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Abstract

Gamma-ray bursts (GRBs) are the most luminous events known in the Universe since
the Big Bang. They are often followed by an optical emission, called afterglow, which
lasts for one day typically.

We have developed an automatic observation system with an analysis pipeline that
permits to observe early optical afterglows of GRBs and determine their redshifts quickly.
The purpose of our observations is to clarify the physical mechanism of GRBs. Using the
fact that some of them can originate near the farthest edges of the observable univerese,
we also study the unknown early universe.

Our observation system has been designed to observe afterglows of GRBs automatically.
This system can respond to notifications distributed by the Gamma-Ray Burst Coordinate
NetWork(GCN), which provides information about the GRB coordinates detected by
various satellites. After receiving a GCN notice, our telescope immediately slews to the
GRB position and then starts to take simultaneously three color bands images.

The analysis pipeline is an automatic system that processes images taken with the
multiband telescope and transfers them to a database. Its obtained products are the
images with the world coordinate system (WCS), which is the relationship between sky
coordinates and image pixels, and the determination of the photometric measurements.
All this processing can help us to detect GRB afterglows rapidly and without human
intervention. We can easily access all of the observation of data of the database through a
web service, which provides information of them and displays them as thumbnail images.

The effectiveness of our system for observing GRB afterglows has been demonstrated
by the detection of the afterglow of GRB061121 and its photometric magnitudes in three
different bands.
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3.5 UOO0obooooooodn

OO0OtleconO0 000000000000 0DOO0OOOOOOOODOODOO
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NOTICE_DATE 1166183089
NOTICE_TYPE 61

SN 3
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GRB_DEC 30.0
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RATE_SIG 18.46
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SOLN_STATUS 1
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0 34: GCNODOODOO
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NOTICEDATE OO0 O0000001970/01/01 00:00:00 UTCOOODODOO (UNIXO)OOOO
NOTICE-TYPE GCONOOOOOOOOOOGRBOOOOOOOOOOOOOOOOOOO
0oo0o0o0o0o0oo :
HETEOOOOOOO (43)
Swift BATOOODODOOO (61)
Swift XRT 0000000 (67)

SN 0000000 GRBOOOOODODOO
GRB_RA GRBODOODOODO : degree O
GRB_DEC GRBODOODOODO : degree O
GRB_ERR 0000000000000 @ arcmin O

GRB_TIME 00000000 TID(Truncated Julian Day) 0 0O 00O
RATE SIG GRB OO OO rate trigger 0 S/NO
IMAGE SIG GRBO OO O image trigger 0 S/NO
COMMENTS oood
SOLN.STATUS 000000000 0ODOODOODOOODOODOOD
0x001 : Point source
0x002 : Definite GRB
0x004 : Interesting source
0x008 : Known source
0x010 : Image trigger
0x020 : Definitely not a GRB
0x040 : Probably not a GRB. High BG
0x080 : Probably not a GRB. Low S/N
0x100 : Known source
0x200 : Definite XRB
0x400 : Definite AGN
0x800 : Unidentified
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0o oo o000 (00O)
SOLN_STATUS 0x001 : Point source +1
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0x008 : Known source +1

0x010 : Imaging trigger +1
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RATE_SIG > 5 +2
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IMAGE_SIG > 7 +1
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20° < 0 < 30° +1

0 > 30° +2
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[D:0000000000DbO0O0O0
NP -OODDOODOOODOOODO
CH:ODOODODDOODOoOooOooo
ME :000 elevation D 00O OO
MA:O000 azimuthO OO 00O
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h = ho+ Ah (3.2)
=200+ A0 (3.3)
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Ah = IH + NP tan dg + CH sec g + ME sin hg tan 6g — MA cos hg tan dg (3.4)
+ HCES sin hg + HCEC' cos hg — DAF (cos ¢ cos hy + sin ¢ tan dy)

A6 = ID + ME cos hg + MAsin hg + DCES sin 6g + DCEC cos g (3.5)
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h = ho+ Ah+ AW (3.6)
§ =60+ A5 + A (3.7)
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AR = HHSH sin hg + HHCD3 cos 36y + HHCHS3 cos 3hy + HHSHS sin 3hg (3.8)
AY = HDSD2 sin 26y, + HDCD2 cos 260 + HDSHXCOD sin 2hy cos &g

