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In the Antarctic Continent there are sites, such as Dome C, where

the ambient conditions are expected to be favourable to open new windows to
the Universe in the mid-infrared. Here we present the expected performances and
simulated results of the mid-IR array camera for astronomy that we are developing
for the IRAIT telescope. The optical configuration will permit a sensitivity of 4
mJy at 10 pum, considering a 10% bandwidth filter, the source in one beam, 1
sigma, and one hour integration time in chop-nod.
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1. Introduction

The Antarctic Plateau features the best
atmospheric conditions on Earth for in-
frared astronomical observations (see, e.g.,
Chamberlain et al. 2000). The cold at-
mosphere, high-altitude, low water-vapor
content and the relative stability of the
weather provide conditions that are su-
perior to any other ground-based site.
Atmospheric windows in the mid-infrared
will become accessible, in particular from
17 to 30 pum (see, e.g., Hidas et al. 2000),
a spectral region that is scarcely accessible
in temperate sites.

The Franco-Italian Concordia Station
(Dome C) will be operational in 2004, and
some persons could spend winter there. The
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qualification of the astronomical site and
the first observations in the mid-infrared
are therefore scheduled for the first win-
ters. For this purpose, the Italian Robotic
Antarctic Infrared Telescope (IRAIT, see
Tosti 2003) will be placed at Dome C dur-
ing 2005.

The IRAIT project is based on a fully
robotic 80 cm telescope, with a collecting
area ~ 0.5 m?, focal ratio f/20 and op-
tical scale of 12.9 arcsecs/mm. With this
telescope the Airy disc has a diameter of
6.3 arcsecs at 10pum, and 12.6 arcsecs at
20pm. The telescope will be soon equipped
with a mid-infrared camera to measure the
real capabilities of the site. The camera will
be an upgrade of TIRCAM (Persi et al.
1994) and TIRCAM2 (Persi et al. 2002).
We have decided to use the same kind of
detector because of the good results ob-
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Table 1. Requirement and performance of the camera

Array characteristics

Array Temperature 5-10°K

N. of pixels 128 x 128

Pixel size 75 X 75 pm?

Well Capacity 2x107 e~

Dark Current 10% e~ /s/pixel (7°K)
Quantum Yield (nG) ~ 0.7 (7°K)

System Requirement
System Transfer Gain ~ 1500 e~ /ADU
Readout Noise <10% e”
A /D Toggle Noise ~ 0.7 ADU
Field of View ~ 4 x4
Pixel Scale ~ 2 arcsec/pixel
Optics reflective

tained with the previous camera, and to
guarantee prompt results soon after the in-
stallation. The choice of a high-flux Si:As
array will permit to test the extended ob-
servational windows in the 20-30 pm spec-
tral region, thanks to the exceptional ob-
servational conditions expected at Dome
C. Table 1 summarizes the expected char-
acteristics of the camera, estimated taking
into account the characteristics of the ex-
isting TIRCAM?2 (see Corcione et al. 2003).
The optical scheme of the camera will pro-
duce a demagnification F' ~ 770cm, for a
scale in the focal plane of 26.7 arcsec/mm,
a scale that satisfies the Nyquist criterion
at 8-9 pum and that is anyway acceptable
around 20 pm.

2. Estimated performances of the
camera

To evaluate the performances of the cam-
era, we need the assumption of many pa-
rameters that can be correctly measured
only after the real construction and final
assembly. However, we can evaluate many
of them thanks to a reasonable knowledge
of the array, and the site-testing done in
Antarctica.

Figure 1 shows the assumed mean
atmospheric transmission at Dome C,
derived from the considerations of
Chamberlain et al. (2000), and Hidas
et al. (2000).

The telescope and camera transmission
is assumed as 0.80 at all the working wave-
lengths.

The background brightness is strongly
effected by the emissivity of the telescope,

since the expected sky emission at the high
Antarctic Plateau is very small compared
to the best mid-latitude sites (see, e.g.,
Smith & Harper 1998). We will assume
the following mean parameters derived con-
sidering summertime clear weather condi-
tions: an ambient temperature 230°K, 0.09
emissive telescope, and emissivity of the
lower atmosphere derived taking one minus
the atmospheric transmission. The result-
ing background flux is shown in figure 2.
A typical background flux with a bandpass
filter (AX ~ 1pm) in the N band is about
108 e~ /s/px. The full well of the detector
is 2 x 107 e~ /px. Therefore we can adopt
10 Hz as the typical frame rate.

