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第 2回 SOLAR-B講習会世話人 
原 弘久  (国立天文台) 
浅井 歩  (国立天文台) 
殿岡 英顕 (国立天文台) 
永田 伸一 (京都大学)  
常田 佐久 (国立天文台) 



第 2回 SOLAR-B講習会 
 
日時: 2006年 6月 27日(火) 10:30 ~ 18:00 
 
場所: 国立天文台三鷹キャンパス 解析研究棟 1階 大セミナー室 
 
プログラム:  
10:30-10:40 開催にあたっての挨拶 原 (国立天文台) 
    
10:40-11:00 SOLAR-B衛星による観測 下条 (国立天文台) 
    
11:00-11:40 DARTSによるデータ取得システム演習 松崎 (JAXA宇宙研) 
    
11:40-12:00 質問時間 1   
    
12:00-13:00 昼食休憩   
    
13:00-13:30 SOLAR-B科学データの基礎知識 浅井 (国立天文台) 
    
 << 各観測装置固有事項の説明 >>   
13:30-14:20 XRTデータ解析について 成影 (JAXA宇宙研) 
    
14:20-14:40 質問時間 2   
    
14:40-15:30 SOTデータ解析入門 永田 (京都大学) 
    
15:30-15:50 質問時間 3   
    
15:50-16:10 休憩   
    
16:10-17:00 EISデータ解析について 神尾 (国立天文台) 
    
17:00-17:20 質問時間 4   
    
17:20-17:40 SOLAR-Bサイエンスセンターについて 殿岡 (国立天文台) 
    
18:00 閉会   
    
    
 SOT: Solar Optical Telescope 可視光望遠鏡 
 XRT: X-Ray Telescope X線望遠鏡 
 EIS: EUV Imaging Spectrometer 極紫外線撮像分光装置 
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2006/06/27 SOLAR-B SOLAR-B 9

SOLAR-B

Tracking

CaII
Magnetogram

G-Band

SOT-FG 4k x 2k (320” x  160”)
G-Band, Magnetogram, Ca II, H_alpha, etc

/SOLAR-B

SOT-SP
(164” x 164”)
83

HAO/ASP

EIS
256” x 256”
EUV >10
50 SOHO/CDS

XRT
256” x 256”

2006/06/27 SOLAR-B SOLAR-B 10

SOLAR-B

Tracking

SOT-FG
320” x160”

SOT-SP
164” x 164”

EIS
256” x 256”

XRT
512” x 512 “

EIS:256”x256”
SOT
FG:320”x160”
SP:164”x164”

XRT:512”x512”
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DARTS によるデータ取得システム演習 
 

宇宙航空研究開発機構  
宇宙科学研究本部  

松崎恵一 
 

URL 

 

http://darts.isas.jaxa.jp/solarb/ 
 
データ検索・取得の流れ 

 
1) 望遠鏡を選択する 
2) 時刻を (必要に応じ位置も) 指定する 
3) Search & Update ボタンを押すとサマリのタイムプロット領域プロットが更新される 
4) 機器ごとの観測条件を指定する (図 1, 図 2 を参照) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

図１ 条件設定 (FG) 
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5) Show XXX List すると観測の一覧が得られる 
6) データを取得する 
- メールアドレスを聞かれるので入力する (クッキーに登録すると便利) 
- tar されファイルが FTP Server におかれ、通知メールが送付される 
7) データをダウンロード 
- ブラウザもしくは FTP クライアントソフトにて取得 
- tar ファイルを解凍 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

図 2 条件設定 (SP, XRT, EIS) 
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SOLAR-B
• DARTS

1.
–

2.
– : FITS

• FITS
• http://www.fukuoka-edu.ac.jp/~kanamitu/fits/fits_t50/

– FITS :
• ASCII

3.
– IDL SSW FITS

Level-0

•
• ( )

• Level-0
– DARTS
– (

FITS )
–

1.