+ HDCHASD cos 4hg sin 0o + HDCHACD cos 4hg cos g + HDCH2SD cos 2hg sin g (39)
3.9
+ HDCHXCD cos 2hq cos 0y + HDSH2SD sin 2hg sin 6g + HDSH3SD sin 3hg sin dg

+ DSHSDivsin hq sin 469 + HDSHACD sin 4hg cos dg

DoOoDobOobooboooD TpointUOOOOOUOOOLDOODO
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O000D0 |0D000000000 [arcsec] | 0000000 (0DO0)+ 000 O0O0OO
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1D —1081.99 + 40.199 —1081.99 (fixed)
NP —034.97 + 29.809 —034.97 (fixed)
CH —08.37 & 41.202 —08.37 (fixed)
ME —201.34 £ 10.278 —201.34 (fixed)
MA —91.41 + 8.548 —91.41 (fixed)
HCES —9.01 + 14.574 —9.01 (fixed)
HCEC 0(fixed) 0(fixed)
DCES 134.63 + 26.282 134.63 (fixed)
DCEC £134.15 £ 41.712 +134.15 (fixed)
DAF +10.29 £ 36.730 +10.29 (fixed)
HHSH —0.6449 £ 11.41380
HHCD3 —16.5286 £ 10.44905
HHCHS3 —38.8376 £ 10.70235
HHSHS3 —4.7316 £ 11.06265
HDSD2 +4.4864 £ 8.13663
HDCD2 —0.8253 £ 8.35167
HDSHX’D +28.4408 + 11.41465
HDCHASD +16.0643 = 13.24295
HDCHACD +15.1672 £ 13.37232
HDCH2SD —25.4093 £+ 13.00944
HDCHXCD +45.5670 + 14.22094
HDSH25SD +24.4080 £ 13.40649
HDSH35D —16.4549 £+ 11.93628
HDSHSDA +14.7747 £ 11.27689
HDSHACD +47.0232 + 10.97191
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7AIUE) REE FTRN) ED BENG) ~ILTH)

[takashi@HAL takashi]$

[takashi@HAL takashi]$

[takashi@HAL takashil$

[takashi@HAL takashil$

[takashi@HAL takashi]$

[takashi@HAL takashil$ ctu takashi linmaster 8005

CTU (Common Teleon Utility) 0.3.1 2006/11/26

telcony

cance| ccd focus load perl target weather
cap dome help logout sun telescope

telcon} telescope

azimuth elevation move position speed temperature
dec gohome org ra status tracking
decext goto pointto setspeed stop

telcon> telescope position

telcony [ 2007/02/08 09:31:12 ] Telescope RA : 284,000 = 18:56:00
[ 2007/02/08 09:31:12 ] Telescope Dec : 35 000 = +35:00:00

[ 2007/02/08 09:31:12 ] Telescope Dec : 35,000 = +35:00:00

[ 2007/02/08 09:31:12 ] Telescope Az : 330.917 = +330:55:0

[ 2007/02/08 09:31:12 ] Telescope Elv : 89,108 = +89:06:29
Executed : telescope position

telcon} I
telcony [ -

038 00bobobobooobobobobooobobobobobbobobobo
ccbobooooboooooooboobooobobooooooooo
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0000000000000 Swift BATOOOOOOOO (300) 00000000 0OO
gboogobooo

5.5 GRDB061222B

GRB061222B 0 020060 120 220 4:11:02 UT O Swift 00 BATOOOOOOODO
00000000000000000 (a,6) = (07"01m26°,—25°51'19") 0000000
gbooboooobooooobooboooboogbo4b00b00b0O0obOobDOobOOobOonD o
b0 RODOOOOO177O0000O0O0O0O0OOODOOOOOOODOO

gboboobogbob290bggboogobssuobuoboobbuoobooon
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gbboodbbuooubboobobuoobbuoobobooobboobobooboboo
godg

