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Abstract. We present a project of a multi-channel wide-field instrument,
Small Aperture Imaging Network Telescope (SAINT), consisting of a number of 20–40-cm objectives with independent pointings, whose performance
in narrow-field mode is comparable to one of a 4-meter-class telescope.
Such an instrument, however, provides a great possibility of detecting and
observing the fast variable targets, stable and moving, in various modes
- photometric, polarimetric, spectroscopic - simultaneously, as well as to
solve a wide-field monitoring tasks. Also, its advantages include much
simpler construction, optics and maintenance than the ones required for
a larger, monolithic design of the same performance, and, due to much
smaller weight and size of each channel, a very fast repointing time of the
whole system, which is critical for follow-up observations of detected explosive transient events.
Keywords : gamma-ray bursts: individual (GRB 080319B)

1.

Introduction

The systematic study of night sky variability on sub-second time scales still remains
an important, but practically unsolved problem. Its necessity for searching nonstationary objects with unknown localization has been noted by Bondi (1970). Such
studies have been performed (Schaefer 1985, 1987), but due to technical limitations
it has only been possible either to reach high temporal resolution of tens of milliseconds in monitoring of 50 - 100 fields, or use 5 - 10 seconds time resolution in wider
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fields. The wide-field monitoring systems currently in operation, such as WIDGET
(Tamagawa et al. 2005), RAPTOR (Borozdin et al. 2002), BOOTES (Castro-Tirado
et al. 1999) and π of the Sky (Burd et al. 2005), while having good sky coverage
and limiting magnitude, lack temporal resolution which significantly lowers their performance in the study of transient events of sub-second duration. However, we have
demonstrated (Zolotukhin et al. 2004; Karpov et al. 2005) that it is possible to achieve
the sub-second temporal resolution in a reasonably wide field with small telescopes
equipped with fast CCDs, to perform fully automatic searching and classification of
fast optical transients. Moreover, a two-telescope scheme (Karpov et al. 2004; Beskin et al. 2005), able to study such transients in a very short time after detection,
has been proposed. According to these ideas, we created the prototype fast wide-field
camera called FAVOR (Karpov et al. 2005) and the TORTORA camera as part of the
TORTOREM (Molinari et al. 2006) two-telescope complex, and operated them over
several years.
Large-scale wide-field surveys like SDSS and proposed ones in near future like
Pan-STARRS, LSST are lacking both the cadence and temporal resolution, needed
for detection of short transients.
In general, it seems the monolithic design of a current wide-field instruments
can’t solve the problem at hand. Indeed, the monolithic instruments with large mirrors are expensive due to complex optical schemes and correctors needed to cover
large regions of the sky (Schmidt, Richter-Slevogt), as well as huge detector arrays
in a focal plane. Resulting telescopes are heavy-weight and slow to react to newly
discovered transients, also.
The solution could be the construction of a modular, multi-objective instruments
with large number of much smaller objectives and cheaper detectors with higher temporal resolution, tailored specifically for the transient detection. As a continuation of
FAVOR/TORTORA development, we proposed a project of a next-generation widefield monitoring system, MegaTORTORA (Beskin et al. 2010a), designed along these
guidelines. Its simpler and cheaper version, MiniMegaTORTORA, is presently being
commissioned at SAORAS (Beskin et al. 2010b).
Here we propose the project of a larger scale surveying telescope designed around
the same idea.
Main aim of the instrument is the detection and study of fast events in nearby
cosmos and distant Universe by means of the optical monitoring of the sky with high
temporal resolution.
The instrument is a multichannel (100-250 objectives with 4-10 square degrees
fields of view) optical telescope with ∼1000-2000 square degrees total field of view
and 0.1 second temporal resolution. This instrument will accumulate the information
on all stationary and transient (both in time and in position) emission sources at the
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northern hemisphere ( 20000 square degrees) down to ∼ 21m − 22m for one night of
observations. At the same time, each 1000 square degrees region will be observed
twice per night for 0.5 hours in a row, with 4 hours interval.
Principal differences of this instrument from existing ones are as follows:
• Superior temporal resolution (0.1 s), combined with wide ( 1000 square degrees) field of view and deep ( 16-17 mag) limit. Practically no class of objects
listed behind is studied on a time scales shorter than 10 seconds. But mainly
this time range is crucial for study of initial stages of supernova and nova explosions, fine structure of GRB optical transient light curves, leaving apart meteors
and cosmic debris
• Universal nature of data acquisition and initial reduction will allow to use homogeneous data sets to detect and study various kinds of objects, solve different
astrophysical tasks, do everything related to fast variable processes
• Real-time data processing and classification of detected transients on a subsecond time scale. This will allow to inform scientific community on the transient in a few seconds, allowing to perform its quick and thorough study while
it is still active
• Ability to change from wide-field monitoring to narrow-field detailed study
mode in a fraction of a second. In the latter mode all objectives are pointed to
the same 4-5 square degrees, which increases the sensitivity by 2-3 magnitudes
and allows to determine spectral and polarimetric characteristics of the transient
(as each objective is equipped with one of three UBV filters and polarizers)