DARTS
Level-0
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Level-1
• Level-1

– DARTS
– Level-0

–
–

– SSW
IDL/SSW

Level-0 Level-1

IDL/SSW

Level-2
• Level-2

– DARTS
• SOT-SP ( HAO)
• EIS

(MSSL)
– Level-1

Level-1 Level-2

DARTS Level-2
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SOT XRT
• FITS
• FITS

2.

1

FITS

XRT

• Level-0
1 (1 )
• Level-2

1 (IQUV)

1
IQUV (
) 1

SOT-SP Level-2

SOT-SPSOT-FG

V UQ I

I Q U V

EIS
• EIS Binary Table Extension

Line1
( etc)

Line2
etc

(binary)

(ASCII)

/

1 (1 )

Fe VI
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SOLAR-B :
• 1
• FITS

• Level-0
1

– x x 3
– ( ) 1 )

•Level-2
Level-0

EIS

• Level-0
1

XRT

• Level-0
1 (1 )
• Level-2

1 (IQUV)

SOT-SP

• Level-0
1 IQUV ( )

1
SOT-FG

Binary Table 
Extension

SOLAR-B FITS 1
• SOLAR-B FITS

(3 )
• Web (SOLAR-B /

)

Filters and time resolution 
are optimized for 
Temperature Analysis

OBS_DEC

The temperature analysis of 
pre-flare site

OBSTITLE
‘SOT/FG’ ‘XRT’ ‘EIS’INSTRUME
‘SOLAR-B’TELESCOP

(0 Level-0 )0 / 2DATA_LEV
AR / AFS / EFR / FLSCI_OBJ
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SOLAR-B FITS 2
•

( )‘2006-12-31T05:53:29.300’DATA_OBS
[sec]0.128EXPTIME

(Y ) [arcsec]200.6FOVY
(X ) [arcsec]300.3FOVX

(Y ) [arcsec]0.15CDELT2
(X ) [arcsec]0.15CDELT1

n- ( )128NAXISn

XRT/EIS 2
SOT 2 3

2 / 3NAXIS
Y ( )511.35YCEN

X ( )
[arcsec]

250.34XCEN

• Makali’i [
FITS ]

:
http://makalii.mtk.nao.ac.jp/

• fv [FITS
]

:
http://heasarc.gsfc.nasa.gov/

ftools/fv/

3.
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IDL
• IDL* IDL

SSW**
SSWDB***

• *IDL : Interactive Data Language
• **SSW : SolarSoftWare
• ***SSWDB : SSW

• SSW SSWDB FTP
IDL SSW SSWDB

SOLAR-B ( )
( )

SOLAR-B :
IDL

•
IDL

IDLSSWDB
(

)

SSW
( )

Level-0 Level-1

2
1
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• 3 (SOT/XRT/EIS)

• 3
–
–

SOLAR-B
1

• SOT XRT
– XRT: (G-band)
– SOT-FG: 

SOT XRT

( )
( )

X
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SP

( )
(CT*)

(G-band )
• FG G-band
• FG
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*CT=Correlation Tracker

: 2”

EIS
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• XRT EIS
–
– EIS

• SOT EIS
– SOT-XRT XRT-EIS XRT

2

SOLAR-B
2
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X
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SOT XRT
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2006/06/27 SOLAR-B XRT 1

XX (XRT)(XRT)

JAXA

SOLAR-B XRT 22006/06/27

1. X (XRT)

2. XRT

3. XRT

4. XRT FITS 

5. XRT

6.

7. XRT
1.

2.

8. 100
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SOLAR-B XRT 32006/06/27

X11

SOLAR-B XRT 42006/06/27

http://www.isas.jaxa.jp/j/enterp/missions/complate/yohkoh/best10.shtml

(a)

(e)

(c) (d)

(b)

X

(a), (b)

(c)
(d)

(e)

X-ray Bright Point 
(XBP)

11
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SOLAR-B XRT 52006/06/27

XRT
point spread function :

dark level : 0.1e- / sec / pix

: 2
1

100 :
thin Al mesh 

pre-flare buffer +

11

Point Spread Function

SXT @ Al K (8.34A) 
XRT @ Cu-L line(13.3A) 

XRT
SXT

SOLAR-B XRT 62006/06/27

22

Level 0

Level 1

Level 2

:

: xrt_prep

: read_xrt

DARTS FITS

X

X
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SOLAR-B XRT 72006/06/27

XRT (Lv.0)33

http://darts.isas.jaxa.jp/solarb/top.do

SOLAR-B XRT 82006/06/27

•
•
•
•

X
R

T 
FI

TS

XRT (Lv.0)33
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SOLAR-B XRT 92006/06/27

XRT

:
http://www.ittvis.com/idl/index.asp

http://www.jicoux.com/idl.html

IDL SSW XRT 
read_xrt : XRT 

xrt_prep : XRT 

33

SOLAR-B XRT 102006/06/27

XRT (Lv.0)

FITS

read_xrt XRT

IDL > files = findfile(‘*.fits’)

IDL > read_xrt, files, index, data

33

IDL > files = ‘file_name’

index FITS index data
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SOLAR-B XRT 112006/06/27

XRT
help index, data 

IDL > help, index, data
INDEX STRUCT  = -> ******** Array[10] 10
DATA FLOAT     = Array[512, 512, 10] 512x512 pixel 10

IDL > help, index, /structures
DATE_OBS STRING    ‘2006-09-30T01:23:45.678’
TELESCOP STRING    ‘SOLAR-B’
INSTRUME STRING    ‘XRT’

33

FITS

index

SOLAR-B XRT 122006/06/27

1

XRT33

IDL > tvscl, data[*,*,0]

IDL > tvscl, alog10(data[*,*,0]>1)

IDL > stepper, alog10(data>1)

“ ” : “b” : 
“m” : “q” : 

X log

log
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SOLAR-B XRT 132006/06/27

XRT

1024”x1024”

384”x384”

2048”x2048”

XRT FITS

2048” x 2048”

1”, 2”, 4”, 8”

1msec ~ 64sec 

9

:

(DPCM)
(JPEG)

44

SOLAR-B XRT 142006/06/27

XRT FITS44

‘2006-12-31T05:53:29.300’DATA_OBS

[ sec]

EXPTIME [sec] 
1028E_ETIM

0:
3:
7:

3ICMPMD

‘open’EC_FW2_ ‘open’

‘Al_poly’EC_FW1_
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SOLAR-B XRT 152006/06/27

data CCD

[erg] CCD [DN]

XRT Lv.055

Level 0

SOLAR-B XRT 162006/06/27

(Lv.0 Lv.1)

(Level 0)
index, data

(Level 1)
index_out, data_out

offset ~ 40 DN, = 0.1e- / sec / pix

1DN ~ 60 e- ~ 3.5 x 10-10 erg

66

IDL > xrt_prep, index, data, index_out, data_out

Level 0 index, data 
Level 1 index_out, data_out
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SOLAR-B XRT 172006/06/27

XRT
XRT X

77

Tsuneta et al. 1992

(a) X
(b) X

X

(a) (b)

SOLAR-B XRT 182006/06/27

XRT X

XRT X

TfVn
TfEMI

filter
2

filterfilter

Tf
T
V
n
VnEM

filter

2 :

:

:

:

:

7.17.1
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SOLAR-B XRT 192006/06/27

XRT

X 9 1

Thin-Be

Med-Be C-Poly

Thin-Al
-PolyMed-Al

None

G-band

Thick-Al Ti-Poly

Thin-Al
-MeshThick-Be

None

7.17.1

SOLAR-B XRT 202006/06/27

X

7.17.1

XRT 100
150 200
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SOLAR-B XRT 212006/06/27

XRT

XRT

7.17.1

100
150

200

thin-Al-mesh
170

200

SOLAR-B XRT 222006/06/27

*

XRT

x =

XRT

XRT

: ffilter(T)

7.17.1
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SOLAR-B XRT 232006/06/27

ffilter(T)7.17.1

thin-Al-mesh
100

100

SOLAR-B XRT 242006/06/27

X

Tf
Tf

TfEM
TfEM

I
I

filter2

filter1

filter2

filter1

filter2

filter1

7.17.1 : filter ratio method

filter1 filter2
EM
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SOLAR-B XRT 252006/06/27

or

7.17.1

SOLAR-B XRT 262006/06/27

7.17.1

3
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SOLAR-B XRT 272006/06/27

(Differential Emission Measure: DEM)