O 5.5: GRB061222BO O CO:DSSO 0000 000O0DO0OCOR. 00O0DO0OCDO0OL
0000000000000 Swift BATOOOOODOOO 300)00000o0ooooO
oboboooboon

5.6 GRB070129

GRB070129 0020070 10 290 23:35:10 UT O Swift O 0 BATOOODOOOOODO
0000000000000000 (a,6) = (0228m03%, +11°41'51") 000000000
Dooooooooooooooooooobboboboboboboobboboblod
oobooboobon

goboobogob20b00bogobsetbioboobbooboonon
OOobooboobooboooboooboo20b0 10000 RO0OOO 213000000
ooobobobobobuoooobobobobobobobobobooobooboog
oboooooooboboo
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O 5.6: GRB0701290 0 00 :DSSO0 000 0000000 DOR. ODODO0ODODDOOL.O
000000000000 Swift BATOOOUOOOODO 300)D0ooooooood
goboobodg

7



el UOUOO

gbood2b00gdbboogil1gbbuoodgbbuooobbboobbuooobbon
gbboooobbooobbbuooobbbooobboooobbuooobbboo
gboobodbooobboobbboobbobobuoobbooboobbooboon
gobooo
gbobooobodsoemtdbbuogoboboobboooboooobboobbon
gboboboogoboboooon
OOobooboobooboobboooobboobooooooo GeoNObODoboob oo
gboboooobbbooobobbuooobbbooobboooobbooobobboo
godgbogbbodboobobooobbooboobbooboobobooboon
gboogobuogbbbogobuodgbbogboobobogbboboobbboon
gboogobuodgbodbogboogobuogbbbooboobuoobbooboon
gboboboogobobuoooobobogao
Ooboooooooooooowcsoooobooboboobooboobooboo
goobogobogboobbodbboobbooobooobobobbooboon
goooooboobbbbbbbbbuotdddddodddoouoooooooo
gobbooobbbooobboboooobooboboooobbboooboboboo
000000000000 00DO0D000DO000b00OD0OGRBOG1121 0000000
gbooboobobobbooooobobobobobobobobobobobobo
obobboobooboobd
gbbogudbbodbooboobboobboobboobooboobbodoboo
gbogobuodgbbodboooboobbbbooobbuoooobbooboon
gboggbbooboobboobuodoboobbooboobboobooboon
gbogodbouoobbooboobobuoobbbuoobbooboobbooboon
gbobboogobbbuooobbodao
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0 OA OO0

Al 0O0O0OO0O

A1l 0O0O0O0OOOOODOO

0000000000 ATLAS20000000000000DO000DO0DOO0ODOOOODO
Jdddodoooooooooooooooooo
const char *serPort="/dev/ttyS0";
int fd;
if ( (fd = open(serPort, O_RDWR | O_NOCTTY | O_NONBLOCK )) == -1) {
printf("Serial Port Open Error\n");
return -1;

}

struct termios tty_termios; /* test_termio; */

tcgetattr(fd, &tty_termios);

/* initialize serial port */

tty_termios.c_iflag = 0x2000;
tty_termios.c_oflag = 0x1800;
tty_termios.c_cflag = 0x8bd;
tty_termios.c_lflag = 0x0;

tty_termios.c_line = O;
cfsetospeed(&tty_termios, B9600) ;
cfsetispeed(&tty_termios, B9600) ;
tcsetattr(fd, TCSANOW, &tty_termios);

/* query status */

cout << g_status << "\n";
write(fd, q_status, strlen(q_status));

//sleep(1);
int ret;

char tmpretval[128];
do{
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usleep(interval);
ret = read(fd, tmpretval , 128);

cout << "ret : " << ret << "\n";
if( ret == -1 ){
cerr << "ERROR : Serial Port read, FD : " << fd << "\n";

interval = interval * 2;
cerr << "ERROR : Retry after " << interval << " usec...\n"

}
}while(ret<0);

close(fd);

A.1.2 ATLAS 200000 000000000

ATLAS 20000 0000000000 DOO0OO0ODOOOOODOOOODOOD A1O0O
A200 A30000000000 teleonOOOOOOOO
gbbobuoooobbbuooobbbuoooobbouaoon

