ´.£�µ.£ ������¶.·�� ��! 2048 × 4100pix ��¨.£�¬ ����� )

'
Å�� � � ¸.¹dº����� � � CCD � �� �,  �(¤�� ' �( � E �(  � � FITS � �(� ���(L�� ��
 � !
�

( �������	� H_GAIN1 �����.���	� H_GAIN2)
'

�
3.1: CCD ��� ¸�¹/º���� ���� (e−/ADU)

CCD1, ��� ( ���.��� ) 1.628

CCD1, ��� ( ���.��� ) 1.615

CCD2, ��� ( ���.��� ) 1.782

CCD2, ��� ( ���.��� ) 1.665

E ����<���q�� �,8 
 IRAF � ����±  � overscan.cl e��.Å���� URL 2�� _ ��� ¾ � :

http://optik2.mtk.nao.ac.jp/HDS/index_J.html

� § ®�� � � ��	���8/? � ! � ¨ � � ���,±�� overscan.cl .������ �� ¾ �
cl>task overscan=overscan.cl

� ¬ ��� ����� �,8�?�� 
¼@ �,��Å���� ��
 �,4�8���
�5��,!�'
cl>overscan input.fits output.fits

Å�� ��q�� � %�� �
� ��� � ������� �.¨.£�¬���q�� � M
����& ��'

3.3 FITS  "!$#&%(' �*),+����

3.3.1 FITS -/.�0
SIMPLE = T / Standard FITS format
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BITPIX = 16 / Number of bits for each pixel

NAXIS = 2 / Number of axes in frame

NAXIS1 = 2148 / Number of pixels per row

NAXIS2 = 4100 / Number of rows

EXTEND = T / There is a standard extension 1 (ASCII table)