XRT Med-Be Med-Al

1/1000

7.17.1

Med-Be
Med-Al

SOLAR-B XRT 282006/06/27

7.17.1

1. filter ratio 

2.
50%

3. 10%

XRT 64

med-Be med-Al(3)

(1)

(2)
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SOLAR-B XRT 292006/06/27

7.17.1

4~30MKthick-Be
thick-Al

3~30MKthick-Be
med-Al

SOLAR-B XRT 302006/06/27

(T) XRT

(EM) X

(V) XRT (S)

7.27.2

TfEMI filterfilter

nkTE
2
3

thermal

2322 SnVnEM
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SOLAR-B XRT 312006/06/27

7.17.1

2~20MKMed-Be
C-poly

1.5~10MKthin-Be
thin-Al-poly

SOLAR-B XRT 322006/06/27

7.17.1

0.6~3MKthin-Al-poly
thin-Al-mesh
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SOLAR-B XRT 332006/06/27

100
thin-Al-mesh

700

100

200

100

88

SOHO/EIT 171A 1MK Yohkoh/SXT 2~4MK

SOLAR-B XRT 342006/06/27

10088

100
DEM thin-Al-mesh 100

thin-
Al-mesh

thin-Al-
mesh

thin-Al-
mesh

                                                                IV - 17



SOLAR-B XRT 352006/06/27

10088

DEM 100
SXT

thin-
Al-mesh

thin-Al-
mesh

thin-Al-
mesh

SOLAR-B XRT 362006/06/27

XRT

FITS

XRT
IDL

100
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SOLAR-B XRT 372006/06/27

13.5 m = 1.0 arcsecPixel Size

500 kpixel/sImage readout

34 34 arcmin (capable of covering the whole Sun)Field of view

E2V 2048 2048 back-illuminatedCCD device

Focal Plane CCD Camera

4305 Å (G-band)Wavelength

2708 mmFocal length

Visible Light Optics

> 1.0 cm2 at 0.523 keVEffective area

6–200 ÅWavelength range

68 % of encircled energy in 2 arcsec (at 0.523 keV)Spatial resolution

> 340 mmAperture size

6 Å expected (TBD; analysis ongoing)Mirror micro-roughness

2708 mmFocal length

Optimized Wolter-I-like grazing incidence opticsOptics

X-Ray Optics

XRT

SOLAR-B XRT 382006/06/27

:

SOLAR-B
http://solar.nro.nao.ac.jp/solar-b/
http://www.isas.ac.jp/j/enterp/missions/solar-b/index.shtml

(SOLAR-B )
http://www.isas.jaxa.jp/home/solar/

http://www.lmsal.com/SXT/homepage.html

SOLAR-B
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SOLAR-B XRT 392006/06/27

Contact Point
…

JAXA
sakao@solar.isas.jaxa.jp

SOLAR-B
ryouhei.kano@nao.ac.jp

JAXA
narukage@solar.isas.jaxa.jp

SOLAR-B XRT 402006/06/27

Coming soon!!

© NAOJ 
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OTA

OBU
Optical Bench Unit

FPP

SOT`^µ¶!
Focal Plane Package: FPP
Optical Telescope Assembly: OTA
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±²³=��´�<

• JK���¥H´�<=±²

– �����=�«WXB�<�U�Â=®ª=ë¥H

–  ���=PQæ��ÈÉ®ó©ª«

– PQ���=�ÆÆå-ã�¸(¹óô

– â�«WXB�<�g2�����¥H

• PQ�����´�<=±²

– ��#'�#$��õ�$�'� %� %'!% ''jóÝPQ=��

– ����$�'� � %'! ''jóÝPQ=��

– �xâ ¡�g2jóÝPQ=��

• ö>÷øI��ä¦±²

vR}y÷KN±²Ak�yc2´�<
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• ¡?��´�<
– `w=ù�!�Ô $�!#!"�$�#(@ "� '(@!"'�$�Ô ��!%$���'�#(@!'#%}*)!