OooooOoboDO bog:sae’U:sr000000O00ODOODOO0ODO0ODODO “:Ms#’10
obobooboobooboobon

00000000 “:O0rRGt#’ DO DODOOODODOOODOOOOOD (DODO : 00000
Dbooboodc:orgT#’ JU0DO0DOODOODOOODOODOODOODOODO
“:ORGt#’ DO OO0 OO0OD0OO0OOO0ODOO0OD

00000000 “:0RGa#’ 00000000 O0DOODOOOOO(QOD : 00000
ObOobo0od:orgd¥’ 00D O0DOODOOODOOODOOODOODOODOOODO
“:ORGa#’ DO ODOOO0OD0OOO0OOO0OOO0D0

gbooboooobbboooobobooooboboobooon

e OUOUODLDDDUOODLDOOOODLOOOUOLDUOODLDLDOOOODLDOO
gooobobobobobobobobbbuoouoooggobobbbobbobbbbbbon
goo:900dd

e 00O 200000000 ad.dd> DO OO ODDODOOODOO 00001
Dobobooboob“vbooboob 000000

e JIUDODOOUOLDDOUUODDUOLODOOODLDLUOODDO“:Gr#:GD# LI ULDODO
gbooboooobboboooobon
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0O Al 00000O0DOOO0ODOOO1

gooo D00 gbooooaog
HM# 0:0000,1:000 gbboobooodgobbooan
Qn# 1:0000,8:000 0ooooo
Qs 1:0000,8: 000 0ooooo
Qe 1:0000,8: 000 gbooodaog
QwH# 1:0000,8: 000 gbooodaog
Q# 1:0000,8: 000 gbooobogg
:CM# 0:000,1:00000 goodgboogbooobogonon
gbooooag
:GR# HH:MM:SS+# gooobodgo
: O (00:00:00-23:59:59)
:GD# sDD:MM:SS# gooboogo
: 0 (-90:00:00-+90:00:00)
.GDa#  sDDD:MM:SS# 0ooo00o00oo
: O (-180:00:00-4-180:00:00)
‘GA# sDD:MM:SS# gbooooogn
: 0 (-90:00:00-+90:00:00)
.GZ#  DDD:MM:SS# 00000000
. 0 (000:00:00-359:59:59)
.GH#  HH:MM:SS# 0oooo

: O (00:00:00-23:59:59)
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0 A2 000000DOOO0ODOOO 2

:SdsDD:MM:SS# 0:000,1: 0000

oooo ooQ oooooO

Mn# 1:0000,8: 000 00000000 (Qua000)

‘Ms# 1:0000,8: 000 00000000 ((Qs#000)

Me# 1:0000,8: 000 00000000 ((Qe#000)

Mw 1:0000,8: 000 00000000 (:Qw#000)

MS# 0:0000/00, 0000O0O00ooO0ooO
1:00000000,8: 000

RG# 1:0000,8: 000 00000000000

RC# 1:0000,8: 000 00000000 O000000

RM# 1:0000,8: 000 00000000000

RS# 1:0000,8: 000 00000000000

STHH:MM:SS#  0:000,1: 0000 0DO0O00OoDOo0ODO00G0aD

HH:MM:SS O OO
OO0 000 oo0ooaoad
sDD:MM:SS O 00O
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0O A3 00000O00OO0O0DOOO 3