BSCALE = 1.00000 / Real = (fits pixel value)*BSCALE+BZERO

BZERO = 3.276700E+04 / Real = (fits pixel value)*BSCALE+BZERO

BUNIT = ’ADU ’ / Unit of original pixel value

BLANK = 0 / Value used for NULL pixels

DISPAXIS= 2 / Main dispersion axis in frame

CTYPE1 = ’pixel ’ / Pixel coordinate system

CTYPE2 = ’pixel ’ / Pixel coordinate system

CUNIT1 = ’pixel ’ / Units used in both CRVAl1 and CDELT1

CUNIT2 = ’pixel ’ / Units used in both CRVAL2 and CDELT2

CRPIX1 = 1 / Reference pixel in axis1

CRVAL1 = 1 / Physical value of the reference pixel

CDELT1 = 1 / Size projected into a detector pixel in axis1

CRPIX2 = 1 / Reference pixel in axis2

CRVAL2 = 1 / Physical value of the reference pixel

CDELT2 = 1 / Size projected into a detector pixel in axis2

PROJP1 = 0.0 / Projection type of the first axis

PROJP2 = 0.0 / Projection type of the second axis

PC001001= 1.00000000 / Pixel Coordinate translation matrix

PC001002= 0.00000000 / Pixel Coordinate translation matrix

PC002001= 0.00000000 / Pixel Coordinate translation matrix

PC002002= 1.00000000 / Pixel Coordinate translation matrix

BIN-FCT1= 1 / Binning factor in axis1

BIN-FCT2= 1 / Binning factor in axis2

N2XIS = 2 / Number of axes for the slit projection

N2XIS1 = 2148 / Number of pixels per row for slit spectroscopy

N2XIS2 = 4100 / Number of scan lines for slit projection

C2YPE1 = ’DEC--TAN ’ / Type of projection used for #1 axis in 2nd WCS

C2PIX1 = 1024.0 / Reference pixel in X

C2VAL1 = 0.00 / Physical value of ref pix X for WCS

C2ELT1 = 0.00000 / Size projected into a detector pixel X

C2NIT1 = ’degree ’ / for C2VAL1 and C2ELT1

C2YPE2 = ’WAVELENGTH’ / Type of projection used for #2 axis in 2nd WCS

C2PIX2 = 2048.0 / Reference pixel in Y

C2VAL2 = 701.22 / Physical value of ref pix Y for WCS

C2ELT2 = 0.00207 / Size projected into a detector pixel Y

C2NIT2 = ’nm ’ / for C2VAL2 and C2ELT2

P2OJP1 = 0.0 / Projection type of the first axis

P2OJP2 = 0.0 / Projection type of the second axis

P2001001= 1.00000000 / Pixel coordinate translation matrix

P2001002= 0.00000000 / Pixel coordinate translation matrix

P2002001= 0.00000000 / Pixel coordinate translation matrix

P2002002= 1.00000000 / Pixel coordinate translation matrix

PRD-MIN1= 1 / Start X position of partialy read out

PRD-MIN2= 1 / Start Y position of partialy read out

PRD-RNG1= 2148 / X range of the partialy read out

PRD-RNG2= 4100 / Y range of the partialy read out

OBJECT = ’ CS22892-052 ’ / Target Description

DATA-TYP= ’ ’ / Characteristics of this data

RA = ’18:54:46.968’ / RA of the tracked pos. on the slit guide pos.

DEC = ’+05:00:23.70’ / Dec of the tracked pos. on the slit guide pos.

RADECSYS= ’FK5 ’ / The equatorial coordinate system
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EQUINOX = 1950.0 / Standard FK5 (years)

RA2000 = ’18:57:14.975’ / Right accention (HH.MM.SS.SSS)

DEC2000 = ’+05:04:26.24’ / Declination (+/-HH:MM:SS.SS)

PROP-ID = ’o99007 ’ / Proposal ID

OBSERVER= ’ Aoki ’ / Name(s) of observer(s)

OBS-MOD = ’ SPEC_Multi-order ’ / SINGLE-ORDER, MULTIPLE-ORDER

DATE-OBS= ’2000-06-13’ / Date of observation

EXPTIME = 1.0 / Exposure time in second

UT = ’07:02:48.810’ / Typical Universal Time during exposure

UT-STR = ’07:02:48.810’ / UTC at start of exposure

UT-END = ’07:02:48.810’ / UTC at end of exposure

HST = ’21:02:48.810’ / Typical Hawaii Standard Time during exposure

HST-STR = ’21:02:48.810’ / HST at start of exposure

HST-END = ’21:02:48.810’ / HST at end of exposure

LST = ’14:08:31.331’ / Typical Local SideReal Time during exposure

LST-STR = ’14:08:31.331’ / LST at start of exposure

LST-END = ’14:08:31.331’ / LSR at end of exposure

TIMESYS = ’UTC ’ / Time System

MJD = 51708.29362640 / Modified Julian Day

MJD-STR = 51708.29362640 / MJD at start of exposure

MJD-END = 51708.29362640 / MJD at end of exposure

SECZ = 4.175 / typical sec(Zemith Distance) during exposure

SECZ-STR= 4.175 / secZ at start of exposure

SECZ-END= 4.175 / secZ at end of exposure

AIRMASS = 4.1150 / Typical air mass during exposure

AIRM-STR= 4.1150 / Air mass at start of exposure

AIRM-END= 4.1150 / Air mass at end of exposure

ALTITUDE= 13.85753 / Altitude of the telescope pointing (degree)

ALT-STR = 13.85753 / Altitude at start of exposure

ALT-END = 13.85753 / Altitude at end of exposure

AZIMUTH = 89.61928 / Azimuth of the telescope pointing (degree)

AZ-STR = 89.61928 / Azimuth at start of exposure

AZ-END = 89.61928 / Azimuth at end of exposure

OBSERVAT= ’NAOJ ’ / Observatory

TELESCOP= ’SUBARU ’ / Telescope

OBS-ALOC= ’Standby ’ / Allocation mode (OBSERVATION/STAND-BY)

TELFOCUS= ’NASMYTH-OPT’ / Focus where beam is reachable

FOC-POS = ’NASMYTH-OPT’ / Focus where instrument attached

FOC-VAL = -0.025 / Focus position of the telescope

FOC-LEN = 104207.0 / Focal length of the telescope (mm)

F-RATIO = 12.71 / F-ratio of incident beam

INSTRUME= ’HDS ’ / Name of instrument

FRAMEID = ’HDSA06130003’ / Frame ID number issued by OBS

EXP-ID = ’UNKNOWN ’ / Exposure ID number locally defined

DATASET = ’# ’ / ID of observation dataset

DISPERSR= ’echelle ’ / Identifier of the disperser used

WAVELEN = 701.22 / Center wavelength of the center order (nm)