2. The instrument
The complex will consist of 100-250 objectives with 200-400 mm aperture and D/F
of 1/1.2. Each objective is equipped with 1 or 4 1000x1000 EMCCD-matrix with
high quantum efficiency (90%), 10 Hz frame rate and <0.5 e− readout noise. For a
13 µm pixel it will provide 4-10 square degrees field of view (with 500 -1100 per pixel).
Parameters of the telescope for different objectives are listed in Table 1.
Basic unit of the telescope consists of 9 objectives with color filters (B, V and R)
and a polarizer (of different orientations). Objectives are fixed in gimbal suspensions
powered with two step motors. Complete configuration of the system consists of
11-28 basic units, each placed on an equatorial mount inside the cylindrical dome
with sliding roof. Data acquisition of each channel will be handled by a dedicated
rackmount PC. Telescope control is provided by a specialized computer cluster.
The system may operate in two different – monitoring and follow-up – modes.
The former one provides 1000-2000 square degree field of view with 16m-17m limit
(B band, 5σ) for a 0.1 s exposure. Transition to the latter, follow-up mode, dedicated
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Table 1. A list of possible variants of telescope parameters are given in this table. These parameters are: channel diameter D and effective diameter of the complex as a whole De f f , relative
aperture D/F, pixel scale on the sky, number of detectors per channel Ndet and number of channels in the complex Nchannels , fields of view of each channel FOV and of the complex FOVtotal ,
detection limits for a channel and the complex as a whole in image co-addition regime on different timescales and the efficiency of monitoring defined as a relative number of uniformly
distributed sources detectable by the complex.
D/Deff ,
cm
40
400
30
475
25
250
20
316
19
300

D/F
1/1.2

Pixel
scale,
arcsec
5.6

Ndet
4

Nchannels
100

1/1.2

7.45

1

250

1/2

5.36

4

100

1/1.2

11.7

1

250

1/2

7.1

1

250

FOV/
FOVtotal
10
1000
4.5
1122
9.3
930
10.1
2525
4.0
1000

Limits for 0.1,
10 and 1000 s
16.7 19.2 21.7
19.2 21.7 24.2
16.1 18.6 21.1
19.0 21.5 24.0
16.2 18.7 21.2
18.7 21.2 23.7
15.2 17.7 20.2
18.2 20.7 23.2
15.6 18.1 20.6
18.6 21.1 23.6

Efficiency of
monitoring
1
0.47
0.48
0.31
0.23

to detailed study of an object, is performed after its discovery by repointing all objectives towards it in 0.2-0.3 s. This mode allows measurements of both colors and
polarization of an object down to 17m-19m limit for 0.1 s exposure.
Also in the follow-up regime it is possible to raise temporal resolution up to 5µs
by reducing the working area of EMCCD 16 times.
The SAINT software should be able to automatically detect both stationary and
moving transients, identify them (relate to known catalogue objects or mark as newly
discovered ones), determine their parameters and make a decision on possible transition to alert mode.
Aposteriori analysis should allow, by means of image co-addition, to lower the
detection limit down to 23m-24m on 20-25 minutes time scale, to identify objects of
various classes and to determine their variability parameters (see Fig. 1).
The price of 100 objectives with 4 EMCCDs and 9 square degrees FOV each is
equivalent to the one of 250 channels with 1 EMCCD and 4 square degrees FOV, and
is equal to 30 millions of euros, with 780000 euros per basic unit and 80000 euros per
each channel.

51

Small Aperture Imaging Network Telescope

Figure 1. Variability of different classes of objects. Also plotted the regions accessible for a
proposed telescope, as well as several typical wide-field monitoring projects, both in operation
now (ASAS-3, LINEAR, Pi of the Sky, FAVOR/TORTORA), and planned for the near future
(LSST).
Table 2. Comparison of an etendue (effective collecting area A per field of view Ω) of various
survey telescopes, both currently in operation and being constructed. For SAINT, parameters
for both wide and narrow field regimes are listen, with the etendue being the same.
Telescope
LINEAR
SDSS
CFHT
SUBARU
Pan-STARRS
LSST
SAINT

Eff.diameter, m
1.0
2.5
3.6
8.1
3.6
6.5
0.3-4.7

Field of view Ω, sq.deg.
2.0
3.9
1
0.2
7
9.6
4.5-1125

Etendue AΩ
1.5
6.0
8.0
8.8
60
190
79.5

3. Expected results
Main result of the SAINT project will be the creation of new class of scientific instruments for the discovery and study of rapidly variable (both in time and space) sources
of optical emission of initially unknown localization. Finally, the general sample of
objects variable down to tens of a second will be built.
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In the distant Universe, tens of thousands of non-stationary objects of known
nature, and hundreds – of unknown one.
Such monitoring will realize the main task of this project – the detection of new
and study of already known non-stationary objects of various kinds and localizations.
For the first time the constantly updating dynamical picture of both nearby cosmos
and distant Universe will be built with sub-second temporal resolution.
Of obvious innovative and commercial value will be the data on cosmic debris.
Study of its characteristics, development of optimal methods of prediction of its dynamics may be of great importance for the planning of space missions.
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