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Abstract

Gamma-ray bursts (GRBs) are the largest explosions at large distances. The purpose of
our study is to observe GRBs and their afterglows to investigate the physical mechanism
of GRBs. At the same time, using the GRBs as a probe, we aim to study the early
universe which has never been observed.

Because of the rapid decay of afterglows, the telescope must respond quickly to the
notifications of the GRB locations provided by the Gamma-Ray Burst Coordinate Net-
work(GCN). We therefore designed our system to work automatically. In order to de-
termine the distances to the GRBs with the Lyman drop method, this system can take
images in three color bands at the same time.

In this study, we investigate the mechanical, optical, and photometrical properties of
the telescope and calibrate it to accuracies required the to automatic observation. As
a result of mechanical calibration of the equatorial drive, the tracking error had been
reduced to smaller than 150 arcsec in a 10-hour continuous observation. The pointing
error is typically 200 arcsec in all of the sky, however there remain some irregularities.
We discuss the cause of the irregularities and propose a new correction method. In the
optics test, we finde the Hartmann constant to be 0.9 arcsec, which is much smaller than
the typical seeing scale at the observatory. Photometrical calibration shows that our
filter system has properties consistent with the standard system(Johnson-Cousins). In
an R-band observation, we we detected 20th mag objects at a 3—o level with a 1 one
exposure.

Now we operate the telescope by remote control via computer network. Until now, we
have observed two GRBs, and determined upper limit for the magnitude of early phase

afterglows, which reported to the GCN.
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0 3.1: Apogee00 OO CCDOOO AltaU6 000 (DODOODODOOO)

PC Interface USB 2.0

Digital resolution 16 bit

System noise 15 e~ RMS

Pixel binning 1x1~ 10%x1024
Exposure Time 20 msec ~ 183 min
Cooling O00000+0000000 (000 —50°C)
Dark current le™ /pixel/sec(at -25°C)
Temperature Stability 40.1°C

CcCD Kodac KAF-1001E
Array Size 1024x1024

Pixel size 24 pmx24pm

Imaging area 24.58x 24.58 mm
Linear Full Well 550,000 e~

Dynamic Range > 87dB

Quantum Efficiency 39% @ X\ = 400 nm
Peak QE 72% @ X\ = 560 nm

20000000000000O0CCDOOOO0OO DiffvserD 0000000 ODOODOO
oboogboboboobooboobboobooboLeEDObOO0ObOo0oDbOonoDO
gbobboooobobuoooobbodao

O000000000O0occbooooooooOoOonon (0—64000 ADC)DDODOODO
gobob1s=300udgilsbbbougooboboobbooogoboboooon
gboboggbogbodbbodobobbuoobbuoobboobbuoobboooon
googbboobuodbogbbogbuogbboobboobboobuooboon
Ooooboboooccbooooooon —10,0,10000000D00ODO

OOobOooogobOceccbooboobooobDOobooobooboobooobbooboboo
O00000:y=ext"O0O0O0O000000Oy: CCODODODOO (ADC)Oa: OOODODO:
0000 (0D)0n: 00000 ODO00ODO0DO0D0ODO0DO0DODODODOOODODOOODODODOOOO
OO0 100000

24



© ©
o0 ©
T T
I I

©
N
T
I

o
(o)}
\
C
wJ
A
\

©
~
I
1

Quantum Efficiency
o
o
\
!

o
(€N
I
—
|

©
N
T
I

yl

300 350 400 450 500 550 600 650 700 750 800 850 900 950 10001050110011501200
Wavelength (nm)

©

O 31 00cCcCOO00donoonooooooQEOM nimO0OO00O0OOOOOOng
Johonson-Couins system 0 UB,VRIOOOOOOOOOOOOO

3.2.2 0OO0O0OO

00000000000000000000000000 -10000 n=1.010£0.0050
0000 0000 n=1.013+0.00300000 10000 n=1011+0.00500000
000000 (03200)0n0000 1000000000000000000000
0000001% 000000 »=100000000000000000000000

0000000000000000000000000000000000 1000
0000000000000000000 +1% 00000 ADCO000000000
00000000000000000~60,000ADCO000000O00O0O0O000O0
000000 (O 3200)0

00000CCDOOO01000000000000000000000000000
00000000000000000000000000000000ADOOOOOO
0000000000000000000000000000000000000000
OO0O0OCGRBOOOOOO0O0O0O0O000O0O0O0O0O0O000000000000000000
0000000000000000000000000000000000000000
0000 (r000)000000000000000000000000000000

25



0000000000000 0000000 (1)0Doooo0o0ooooooo0O (2000
0000 00000000000000000000000 ()H)oooooooooo
gboogboooboobooboboobobobbboobboobboobboonbbn
goooboobbbbobbbobobbobototdddddodoooooooooooon
goboogobobbooobbobuooooboboooobbbooobbobuooobo
gooooobobobbbbobobobbbbbbbtidoodoooooooooooooo
00 (60)00000000000O000CODO0O0O0ODOO0ODO0O0DODOOOOOODOO
O0O00000o0bo00AtaU6DOOO0ODOOOODOOOOOOODOOOODOOO
gbboooboobotoobbuoobbuoobbodobbooboooboobboob
gbboodgbbdobbuooobboobobodobbuoobobooboboodobboaon
000000000000 (000000000000 0)b00D0DoooOooooooOo
0000000000000000000006000000000O01I%0C 00000
gbbbouoobobbooboooubbbuooobobn

3.3 Ooogg

ccboogooopoccbooooooooooooooobo Abooooooooo
O00000000000000000000 (00 :electrons/ADU)DOOOOOOODOO
0000000000000000000000 (0000000 D)Doooooooo
Ooooooooocecboboboboboboboboccbobooboboobgo
goo

3.3.1 0000

0000000000000000000000000000000CCD 00000
0000000000 000000000000000000000200000000
00 (1.19, 1.41, 1.67, .., 30 0)0CCDOOO0OOOO0O0O0OOO—-10,0,1000000
0000000000000000000 (000 ADODOOOOOOOOOOOOOOO
0000000000000000000000000)0

26



CCD Qutput [ADC]

« cooling temp = —10 (deg)
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« cooling temp = 0 (deg)
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02 = ADCpan - Gain (3.1)

1 1
logogar = 5 log ADCean + 3 log Gain (3.2)

OO000D0000000000 ADCheey D CCDOODOODOODGanO CCDODOODO

000000000 vs ADCpeey 10000000000 1/200000000000
00000000000000 (O 3.3)0
0oo0o0o00ooooon

e OO0 —10000O Gain =1.51+£0.02
e JOOO OOOD Gain =1.484+0.02
e JOODO 10000 Gain = 1.50=+£0.02

O0000000000000000 CcChOO0O0oonooono~1.50(e~/ADU)DODOO
gboooogdgn

Photon transfer test
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O 3.3: photon transfer plot (00 O0: -100)000 1/200000000000 (00O
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