The detector quantum efficiency is very
high, with a nominal value of 72% at
T=10°K (see figure 3). Applying a constant
bias voltage, we assume that the efficiency
decreases by a factor 1.5 when the temper-
ature is decreased from 10 to 5 °K. This ef-
fect can be countered by increasing the de-
tector bias at the lower temperatures (see,
e.g., Galdemard et al. 2002), so we will con-
sider a constant value nG ~ 0.7.

The array responsivity is quite uniform,
with a standard deviation / mean ratio of
3.7%.

The array output transfer curve is
found to be linear in slightly more than
90% of the dynamic range.

The dark current is not critical, but
very high as many arrays designed for high
flux applications. The expected dark cur-
rent is ~ 10% e~ /s/pr at 10°K, and it
is reduced at ~ 105 e~ /s/px at 4°K. For
comparison, the background radiation gen-
erates about 10® e~ /s/pr, and the back-
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Fig. 1. Assumed atmospheric transmission at Dome C, derived from the considerations
of Chamberlain et al. (2000).

10000 pr—r—r—r—r—
— C
(&) L
[}
w0
© 1000 |
© r
= r
2 L
> C
£ |
3
L 100k
X o
=] C
o [

10

Wavelength [microns]

Fig. 2. Assumed background emission flux, obtained considering the telescope emissivity
and the contribution of the thermal emission from the lower atmosphere, with T=230°K.

ground limited performance (BLIP) is rea- The readout noise is estimated around
sonably achieved for the working tempera- 600 e~ /pz. The BLIP condition is sat-
ture of 6 — 7 °K, where the dark current is isfied if each individual exposure time
~ 105 e~ /s/pa. t > tprrp ~ 4ms.
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Fig. 3. Quantum yield of the Si:As BIB detector
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Fig. 4. Quantum efficiency based passbands: (nG) - (Tatm Ttel Tdet)

2.1. Filter characterization 19.5 pm, and a broad high-pass filter will
be placed in the 18-30 pum range to ex-
ploit this atmospheric window accessible on
the Antarctic Plateau. Figure 4 shows the
passbands derived considering the array
quantum efficiency (nG), the atmospheric,

The preliminary filter system is made of 5
filters in the N window, 10% bandwidth,
centered around 8.8, 9.8, 10.3, 11.7 and
12.5 pm. A bandpass filter centered around
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Table 2. Parameters of the photometric bands (in pm):

8.8 K2 M2  1500K 800K 400K 200K
Ae =881 | Aejr= 8.78 8.78 879 879 881 884

WHM = 0.87 | Weyps= 0.81 0.81 081 081 082 081

Ao = 8.81 Aerr(T) =8.78+0.10 ¥ + 0.07 ¥? — 0.04 ¥°

W, = 0.82 Wess(T) = 0.81+0.04 ¥ —0.09 ¥? —0.00 ¥*

9.8 K2 M2  1500K 800K 400K 200K
Ae =9.80 | Aeps= 9.77 9.77 9.77 978  9.79  9.83

WHM = 0.95 | Weps= 0.92 0.92 0.93 093 093 092

Ao = 9.81 Xefr(T) = 9.77 +0.09 ¥ +0.07 2 —0.04 ¥°

Wo = 0.93 Weys(T) = 0.92 4 0.04 ¥ — 0.07 &2 —0.01 ¥*

10.3 K2 M2  1500K 800K 400K 200K
Ae=10.27 | Aepp= 1024  10.24 1024 10.25 10.26 10.29

WHM = 1.01 | Wess= 0.97 0.97 0.98 0.98 098 098

Ao = 10.27 Aefs(T) = 10.24 +0.09 ¥ + 0.07 ¥* —0.04 ¥

W, = 0.98 Wes(T) = 0.98 4 0.04 ¥ —0.07 ¥2 — 0.01 ¥

11.7 K2 M2  1500K 800K 400K 200K
Ae =11.69 | Aepp= 1165  11.65 11.65 11.66 11.67 11.70

WHM = 1.12 | Weysp= 1.05 1.05 1.06 1.06 1.06  1.06

Ao = 11.69 Xefr(T) =11.65 4 0.08 U + 0.08 UZ — 0.04 U3

W, = 1.06 Wess(T) = 1.05+0.03 ¥ — 0.05 ¥? —0.01 ¥*

12.5 K2 M2  1500K 800K 400K 200K
Ae = 1250 | Aepp= 1245 1245 1245 1246 1247 12.50

WHM = 1.16 | Weyss= 1.08 1.08 1.09 109 1.09  1.09

Ao = 12.49 Xesr(T) = 12.45 +0.08 ¥ + 0.08 ¥Z — 0.04 T°

W, = 1.09 Wess(T) = 1.09 + 0.03 ¥ — 0.04 ¥? —0.01 ¥?