WAV-MAX = 759.04 / Maximum wavelength recorded (nm)

WAV-MIN = 637.03 / Minimum wavelength recorded (nm)

SLTCPIX1= 999.00 / Pixel of slit center (Axis1)

SLTCPIX2= 2048.0 / Pixel of slit center (Axis2)

FILTER01= ’UNKOWN ’ / Filter wheel No.1

FILTER02= ’UNKOWN ’ / Filter wheel No.2

SLIT = ’SHORT ’ / Identifier of the entrance slit used (SHORT/LON

SLT-WID = 0.100 / Slit width (mm)

SLT-LEN = 1.000 / Slit length (mm)
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SLT-PA = 0.00 / Slit position angle (degree)

SLT-PSTR= 0.0 / Slit position angle at start (degree)

SLT-PEND= 0.00 / Slit position angle at end (degree)

SLT-OBJP= 0.00 / Object position on the slit (arcsec)

DET-ID = 1 / ID number of the CCD in the detector unit

DETECTOR= ’EEV ’ / Detector used to take this frame

DETPXSZ1= 0.0135 / pixel size in axis1 (mm)

DETPXSZ2= 0.0135 / pixel size in axis2 (mm)

DET-A01 = 0.000 / Rotation angle of the 1st detector (degree)

DET-A02 = 0.000 / Rotation angle of the 2nd detector (degree)

GAIN = 1.70 / Readout gain

DET-TMP = 0.0 / Nominal detector temperature (Kelvin)

DET-TAVE= 0.0 / Average detector temperature (Kelvin)

DET-TMAX= 0.0 / Maximum detector temperature (Kelvin)

DET-TMIN= 0.0 / Minimum detector temperature (Kelvin)

DET-TSD = 0.00 / Detector temperature fluctuation (Kelvin)

WEATHER = ’Clear ’ / Weather condition

SEEING = 0.000 / FWHM of the star observed with Slit Viewer (arc

NAS-TAVE= 0.00 / Average Nasmyth encl. temp. (Kelvin)

DOM-WND = 0.1 / Wind speed inside dome (m/s)

DOM-TMP = 277.95 / Atmospheric temperature inside dome (Kelvin)

DOM-HUM = 33.0 / Humidity inside dome (hPa)

DOM-PRS = 622.9 / Nominal atmospheric pressure in dome (hPa)

OUT-WND = 4.4 / Wind speed outside dome (m/s)

OUT-TMP = 280.85 / Atmospheric temperature outside dome (Kelvin)

OUT-HUM = 14.5 / Humidity outside dome (hPa)

OUT-PRS = 622.9 / Atmospheric pressure outside dome (hPa)

IMR-TYPE= ’NONE ’ / Image Rotator (BLUE, RED, NONE)

IMGROT = -152.89 / IMR position during exposure (degree)

IMR-STR = -152.89 / IMR position angle at start (degree)

IMR-END = -152.89 / IMR position angle at end (degree)

ADC-TYPE= ’BLUE ’ / Atm. Disp. Compensator (BLUE,RED,NONE)

ADC = 0.00 / ADC position during exposure (degree)

ADC-STR = 0.00 / ADC position angle at start (degree)

ADC-END = 0.00 / ADC position angle at end (degree)

DAQ-VER = ’1.0.0 ’ / Data Aquisition System

INS-VER = ’HDS-1.00/HDS-1.00’ / hardware/software version

COMMENT revised on 1 Nov. 1999 by W. Aoki

COMMENT by H.Izumiura, S. Kawanomoto, W. Aoki.

COMMENT Keywords specific to HDS

COMMENT

COMMENT /SLIT

H_S-INCL= 0.00 / Slit inclination angle wrt the horizontal plane

COMMENT /Detector

H_D-UNIT= ’1 ’ / ID number of the detector unit

H_D-OTHR= ’YES ’ / Use of the other CCD in this mosaic

COMMENT /SHUTTERS

H_SHUTTR= ’OPEN ’ / Entrance shutter (OPEN, CLOSE)

H_HARTMN= ’ALL-OPEN’ / Hartmann shutter (U-OPEN,L-OPEN,ALL-OPEN,ALL-CL

COMMENT /COLLIMATOR MIRROR

H_COLLIM= ’RED ’ / Collimator (BLUE, RED)

H_CLPSTN= 0.00 / Collimator position (mm)

