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Abstract. We present the basic concept of a new astronomical instrument: SPARC4 - Simultaneous
Polarimeter and Rapid Camera in 4 bands. SPARC4 combines in one instrument: (i) photometric
and polarimetric modes; (ii) sub-second time-resolution in photometric mode and excellent time-
resolution in polarimetric mode; (iii) simultaneous imaging in four broad-bands for both modes.
This combination will make SPARC4 a unique facility for ground-based optical observatories.
Presently, the project is in its conceptual design phase.
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MOTIVATION TO BUILD SPARC4

SPARC4 - Simultaneous Polarimeter and Rapid Camera in 4 bands - is conceived
as a new instrument for the Brazilian 1.6-m telescope of Observatório do Pico dos
Dias/Laboratório Nacional de Astrofísica (OPD). SPARC4 has the appropriate char-
acteristics to improve observatory efficiency and is primarily directed towards exploring
time domain variability using differential techniques to gather data simultaneously in
four broad-bands. Beyond this, SPARC4 is a versatile instrument that can perform pho-
tometry, polarimetry, and astrometry. These capabilities permit an optimized use of the
OPD site given its relatively modest atmospheric conditions. SPARC4 offers a new and
competitive option for the suite of instruments at OPD. Data from this site still contribute
for an important fraction of the Brazilian astronomical production.



SCIENCE CASES

The SPARC4 project has as its objective the supply to OPD of an efficient and versatile
imager which is anticipated to address much of the demand of Brazilian astronomers in
their specific areas of research. The main scientific drivers motivating SPARC4 are:

• the accretion structures in compact binaries;
• the modes of pulsating stars;
• steady and variable circumstellar envelopes, from their geometry to their composi-

tion;
• stellar population and star clusters;
• magnetic field and grains in interstellar medium;
• the origin of the variable emission from blazars;
• transient phenomena in solar system such as transits and occultations.

INSTRUMENT OVERVIEW

SPARC4 is an imager having the following capabilities: photometric and polarimetric
modes; sub-second time resolution; simultaneous imaging in 4 broad-bands in both
modes. The optical path after telescope focus is, following the light: polarimetric optics,
collimator, dichroics (where the beam is split in four), filters, cameras, and detectors. A
preliminary layout is shown in Figure 1.
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FIGURE 1. SPARC4 layout.



The polarimetric mode is brought into play by a rotating achromatic wave-plate and
an analyzer. We adopt the same configuration of the instrument described in Magalhães
et al. [2], which has been providing excellent results. In that design, the incoming light
is separated into two beams - ordinary and extraordinary - by a Savart prism (Figure 2).
The polarization of the incoming light is calculated from the relative modulation of the
fluxes from the two beams. To measure linear and circular polarizations, there will be
two retarder options: λ /4 or λ /2. It should be noted that the user will have the option of
obtaining images without the polarimetric elements in the beam.

FIGURE 2. Schematic representation of the polarimetric module.

After the collimator, the white light is separated in four broad-band zones closely
approximating to the griz Sloan bands [1]. This is done by using three dichroics and
glass filters (see Figure 1).

At the 1.6-m OPD telescope, SPARC4’s 2:1 focal reducer (f/10 to f/5) combined with
a 1k detector with a pixel size of 13 micra will deliver a field of view of 5.7 arcmin
square. This field of view provides an adequate number of field stars for all Galactic
coordinates. This is important for differential photometry, which depends on having
several comparison stars in the observed field. The scale of 0.34" per pixel is adequate
for a typical seeing of 1 arcsec at the OPD site.

The detectors should allow a time resolution of 1s or better and have a low read
noise. We are studying options that include electron multiplying (EMCCD) and/or frame
transfer (FT) technologies.

The instrument will include an auto-guider and will probably have an auto-focus
mechanism.

STATUS OF THE PROJECT

The conceptual design phase has just been approved by the Brazilian funding agency
Fapesp (Proc. 2010/01584-8). We expect to finish this phase in the first semester of next
year. Hopefully, we will start building SPARC4 in 2012.
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