oooo 000 oooooQ
:Cpo# 0:0000,1:0000,8:000 000000oo0ooooo
:Cpet 0:0000,1:0000,8:000 000000oo0o0oooo
:Dsh# 1:0000,8: 000 00000000000000
:Dsl# 1:0000,8: 000 0000000000000o0
:DoQ# 1:0000,8: 000 000000o0o0o0ooo
‘Foi# 1:0000,8: 000 000000 INODOODOO
‘Foo# 1:0000,8: 000 0oOooooouToooooo
FoQ# 1:0000,8: 000 00000O00o0o0oooon
:Gep# 0:0,1:0,2:000,8: 000 000000000000000
:OrgF# 0:000,1:0000 00000000 000O000
‘MFZZ79.994 0:000,1: 0000 00 ZZ9.99 (0O 0-136.00) 0O
000000000000000
000
.GF# 779.994 : O (0-136.00), 8 : 00O 0oO00oo0O00oo0ooooon
{GS# 0:0,1:0,8:000 00000000000000
‘Dol 1:0000,8: 000 000000000 :DoQ#0D0
00
:DoR# 1:0000,8: 000 000000000 :DoQ#00
00
:Doo# 1:0000,8: 000 000000000000
‘Doc 1:0000,8: 000 000000000000
GW# 0:0,1:000,8:000 000000000000000
:ORGt# 0:0000,1:00000,8: 0000 00OO0O0OO0O0O00OOO0O0O0O
00
:OrgT# 0:000,1: 0000 0000o00o0o0o0ooo
:ORGd# 0:0000,1:00000,8: 0000 00OO0O0OO0O0O0C0COOO0O0O0O
00
:OrgD# 0:000,1: 0000 000000000000
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e ATLAS20000 0000000 0ODO0ODOODODLOOLODOODO300msec OO
gboogobbogboobdodbuogbboobooboobboobuooboonn
O000300msec DO O0ODO0OOOOODDOOOOOOOOOODOOOOODODO

All13 0O000OOOOODOOOO

OobooboobooboobobobooboobooobobooooooooboooooorN g
ooboobobobooooooobooboboo’Nyooooooboboboooo

oboboboboobooboob 33buobuobon

1 AKENO 2007-01-18 09:00:4.380000 17:00:7.16  00:00:4.380000 \
54118.00005 O 16:57:58.00  +88:05:37.00  +88:05:37.00 \
52.32262656 1.636086754 00 0.5381565028 00 00 00 00 \
20000 0 O 00 00 00 00 22.7 00 00 00 00 \
2r6.65 0 276,95 0 O 1 O 157.5 O

1 AKENO 2007-01-18 09:00:15.491000 17:00:18.30 00:00:15.491000 \
54118.00018 O 16:568:8.00  +88:05:37.00  +88:05:37.00 \
52.32265863 1.63608794 00 0.5429082437 00 00 00 00 \
2000.0 0 O 00 00 00 00 22.7 00 00 00 00 \
2r6.65 0 276,95 0 O 1 O 157.5 O

1 AKENO 2007-01-18 09:00:26.602000 17:00:29.44  00:00:26.602000 \
54118.00031 O 16:568:19.00 +88:05:37.00 +88:05:37.00 \
52.32268952 1.636089083 00 0.5434974967 00 00 00 00 \
2000.0 0 O 00 0000 OO0 22.7 00 00 00 00\
2r6.65 0 276,95 0 O 1 O 157.5 O

All4 0O0O0O0OASCIIODOOOODOO

Weather Monitor I DO DO OO0 OD0ODOO WeahterLink OO OO OOOOOOOOO

gbobobooagn
#Log monitored by WeatherLink and summarized by weatherlog.pl

#date time Ttel Trm dir speed  hum baro
#(JST) (C) (C) (m/s) (k) (hPa)
06/08/11 9:00 28.3 27.8 WNW 0.0 63 910.0
06/08/11 9:01 28.3 27.8 WNW 0.0 63 910.0
06/08/11 9:02 28.4 27.8 WNW 0.4 62 910.0
06/08/11 9:03 28.4 27.9 WNW 0.0 62 910.0
06/08/11 9:04 28.4 27.9 NNW 0.4 62 910.0
06/08/11 9:05 28.5 27.9 W 0.0 62 910.0
06/08/11 9:06 28.5 27.9 W 0.0 62 909.9
06/08/11 9:07 28.6 28.0 W 0.0 62 910.0
06/08/11 9:08 28.6 28.0 W 0.0 62 909.9
06/08/11 9:09 28.6 28.1 W 0.0 62 910.0
Coooo)

000000000 (JSTHOooo (JST)ocoooooooooooooooooooo
gbooboogoboboogod
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Al TPointODOOODODOOOODDOOODOOOODODOO