H_CLFOCL= 3396.51 / Collimator focal length (mm)

COMMENT /ECHELLE GRATING

H_ECONST= 31.60 / Ruling pitch (grooves/mm)

H_EBLAZE= 70.30 / Blaze Angle (degree)



3.3. FITS � ����� 
�£ 
 � ��	 55

H_EEPSRN= 6.00 / Offset Angle of the Incident Beam (degree)

H_EGAMMA= 0.00 / (degree)

H_EROTAN= 0.40000 / Echelle Rotation Angle (degree)

COMMENT /CROSS DISPERSER GRATING

H_CROSSD= ’RED ’ / Cross Disperser (BLUE, RED, MIRROR, NIR)

H_CCONST= 250.000 / Ruling pitch (grooves/mm)

H_CBLAZE= 5.000 / Blaze Angle (degree)

H_CEPSRN= 0.00 / Offset Angle at Blaze Wavelengths (degree)

H_CGAMMA= 45.00 / (degree)

H_CROTAN= 5.00000 / Cross Disperser Rotation Angle (degree)

COMMENT /CAMERA

H_CMRFL = 770.85 / Camera focal length (mm)

COMMENT /Detector Focusinig Unit

H_FOCUS = 0.00000 / Focusing unit position (mm)

H_PITCH = 0.00000 / Focusing unit pitching angle (degree)

H_YAWING= 0.00000 / Focusing unit yawing angle (degree)

H_DETROT= -1.00000 / Rotation angle of the detector unit (degree)

COMMENT /I2Cell and Light Monitor

H_I2CELL= ’NOUSE ’ / I2 Cell Mode (USE/NOUSE)

H_LM = ’NOUSE ’

H_I2TEMP= 0.0

H_LMINTG= 0.0

H_I2POS = ’UNKNOWN ’

H_LMPOS = ’UNKNOWN ’

I2CELL = ’NOUSE ’ / I2 Cell Mode (USE/NOUSE)

H_ETMP1 = -100.0 / Nasmyth Te,perature 1 (Kelvin)

H_ETMP2 = -100.0 / Nasmyth Temperature 2 (Kelvin)

H_SUPER = ’NONE ’ / Super Resolution Mode (POS1, POS2, NONE)

COMMENT /Auto Guider (offset guider)

H_AG-OBJ= ’ ’

H_AG-ORA= ’ ’ / RA of the guide object

H_AG-ODE= ’ ’ / Dec of the guide object

H_AG-RA = ’ ’ / RA of the tracked pos. on the slit guide pos.

H_AG-DEC= ’ ’ / Dec of the tracked pos. on the slit guide pos.

H_OSMIN1= 1025 / Start of overscan region for AXIS1

H_OSMAX1= 1124 / End of overscan region for AXIS1

H_OSMIN2= 1 / Start of overscan region for AXIS2

H_OSMAX2= 4100 / End of overscan region for AXIS2

NAS-TMP = 5.5

HISTORY File modified by user ’hdsuser’ with fv on 00-06-14T12:44:21

HISTORY File modified by user ’hdsuser’ with fv on 00-06-14T12:45:59

END

3.3.2  �!	"�[	#	$&%�[ '
)�� -/.�0
XTENSION= ’TABLE ’ / ASCII table extension

BITPIX = 8 / 8-bit ASCII characters

NAXIS = 2 / 2-dimensional ASCII table

NAXIS1 = 72 / width of table in characters

NAXIS2 = 15 / number of rows in table

PCOUNT = 0 / no group parameters (required keyword)

GCOUNT = 1 / one data group (required keyword)

TFIELDS = 12 / number of fields in each row

TTYPE1 = ’ORDER ’ / label for field 1
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TBCOL1 = 1 / beginning column of field 1