(�#)$���')('��'�#}" �
– ú�Õ'�'#!�'��$('!���!("�#$��!%$�#' )!(�#)��Õ'�'#)�'��$('}" �
– 67¡?~�=ûJV���) (�#)Ô $�!#)#'�"}" �

• ýNO���=��
– ���ü=�ª=ëÃë;)!(�#)��$��}" �Ý!

• 5��!��(�!$('!â}!è�  �û(!��""$��! �$#$�'(!%� !#!$(!
�!##")ææ� "!'$(}��(%��}��(�}��Õæ²ü�  �æ$��æ��"(}!#��*

– ?Jýþ=78) (�#)�'(# '#%!}" �Ý
– |@�þóô§¨<��)!(�#),�%%#}" �Ý
– 5�  '��#$��!# �%�$��)!(�#)%�  '��#$��)# �%�}" �Ý
– �Ô�'%# # �%�$��) (�#)# �%�)�Ô�'%#}" �Ý
– 5� �%���!��""$��)!(�#)%� �%���}" �Ý

*These rou t ines exis t in p rototype form (La Palm a data analys is tasks)

±²³=��´�<

vR}y��N±²Ak�yc2´�<
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±²³=��´�<

�b=¡?û�Ã§;A±²³
�����*

–Load up to 6 images into a single display GUI
–Images may be dif ferent sizes, formats, etc.
–Real- t ime adjustment of color and transparency for mult - image
overlay views.
–Automat ic adjustment for image point ing dif ferences.
–Standard image browsing funct ions
–Overlay heliographic grids.
–Export processed images back to IDL session.
–Export to Postscript printer, EPS, TIFF, JPEG, PNG, etc.
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EIS

• EIS
• FITS
•
•
•
•
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EIS
•

• 10 1000

•
2km/s 4km/s

• ( )

1 SOLAR-B
http://solar.nro.nao.ac.jp/solar-b/

• EIS 170-210Å 250-290Å 2
•

( )
• 512“
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• 1" 2" 2
•

•

590"x512"

•

• 40" 266" 2
•

590"

FITS
• 1 FITS 1

• Binary table extension
3

(
)

•
1

1

1

FITS ( )

2

1

2
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FITS

Cosmic ray

EIS

DATE_OBS
DATE_END

RAST_ID

LL_NR

L_CR

1: / 0:RCNR

1: Yes / 0: No
level-0 0

L_DC
L_FF

L_ABS

1:ON / 0:OFFSAEC
n ( )TWAVEn

SEQ_ID
EISINSTRUME

(level-0)

FITS

(level-2) DEM

(CHIANTI )

DARTS level-0 level-2

SSW
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DARTS EIS

• DARTS Solar-B/EIS BASIC

/

• IDL>xfiles

: FITS

(1 )
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•

•

TRACE
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• EIS
• CCD

( )
• ( )

• SSWDB

SSW

1

CCD

Aeff( )=A T1( ) R( ) T2( )E( ) Q( )

2

E

Q

:A

T1

T2R
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•
590"x512"

•

890"
•

( 25%)

CCD
• CCD

• 1 (195Å) 17.4
(270Å) 12.6

• EIS ( )

2.5(DN)
7 (electron/DN)

500(DN)
0.1(DN/sec)

(DN) (DN)
level-0

CCD

A/D
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• ( )

• EIS A/D 1 14bit
• 14bit 12bit

N(DN) X = 

3%
• JPEG

EIS
14bit/pixel

14bit 12bit

DPCM

JPEG

1

0.5

0.1 0.2

N                     (N Nc)
a + (bN + c)1/2 (N > Nc)

(MDP)

1.

( )
( )

2.