Tpoint OO UOODOOODOOODOODODOOODOODOOOOO0ODbLOODLOODbDOn

Akeno Telescope 2006 12 12
: EQUAT
+35 47 11.8 2006 10 31 17.6 900.0 900.0 0.50 0.830

22 49 37.49 +64 20 46.69 22 49 22.00 +64 41 11.00 22 37 28.
21 44 52.76 +69 42 08.87 21 43 38.00 +70 02 28.00 22 47 21.
21 44 52.56 +69 42 08.18 21 43 38.00 +70 02 28.00 22 48 31.
21 44 52.39 +69 42 08.51 21 43 38.00 +70 02 28.00 22 49 40.
21 44 52.38 +69 42 08.54 21 43 38.00 +70 02 28.00 22 50 50.
21 44 52.20 +69 42 09.13 21 43 37.00 +70 02 28.00 22 52 00.
21 44 52.19 +69 42 08.77 21 43 38.00 +70 02 28.00 22 53 09.
21 44 52.24 +69 42 08.58 21 43 38.00 +70 02 28.00 22 54 17.
21 44 52.26 +69 42 08.69 21 43 38.00 +70 02 28.00 22 55 26.
21 44 52.34 +69 42 08.79 21 43 38.00 +70 02 28.00 22 56 36.
ooooo)

WP NOR,r PO O

100 00Ooboogoouuoobobbuooooobon

200 DOoDOoboOoooOsemboooboboobOoboobOonDO ¢ EQUAT?
gbooodaog

300 00000000000007’0000000003000000000000
0 (/0003000000000 UTC(yyyy,mm,dd)000000 10000
000000 (CC)000 (hWPa)DOOO0O0000 (m)00000 (00:0-10000
0500000 (pm)0000000

400-000 Dogoobobuoooobobbuodgoesebbbgoobbboogon
00000000 (hhhmm™ss.ss)000 (dd°mm’ss.ss") 000 60000000
000000000 (hhhmm™ss.ss®)000 (dd°mm/ss.ss’) 0000000 300
0000000000000 (hhhmm™ss.ss®) 0000000

A2 CCDUOOOOOOOOO

OO0bD0oOooOobceccbooooboboboooobDobooDoobOoboOonaO telcon
gbooboooooood

85



0 A4: CCODOODODOOOII0D0ODODOOODODOOOOO

altac -p server port Command

gogdd gd goooon

ResetSystem (O0O) O0o00oo0oOoooood
Expose t (0000 [0)) sfsisislsis)isl=is)sl=ta]s
Bias (O0O) gooooooooon
Dark t (0000 [0)) 0oo0ooo0ooo
Flat t (0000 [0)) sfsisislsislsl=is)sls
Abort n(0000xn=000000:m=1) O000O00OOCOOOOO0
SaveTo file (DO DOODO) FITSOODOOOOOO

O A5 CCODOOODOD200D0000000D0O0DO

altacfg -p server port Command

gogdd gd goooog
InitDefaults (O 0O) ooooooooooo
InitDriver n(000000Om=0,1,2,...) DOODOOOOO
SetFilter filter (DO OOO) goooogog
SetFilter  (00) 0O0o0O00o0o
SetObject name (00 0O0OOOO) gooboooooo
SetObject (O O) 0oD0D0oOn
SetPubFlag flag (flag:0ON/OFF) 0000ooooo
SetPubFlag (00) 0000ooooo
SetPubTime n (0000 O) O0ooooo
SetPubTime (00) O0oooood
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O A6: CCODODOODODO3DODOOOOOODOn

altacfg -p server port -r Command

ooooo 0oo0 OO0oooOo
ImagingStatus  -2: DataError, -1: PatternError, 0: Idle, goooooooo

1: Exposing, 2: ImagingActive,

3: ImageReady(Done), 4: Flushing,

5: WaitingOnTrigger, 6: ConnectionError
CoolerStatus 0: Off, 1: RampingToSetPoint, Opooopoooog

2: AtSetPoint, 3: Revision
ShutterStatus  0:Close, 1:Open ooooooooo O
CoolerEnable 0:Unenable, 1:Enable goooooooo
CoolerSetPoint OO (°C) O0000oooo
TempCCD 00 (°C) OO0 cCcCbOoOon
TempHeatsink oo (°C) gboooboobaoood
FanMode 0:0ft, 1:Low, 2:Medium 3:High goooon
CameraMode 0=Normal, 1=TDI, 2=Test, goooooooo

3=Ext.Tig., 4=Ext. Shut.