TFORM1 = ’I3 ’ / Fortran-77 format of field

TUNIT1 = ’ ’ / physical unit of field

TTYPE2 = ’X-MIN ’ / label for field 2

TBCOL2 = 5 / beginning column of field 2

TFORM2 = ’I4 ’ / Fortran-77 format of field

TUNIT2 = ’PIXEL ’ / physical unit of field

TTYPE3 = ’Y-MIN ’ / label for field 3

TBCOL3 = 10 / beginning column of field 3

TFORM3 = ’I4 ’ / Fortran-77 format of field

TUNIT3 = ’PIXEL ’ / physical unit of field

TTYPE4 = ’WL-MIN ’ / label for field 4

TBCOL4 = 15 / beginning column of field 4

TFORM4 = ’F8.3 ’ / Fortran-77 format of field

TUNIT4 = ’nm ’ / physical unit of field

TTYPE5 = ’X-CEN ’ / label for field 5

TBCOL5 = 24 / beginning column of field 5

TFORM5 = ’I4 ’ / Fortran-77 format of field

TUNIT5 = ’PIXEL ’ / physical unit of field

TTYPE6 = ’Y-CEN ’ / label for field 6

TBCOL6 = 29 / beginning column of field 6

TFORM6 = ’I4 ’ / Fortran-77 format of field

TUNIT6 = ’PIXEL ’ / physical unit of field

TTYPE7 = ’WL-CEN ’ / label for field 7

TBCOL7 = 34 / beginning column of field 7

TFORM7 = ’F8.3 ’ / Fortran-77 format of field

TUNIT7 = ’nm ’ / physical unit of field

TTYPE8 = ’X-MAX ’ / label for field 8

TBCOL8 = 43 / beginning column of field 8

TFORM8 = ’I4 ’ / Fortran-77 format of field

TUNIT8 = ’PIXEL ’ / physical unit of field

TTYPE9 = ’Y-MAX ’ / label for field 9

TBCOL9 = 48 / beginning column of field 9

TFORM9 = ’I4 ’ / Fortran-77 format of field

TUNIT9 = ’PIXEL ’ / physical unit of field

TTYPE10 = ’WL-MAX ’ / label for field 10

TBCOL10 = 53 / beginning column of field 10

TFORM10 = ’F8.3 ’ / Fortran-77 format of field

TUNIT10 = ’nm ’ / physical unit of field

TTYPE11 = ’SLIT INCLINATION’ / label for field 11

TBCOL11 = 62 / beginning column of field 11

TFORM11 = ’F5.3 ’ / Fortran-77 format of field

TUNIT11 = ’degree ’ / physical unit of field

TTYPE12 = ’DISPERSION’ / label for field 12

TBCOL12 = 68 / beginning column of field 12

TFORM12 = ’F5.3 ’ / Fortran-77 format of field

TUNIT12 = ’nm/PIXEL’ / physical unit of field

EXTNAME = ’HDS_ASCII’ / name of this ASCII table extension

END

3.3.3  �!�"�[	#	$&%�[('
)
ORDER X-MIN Y-MIN WL-MIN X-CEN Y-CEN WL-CEN X-MAX Y-MAX WL-MAX SLIT INCLINATION DISPERSION
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I3 I4 I4 F8.3 I4 I4 F8.3 I4 I4 F8.3 F5.3 F5.3

PIXEL PIXEL nm PIXEL PIXEL nm PIXEL PIXEL nm degree nm/PIXEL

79 78 4096 749.916 196 2048 754.479 313 1 759.041 0.000 0.002

80 221 4096 740.542 338 2048 745.048 455 1 749.553 0.000 0.002

81 361 4096 731.400 477 2048 735.850 592 1 740.300 0.000 0.002

82 497 4096 722.480 612 2048 726.876 727 1 731.272 0.000 0.002

83 630 4096 713.776 744 2048 718.119 858 1 722.461 0.000 0.002

84 760 4096 705.279 873 2048 709.569 986 1 713.860 0.000 0.002

85 886 4096 696.981 999 2048 701.222 1111 1 705.462 0.000 0.002

86 1010 4096 688.877 1122 2048 693.068 1234 1 697.259 0.000 0.002

87 1131 4096 680.959 1242 2048 685.102 1353 1 689.245 0.000 0.002

88 1249 4096 673.220 1359 2048 677.316 1470 1 681.412 0.000 0.002

89 1364 4096 665.656 1474 2048 669.706 1584 1 673.756 0.000 0.002

90 1477 4096 658.260 1586 2048 662.265 1695 1 666.270 0.000 0.002

91 1588 4096 651.026 1696 2048 654.987 1804 1 658.948 0.000 0.002

92 1696 4096 643.950 1803 2048 647.868 1911 1 651.786 0.000 0.002

93 1801 4096 637.026 1908 2048 640.901 2015 1 644.777 0.000 0.002