( )

3.
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•
• EIS ( 2 km/s)

SOHO/CDS

( 100km/s)

• EIS
= 0 + 0.0223 x + 10-8 x2

1pixel = 0.0223Å
(34km/s @ 195Å)

•

( 2km/s)
• EIS

• (105K) 10km/s

0
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• CCD
CCD

•

•

CCD

• (W)
( )

• W +

2
2

2 22ln4W
M
kT

c

EIS 0.044Å
( 2pixel) FeXV 284Å (200 photons)

dW = 4km/s 
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• 2

• —

•

SOLAR-B

274.20264.79Fe XIV
203.83202.04Fe XIII
193.51186.89Fe XII
189.13180.40Fe XI

(Å)

EIS

CHIANTI

•

SSW IDL
•

CHIANTI

• CHIANTI
http://www.chianti.rl.ac.uk/
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• CHIANTI
2

•

• (
)

•

( )

•

•

3x104K

SOHO/CDS

3x105K

1x106K 2x106K
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•

•

Differential Emission Measure
• Emission measure

I

T
T

EMEM d
d

d

• Differential Emission Measure (DEM)
EM

hnEM

hnTG

e

e

d

d)(I
2

2

I = EM G(T)

Emission Measure
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DEM
•

DEM

•

• EIS
105.5K

EIS

(level-0)

FITS

(level-2) DEM

(CHIANTI )

SSW 2006 8 EIS

SOHO/CDS ( )
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EIS

• Culhane et al. (2005) Advances in Space Research, Vol. 36, Issue 8, pp.1494-1502.
EIS

• Lang et al. submitted to Applied Optics.
EIS

• Korendyke et al. submitted to Applied Optics.
EIS

• Windt et al. (2004) Applied Optics, Vol. 43 Issue 9, pp.1835-1848.
EIS

• Seely et al. (2004) Applied Optics, Vol. 43 Issue 7, pp.1463-1471.
EIS

• Mariska (1992) The Solar Transition Region, Cambridge University Press.

: EIS

•
(s-1 pixel-1)
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: EIS

•
(s-1 pixel-1)

: EIS

•
(s-1 pixel-1)

                                                                VI - 17



: SOHO/CDS

• FITS

EIS SOHO/CDS EIS

SOHO/CDS

IDL> qlds=readcdsfits(filename)
IDL> vds_debias, qlds
IDL> vds_calib, qlds
IDL> nis_calib, qlds, /erg, /sterad

FITS

(ergs/cm2/sec/sterad)

•

• 1

+

IDL> sp=gt_spectrum(qlds,win=0, $
xix=0, yix=0, lam=lam)
IDL> xcfit,lam,sp,fit
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• 1

IDL> data=gt_windata(qlds, 0)
IDL> weights = 1. / (data > 1)
IDL> cfit_block,lam,data,weigts,fit,-100,result,residual
IDL> amplitude=result[0,*,*]
IDL> position=result[1,*,*]
IDL> width=result[2,*,*]
IDL> background=result[3,*,*]
IDL> residual=result[4,*,*]

0

( )
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SOLR-B

SOLAR-B

18 6 27 2

•
•
• SOLAR-B
•
•
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18 6 27 3

• SOLAR-B
SOLAR-B

•
SOLAR-B

•

SOLAR-B
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• SOLAR-B
•
•
•
• SOT-SP
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SOLAR-B
IDL+SSW

• SOLAR-B

• IDL
– IDL (Sun Fire X4100)
– IDL

• IDL+SSW

18 6 27 6

SOLAR-B

JAXA/
ISAS

SOLAR-B

solar-b.nao.ac.jp sagami

satuma
sinano

saga

izumo

PC

PC

IDL
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SOLAR-B

• IDL PC
• IDL IDL+SSW
•

– PC

•

• (solar-
b.nao.ac.jp) SSH login

18 6 27 8

SOLAR-B

•
• Sun Ultra20 (AMD Opteron

CPU)+24

• IDL+SSW

• IDL
IDL+SSW
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•
•
•

Web
• 7
• 3GB (/home)
•
• visitor

1

18 6 27 10

•
–

•
–

•
–
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18 6 27 11

• SOLAR-B

http://solar.nro.nao.ac.jp/solar-b/
•

http://solar.nro.nao.ac.jp/solar-b/sbsc/
–
– FAQ
–

                                                               VII - 6