O A7 CCODOODOOOO0400D0O000DODOOOOO

altacfg -p server port -w Command

ODoooo 00 oooboog

CoolerEnable 0:Unenable, 1:Enable 00000000 ON/OFFOOO
CoolerSetPoint 0O 0O (°C) oo0o0ooOooooo

FanMode 0:0ff, 1:Low, 2:Medium 3:High O0O00O0OO0O0O0OO

CameraMode 0=Normal, 1=TDI, 2=Test, gogooooooo

3=Ext.Tig., 4=Ext. Shut.
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A.3 FITSOOOO

O0s0emO00000D0O00O0ODO0O FITSOOOODOOODO
00000 ‘keyword = value / comment’ 00000000 0O0O0OOOOOOOOO
Ub0ooDoOOobDo0b0dl commentDOOO0OOOO0O0O

SIMPLE = T / file does conform to FITS standard
BITPIX = 16 / number of bits per data pixel

NAXIS = 2 / number of data axes

NAXIS1 = 1074 / length of data axis 1

NAXIS2 = 1024 / length of data axis 2

EXTEND = T / FITS dataset may contain extensions
COMMENT  FITS (Flexible Image Transport System) format is defined in ’Astronomy
COMMENT  and Astrophysics’, volume 376, page 359; bibcode: 2001A&A...376..359H
BZERO = 32768 / offset data range to that of unsigned short
BSCALE = 1 / default scaling factor

DATA-TYP= °0BJECT °’ / Object,Dark,Bias,etc

OBJECT = ’FOCUS ’ / Name of Object

FILTER = I ! / Filter type.

OBSERVAT= ’TITECH / Observatory Site

ORIGIN = ’NINS ’ / Institution generating data

TELESCOP= ’TIT-0AO-GRB50CM’ / Telescope Name

FOC-POS = °>CASSEGRAIN’ / Position of the instrument focus unit
DETECTOR= ’Apogee_U6’ / CCD Camera

CAM-ID = ’Ab464 ’ / Camera serial number

CREATOR = ’Altad: Version 4.10 [6, 14, 2006]’ / Data-taking program
LATITUDE= ’35:47 ° / [deg North] Telescope Latitude

LONGITUD= ’138.30 ’ / [deg East] Telescope Longtiude

ALTITUDE= 900.0 / [m] Hights above sea level

DATE-0BS= ’2006-08-15’ / l[yyyy-mm-dd] Observation start date

UT = ’17:25:16.28° / [HH:MM:SS.SS] Universal Time at start

JST = 202:25:16.28° / [HH:MM:SS.SS] Japan Standard Time at start
LST =00:11:12.8’ / [HH:MM:SS.S] Local Sidereal Time at start
JD = 2453963.225883 / [day] Julian Date at the start

MJD = 53962.725883 / [day] MJD at the start of the exposure
PUB-TIME= ’2007-08-15’ / [yyyy-mm-dd] Date of Publication
PUB-FLAG= ’0On ? / On : public, Off : private

EXPTIME = 30.000 / [sec] Exposure time

DET-TMP = 270.29 / [Kelvin] CCD temperature

SET-TMP = 270.15 / [Kelvin] Set CCD temperature

HS-TMP = 297.34 / [Kelvin] Heatsink temperature

TECOOLER= ’ON ’ / Camera Cooler state

FANMODE = 2 / Fan Mode 0:0FF, 1:Low, 2:Medium, 3:High
GAIN = 1.35 / [e-/ADU] CCD gain

RONOISE = 9.02 / [e-] CCD read out noise

DETPXSZ1= 24.0 / [um] Detector pixel size in axis 1
DETPXSZ2= 24.0 / [um] Detector pixel size in axis 2
EFP-MIN1= 51 / [pixel] Start X pos. of effective area
EFP-RNG1= 1024 / [pixel] X Range of effective area
EFP-MIN2= 1 / [pixel] Start Y pos. of effective area
EFP-RNG2= 1024 / [pixel] Y Range of effective area