19.5 3000K 1500K 800K 400K 200K 100K
Ae =19.48 | Aepp= 1947 1947 1947 1947 1948 19.49

WHM = 0.49 | W= 0.55 0.55 0.55 0.55 0.55 0.55

Ao = 19.48 Xeff(T) = 19.47 4 0.01 ¥ 4 0.01 ¥Z —0.00 U3

W, = 0.55 Wess(T) = 0.55 4 0.00 ¥ — 0.00 ¥ —0.00 ¥

22.5 3000K 1500K 800K 400K 200K 100K
Ae =22.76 | Aepp= 2115 21.19  21.26 21.43 21.86 22.92

WHM = 9.48 | Weps= 6.36 6.39 6.45 6.56 6.70  6.40

Ao = 22.43 Xerr(T) =21.12 +0.90 ¥ + 1.39 % — 0.49 T°

W, = 6.91 Wess(T) = 6.33 +1.02 ¥ — 0.14 ¥? — 0.81 ¥?
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telescope, and camera transmissions (7).
Table 2 reports the main parameters for
each photometric bands: the central wave-
length (A.), the width at half maximum
(WHM), the effective wavelength (\,) and
the effective width (W, ). Moreover, table
2 gives the effective wavelength and width
obtained with simulated signals of late-type

stars and Planckian functions, and analyt-
ical formulae in function of ¥ = 100°K /T
in the range from T = 100°K (¥ = 1) to
T = 3000°K (¥ ~ 0). These values can be
useful for a fast evaluation of the photo-
metric parameters for various astronomical
sources.
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Table 3. Sensitivity (for observations with chopping and nodding):

band Camera + IRAIT MIRAC3 + IRTF COMICS + Subaru
S/N=1 S/N=10 S/N=1 S/N=10 S/N=1 S/N=10

t=3600s t=900s t=3600s t=900s | t=3600s t=900s

8.8 3 mJy 54 mJy 4 mJy 88 mJy 1 mJy 32 mJy
9.8 5 mJy 92 mJy 7 mJy 150 mJy 1 mJy 19 mJy
10.3 4 mJy 80 mJy 5 mJy 108 mJy 1 mJy 27 mJy
11.7 5 mJy 100 mJy 6 mJy 111 mJy 1 mJy 12 mJy
12.5 6 mJy 120 mJy 6 mJy 114 mJy 1 mJy 26 mJy
19.5 | 32 mlJy 0.6 Jy 7 mly 0.1* Jy
22.5 | 15 mlJy 0.3 Jy | 160" mJy 3* Jy | 9" mJy 0.2 Jy

(*) the photometric bands are very different, and the value reported must be considered as a

rough approximation

2.2. Sensitivity Estimates

We can evaluate the background limited
performance (BLIP) using the following ap-
proximate formula:

o [AT 3G ANAE]Y?
S/N =3.9x%x 10 { 5B, Qo } fv
where A is the telescope collecting area
(m?2), 7 is the overall transmission of cam-
era, telescope, and atmosphere, 7 is the re-
sponsive quantum efficiency, G is photocon-
ductive gain, A/ is the fractional spec-
tral bandwidth, B, is the background sur-
face brightness (Jy/sr), Qsource is the solid
angle of the source (sr), ¢ is the total inte-
gration time (s) for observations with chop-
ping and nodding, and f, is the source flux
density (Jy).

Table 3 shows the computed sensitiv-
ities for two cases: S/N=1 and a total
integration time of 1 hour, S/N=10 and
a total integration time of 15 minutes.
The last columns show a comparison with
two similar photometric systems: MIRAC3
mounted on the IRTF 3m Telescope (see,
e.g., Hoffmann et al. 1998), and COMICS
for the 8.2m Subaru Telescope (Okamoto
et al. 2002). The first impression is that a
0.8m telescope at Dome C is equivalent to

a 3m telescope in a temperate site, and
the exceptional performance in the Q band
thanks to the expected exceptional atmo-
spheric conditions, as Figs. 1 and 2 clearly
show. One of the main targets of the IRAIT
projects will be to verify these results that,
if confirmed, will open a new era for mid-IR
astronomy from ground.
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