WRA = 220:42:39.624° / [HH:MM:SS.S] Object RA at EQUINOX

WDEC = ’+00:20:32.14° / [dd:mm:ss] Object DEC at EQUINOX

DECEXT = ’+00:34:5.00’ / [ddd:mm:ss] Extended DEC

HA = -20.5283813 / [hour] Object HA at EQUINOX

38



WEQUINOX= 2000.0 / Equinox of coordinates

ZD = 60.091 / [deg] Zenith Distance at exposure start time
SECZ = 2.006 / Secant of ZD at exposure start time

ATRMASS = 1.99997 / Airmass at exposure start time

OBSERVER= ’AKENO ’ / Names of the Observers

INSTRUME= °’TCAM ’ / Name of instrument

RA-VAL = 0 / [count] Encoder value of RA

DEC-VAL = 0 / [count] Encoder value of DEC

FOC-VAL = 22.220 / [mm] Value of FOCUS

TEL-TMP = 294.0 / [deg] Telescope Tube Temperature

OBJ-NUM = 0 / Local Catalog Number

0BJ-NAME= ’00 ’ / Local Catalog Name

OBJ-RA = ’00 ’ / [HH:MM:SS.S] Local Catalog RA

0BJ-DEC = ’00 ! / [dd:mm:ss] Local Catalog DEC

0BJ-EPCH= 2000.00 / Local Catalog Epoch

0BJ-MURA= 0.0 / [arcsec/yr] Local Catalog Proper Motion in RA
0BJ-MUDC= 0.0 / [arcsec/yr] Local Catalog Proper Motion in DEC
OUT-HUM = 74.0 / [%] Humidity measured outside of dome
QUT-PRS = 904.4 / [hPa] Atmospheric Pressure outside of dome
QUT-TMP = 295.8 / [%] Temperature measured outside of dome
OUT-WND = 0.0 / [m/s] Wind Speed

QUT-WNDD= 157.5 / [degl] Wind Direction (North=0, East=90)
FRAMEID = ’MTATI0000019296° / Image sequential number.

HISTORY Copy of image MTATIO000019296.fits rotated 180 degrees
WEPOCH = 2000
RADECSYS= ’FK5 ’

BG-LEVEL= 1215.00
PEDLEVEL= 1050.00
BG-RMS = 10.701
CRPIX1 = 537.5000
CRPIX2 = 512.5000
CRVAL1 = 310.554396213
CRVAL2 = 0.242145260
CTYPE1 = °RA---TAN’

CTYPE2 = °DEC--TAN’

cCbi_1 = -0.000452778325
Cb1_2 = 0.000003741341
cb2_1 = 0.000003295963
Cb2_2 = 0.000455625615

WCSRFCAT= ’ua?2 ’
WCSIMCAT= ’*MTATIO0000019296.cat’

WCSMATCH= 33
WCSNREF = 50
WCSTOL = 7.0000
RA = 220:42:13.055°

DEC = ’+00:14:31.72°
EQUINOX = 2000
SECPIX1 = 1.6300
SECPIX2 = 1.6403
WCSSEP = 0.826
IMWCS = ’3.5.7, 5 October 2004, Doug Mink (dmink@cfa.harvard.edu)’
EPOCH = 2000
FWHM-AVG= 3.397
ZERO-PT = -0.000
END
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A4 0O0O0O0O0O MERROOO

Noise/Signal D0 MERRO OO OO

Noise

MERR = 1.0857

Signal

gbooboogoobooad
bbb c0b00ogobnbObOOO0

m = —g log(c) + 2 (A.1)

gbbobuoooobbbdug z000bbodag
0000 cO00000 AcOOOmOOO0O0 AmDOOOOO

m+ Am = —glog(chAc) +z (A.2)

gbobboogobb20000

5 Ac
Am = —21og(1 4+ =6
m 2og( + C)

_ 5In(1+4 29
2 Inl0 (A.3)

gooo
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